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Preface 

 

During the course of my studies, I have worked on several projects of my own and collaborations with the 
groups of Prof. Marcel Mayor and Prof. Christof Sparr. Three projects of my research at the University of 
Basel are presented in this thesis. They all share a common topic and were selected to make for a meaningful 
story, while keeping the length of the thesis reasonable.  

The thesis is divided into five chapters. In the first chapter, the history and the theoretical background of 
carbon-based materials is presented starting from graphene, followed by carbon nanotubes and nanoscrolls. 
Cycloparaphenylenes, also called carbon nanohoops, are discussed in more detail with a focus on their 
unique size-dependent properties. At the end of the chapter, the current state of research of chiral carbon 
nanohoops studied in this thesis is discussed. The intention of the author was to present the context and the 
rationale behind using carbon nanohoops as circularly polarized luminophores, which is the common topic 
across the projects presented in this dissertation, and to demonstrate the importance of the obtained results 
in this relatively young field of research. 

Individual projects are presented in separate chapters starting with the design of new chiral carbon 
nanohoops and the goals of each project. The experimental and computational results are reported and 
discussed, followed by conclusions and an outlook. Furthermore, supporting information is provided for 
each chapter in the Appendix. 

The project presented in Chapter 3 was published in Angewandte Chemie International Edition in July 
2022[1] and is presented as published in this thesis with separate numbering of compounds, figures, schemes, 
tables and references. The paper is supported by a brief introduction and an outlook at the beginning and 
the end of the chapter, respectively.  

The final chapter summarizes the major results in this thesis and draws a general outlook in the research of 
chiral carbon nanohoops and Möbius aromaticity. 
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1. Introduction 

1.1. Carbon-based materials – From pencils to “nanoballs” 

Carbon-based materials have been in a focus of researchers for the past century mainly due to their unique 
physical and chemical properties that depend on their individual morphology. Two carbon allotropes, 
graphite and diamond, have been known to humanity since ancient times, and we may encounter them in 
our daily lives. While graphite is relatively soft, brittle and bendable, diamond is the hardest naturally-
occurring material.  

These diametrically opposed properties between allotropes of the same element emerge from the different 
connections between carbon atoms in their structure. Each carbon atom in the structure of diamond is 
connected to four other carbons (Figure 1, left), creating an infinite, three-dimensional network of sp3-
hybridized carbons.  On the contrary, graphite consists of stacked crystalline layers of sp2-hybridized carbon 
atoms (Figure 1, right) with van der Waals forces collectively holding the layers together. Consequently, 
the weak nature of van der Waals forces allows deformations of the structure by slippage or complete 
removal of individual layers.[2]  

 

Figure 1. Structures of carbon allotropes: diamond (left) and graphite (right). The difference in carbon 
hybridization is marked in pink while graphene is marked in blue. 

A single layer of carbon atoms in graphite is called graphene and it was first isolated by Novoselov and 
Geim in 2004.[3] The discovery of graphene has revolutionized the field of carbon-based materials with 
thousands of scientific works published on this topic every year[4–9] not only because of the unique properties 
of graphene itself, but also because of the variety of new materials one can derive from its structure.  

1.2. Graphene – The mother of all graphitic forms 

The main challenge of the first graphene synthesis was its isolation from graphite,[10] ultimately achieved 
by mechanical exfoliation using scotch tape.[3,11] Although this approach allows isolation of graphene in a 
simple way, it results in samples that contain defects. The exfoliation process is challenging to scale-up 
making it unlikely for commercial applications. Other top-down approaches have been developed to tackle 
this challenge,[6,9] including ultrasound-assisted liquid-phase exfoliation,[12,13] electrochemical 
exfoliation,[14,15] graphite oxide reduction[16] and the arc discharge method.[17,18] In addition, several bottom-
up approaches have been developed, such as plasma etching of carbon nanotubes,[19] chemical vapor 
deposition (CVD),[20,21] laser-assisted synthesis[22] and pyrolysis.[23] 
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While reading literature, one must be careful about what the word “graphene” refers to. It can describe a 
single-layer, a bilayer, a few-layer (3 to 10) or a multi-layer (≥11) graphene. In this text, the term “graphene” 
refers to the single-layer material unless further specified. The quality of graphene material strongly impacts 
its properties.[6] If several graphene sheets are stacked, the material properties start to deviate from single-
layer graphene and it becomes more similar to graphite as the number of layers increases. From 11 layers 
on, the difference of properties from bulk graphite is less than 10%.[24] 

Graphene was recognized for its remarkable properties.[25,26] Single-layer and bilayer graphenes are  zero-
gap semiconductors while semimetallic character increases with the number of layers.[27] Graphene has high 
electron mobility (2×105 cm2 V–1 s–1),[28,29] high thermal conductivity (around 5×103 W mK–1),[30] is highly 
transparent to light (>95% transmittance above 350 nm),[21,31] has a large surface area (2630 m2 g–1)[32] and 
is impenetrable to gases.[33] Further, it has electrocatalytic properties[34] that can be enhanced by doping.[35] 
Graphene is a mechanically strong material with high tensile (130 GPa) and fracture strength (42 N m–1), 
and high Young’s modulus (1 TPa).[36] In fact, it is around 100 times stronger than steel.[37] Bilayer graphene 
is as hard as diamond despite being an ultrathin film.[38] The absence of a bandgap in graphene hampers its 
applications in electronics although it has high charge mobility. Nevertheless, it is a great candidate for 
flexible electronics because of its transparency and mechanical properties.[39]  

Samples of graphene, a one-atom-thick 2D layer, can be characterized using a number of imaging and 
spectroscopic techniques. Thickness of the sample and corresponding number of layers can be determined 
with atomic force microscopy (AFM) while transmission electron microscopy (TEM) or scanning tunneling 
microscopy (STM) are useful for examining the morphology and the structure of the sample.[4,9,27] For 
example, it is possible to observe the honeycomb lattice of graphene using STM (Figure 2).[40] Raman 
spectroscopy has proven suitable for determination of the number of layers and presence of dopants, 
impurities and carbon nanostructures while having the advantage of being fast and requiring little sample 
preparation.[41]  

 

Figure 2. STM image of graphene. Adapted from ref.[40]. 

Graphene can be covalently and non-covalently functionalized to modify its properties.[5] Opening of the 
bandgap is of particular interest for a transistor application. However, it is difficult to control the size and 
shape of graphene sheets as well as the selectivity and degree of functionalization.  

When looking at the crystal structure of graphene, one can notice that all the carbon atoms are in a single 
plane, making it a 2D crystal. We can define cut-offs from graphene of suitable size which can be folded 
into different objects that can be categorized according to the number of dimensions in which the system is 
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periodic. For example, we can cut off a piece which can be folded into a spherical fullerene (Figure 3, 
left).[42] We consider this object to be 0D, since there is no periodically repeating unit in its structure. 
Otherwise, graphene can be rolled into a carbon nanotube (Figure 3, center)[43] or a nanoscroll,[44]  or stacked 
into graphite (Figure 3, right), creating 1D and 3D objects, respectively. Therefore, graphene has been 
named by Geim and Novoselov as “the mother of all graphitic forms” as many other carbon allotropes can 
formally be derived from graphene.[27]  

One can develop this thought experiment further and create materials, such as a Mackay crystal[45,46] (Figure 
4), which is a predicted carbon allotrope that combines 8- and 6-membered rings. All these systems consist 
only of sp2-hybridized carbon atoms and their substantially different properties are linked to their 
topology.[27]  

 

Figure 3. Fullerenes, carbon nanotubes and graphite formally derived from graphene, the mother of all 
graphitic forms. Reprinted from ref.[27] with permission from Springer Nature. 
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Figure 4. Structure of a Mackay crystal. 

1.3. Carbon nanotubes and nanoscrolls – Rolling a graphene sheet 

Graphene can be rolled up into a carbon nanotube (CNT) in infinite ways. The rolling of the sheet can be 
characterized by a chiral index (n,m), where the n and m integers define the type of edge the nanotube has 
(Figure 5). If n ≠ 0 and m = 0, the graphene sheet is rolled along its zigzag edge creating a zigzag nanotube. 
If n = m, rolling results in an armchair nanotube, while if n ≠ m but m ≠ 0, a chiral nanotube is obtained. In 
summary, the chiral index defines both the chirality and the diameter of a CNT.   

 

Figure 5. Vectors defining rolling of a graphene sheet (top); from left to right: zigzag (10,0), armchair (5,5) 
and chiral (6,4) carbon nanotubes (bottom). 

The chirality and the diameter of the CNT (usually 0.5 to 2 nm), have a direct consequence on the material 
properties. CNTs for which |n – m| = p, where p is an integer divisible by three, are metallic and all the 
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others are semiconducting with the bandgap varying inversely in relation to the diameter. On the other hand, 
the ends of CNTs exhibit only a minor influence on observed properties. The ends of CNTs can be open or 
closed by hemispherical caps resembling a half of a fullerene structure and the number of possible caps 
increases with the diameter of CNTs.[47] CNTs have, similarly to graphene, strong mechanical properties 
with high tensile strength (up to 22 GPa)[48] and Young’s modulus (up to 1 TPa).[49] These properties are 
also defined by the CNT’s diameter and chirality. Brunauer–Emmet–Teller (BET) surface area was 
measured ranging from 100 to 500 m2 g–1, depending on the quality of the sample. This is in contrast with 
the theoretical limit being half of surface area of graphene (1300 m2 g–1) as formally only one side of the 
nanotube is accessible.[50] Thermal conductivity ranges from around 500 up to 3500 W m–1 K–1 depending 
on chirality, diameter and length of the CNTs.[51] The length of CNTs can vary from around 10 nm to 1 cm 
and has a much lower impact on the observed properties compared to the diameter and chirality.[52,53] Lastly, 
chiral nanotubes possess chiroptical properties if the sample is enriched by one of the enantiomers.[54]  

It is important to note here that, until now, we have only talked about single-walled CNTs (SWCNTs) which 
exhibit a rather diverse morphology. However, SWCNTs of suitable diameters can be intercalated into each 
other, forming multi-walled CNTs (MWCNTs) which can consist of layers of different chirality. 
Furthermore, CNTs also tend to stack into bundles of tubes[55] and can have deformations and defects in the 
honeycomb lattice.[56] Since all of these factors influence the observed properties, it is crucial for their 
exploitation to either prepare uniform SWCNTs, or find an inexpensive and reliable method for their 
separation from complex mixtures that are formed during their synthesis.[57]  

It is not clear who was the first to prepare CNTs[58] because the reports of tubular carbon structures go as far 
back as 1952.[59] Nevertheless, they were unequivocally characterized for the first time by Iijima in 1991.[43] 
He applied an arc discharge to graphite electrodes under argon at a low pressure to grow needles and 
spherical carbon structures on the cathode. TEM analysis of the needles revealed a structure of tubes of 
different diameters, lengths and with multiple layers. The interlayer distance was 0.34 nm, the same value 
as observed between the sheets in graphite. A similar carbon allotrope, carbon nanoscrolls (CNSs), was 
already known at this time, and Iijima demonstrated their structural difference by comparison of the electron 
diffraction pattern as the two appear rather similar when observed with TEM (Figure 6).  

The arc discharge method was subsequently modified and scaled-up to prepare gram quantities of 
MWCNTs.[60] Doping the carbon electrodes with metals results in mixtures of SWCNTs of various 
diameters.[61,62] Additionally, laser ablation, the method developed by Kroto for the synthesis of C60 
fullerene,[42] was adapted for CNT synthesis.[63–65] Both methods produce samples containing a substantial 
amount of undesired byproducts, necessitating subsequent purification, and are also limited in the amount 
of produced sample because the anode is consumed during the process as it serves as the source of carbon.[66] 
CVD method was utilized to synthesize SWCNTs of a single chirality using a suitable metal catalyst.[67,68] 
This technique employs a gas as the carbon source and is therefore suitable for a continuous production of 
large quantities of CNTs. However, the resulting material has usually a high density of defects and contains 
carbon impurities.[69–71] Although possible for all of these methods, it is difficult to find the right conditions 
to prepare solely SWCNTs and control their diameter, chirality and length while maintaining  a low level 
of defects.[53,67] Purification of CNT samples can be achieved to some extent. Separation of a mixture of 
SWCNTs and MWCNTs with a distribution of diameters, chirality and lengths is a challenging task due to 
their low solubility and structural similarity, and is rather expensive.[64,72]  
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The quality of CNT samples in terms of local structures, carbon impurities and nanotube defects can be 
evaluated by TEM or SEM imaging. The metal impurity content and the homogeneity of CNTs can be 
determined using thermo-gravimetric analysis (TGA).[57,72,73]  Raman spectroscopy is a suitable method for 
the determination of the chiral index and provides semi-quantitative information about other carbon 
structures that might be present in the sample.[74]  

 

Figure 6. Structures (top) TEM images (bottom) of MWCNTs (left) and CNSs (right). TEM images 
adapted from ref.[66,75]. 

Folding a planar sheet of graphene into a seamless CNT requires the curved graphene to pass through a 
stage where the bent graphene sheet can roll further into a nanoscroll (Figure 6) instead of making the 
carbon–carbon bonds between its edges. The edges of such a carbon nanoscroll (CNS) are not fused and the 
structure displays different properties than a SWCNT as a result of its unique shape of an Archimedean 
spiral (Figure 7).[76] The free edges in a carbon nanoscroll are reactive and are believed to have the ability 
to “bite” into the structure of the nanoscroll to close the edges, which would result in the formation of a 
MWCNT.[77–80]  

The strain induced by bending a graphene sheet due to pyramidalization of sp2-hybridized carbons is 
compensated in CNTs by formation of strong covalent carbon–carbon bonds between graphene edges. 
However, no covalent bonds are formed when graphene is rolled-up into a CNS. As a result, similar to 
graphite, the structure of a CNS is held together due to van der Waals forces between the overlapping parts 
of the sheet.[80–82] The inner diameter of the scroll (Figure 7, d = 2 r0) has to be at least 2 nm to compensate 
the strain energy. The stability of a CNS also depends on the dimensions of the graphene sheet and resulting 
chirality.[83] Molecular dynamics simulations show that for a graphene sheet of 3.006×12.146 nm 
dimensions, an overlap of at least two rows of hexagons on both ends of the sheet is necessary to achieve a 
stable CNS.[81] These systems are still flexible because of the weak nature of van der Waals forces[84] and 
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allow for small guest molecules, such as hydrogen, to intercalate into the CNS.[85,86] A large surface area 
(2600 m2 g–1) was predicted since both sides of the sheet are accessible,[87] however, the experimental BET 
surface areas vary from around 200 to 400 m2 g–1.[88,89] The distance between the overlapping parts of the 
sheet (Figure 7, h1) is 0.34 nm, similar to graphite and MWCNTs.[44]  

 

Figure 7. Representation of a carbon nanoscroll from the side (left) and partial unfolding (right).   

Similar to CNTs, armchair, zigzag and chiral CNSs exist depending on the fold of the graphene sheet.[76] 
However, unlike in CNTs, different configurations may interconvert due to open edges.[81,84] This makes 
isolation of a uniform carbon nanoscroll material a daunting task, if possible at all. According to 
calculations, armchair nanoscrolls have semimetallic to metallic character with a higher conductivity than 
that of SWCNTs, while zigzag nanoscrolls have, on average, smaller band gaps than SWCNTs.[82]  

The first CNSs were prepared and partially characterized already in 1960 by Bacon[44], where the author 
refers to them as carbon whiskers prepared by arc discharge applied to graphite electrodes. Although Bacon 
correctly proposed their structure on the nanoscale, it was not confirmed until much later due to lack of 
suitable imaging techniques available at that time.[83,90,91] Even with the early electron microscopes, the 
CNSs were often confused with CNTs because of their structural similarity and low resolution of these 
devices. For instance, Shioyama and Akita referred the isolated carbon nanostructures as nanotubes, but the 
structure was clearly a nanoscroll.[92] Nowadays, CNSs are prepared using sonication of exfoliated 
graphite[93], graphite oxide[94,95] and graphite nitrate,[96] CVD method,[97] or solvent-assisted folding of 
graphene sheets,[75] which can be further enhanced by microwave irradiation.[98] The quality of the 
synthesized CNSs varies by method with mechanical exfoliation of graphite performing the best.  

It is impossible to lock a CNS to a single configuration without introduction of a clip to prevent slippage of 
the layers. The properties of individual configurations of CNSs could be employed in new applications. So 
far, CNS were used for the construction of several prototype devices. For instance, a field effect transistor 
device was fabricated demonstrating that the resistance of nanoscrolls decreases with increasing 
temperature.[75] More recent examples include single electron transistor devices,[99] supercapacitors,[100] and 
others.[101]  

 



1. Introduction 

8 
 

1.4. Carbon nanohoops – Cutting up carbon nanotubes 

1.4.1. Synthesis of carbon nanohoops 

The chirality-specific properties of SWCNTs renders their pure samples attractive for applications in 
electronics and sensing. The bottom-up approach uses small molecular fragments of CNTs as seeds for the 
growth of a chirality-specific CNT, potentially in large quantities and high quality, avoiding the tedious 
sample purification. Cycloparaphenylenes, [n]CPPs with n denoting the number of phenylenes, are the 
shortest possible cut-offs from armchair CNTs and they were termed as “carbon nanohoops” by Jasti and 
Bertozzi.[102] They have been envisioned as templates for bottom-up synthesis of armchair SWCNTs, while 
cyclacenes could be used for zigzag SWCNTs (Figure 8).[103–105] Ultimately, this hypothesis was confirmed 
by Itami et al. when they prepared a relatively uniform sample of SWCNTs using [9]CPP or [12]CPP as 
seeds in the CNT synthesis using the CVD method.[106] Although many attempts have been made to 
synthesize cyclacenes,[107] no parent cyclacene has been isolated to this date. The study of molecular 
fragments of CNTs can also provide more insights about the structure–property relationship for CNTs and 
may answer fundamental questions on topics such as aromaticity and chirality. Moreover, [n]CPPs that can 
be tailored with atomic precision thanks to the art of organic synthesis are of interest due to their own size-
dependent optoelectronic properties, which will be discussed in more detail later in the next chapter.  

 

Figure 8. [5]CPP (top) and [10]cyclacene (bottom) as cut-offs from (5,5)- and (10,0)-CNTs respectively. 

A feature common to molecular fragments of CNTs is their preservation of the radial conjugation of π–
orbitals. The bending of the aromatic units is necessary to form a macrocycle, but it induces strain in the 
molecule.[108,109] To gain further insights regarding the flexibility of [n]CPPs and to estimate strain energies, 
the conformations of [n]CPPs were investigated by Itami et al. based on the two possible conformations of 
terphenyl (Figure 9).[110] It was found that alternating the orientation of p-phenylenes in [n]CPPs results in 
lower energy conformers. Alternating the orientation in the whole hoop is only possible for an even number 
of phenylenes, while for an odd number, one terphenyl unit adopts a helical orientation. The energy barriers 
of interconversion between such conformers are rather low and were estimated for [12]CPP to range from 
3 to 10 kcal mol–1 at B3LYP/6-31g(d) level of theory. These results are consistent with the 1H-NMR 
spectrum of [12]CPP, where only one singlet is observed for all hydrogens,[102] and confirms that phenylenes 
rotate freely at room temperature. The strain energies were estimated via homodesmotic reactions (Scheme 
1) using the lowest energy conformers and vary from 24 to 120 kcal mol–1 from [24]CPP to [5]CPP, 
respectively.[110–112] Strain energy decreases with increasing size of the nanohoop and eventually reaches 0 
at n = ∞. It is important to note that the strain energy represents a considerable barrier to overcome even for 
large macrocycles. Additionally, there is an entropic barrier of closing a macrocycle. In summary, formation 
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of carbon nanohoops is thermodynamically disfavored both by enthalpy and entropy, and is the reason why 
the development of synthetic strategies for strained macrocycles took a long time.  

 

 

Figure 9. Two conformations of terphenyl. 

 

Scheme 1.  

One of the first to tackle the challenge was Vögtle and his group with several unsuccessful attempts (Figure 
10). All of their strategies share a common concept of forming a macrocycle first and then aromatize or 
contract the macrocycle thereby effectively separating the entropic and enthalpic penalties into two distinct 
synthetic steps. Similar approach became the basis for the successful strategies developed later.[113] Although 
Vögtle was on the right path, it was not until 2008 when Jasti and Bertozzi realized the first successful 
synthesis of [n]CPPs (Figure 11). This strategy utilizes cis-1,4-substituted cyclohexadiene moieties which 
have a suitable angle (~80 °) to form relatively strain-free macrocycles via Suzuki-Miyaura cross-coupling 
which can be reduced in a subsequent step to phenylenes forming [n]CPPs. The aromatization in the latter 
step represents the driving force that overcomes the build-up of the molecular strain.[102] This strategy has 
been employed in size-selective synthesis of [n]CPPs (n = 5–12,18).[112,114–116]  

Soon after, other approaches to [n]CPPs emerged[117] starting with Itami group which used cis-1,4-
substituted cyclohexanes as bent units (~90 °) to build macrocycles that require oxidation in the last step to 
convert to [n]CPPs (Figure 12),[118] similar to the attempts of Vögtle.[113] [n]CPPs of different sizes (n = 7–
16) were synthesized using this strategy,[119–122] although it is important to note that the last oxidation step 
provides rather low yields and is challenging to scale-up.[123]  

The approach of Yamago relies on using cis-platinum complexes as corner units (~90 °) to form macrocycles 
in a size-selective or random manner depending on the number of phenylenes in the building blocks (Figure 
12). If n = m, the synthesis is size-selective, resulting in the formation of square-shaped macrocycles. If we 
mix the two building blocks with different number of phenylenes (n ≠ m), a mixture of tetragonal 
macrocycles of various sizes is formed. Platinum macrocycles undergo mild oxidation with bromine in the 
last step affording [n]CPPs (n = 8–13).[124–126] Similarly, the most recent approach of Osakada and Tsuchido 
uses gold complexes as corner units (~60 °) to create triangular macrocycles which are oxidized in the last 
step to afford [n]CPPs (n = 6,9,12,15).[127,128]  
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Yamago later modified the method of Jasti by replacing the robust methoxy group with an easy-to-remove 
triethylsilyl (TES) protecting group, although the authors offered no explanation why this particular 
protecting group was chosen.[129] Nevertheless, after removal of TES groups, the aromatization step requires 
substantially milder conditions for reduction with H2SnCl4 instead of sodium naphthalenide. This method 
typically provides relatively high yields, making it suitable even for the synthesis of the smallest sizes of 
CPPs and is the most commonly used method for [n]CPPs today.[129–131]  

Substituted CPPs can also be prepared by a rhodium-catalyzed [2+2+2]cyclotrimerization of alkyne-
containing macrocycles (Figure 13),[132–135] or a Diels-Alder reaction of macrocyclic dienes.[136,137] 

 

Figure 10. Attempts of Vögtle to synthesize [n]CPPs.[113]  
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Figure 11. The first synthesis of [n]CPPs (n = 9,12,18) by Jasti and Bertozzi.[102]   
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Figure 12. Overview of the synthetic approaches to [n]CPPs with the angles of corner units in brackets.  

 

Figure 13. Synthesis of substituted CPPs by [2+2+2]cyclotrimerization of alkynes. 
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1.4.2. Physicochemical properties of carbon nanohoops  

[n]CPPs demonstrate unusual size-dependent properties as a consequence of the curvature of the π–system. 
They share common size-independent absorption maxima at around 340 nm. A large Stokes shift is observed 
which increases with decreasing number of phenylenes in the structure. Fluorescence quantum yields, 
however, decrease with the size too (Figure 14, Table 1). In fact, the smallest [n]CPPs (n = 5,6) are non-
emissive[138–140] which is in contrast to what is observed in linear systems, such as oligo-para-phenylenes 
([n]OPPs), for which the quantum yields and red-shift of emission increase with increasing number of 
phenylenes.[141] 

 

Figure 14. Absorption (solid) and emission (dashed) spectra of [n]CPPs (n = 5–12). Adapted from ref.[140] 

Table 1. Strain energies, oxidation potentials and photophysical properties of [n]CPPs.[110,112,138–140] 

[n]CPP 
Strain / kcal 

mol–1 Eox / V λabs / nm λem / nm Φfl τfl / ns 

5 119 0.25, 0.46 335 - - - 
6 96.0 0.44 340 - - - 
7 84.0 0.55 340 587 0.007 - 
8 72.2 0.59 340 533 0.084 17.6 
9 65.6 0.70 340 494 0.30 10.6 
10 57.7 0.74 338 466 0.46 6.6 
11 53.7 0.83 340 458 0.52 3.8 
12 48.1 0.85 339 450 0.66 2.7 
13 45.5 - 337 446 0.72 2.0 
14 41.0 - 338 443 0.89 - 
15 39.2 - 339 440 0.90 - 
16 35.6 - 339 438 0.88 - 

 

The HOMO and the LUMO in [n]CPPs are delocalized over all the phenylenes in the macrocycle in a 
centrosymmetric fashion. As a consequence, HOMO–LUMO optical transitions are symmetry forbidden 
according to Laporte rule which states that for centrosymmetric molecules, like [n]CPPs, transitions 
between orbitals of same symmetry with respect to inversion are forbidden.[138,140] The observed size-
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independent absorption maxima at around 339 nm can be attributed to nearly degenerate HOMO–2 or 
HOMO–1  to LUMO and HOMO to LUMO+1 or LUMO+2 transitions which are symmetry allowed. These 
transitions are also responsible for the fluorescence red-shift and decrease in the emission quantum yield 
with decreasing size of [n]CPPs as the populated S2 and S3 states undergo fast internal conversion to 
geometrically relaxed S1’ state. For [n]CPPs where n ≥ 8, S1’ state breaks the symmetry due to exciton 
localization to a segment consisting of seven phenylenes. The symmetry-breaking induced by localization 
allows for the transition to the S0 state, i.e. the emission. For n ≤ 7, the S1’ state conserves the symmetry of 
the S0 state and the transition stays symmetry-forbidden, hence only weak or no emission is detected (Figure 
15). The decrease in the HOMO–LUMO gap with decreasing size of [n]CPPs is attributed to the reduction 
of the torsional angles between phenylenes as a compensation for the increase in strain energy. As a result, 
a more effective overlap of π–orbitals between individual phenylenes is achieved.[142]  

 

Figure 15. Orbital distribution of transition density for S1, S2, S3 and S1’ transitions in [6]-, [9]- and [12]-
CPP (top to bottom). Red and blue color corresponds to negative and positive values of the transition density, 
respectively. Adapted from ref.[142] 

Calculations have shown that breaking the symmetry of centrosymmetric orbitals in CPPs leads to allowed 
HOMO→LUMO which would result in emission even for the smallest CPPs.[143] Jasti et al. proved this 
hypothesis correct by synthesizing a series of CPPs with one of the phenylenes being connected via its meta-
positions instead of para-. The resulting m[n]CPPs (n = 5–8,10,12) exhibit fluorescence for all sizes (Figure 
16, Table 2). Size-independent maxima at around 328 nm are attributed to HOMO–1 to LUMO and HOMO 
to LUMO+1 transitions while the small band shoulders or even maxima observed at longer wavelengths, 
red-shifting with decreasing size of the hoop, can be assigned to the HOMO→LUMO transitions.[131]  
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Figure 16. Absorption (solid) and emission (dashed) spectra of m[n]CPPs (n = 5–8,10,12).[131] Redrawn 
from ref.[131] 

Table 2. Strain energies, oxidation potentials and photophysical properties of m[n]CPPs.[131] 

m[n]CPP 
Strain / kcal 

mol–1 Eox / V λabs / nm λem / nm Φfl τfl / ns 

5 102 0.47 316, 428 534 0.014 1.05 
6 77.6 0.53 328, 410 510 0.224 2.68 
7 66.4 0.67 328, 394 491 0.450 3.56 
8 56.7 0.74 326, 376 484 0.595 3.41 
10 51.4 0.81 328 456 0.726 2.45 
12 43.3 0.88 328 429 0.769 1.78 

 

A series of nanohoops with varying length of an alkyl chain inserted into [7]CPP was studied by Jasti et al. 
to elucidate the effect of curvature on optoelectronic properties of CPPs (Figure 17).[144] Here, both the 
cyclic conjugation and the symmetry are broken. Consequently, the fluorescence becomes blue-shifted with 
a significant increase in the intensity approaching the properties of linear oligo-para-phenylene ([7]OPP)[141] 
as the length of the tether increases. The absorption maxima are also blue-shifted indicating that the cyclic 
conjugation is responsible for a smaller HOMO–LUMO gap. Clearly, the increasing blue-shift in the 
absorption and emission with increasing length of the alkyl tether, suggests that an increasing curvature of 
the π-system, which also increases the strain, lowers the HOMO–LUMO gap.  

 

Figure 17. Structure of conjugation-broken [n]CH2[7]CPPs.[144]  
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Table 3. Strain energies, oxidation potentials and photophysical properties of conjugation-broken 
CPPs.[141,144] 

Species Eox / V λabs / nm λem / nm Φfl 

[7]CPP 0.47 340 588 0.006 
[1]CH2[7]CPP 0.63 321, 390 502 0.23 
[3]CH2[7]CPP 0.71 319, 375 469 0.25 

[7]OPP 1.00 326 408 1.00 
 

[10]CPP and m[8]CPP both possess around 57 kcal mol–1 of strain energy, however, they display different 
photophysical properties. It suggests that the strain energy alone here is an insufficient prediction tool. 
Furthermore, strain energy is spread unevenly in lower-symmetry systems and is localized over fewer bonds 
in m[8]CPP. Therefore, some carbon atoms are more pyramidalized than others. To access the distribution 
of the strain energy within carbon nanohoops, Jasti et al. developed a software suite, called StrainViz.[145] 
Contributions of perturbing individual bond lengths, valence and dihedral angles to the total strain are 
considered separately and can be visualized (Figure 18, top). For example, localization of the strain in the 
nanohoop is a powerful tool to predict the regioselectivity for CPP functionalization because the more 
strained parts of the molecule display higher reactivity (Figure 18, bottom).  

 

 

Figure 18. Top: StrainViz visualization of total strain distribution (in kcal mol–1) in [5]CPP (left) and 
m[6]CPP (right). Bottom: regioselective bromination of m[6]CPP.[145]  

In addition to curvature and symmetry, the frontier molecular orbitals (FMOs) can be manipulated by 
introduction of electron acceptors or electron donors into the nanohoop.[146] It is worth noting that electron-
rich phenylene units can be regarded as electron donors themselves.[147] Incorporation of electron donating 
groups, such as thiophene, into a CPP does not significantly perturb the electronic structure of the nanohoop. 
On the other hand, electron acceptors can markedly lower the energy of the LUMO. If both donors and 
acceptors are incorporated into the structure of the nanohoop at the same time, the FMOs become localized 
on the p-phenylene units that bear the donor (HOMO) and acceptor (LUMO) moieties. This results in an 
increase in the HOMO and a decrease in the LUMO energies effectively lowering the HOMO–LUMO gap. 
If a suitable combination of donor and acceptor moieties is used, emission can theoretically reach the NIR 
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region.[146–149] Numerous nanohoops containing donors, acceptors, or both units were synthesized and 
characterized to this date (Figure 19).[146] For instance, polyaromatics,[150–152] thiophene,[153–155] 
dimethoxynaphthalene,[156] carbazole,[157,158] bipyridine,[159] porphyrin,[160] and other[161–163] were employed 
as electron donors, while pyridinium,[149,164] phthalimide,[156] anthraquinone and 
tetracyanoanthraquinodimethane,[147] benzothiadiazole,[165,166] and other[155,167] as electron acceptors were 
used. 

 

Figure 19. Examples of donor-acceptor nanohoops with corresponding absorption and emission 
wavelengths.[146] 

The π-electrons in [n]CPPs are delocalized around the whole nanohoop and according to Hückel π-electron 
counting,[168]  [n]CPPs with 4N  π-electrons would be anti-aromatic if the other criteria of anti-aromaticity 
are met.[169] Although aromaticity can be considered a somewhat fuzzy concept with no clear definition and 
it cannot be quantified, there are quantifiable consequences like aromatic stabilization energy, bond length 
equalization and magnetic properties.[170] Aromatic stabilization energy cannot be directly measured but it 
is possible to estimate using quantum chemical calculations.[171] Bond length equalization can be assessed 
from the X-ray crystal structural analysis. This method faces difficulties with obtaining a good quality single 
crystal which can be challenging for relatively unstable compounds like strained carbon nanohoops. 1H-
NMR spectroscopy has proven invaluable in experimentally assessing aromaticity since an external 
magnetic field induces diatropic ring currents if the studied compound is aromatic, while paratropic currents 
are induced for anti-aromatic compounds.[172] Magnetically-induced ring currents in [n]CPPs (n = 6–11) 
were investigated computationally. [n]CPPs (n = 8–11) were found to have negligible ring currents and are 
thus non-aromatic, while [6]CPP shows a weak paratropic current rendering it slightly anti-aromatic, and 
[7]CPP a weak diatropic current suggesting aromaticity. [173] Yamago et al. synthesized a derivative of 
[8]CPP with an alkyl bridge connecting two parts of the nanohoop (Figure 20) to experimentally probe 
effect of the the magnetic currents.[157] The NMR proton resonance at –2.70 ppm of the C5 methyl groups 
demonstrates a shielding in the center of the ring. Computational investigation of nucleus-independent 
chemical shifts (NICS)[174] and magnetically-induced current densities attributed the shielding to local 
diatropic ring currents on the inside of the ring. Local paratropic ring currents were found on the outside of 
the nanohoop while no global ring currents were found confirming the previous results that demonstrated 
the non-aromatic character of [n]CPPs (n ≥ 8). Global paratropic ring currents were observed for [n]CPPs 
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(n = 5,6), however, they were too weak to be attributed to anti-aromaticity and are likely a consequence of 
strain and a higher quinoidal character of smaller [n]CPPs.  

 

Figure 20. Alkyl bridged [8]CPP derivative.[157] 

[n]CPPs can be oxidized using NOSbF6 or SbF5 to the corresponding radical cations or dications,[175–178] or 
reduced using alkali metals to the corresponding radical anions, dianions or tetraanions.[179–182] Analysis of 
NICS values (Table 4) and induced magnetic currents revealed that dications and dianions can be regarded 
as aromatic by having (4N + 2) π-electrons. Moreover, dicationic species are stable enough to obtain single 
crystals and analyze their crystal structures further supporting the notion of aromatic stabilization. X-ray 
structural analysis revealed a symmetric structure with a higher bond length alternation and lower dihedral 
angles than in neutral [n]CPPs indicating a higher quinoidal character with the positive charges being 
delocalized across the whole system.[175,177] Dications [n]CPP2+ are emissive with a very low quantum yield 
with the absorption and emission maxima shifted to near-infrared (NIR) region (Table 5).[178] Reduced 
[n]CPP2– species have similar delocalization, however, X-ray crystallography revealed stretching of the 
nanohoop to an ellipsoidal shape and localization of charges on the opposite sides of the ellipse due to 
complexation of K+ ions in the inside of the nanohoop.[181] Upon further reduction, [8]CPP4– could be 
isolated and analyzed revealing a high anti-aromatic character with 4N π-electrons and more pronounced 
elliptical stretching than that observed in the dianionic species (Figure 21).[182]  

 

 

Figure 21. Crystal structure of [8]CPP4– with [K(THF)2]+ as counter-ions. Adapted from ref.[182]  
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Table 4. NICS values in ppm in the center of the ring in [n]CPPs and corresponding dications and 
dianions at B3LYP/6-31g(d) level of theory.[176] 

n 5 6 7 8 9 10 
[n]CPP –1.26 –2.90 –2.52 –2.26 –1.88 –1.60 

[n]CPP2+ –19.63 –18.28 –16.41 –13.99 –12.30 –10.52 
[n]CPP2– –16.65 –16.61 –15.47 –13.75 –12.31 –10.81 

 

Table 5. Photophysical properties of [n]CPPs2+.[178] 

[n]CPP2+ λabs / nm λem / nm Φfl 
5 657 664 0.00035 
6 788 801 0.018 
7 938 979 0.0019 
8 1108 1248 0.000077 
9 1308 1467 - 

 

1.4.3. Applications of carbon nanohoops  

The unusual size-dependent physicochemical properties of CPPs have also driven research towards their 
practical applications.[117,146,183] CPPs can be brightly emissive in the solid state, furthermore, the solid-state 
emission was shown to be very similar compared to solution in terms of brightness if CPPs were 
incorporated into a solid-state matrix like PMMA which makes them great candidates for solid-state 
optoelectronic devices. The research in this direction is still in its early stages and only prototype devices 
were constructed until now.[184–186]   

Bright and tunable visible light emission makes them attractive as fluorophores for sensing and for imaging 
in a biological system because CPPs, for example, have large Stokes shifts and their curvature prevents their 
stacking. CPPs have proven to be biocompatible as HeLa cells were visualized using water-soluble 
fluorescent CPPs (Figure 22). Cells showed no cytotoxicity even after being treated with up to roughly a 10 
µmol dm–3 aqueous solution of CPPs.[187–189] Biocompatibility of IR emitting donor–acceptor CPPs is of 
particular interest due to a high penetration depth of NIR light through human tissues.[190]  

 

Figure 22. Structures of biocompatible CPPs.[187,189]  
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Macrocyclic nature of [n]CPPs makes them viable as hosts for guests of suitable size and renders them to 
be good candidates for sensors if a change in emission could be detected upon guest binding. A guest with 
a convex surface, such as fullerene, exhibits a high binding constant to the concave cavity of a CPP due to 
non-covalent interactions between the π-systems.[191] Specifically, C60 fullerene with a diameter of 0.71 nm 
perfectly fits into the 1.38 nm cavity of [10]CPP (Figure 23) with distance between the outer surface of 
fullerene and inner surface of [10]CPP being 0.34 nm, which matches the interlayer distance in graphite, 
MWCNTs and CNS.[192] A high binding constant of (2.79±0.03)×106 dm3 mol–1 in toluene was determined 
using fluorescence-quenching experiments while no binding was observed for other [n]CPP sizes.[193] An 
oval-shaped C70 fullerene fits both into [10]CPP and [11]CPP with binding constants in toluene being 
(8.4±0.3)×104 and (1.5±0.1)×105 dm3 mol–1, respectively, determined by UV/Vis titration.[194] Fullerenes 
C76, C78 and lanthanide metallofullerenes Ln@C82 (Ln = La, Gd, Tm, Lu) fit into [11]CPP too with high 
binding constants (Table 7).[195,196] The binding constant of fullerenes can be further tuned by extension of 
the π-system[197,198] or introduction of heteroatoms into the CPP.[199] Furthermore, encapsulation of 
C60⸦[10]CPP complex in a metal-organic nanocapsule forming a matryoshka complex allows regioselective 
functionalization of C60 fullerene.[200] 

Table 6. Binding constants KA of fullerenes and metallofullerenes with [11]CPP in toluene determined by 
fluorescence quenching experiments.[195,196] 

Fullerene KA / 105 
C76 18.2±0.6 
C78 14.1±0.4 

La@C82 30.0±2.0a 

Gd@C82 18.0±1.0 
Tm@C82 18.0±2.0 
Lu2@C82 18.0±2.0 

a Binding constant reported in dichlorobenzene.  

 

Figure 23. Supramolecular complex of C60⸦[10]CPP.[193] 

A porphyrin-functionalized CPP strongly binds fullerenes and azafullerenes (KA > 105) to form complexes 
which upon excitation produced long-lived charge separated states (τ = 0.5 μs).[201] Charge transfer 
complexes were also observed for Li+@C60⸦[10]CPP[202] and Ln@C82⸦[11]CPP making donor-acceptor 
supramolecular complexes of CPPs interesting candidates for organic electronic devices.  

High binding constants of fullerenes allowed synthesis of mechanically interlocked supramolecular 
assemblies.[191] A rotaxane using C60 as a binding center for [10]CPP was synthesized with functionalized 
C60 fullerenes as stoppers. [203]  

Other guests bind into CPPs, too. For instance, CuI binds to nitrogen in aza-m[6]CPP and subsequent 
Huisgen azide-alkyne cycloaddition or Cadiot-Chodkiewicz coupling were performed inside of the 
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nanohoop forming rotaxanes. The product rotaxanes exhibit a 10 to 100-fold increase of fluorescence 
intensity upon complexation of various metal guests which presents CPPs as viable sensors.[204] Similar 
strategy was also used for synthesis of CPP daisy chains[205] and catenanes.[206,207]  

Accoding to DFT, [n]CPPs which differ in size by five phenylenes show suitable fit to form a stable 
complex.[208,209] However, the formed [n]CPP:[n+5]CPP complexes (n = 5–10) have low association 
constants ranging from 50 to 750 dm3 mol–1 determined by 1H-NMR titration.[210] 

[n]CPPs (n = 5–12) were incorporated into single-molecule devices and their transport properties were 
measured in scanning tunneling microscope–break junction (STM–BJ) experiments.[211] Phenylenes in 
[n]CPPs strongly bind to gold atoms because of electron donation from a π-orbital on CPP to s-orbital of 
Au and electron back-donation from d-orbital of Au to an empty π*-orbital on [n]CPP (Figure 24). Binding 
energies between CPPs and gold electrodes, which were calculated using DFT, decrease with an increasing 
size of the nanohoop probably due to a less efficient orbital overlap between the CPP and Au as the curvature 
decreases. The STM–BJ experiment shows size-dependent conductance which decreases with increasing 
size. The authors conclude that conductance drops due to lowering of the HOMO–LUMO gap, however, 
we think that the drop in conductance is mainly caused by a longer conductance pathway for bigger sizes of 
[n]CPPs. Furthermore, the conductance of [n]CPPs is significantly higher than that of linear oligo-para-
phenylenes at the same number of phenylenes. We find this comparison incorrect as the distance the current 
has to travel through an [n]OPP is twice as large as in a [n]CPP for the same number of phenylenes. 
Therefore, we suggest that the comparison should be done between corresponding [2n]CPPs and [n]OPPs.  

 

Figure 24. STM-BJ experiment (top) and orbital coupling between [n]CPPs and Au atoms. Adapted from 
ref.[211] 

Lastly, the original purpose to synthesize [n]CPPs as seeds for the growth of SWCNTs[106] inspired efforts 
to mimic nanotube structures using supramolecular assemblies of CPPs. Columnar structures of CPPs 
resembling a nanotube were observed by X-ray structural analysis of carboxy-functionalized[133] and 
fluorinated CPPs (Figure 25).[212–215] The formation of tubular structures was attributed to hydrogen bonding 
and H–F interactions. 
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Figure 25. Columnar structures of fluorinated CPPs. Adapted from ref.[213] 

1.4.4. Chiral carbon nanohoops 

Electronic circular dichroism (ECD) is a common method for determination of configuration of 
enantiomerically-pure chiral compounds, or enantiomeric excess.[216] Observed molar circular dichroism ∆ε 
can be expressed as differential absorption of left- and right-circularly polarized light by the chiral 
chromophore (Eq. 1): 

∆𝜀(𝜆) = 𝜀𝐿(𝜆) − 𝜀𝑅(𝜆)           (1) 

where εL and εR are molar absorption coefficients of left- and right-circularly polarized light at a wavelength 
λ. The chiroptical response is usually evaluated by Kuhn’s dissymmetry factor gabs,[217] which defines the 
contribution of left- or right-handed absorption to the total optical activity (Eq. 2): 

𝑔𝑎𝑏𝑠 =
∆𝜀(𝜆)

𝜀(𝜆)
=

𝜀𝐿(𝜆)−𝜀𝑅(𝜆)
1

2
 (𝜀𝐿(𝜆)+𝜀𝑅(𝜆))

          (2) 

Circularly polarized luminescence (CPL)[216,218–223] is an emission analogous to circular dichroism and 
measures the difference of luminescence intensity ∆I of left- and right-circularly polarized light by a chiral 
luminophore (Eq. 3): 

∆𝐼(𝜆) = 𝐼𝐿(𝜆) − 𝐿𝑅(𝜆)           (3) 

where IL and IR are intensities of the emitted left- and right-circularly polarized light at a wavelength λ. 
Analogous to gabs, luminescence dissymmetry factor glum defines the contribution of the left- or right-handed 
components to the total intensity of emitted light (Eq. 4):  

𝑔𝑙𝑢𝑚 = 2 
∆𝐼(𝜆)

𝐼(𝜆)
= 2 

𝐼𝐿(𝜆)−𝐿𝑅(𝜆)

𝐼𝐿(𝜆)+𝐿𝑅(𝜆)
          (4) 

By definition, dissymmetry factors gabs and glum range between –2 and +2, values obtained for a perfect 
absorption or emission of circularly polarized light with a single handedness. CD and CPL spectroscopies 
both characterize electronic transitions in a molecule reflecting the structural properties of ground and 
excited electronic states, respectively.[218] Electronic transitions can be expressed by a rotatory strength R, 
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which is a parameter dependent on the electric and magnetic transition dipole moments μ and m and the 
angle θ between them (Eq. 5): 

𝑅 = |𝜇||𝑚| cos 𝜃          (5) 

The intensities of respective transitions are defined by another parameter, dipole strength D, which is also 
related to the transition dipole moments μ and m (Eq. 6):  

𝐷 = |𝜇|2 + |𝑚|2          (6) 

Rotatory strength R and dipole strength D then define dissymmetry factors gabs and glum for ground and 
excited states, respectively (Eq. 7): 

𝑔 = 4 
𝑅

𝐷
           (7) 

Dissymmetry factors gabs and glum can be predicted with a reasonable accuracy by TD-DFT quantum 
chemical calculations, furthermore, simulations of CD spectra are a common tool for configuration 
assignment of new chiral compounds.[224]  

Chiral luminophores have received considerable attention in the recent years due to promising applications 
in optoeletronic devices where the main challenge is search of small organic chiral luminophores with high 
glum values. However, they are commonly found in the range of ~10–3.[216,220,223] This means that 
approximately only every thousandth emitted photon is circularly polarized. Currently, small organic 
luminophores are outperformed by lanthanide complexes which can achieve very high glum values exceeding 
±1.[225] Nevertheless, small organic luminophores are highly desirable because of possible tunability of 
emission wavelength and quantum yield by structural modification, and good processability in a device 
manufacturing process.  

The quantum yield of emission Φfl is also an important parameter for circularly polarized luminophores. A 
recent study by Mori[222] investigated the relation between Φfl and dissymmetry factor glum because 
luminophores with a high quantum yield usually display low glum and vice versa. Rigid molecules with high 
Φfl were proposed to narrow down the search since they can be fine-tuned by organic synthesis and, perhaps, 
reach a high glum while preserving the quantum yield.[226,227] Indeed, Isobe group reported high glum (up to 
0.15) and Φfl (0.80) for rigid cyclochrysenylene macrocycles (Figure 26).[228] However, the structure–
property relationship to achieve such high glum values is not yet understood.[226,227] Therefore, systematic 
studies of rigid macrocycles are still vital for a development of a rational design of new chiral luminophores.  

Chiral derivatives of CPPs are excellent candidates for circularly polarized luminophores considering their 
high quantum yield of emission.[229] A number of CPPs that incorporate polyaromatic moieties such as 
anthracene,[151,230] naphthalene[231] and dibenzopentalene[232,233] and other units[234–237] were synthesized, 
however, their CPL properties were not investigated often due to low configurational stability or low 
solubility.  

Only a handful of chiral CPPs had their CPL properties investigated. For instance, a pentiptycene 
doublehoop was synthesized by the approach of Jasti, enantiomers of which were separated using HPLC 
with a chiral stationary phase. Dissymmetry factor glum was measured to be 3.4×10–3 with a high quantum 
yield of 0.63 (Figure 27).[238]  
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A figure-eight CPP lemniscate was prepared similarly from a biscarbazole macrocycle. Enantiomers were 
resolved using SFC with a chiral stationary phase and chiroptical properties investigated. The values of glum 
and Φfl were determined to be 3.4×10–3 and 0.36, respectively.[158]  

Similar results were obtained for a binaphthyl (glum = 4.4×10–3 and Φfl = 0.17)[186] and helicene-extended 
nanohoops (glum = 4.9×10–3 and Φfl = 0.40).[239] 

 

Figure 26. Rigid cyclochrysenylene macrocycles.[228]  

 

Figure 27. Structures of chiral carbon nanohoops and their respective glum and Φfl.[158,186,238,239] 
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2. Spiral para-phenylenes 

2.1. Aim of the work 

Small fragments of carbon nanotubes have been proposed as precursors of a bottom-up synthesis of uniform 
SWCNTs.[106] However, at the beginning of my PhD studies, no molecular precursors for CNSs were known. 
The challenge lies in the supramolecular nature of CNSs, structure of which is stabilized only by the weak 
van der Waals interactions. Considering the diameter of ~2 nm for the smallest experimentally observed 
CNS, a molecular fragment of an armchair CNS (Figure 28, middle) of such diameter would possess strain 
energy of at least 35 kcal mol–1 because the strain energy of [16]CPP, which has a diameter of 2.2 nm, is 
35.6 kcal mol–1.[110] However, the van der Waals interaction between two molecules of benzene is no more 
than 4 kcal mol–1 (SCS-MP2/aug-cc-pVTZ level of theory).[240] Therefore, the interaction between terminal 
phenylenes would be too weak to stabilize the topology of a molecular spiral and a covalent tether, a 
topology clip, must be introduced to stabilize the curvature of the π-system (Figure 28, right).  

 

Figure 28. Design of armchair CNS cut-offs. 

In this work, we propose a series of carbon nanohoops, which incorporate a pseudopara-
[2.2]paracyclophane (pPCP) moiety into the structure of a [n]CPPs as a topology clip to create molecular 
representatives of armchair carbon nanoscrolls (Figure 28). We name the resulting carbon nanohoops as 
spiral para-phenylenes abbreviated as p[n]SPPs where n defines the number of phenylenes in the spiral and 
p denotes the pPCP clip. pPCP moiety is a good candidate for a clip because ethylene bridges are short 
enough to keep the edges of the spiral loop within the distance observed between the individual folds in a 
CNS. In fact, the distance between the benzene rings in a pPCP determined from X-ray structural analysis 
is 0.31 nm.[241] Although it is slightly shorter than the 0.34 nm found in CNSs (h1 ,Figure 6), pPCP serves 
reasonably well to structurally approximate a molecular CNS. Furthermore, the chemistry of regioselective 
functionalization of a PCP is well explored which warrants a good synthetic accessibility of required 
molecular building blocks.[242]  

The clip also serves to lock the chirality of the molecular CNS. Recall that the chirality in CNS is fluctional 
due to a rapid equilibrium between different CNS configurations (vide supra). Therefore, if an [n]SPP was 
utilized as a template to grow an extended carbon nanostructure, a CNS, in a bottom-up approach, the 
covalent tether should preserve the chirality providing a uniform sample. It is necessary to point out that the 
structure grown from small [n]SPPs would not represent a full nanoscroll and it would rather resemble a 
bundle of hay opening the structure with the distance from the molecular [n]SPP template to release the 
strain (Figure 29).  
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Figure 29. A model of a carbon nanoscroll grown using a p[n]SPP template. 

We were also interested in the photophysical and chiroptical properties of [n]SPPs as they could be utilized 
as chiral luminophores because pPCP becomes chiral when incorporated into a macrocycle.[243]  However, 
chiral pPCPs racemize via a rotation around single bonds connected to the PCP moiety. Racemization can 
be hampered by bulky substituents that have to thread through the macrocycle in order to racemize.[244]  

Additionally, we have explored [n]SPPs with pseudometa-connection in the PCP moiety (Figure 30) to 
establish a clear structure–property relationship. Moreover, m[n]SPPs should not racemize because 
racemization would require two rotations of 180 ° of each aromatic ring in the mPCP which is 
thermodynamically very demanding. From now on, we will refer to the respective isomers of nanohoops as 
p[n]SPPs and m[n]SPPs, while the term [n]SPPs will be used generally when both isomers do not need to 
be distinguished. 

 

Figure 30. Structure of the proposed p[n]SPPs (left) and m[n]SPPs (right).  

The goal of this project was to synthesize selected sizes of p[n]SPPs and m[n]SPPs, measure, and compare 
photophysical and chiroptical properties to theory. 
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2.2. Results and Discussion 

2.2.1. Synthesis of p[9]SPP 

The synthetic protocols and characterization of the prepared compounds are provided in the Appendix.  

We designed the synthesis of p[9]SPP using the approach of Jasti and Yamago.[116,130,131] The synthesis starts 
from commercially available 4-bromo-4’-hydroxybiphenyl which is protected with TMSCl and used 
without purification in the following oxidation using (diacetoxyiodo)-benzene to afford hydroxy-ketone 1a 
in a 75% yield over two steps. In the next step, 1a is treated with TESCl to afford silyl-protected building 
block 1b in 91% yield (Scheme 2). A nucleophilic addition of an excess of mono-lithiated dibromo-benzene 
on p-benzoquinone affords bent building block 2a in a 59% yield with excellent diastereoselectivity, which 
is treated with TESCl to afford silyl-protected building block 2b in a 64% yield (Scheme 3). 

Double-lithiation of 2b followed by 2 equivalents of 1b and in situ protection using MeI affords building 
block 3a in a 71% yield. In the next step, 3a was doubly-lithiated with n-BuLi followed by quenching with 
i-PrOBpin to form 3b in an excellent 99% yield (Scheme 4). Note that the synthesis of 3b is a part of the 
publication in Chapter 3 (labeled as 4) and, therefore, its synthesis can be found in the corresponding section 
of the Appendix.  

 

 

 

Scheme 2.  

 

Scheme 3 
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Scheme 4.  

In our initial attempt to prepare p[9]SPP, we used a Suzuki-Miyaura cross-coupling between 3b and 
literature-known p-dibromo-[2.2]paracyclophane.[245] We observed a deprotection of the silyl groups in 3b 
followed by a decomposition of the material instead of the formation of macrocycle 4 (Scheme 5). We 
performed a screening of different reaction conditions that involved selected palladium catalysts, solvents, 
bases and temperatures for this reaction but we never managed to isolate macrocycle 4. We also tested other 
position of the bromides for the cross-coupling reaction and use m-functionalized [2.2]paracyclophane to 
form a less strained macrocycle 5 (Scheme 6). All these attempts were also unfortunately unsuccessful.  

 

Scheme 5 
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Scheme 6 

Upon replacement of bromines for iodines via a sequence of lithium-bromide exchange followed by addition 
of iodine (Scheme 7), the cross-coupling macrocyclization was finally successful. Macrocycle 4 was treated 
with 6 eq. of TBAF at room temperature and aromatized with H2SnCl4 to obtain p[9]SPP that could be 
isolated in a 7% yield over three steps (Scheme 8). Our efforts to isolate macrocycle 4 before the 
deprotection and aromatization steps have been unsuccessful too due to a low stability of this compound, 
likely resulting in an overall low yield of the entire reaction sequence. 

 

Scheme 7 

 

Scheme 8.  
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However, at the time when our first synthesis of p[9]SPP was accomplished, the synthesis and 
characterization of the compound was reported by Du et al.[246]. This led us to reconsider the major objective 
of the project and to abandon the synthesis of [n]SPPs as we suspected that other groups might be performing 
their synthesis. Indeed, a series of nanohoops similar to m[n]SPPs with additional acetylene linkers between 
the phenylenes and the PCP moiety was synthesized by Jiang et al.[247] earlier this year.  

In the synthesis of p[9]SPP, Du et al. used more stable bent building block 3c (Scheme 9) to form a relatively 
strain-free macrocycle via a Suzuki-Miyaura cross-coupling followed by aromatization using sodium 
naphthalenide to afford p[9]SPP.[246] We managed to synthesize the compound using this approach, but we 
never managed to reach the yield of 22 % reported by Du in his original publication. 

 

Scheme 9. Synthesis of p[9]SPP using the conditions published by Du et al.[246] 

Although 3c is a stable building block unlike 3a, it also represents a disadvantage in the approach of Du 
because 3c is always used as a mixture of diastereomers, which is clearly visible in the published 1H NMR 
spectra. The authors did not comment that the sample of 3c contains, in fact, other diastereomers in any of 
their publications where 3c is used in the synthesis of a number of carbon nanohoops.[197,231,237,246,248] This 
precludes to calculate the efficiency of the macrocyclization steps because the ratio of individual 
diastereomers is not known. The reason that samples of 3c are always a mixture of diastereomers arises 
from its synthesis that we explored in more detail and describe below. 

First, compound 1c was prepared via oxidation of 4-bromo-4’-hydroxybiphenyl using (diacetoxyiodo)-
benzene in dry methanol in 70% yield while 2c was prepared by treatment of 2a with methyl iodide under 
basic conditions in 88% yield (Scheme 10). The preparation of 3c involves two nucleophilic additions of 
doubly-lithiated 2c to two units of 1c which results in the formation of a mixture of three diastereomers in 
a 78% yield (Scheme 11). We performed the synthesis of 3c and isolated the all-cis diastereomer using 
HPLC (see Appendix). This allowed us to assign the resonances of its methoxy groups in 1H-NMR spectrum 
and assign the resonances to the other two diastereomers in the mixture (Figure 31). We could thus estimate 
their ratio in the mixture by comparison of the areas under the individual peaks. The mixture consists of 
~8% trans-trans, ~25% of cis-trans and ~67% of cis-cis diastereomers. Only the latter can successfully 
form the desired macrocycle as described in Scheme 9. 
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Scheme 10 

 

Scheme 11 
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Figure 31. 1H-NMR spectrum of mixture with assigned methoxy signals to each diastereomer (top) and cis-
cis diastereomer (bottom). 

At this point, we decided to further pursue only the computational part of this project as we have shifted our 
synthetic efforts towards the helicene carbon nanohoops described later in Chapters 3 and 4.  

2.2.2. Conformational analysis of [n]SPPs 

From the computational studies on [n]CPPs by Itami[110] and Bachrach[111] we know that the phenylene units 
prefer an alternating orientation to each other. This is possible for [n]CPPs with an odd number of 
phenylenes, however, a single twist in a terphenyl sub-unit is necessary (helical orientation, Figure 9) for 
an even number of phenylenes.  

Therefore, we performed conformational analysis on p[n]SPPs and m[n]SPPs (n = 9,10) to determine: (a) 
the preferential orientation of the phenylene units relative to the PCP moiety, (b) a dependency on even or 
odd number of phenylenes in the nanohoops, (c) the twist localization in [n]SPPs if one is necessary. Thus, 
the differences between conformers are the orientation of phenylene units relative to the PCP moiety and to 
each other.  

Here, we chose p[10]SPP as the representative example since p[n]SPPs with an even number of phenylenes 
cannot be arranged in an alternating fashion and at least one twist in a terphenyl sub-unit is necessary. The 
lowest energy conformer (Table 7 and A1, Figure 32) possessed the alternating orientation of the phenylene 
units relative to each other and the twist was localized at the phenylene attached directly to the PCP moiety 
from the inner side of the hoop (Conformer 1) rather than in the middle of the hoop (Conformer 2) or the 
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outer side the hoop (Conformer 3). This was also found for other sizes of p[n]SPPs with an even number of 
phenylenes. p[n]SPPs with an odd number of phenylenes can always be arranged in the alternating fashion 
(Figure 33, ) and these conformers were the lowest in energy similarly to parent [n]CPPs (Table A2).[110]   

The situation was reversed in m[n]SPPs. Here, the phenylenes can alternate when n is even. Indeed, such 
geometries represent the lowest-energy conformers (Table A3,Figure 34, right). For an odd number of 
phenylenes, a twist is necessary and it is located at either side of the PCP moiety (Table A4, Figure 34, left; 
the twist is located on the left side). The other sizes of p[n]SPPs and m[n]SPPs were then modeled and 
optimized according to conformational preferences determined for the smaller nanohoops. 

It is important to note that the barriers of rotation of the phenylenes in the hoops are likely to be small (3–
10 kcal mol–1 [12]CPP)[110] and the conformers are close in energy (Table 7). Thus, their Boltzmann 
distribution should be used to simulate any macroscopic properties accurately. The qualitative comparison 
of the properties can, however, be performed with the lowest energy conformer for each nanohoop to study 
the structure–property relationship.  

Table 7. Energies Ecorr (0 K, Eel + ZPVE ) and relative energies conformers of p[10]SPP. Single point 
energies Eel obtained with the cc-pVTZ basis set on D3-B3LYP/6-31g(d) geometries. Zero-point vibrational 
energy (ZPVE) correction is unscaled. 

Conformer Ecorr / Hartree 
Relative energy 

/ kcal mol–1 
1 -2466.49249 0.00 
2 -2466.49359 0.69 
3 -2466.493151 0.28 

 

 

Figure 32. Selected conformers of p[10]SPP.  
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Figure 33. The lowest energy conformer of p[9]SPP. 

 

Figure 34. The arrangement of phenylene units in m[n]SPPs, n = 9 (left), 10 (right) in the lowest-energy 
aconformers. 
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2.2.3. Calculated properties of [n]SPPs 

Having found the lowest energy conformers for all molecules, we used hypothetical homodesmotic reactions 
(Scheme 12) to estimate the strain energy in each nanohoop (Figure 35). The strain energies were calculated 
to range from 35 to 100 kcal mol-1 for p[n]SPPs and 27 to 73 kcal mol-1 for m[n]SPPs depending on the size 
of the nanohoops. p[n]SPPs were found to be considerably more strained than m[n]SPPs of the same size, 
although this difference is less pronounced for larger sizes of [n]SPPs. Furthermore, the strain–size 
relationship follows a single trend in both p[n]SPPs and m[n]SPPs without observable differences between 
[n]SPPs with an odd or even number of phenylenes. 

StrainViz calculations were used to visualize the local strain in p[9]SPP and m[9]SPP (Figure 36). The most 
strain is localized at the inner side of the spiral which corresponds to the localization of the twist in p[n]SPPs 
when n is even. m[n]SPPs have the strain energy spread more evenly across all phenylenes.  

 

Scheme 12. 
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Figure 35. Total strain energies of p[n]SPPs (circles) and m[n]SPPs (triangles) in kcal mol–1 calculated at 
D3-B3LYP/6-31g(d) level of theory. 

 

Figure 36. StrainViz visualization of total strain distribution (in kcal mol–1) in p[9]SPP (left) and m[9]SPP 
(right).  

Photophysical properties are connected to the HOMO–LUMO gaps which were estimated with TD-DFT 
using three different density functionals, CAM-B3LYP, BMK and M06-2X with 6-31g(d) basis set. All 
functionals behaved consistently and provided similar results. HOMO–LUMO gaps at CAM-B3LYP/6-
31g(d) level of theory (Figure 37, see Appendix Tables A5–A11 for other functionals) increase with the 
increasing number of phenylene units similar to [n]CPPs.[138] p[n]SPPs possess smaller HOMO–LUMO 
gaps than m[n]SPPs likely due to higher strain while both series display separate curves for SPPs with the 
odd and even number of phenylenes. The effect is more pronounced in m[n]SPPs. This result is not 
surprising and the same effect of the curvature on the energies of the frontier MOs (FMOs) was already 
identified in parent CPPs.[144,148] 
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Figure 37. HOMO–LUMO gaps in eV for p-[n]SPPs (circles) and m-[n]SPPs (triangles) calculated at CAM-
B3LYP/6-31g(d) level of theory. 

The individual FMO energies (Figure 38) were estimated by calculating the energy of the HOMO at the 
CAM-B3LYP/6-31g(d) level of theory. The energy of the LUMO was estimated by addition of the HOMO–
LUMO gap to the energy of the HOMO because DFT fails to provide accurate energies of unoccupied 
MOs.[249] The HOMO energies of p[n]SPPs are higher than that of m[n]SPPs likely due to higher curvature, 
while the LUMO energies are roughly the same in both series which causes the odd/even effect. 
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Figure 38. The HOMO (red) and the LUMO (blue) energies in eV for p[n]SPPs (circles) and m[n]SPPs 
(triangles) calculated at CAM-B3LYP/6-31g(d) level of theory. 
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Both CD and CPL can be predicted using TD-DFT on the geometries of the ground and the excited state, 
respectively. Oscillatory strength is an important parameter that characterizes the intensity of the transition 
and is related to absorption coefficient and intensity of emission. p[n]SPPs have much smaller oscillatory 
strengths as compared to m[n]SPPs indicating they are likely going to have smaller molar circular dichroism 
∆ε. The oscillatory strengths of the transitions on the excited states are comparable for both series. We can 
also predict Stokes shifts by taking the difference between the energies of the first transition on the ground 
and the excited state (Tables A5–A16).  

We used TD-DFT calculations to predict both CD and CPL and the calculations on Rp-enantiomers are 
presented. We calculated the absorption dissymmetry factors gabs using the transition dipole moments μ and 
m extracted from the TD-DFT calculations on the ground state geometries (Figure 39, see Figures A6 and 
A7 for other functionals). m[n]SPPs have rather similar gabs values of 0.8–2.0×10–2 regardless of the size, 
while p[n]SPPs show a stronger size-dependence with gabs = 2.1–6.8×10–2. Interestingly, p[n]SPPs with odd 
n show a gradual decrease of gabs values with increasing size while p[n]SPPs with even n have a maximum 
at n = 12 with a steeper decrease of gabs as n increases or decreases. We hypothesize that the twist present 
in the even-numbered p[n]SPPs has a significant influence on the transition dipole moments μ and m and 
the angle θ between them. These quantities may be conformer-dependent and this aspect needs to be 
investigated in closer detail. 

6 8 10 12 14 16 18
-8

-6

-4

-2

0

g a
bs

 / 
10

-2

n

 

Figure 39. The dissymmetry factors gabs for p[n]SPPs (circles) and m[n]SPPs (triangles) calculated at CAM-
B3LYP/6-31g(d) level of theory. 

We then optimized the geometries of the first excited states for each molecule in order to predict the 
properties of the circularly polarized luminescence. Luminescence dissymmetry factors glum were calculated 
from the corresponding μ and m from these calculations (Figure 42, see Figures A8 and A9 for other 
functionals). The resulting glum values are, on average, an order of magnitude lower than the corresponding 
gabs values. 
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In order to explain the significant decrease of glum compared to gabs, we visualized the transition dipole 
moments μ and m for selected p[n]SPPs (n = 9,12,16; Figure 41) and the corresponding m[n]SPPs (Figure 
42) in the ground and the first excited states. Generally, vectors m are perpendicular to the planes of the 
p[n]SPP and m[n]SPP macrocycles and the amplitudes gradually increase with increasing n in both states. 
Moreover, there is no significant change in the direction of the vectors when we compare the absorption and 
emission. For p[n]SPPs in the ground state, the vectors μ are rather small as is expected because the S0→S1 
is only partially allowed as in m[n]CPPs. In the first excited state, μ increases in amplitude and the vector 
faces away from the PCP moiety. A similar increase in μ as well as the change in the direction are observed 
in m[n]SPPs when compared to the absorption. 
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Figure 40. Dissymmetry factors glum for p[n]SPPs (circles) and m[n]SPPs (triangles) calculated at CAM-
B3LYP/6-31g(d) level of theory. 
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Figure 41. Electric (blue) and magnetic (red) transition dipole moments of the S0→S1 (left) and S1→S0 
(right) transitions for p[n]SPPs (n = 9,12,16, top to bottom). The vectors were scaled up by a factor of 2 
due to the small length of μ.  
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Figure 42. Electric (blue) and magnetic (red) transition dipole moments of the S0→S1 (left) and S1→S0 
(right) transitions for m[n]SPPs (n = 9,12,16, top to bottom). The vectors were scaled up by a factor of 2 
due to the small length of μ. 

The calculated glum values are much smaller than gabs mainly due to the angle θ between the electric and 
magnetic transition dipole moments, which got closer to 90° (Figure 43). Note that θ = 90° results in rotatory 
strength R and the corresponding glum value of 0 because cos(90°) = 0 (see Eq. 5 and 7 in section 1.4.4.).  
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Figure 43. Values of angle θ in degrees between the electric and magnetic transition dipole moments for 
p[n]SPPs (circles) and m[n]SPPs (triangles) in the ground (red) and the excited (blue) state calculated at 
CAM-B3LYP/6-31g(d) level of theory. 

We have demonstrated that molecules undergo geometrical relaxation in the S1 state which influences the 
vectors μ and m. When we investigate the orientation of vectors μ in the excited states, we can notice that 
they always face parallel to the planarized segments of nanohoops where the excitons are localized (Figures 
44–47). Generally, the excitons tend to localize at the most strained part of the molecule.  

 

Figure 44. NTO of the S0→S1 transition (E = 3.78 eV, f = 0.068) of p[12]SPP with their occupancies in 
brackets calculated at CAM-B3LYP/6-31G(d) level of theory. 
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Figure 45. NTO of the S1→S0 transition (E = 2.96 eV, f = 0.921) of p[12]SPP with their occupancies in 
brackets calculated at CAM-B3LYP/6-31G(d) level of theory. 

 

Figure 46. NTO of the S0→S1 transition (E = 3.84 eV, f = 0.381) of m[12]SPP with their occupancies in 
brackets calculated at CAM-B3LYP/6-31G(d) level of theory. 

 

Figure 47. NTO of the S1→S0 transition (E = 2.98 eV, f = 0.958) of m[12]SPP with their occupancies in 
brackets calculated at CAM-B3LYP/6-31G(d) level of theory. 
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2.3. Conclusions and Outlook 

In conclusion, we have performed a conformational analysis for selected sizes of p[n]SPPs and m[n]SPPs 
(n = 9,10) to find the lowest-energy conformers. We used these results to optimize the geometries of other 
sizes of [n]SPPs and we calculated strain energies using homodesmotic reactions. p[n]SPPs were found to 
be considerably more strained than m[n]SPPs of the same size and the strain energy decreases with 
increasing size of the nanospiral. The most strained segment of p[n]SPPs is located on the inner side of each 
spiral next to the PCP moiety, which is unlike in m[n]SPPs which localize the strain on the phenylene 
opposite to the PCP moiety across the macrocycle. We used TD-DFT calculations to estimate the HOMO–
LUMO gaps which increase with increasing size similarly to [n]CPPs. The HOMO energies of p[n]SPPs 
are slightly higher than those of corresponding m[n]SPPs due to higher curvature, while there is only a small 
influence on the LUMO energy. We calculated absorption and emission dissymmetry factors gabs and glum. 
The massive drop in the dissymmetry factor between absorption and emission is a consequence of the 
geometry reorganization that planarizes a segment of five p-phenylenes in the excited state. Consequently, 
the direction and the amplitude of electric dipole moment vector μ change and so does its angle θ to the 
magnetic dipole moment m, diminishing value of the glum. We hypothesize that preventing the planarization 
may lead to high values of glum for chiral carbon nanohoops in general. Nevertheless, m[n]SPPs could be 
still used as circularly polarized luminophores as they are with high luminescence quantum yields due to 
the broken symmetry in the excitation and with configurational stability. The calculated glum values 
correspond well to the experimental values of acetylene-functionalized m[n]SPPs (around 3×10–3).[247]  
p[n]SPPs lack the configurational stability to allow separation of enantiomers[246] and, therefore, cannot be 
used as circularly polarized luminophores. However, the racemization can be prevented by steric 
hindrance.[244] Lastly, we would like to point out that the experimental glum could possibly be much lower if 
the theoretical glum of individual accessible conformers are substantially different from each other.  Even so, 
comparison of the theoretical glum of the lowest-energy conformers offers to gain knowledge about the trends 
in properties as they depend on the size and curvature of the nanohoops. 

As an outlook, we investigated the dissymmetry factors of p[12]SPP functionalized with bulky substituents 
(Figure 48) on phenylene units in order to prevent planarization in the excited state. We have chosen methyl 
substituents on phenylenes close to the planarization center in the excited state in D1, methyl substituents 
on every second phenylene in D2, methyl substituents on all phenylenes in D3 and perfluoro-
functionalization of phenylenes in D4. 

 

Figure 48. Design of p-[12]SPPs functionalized with methyl groups at the planarization center, every 
second phenylene, methyl groups on all phenylenes and perfluoro-phenylenes (left to right). Perfluorinated 
phenylenes are depicted in green.  

We optimized the geometries of the ground and the first excited states for each derivative and calculated 
values of gabs and glum (Table 8). Furthermore, we investigated the orientation and amplitudes of vectors μ 



2. Spiral para-phenylenes 

45 
 

and m (Figure 49). Introduction of methyl substituents to the segment of p-phenylenes in the more curved 
part of the nanospiral where the planarization in the excited state takes place in D1 proved to be insufficient 
because a similar geometry relaxation by planarization occurred in the less-strained part of the nanospiral. 
Introduction of two methyl groups on every second phenylene in D2 sufficiently prevents the planarization  
in the excited state but the resulting glum value is low because the angle θ is close to 90 °.  Introduction of 
two methyl groups on each phenylene in D3 prevents the planarization in the excited state, however, the 
directions of μ and m change along with a significant drop in the amplitude of m resulting low glum despite 
an increase in the angle θ. Perfluoro-functionalization of the phenylenes in D4 sufficiently prevents 
planarization, which was very recently confirmed in a different computational study,[250] and the 
corresponding values of gabs and glum are close to each other. Furthermore, the amplitudes and direction of 
the vectors μ and m are similar in the ground and the excited state. 

Table 8. Dissymmetry factors and corresponding angles θ of the first transition in the ground and the 
excited state of D1–4.  

Species gabs / 10–3 θabs glum / 10–3 θlum 
D1 -15.3 96.66 -0.70 90.92 
D2 -45.6 101.52 0.07 89.9 
D3 1.2 89.06 -0.99 94.29 
D4 -1.1 90.92 -1.12 91.65 
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Figure 49. Electric (blue) and magnetic (red) transition dipole moments of the first transition in the ground 
(left) and excited states (right) for p[12]SPP derivatives D1–4 (top to bottom). The vectors were scaled up 
by factor of 2 due to small size of electric transition dipole moments. 
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3. [6,7]Helicene para-phenylene – A prototype chiral luminophore 

3.1. Aim of the work 

A number of chiral scaffolds were synthetically explored in order to achieve a high luminescence 
dissymmetry factor glum.[216,220] Theoretical prediction of experimental glum values using computational 
chemistry has proven to be rather challenging as we have demonstrated in the previous chapter. The angle 
θ between transition dipole moments µ and m and their amplitudes are sensitive to molecular geometry[226] 
and the resulting dissymmetry factor values can change drastically between the ground and the first excited 
state, for example due to a planarization of p-phenylenes in carbon nanohoops.  

Nevertheless, carbon nanohoops possess excellent emissive properties but the chiral carbon nanohoops 
synthesized to this date typically have maximum glum values of ~5×10–3 hampering their usage as chiral 
luminophores (Section 1.4.4.). We hypothesized, that an introduction of a moiety with strong chiroptical 
properties into [n]CPP can enhance the glum by chirality information transfer despite the planarization of the 
p-phenylene segment of the nanohoop, while ensuring a high quantum yield of fluorescence.  

We chose [6]helicene as a chiral element to create a configurationally-stable chiral carbon nanohoop. It has 
been shown that 2,15-substituted [6]helicene derivatives can achieve high glum values[251] and have high a 
racemization barrier (see next section). In general, helicene carbon nanohoops produced from [m]helicene 
and [n]CPP are referred to as helicene para-phenylenes, abbreviated as [m,n]HPPs. We chose to incorporate 
the [6]helicene into [7]CPP resulting in a helicene carbon nanohoop [6,7]HPP (Figure 50). Seven 
phenylenes were chosen because the exciton localizes on seven phenylenes in [n]CPPs and a high quantum 
yield of emission is expected. The calculated 3D model of [6,7]HPP revealed a striking feature of the 
nanohoop. The π-system of [6,7]HPP adopts a shape of a Möbius strip, which further motivated us to test 
whether our initial hypotheses were correct and to validate its topology. 

 

Figure 50. Molecular design of [6,7]HPP. Grey and blue colored stripes meeting in the helicene moiety 
represent that the π-system has only surface.   

The goals of the project could thus be summarized as follows: 

1. Synthesize [6,7]HPP and investigate its photophysical and chiroptical properties including CPL.  
2. Validate the Möbius topology and investigate its consequences on the properties of [6,7]HPP. 
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3.2. Circularly Polarized Luminescence in a Möbius Helicene Carbon Nanohoop  

The results of this study are summarized in a manuscript presented on the following pages as published in 
Angewandte Chemie International Edition[1] with separate numbering of compounds, figures, schemes, 
tables and references. The Supporting Information was adapted from the publication to fit the formatting of 
the thesis and can be found in the Appendix. My contribution to the published work is as follows: I designed 
and synthesized [6,7]HPP, grew the single crystals for the X-ray analysis, separated enantiomers using 
HPLC, measured the absorption, emission and CD spectra, investigated the optoelectronic structure by DFT 
calculations including the dissymmetry factors and strain energies, NMR chemical shifts and NICS values 
and AICD plots. Finally, I co-wrote the manuscript. 
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3.3. Summary and Outlook 

We demonstrated the synthesis of [6,7]HPP, its spectroscopic and crystallographic characterization 
complemented by computational investigation of the electronic structure. [6,7]HPP is a configurationally-
stable chiral luminophore with a high quantum yield of 65% and moderate luminescence dissymmetry factor 
of 2.2×10–3. The measured brightness of CPL (BCPL) 63 is relatively high compared to other chiral carbon 
nanohoops and superior to other known [6]helicene derivatives. Furthermore, we showed that a curious CPL 
signal at 435 nm with opposite sign of glum emerges from the emission of a higher energy conformer of 
[6,7]HPP with Hückel topology. This unexpected result demonstrates that the handedness of CPL could be 
controlled by topology of the luminophore and that reliable prediction of accurate glum is a delicate task. 

The results of X-ray crystal structure analysis and VT-NMR spectroscopy, which revealed that [6,7]HPP 
possesses Möbius topology, motivated us to investigate whether the molecule or its oxidized or reduced 
forms (Section 1.4.2) could display a global Möbius aromaticity (see section 4.1. for the theoretical 
background). A common computational method to investigate magnetically-induced currents that can 
validate the aromaticity of a compound is the anisotropy of the induced current density (AICD) plot.[252] 
AICD can visualize delocalization of electrons through π- and σ-sigma bonds or even through space. Current 
density vectors can then be mapped onto the AICD surface after defining the direction of the external 
magnetic field B0 that induces magnetic currents observable in the molecule. The result depends on the 
relative orientation of the molecule with respect to the B0 vector. If the direction of the induced magnetic 
current vectors follows the left- or right-hand rule, the currents are called diatropic and paratropic, 
respectively. For example, a planar aromatic system, such as benzene, requires a perpendicular orientation 
of the B0 vector relative to the ring plane to induce a diatropic magnetic current. Möbius aromatic 
compounds, on the other hand, require the B0 vector to be perpendicular to the C2 axis of symmetry of the 
molecule.[253] For example, Möbius aromatic [16]annulene displays an induced diatropic current (Figure 51) 
when the B0 vector is (–1,0,0).  

We tested many different orientations of [6,7]HPP, [6,7]HPP2+, [6,7]HPP4+ and [6,7]HPP2– with respect to 
the external magnetic field B0 using the AICD method, but we have never observed any global magnetic 
currents (Figure 52), despite a full electron delocalization across the whole macrocycle. We thus conclude 
that neutral [6,7]HPP and its oxidized or reduced forms are globally non-aromatic, although individual 
phenylenes and the helicene display induced local diatropic currents and are locally aromatic. 

Investigation of the NICS values in [6,7]HPP, [6,7]HPP2+and [6,7]HPP2– further confirmed the non-
aromatic character (Figure 53) of the investigated compounds as only a weak shielding is observed in the 
cavity of [6,7]HPP which increases upon oxidation or reduction. We attribute the increase to the 
planarization of phenylene units in the ionic helicene hoops that lead to a higher shielding inside the cavity 
by local magnetic fields on the individual phenylene units. We hypothesize that the primary reason for the 
observed non-aromaticity are the electron delocalization paths with only an odd number of carbon atoms 
within the [6]helicene. This always results in the delocalization of an odd number of π-electrons around the 
helicene nanohoop unlike the even number of electrons required formally by the Hückel rules to comprise 
an aromatic or an anti-aromatic system (Figure 54). 

As an outlook, we suggest that helicene carbon nanohoops that provide an even number of electrons in the 
delocalization pathway are synthesized and investigated computationally to understand their aromaticity. 
This can be achieved by incorporating [m]helicenes where m is an odd number (Figure 54), into helicene 
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carbon nanohoops. In addition, we propose that switching between the two conformations of different 
topologies upon an external stimuli could create a new type of molecular CPL switches. 

 

Figure 51. AICD plot of [16]annulene with induced current density vectors in external magnetic field B0 
(-1,0,0)  

 

 

Figure 52. AICD plot of [6,7]HPP with induced current density vectors in external magnetic field B0 (0,0,1) 
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Figure 53. NICS values across the cavity of [6,7]HPP, [6,7]HPP2+ and [6,7]HPP2– (top to bottom). 

 

Figure 54. Inner (red) and outer(blue) conjugation pathways across [m]helicenes.  
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4. [5,n]Helicene para-phenylenes 

4.1. Möbius aromaticity and anti-aromaticity 

Aromaticity is a key concept in organic chemistry describing stabilization of cyclic conjugated system of 
(4N + 2) π-electrons with benzene being the prototypical aromatic compound with six π-electrons.[168] On 
the other hand, 4N π-electron cyclic conjugated systems possess a low stability because they require 
electrons to be distributed among two (nearly) degenerate MOs that leads to electronic configuration with 
unpaired electrons. Such systems are referred to as anti-aromatic. However, the same 4N π-electrons can be 
distributed into doubly occupied MOs stabilizing the system like in benzene if the cyclic conjugated system 
is twisted into a Möbius strip (Figure 55). Such systems were termed Möbius aromatic in 1964 by 
Heilbronner who derived this concept based on Hückel theory.[254] If a compound with Möbius topology has 
(4N + 2) π-electrons, a similar destabilization is observed as for Hückel 4N π-electron systems and such 
compounds are termed as Möbius anti-aromatic.[255]  

 

Figure 55. Molecular orbital diagrams for [8]annulene with 4N π-electrons of Hückel (left) and Möbius 
(right) topology.  

The consequences of Möbius aromaticity are difficult to quantify in the same way as traditional Hückel 
aromaticity.  X-ray crystal structures can determine the bond-length equalization which is an unambiguous 
proof. The first Möbius aromatic compound was synthesized only in 2003 by Herges et al.[256] by a 
photochemical [2+2]cycloaddition of tetrahydrodianthracene and syn-tricyclooctadiene resulting in a 
mixture of five isomers of [16]annulene derivative which were separated using HPLC. The Möbius C2 
symmetric isomer (Scheme 13) exhibits higher bond-length equalization in the X-ray crystal structure than 
other isomers and thereby has higher aromatic character, which supports the predictions of Heilbronner. 

 

Scheme 13. 

The design of Herges combines linearly- and radially-conjugated synthons to create the twist required to 
obtain a Möbius topology. Pyramidalization of sp2-carbons, and therefore strain, is necessary to achieve 
radial conjugation and, consequently, Möbius topology.[253] Aside from [n]annulenes, several other 
structural motifs were demonstrated experimentally to adopt Möbius topology such as porphyrinoids[253,257–

259] and helicene trimers.[260,261] Radially-conjugated nanohoops seem to be the perfect candidates for design 
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of Möbius systems which was demonstrated by the synthesis of such compounds in the recent years.[206,262–

264]    

A catenane consisting of nanohoops containing two phenanthrolines that served as the template was 
synthesized by Cong et al. in 2018 by macrocyclization of a preorganized copper(I) complex by a two-fold 
Jasti oxidative coupling, subsequent removal of copper(I) ions and aromatization (Scheme 14).[206] The 
individual nanohoops in the catenane adopt a Möbius topology, while the nanohoop alone displays a Hückel 
topology. The twist necessary to achieve the Möbius topology is likely an effect of steric repulsion between 
nanohoops in the catenane. The delocalization of π-electrons across the whole macrocycle was confirmed 
by an AICD plot (Figure 56), however, only local induced diatropic currents in the phenanthroline and 
phenylene rings were observed. The hoops in the catenane are thus globally non-aromatic. The effect of a 
Möbius topology in phenanthroline nanohoops of different sizes was further investigated using DFT 
calculations revealing slightly lower hyper-polarizability for Möbius conformers.[265]  

Another Möbius-shaped carbon nanohoop was synthesized by Tanaka et al. in 2019 via rhodium-catalyzed 
[2+2+2]cyclotrimerization to a belt structure along a [10]CPP core (Scheme 15). Calculated NICS values 
revealed only a minor shielding in the center of the nanohoop and a weak conjugation between the 
phenylenes was observed in an AICD plot rendering this compound globally non-aromatic.[262] 

In April 2021, 3m[12]CPP was synthesized by Tan et al. via the approach of Itami (Figure 57) and its 
structure was confirmed by single-crystal X-ray diffraction (XRD) revealing the Möbius topology of its π-
system. AICD plot showed delocalization π-electrons around the whole macrocycle but only local induced 
diatropic currents were observed in phenylene rings. Moreover, the conjugation pathway has an odd number 
of carbons which already disqualifies the compound being globally aromatic.[263] 

Lastly, in November 2021, an anthraquinodimethane-based (AQD) double nanohoop (Figure 58) was 
synthesized by Sun et al. using the approach of Jasti. It was oxidized by magic blue to a dication and the 
structures of both the neutral AQD nanohoop and the dication were confirmed by single-crystal XRD.[264] 
High bond-length equalization was observed in the dication with Hückel topology and magnetic deshielding 
in the cavity of each nanohoop was calculated but the authors do not state numerical NICS values. A ground 
state diradical of the AQD nanohoop was investigated using DFT. Unlike the crystal structure, DFT 
calculations showed a doubly twisted geometry with a Möbius topology for the oxidized nanohoop. The 
authors claim that there is a global paratropic current observable in the AICD plot of both the dication and 
the diradical and conclude that they are globally Hückel and Möbius anti-aromatic, respectively. We 
examined the published AICD plot (Figure 58), however, we have observed no global currents as the authors 
draw them. They also do not state the direction of the external magnetic field which is crucial for 
determination of the direction of the current. We can see only locally induced currents in the phenylene 
rings and AQD moiety and only a weak electron delocalization across the macrocycles which contradicts 
the conclusion of global anti-aromaticity in either topology. We conclude here that the AQD nanohoop is, 
in fact, globally non-aromatic. 
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Scheme 14. 

 

Figure 56. AICD plot of a phenanthroline carbon nanohoop in Möbius topology.[206] 
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Scheme 15. The synthesis of a Möbius-shaped [10]CPP. Different sides of the π-system in the individual 
phenylenes are depicted in blue and grey, respectively, to illustrate Möbius topology.  

 

Figure 57. Structure of 3m[12]CPP.  

      

Figure 58. Structure of anthraquinodimethane-based doublehoop (left) and the AICD plot of its dication 
diradical.[264] The red arrows visualize a non-existent induced magnetic current. 

In Chapter 3, we presented that incorporation of a single helicene moiety into a CPP scaffold provides 
helicene carbon nanohoops that possess a stable Möbius topology.  

In this work, we designed and attempted the synthesis of a series of [5,n]HPPs (Figure 59) in order to 
elucidate the effect of topology on the observed properties and to assess the aromaticity [5,n]HPPs and their 
oxidized and reduced forms. Moreover, we were interested, at which size of [n]CPP used formally in 
[5,n]HPPs, if any, would the photophysical properties cease to parallel the m[n]CPP and emerge from the 
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[5]helicene unit. That would allow us to find the limit of using helicene nanohoops as chiral luminophores. 
Therefore, the goals of this project can be defined as follows: 

1. Synthesize a series of [5,n]HPPs (n = 6,7,9) and investigate their photophysical and chiroptical 
properties including CPL.  

2. Establish a structure–property relationship regarding the size of the nanohoops. 
3. Investigate the aromaticity of [5,n]HPP, [5,n]HPP2+ and [5,n]HPP2– species.  

 

Figure 59. Molecular structures of [5,n]HPPs (n = 6,7,9). 
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4.2. Results and Discussion 

4.2.1. Synthesis of [5,n]HPPs 

The synthetic protocols and characterization of the prepared compounds are provided in the Appendix.  

We designed the synthesis of [5,n]HPPs using the approach of Jasti from a literature-known 2,13-dibromo-
[5]helicene 9a.[266] In the first step, terephthalaldehyde reacted with (4-bromobenzyl)-triphenyl-
phosphonium bromide in a Wittig olefination to afford alkene 6 as a mixture of diastereomers in a 92% 
yield (Scheme 16). Both diastereomers of 6 underwent photochemical Mallory cyclization to afford 
phenanthrene 7 in a moderate 51% yield which was treated with (4-bromobenzyl)-triphenylphosphonium 
bromide in another Wittig olefination to afford alkene 8 as a mixture of diastereomers in an excellent 96% 
yield. Finally, 2,13-dibromo-[5]helicene 9a is prepared in an excellent 95% yield by a photochemical 
Mallory cyclization of both diastereomers of 8. Helicene 9a was subsequently treated with n-BuLi followed 
by the addition of i-PrOBpin to afford diboronate 9b in a moderate yield of 51% (Scheme 17).   

Building block 10a was prepared diastereoselectively via a novel strategy (Scheme 18). Starting with a 
mono-lithiation of 1,4-diiodobenzene forming 4-iodophenyllithium which undergoes a diastereoselective 
nucleophilic addition to the silylated ketone 1b. In the following steps, the silyl group is deprotected using 
K2CO3 in boiling methanol and both free hydroxyl groups are protected using MeI to afford 10a in 71% 
over four steps. We tried to perform a Suzuki-Miyaura cross-coupling of 9b and 10a (Scheme 19) using 
various conditions, but we never managed to exceed the yield of 26% for the building block 11a. For 
preparation of [5,6]HPP, we would need high quantities of 11a, while this reaction was also difficult to 
upscale as a substantial amount of polymers were formed even at low concentrations. We concluded that 
the C–Br bond in 10a is too reactive under the cross-coupling reaction conditions even at room temperature. 

 

Scheme 16.  
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Scheme 17. 

 

Scheme 18. 

 

Scheme 19. 

We decided to use a combination of less reactive halogens by first exchanging bromine in 1-bromo-4-
chlorobezene for lithium followed by a nucleophilic addition of the formed mono-lithiated species to 
deprotonated ketone 1a and protecting the newly-formed diol with MeI. As a result, the building block 10b 
was isolated in 81% yield. Mono-lithiation of 10b followed by the addition of i-PrOBpin afforded the 
boronate 10c in 80% yield (Scheme 20).  

A key intermediate 11b was prepared from 9a using Suzuki-Miyaura cross-coupling with 10c in a good 
yield of 80% (Scheme 21). We tried to directly cyclize intermediate 11b to a macrocycle using Yamamoto 
homo-coupling. However, no conversion of the starting material was observed under standard reaction 
conditions likely due to a low reactivity of the C–Cl bonds (Scheme 22). 

Therefore, we used Miyaura borylation to convert 11b to the boronate 11c which was used without any 
further purification in an oxidative homo-coupling macrocyclization developed by Jasti et al.[267] After the 
macrocyclization (Scheme 23), we observed the molecular peak of the desired macrocycle 12 (Figure 60). 
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So far, this reaction sequence was performed only on an analytical scale and the reductive aromatization to 
prepare [5,6]HPP will require a considerably larger amount of 12 that will be synthesized after further 
screening of the reaction conditions and upscaling. Nevertheless, based on the previous experience with 
[6,7]HPP and p[9]SPP, it should be possible to aromatize macrocycle 12 using sodium naphthalenide or 
H2SnCl4 (Scheme 24). 

 

Scheme 20. 

 

Scheme 21. 

 

Scheme 22. 
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Scheme 23. 

 

Scheme 24. 
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Figure 60. Normalized MALDI-MS spectrum of macrocycle 12 (top) with simulated isotope pattern 
(bottom).   

Intermediate 11b could be used to synthesize the larger [5,9]HPP. First, 2c undergoes double lithiation 
followed by addition of i-PrOBpin to afford 10d in a 62% yield (Scheme 25). Suzuki-Miyaura cross-
coupling of 11b and building block 10d afforded a compounds mixture (Scheme 26), which contained the 
macrocycle 13 (see Appendix) together with a number of unidentified side-products. The mixture proved to 
be very challenging to separate. We therefore managed to partially purify macrocycle 13 using several 
consecutive column chromatography and gel permeation chromatography (GPC) steps. Nevertheless, we 
treated the partially impure fraction containing macrocycle 13 with H2SnCl4 to attempt aromatization. 
Indeed, as expected, a bright blue fluorescence of the products mixture was observed, likely originating 
from [5,9]HPP. Furthermore, we observed the presence of [5,9]HPP in the reaction mixture with MALDI-
MS (Figure 61). However, isolation of [5,9]HPP from the complex mixture has been unsuccessful so far 
even after a series of column chromatography and GPC purifications steps. We injected the pre-purified 
sample of [5,9]HPP to HPLC with a chiral stationary phase to test whether we could separate enantiomers 
from presumably minor impurities but we observed separation into at least six different peaks (Figure 62). 
Further screening of macrocyclization conditions is required to prepare 13 in a cleaner fashion.   
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Scheme 25 

 

Scheme 26. 



4. [5,m]Helicene para-phenylenes 

70 
 

 

Figure 61. Normalized MALDI-MS spectrum of [5,9]HPP (top) with simulated isotope pattern (bottom). 
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Figure 62. HPLC chromatogram (column: IG, flow: 1 mL min–1, eluent: DCM/hexane = 40/60) of pre-
purified [5,9]HPP. 

Finally, helicene 9a and building block 3b were reacted under Suzuki-Miyaura cross-coupling conditions 
to afford macrocycle 14. Similar to the synthesis of [6,7]HPP, the intermediate macrocycle 14 proved to be 
too unstable to isolate. Therefore, we deprotected the TES groups with TBAF and performed a reductive 
aromatization using H2SnCl4 directly without isolation of any intermediates. Indeed, a bright green 
fluorescence of the reaction mixture was observed upon addition of H2SnCl4 indicating formation of 
[5,7]HPP. After work-up, [5,7]HPP was isolated using a single column chromatography purification step in 
a low yield of 7% over three steps (Scheme 27). We confirmed the structure of [5,7]HPP using NMR and 
HR-MS, which can be found in the Appendix (Figures A25-26). 
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Scheme 27.  

4.2.2. Photophysical and chiroptical properties of [5,7]HPP 

We measured the absorption, emission and excitation spectra of [5,7]HPP (Figure 63) to assess its 
optoelectronic properties and compare them to those of [6,7]HPP. An absorption maximum observed at 338 
nm was attributed to HOMO–1→LUMO and HOMO→LUMO+1 transitions and that at around 400 nm to 
the HOMO→LUMO transition (Figure A32). Fluorescence spectrum shows a broad visible light emission 
with a maximum at 498 nm with a 46% quantum yield. Both absorption and emission properties are similar 
to [6,7]HPP but [5,7]HPP has a lower quantum yield likely due to higher curvature of the p-phenylene 
segment[144] as [5]helicene has similar photophysics to [6]helicene.[268] 
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Figure 63. Absorption (solid), excitation (dotted) and emission (dashed) spectra of [5,7]HPP. 
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We separated the enantiomers using HPLC with a chiral stationary phase (Figure A29) and measured the 
CD spectra of the individual enantiomers (Figure 64). Their absolute configuration was assigned by a 
comparison with CD spectra calculated by TD-DFT (Figures A33 and A34). The corresponding 
experimental absorption dissymmetry factor gabs = 3.9×10–3 is somewhat lower than that of [6,7]HPP with 
gabs = 6.5×10–3. Investigation of the transition dipole moments μ and m shows that the angle θ is significantly 
lower in [5,7]HPP than it is in [6,7]HPP (Table 9, Figure A35) although the amplitudes of μ and m are 
higher. The molar circular dichroism ∆ε of [5,7]HPP is around half of [6,7]HPP demonstrating less efficient 
chirality transfer from the helicene onto p-phenylene segment of the nanohoop. So far, we have not managed 
to investigate CPL of [5,7]HPP but it will be measured by our collaborators in the near future.  
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Figure 64. CD spectra of M- (red) and P-enantiomer (black) of [5,7]HPP.  

Table 9. Calculated electric (μ) and magnetic (m) transition dipole moments, the angles θ and calculated 
dissymmetry factor (gabs) values for the S0→S1 transition of [m,7]HPPs at CAM-B3LYP/6-31g(d) level of 
theory. 

[m,7]HPP |μ| / 10-18 esu·cm |m| / 10-20 erg·G-1 θ / ° gabs / 10-2 
5 2.92 8.31 107 -3.5 
6 1.67 3.07 161 -7.2 

 

4.2.3. Computational investigation of [5,n]HPPs 

We performed conformational analysis on [5,n]HPPs (n = 6,7,9) with different orientations of phenylene 
units relative to the helicene moiety to identify the lowest-energy conformer for each molecule. Alternating 
orientation of the phenylenes is possible in both odd- and even-numbered [5,n]HPPs. We calculated the 
strain energies using StrainViz (Table 10) and visualized their distribution in the structures of [5,n]HPPs 
(Figure 65). The strain energy in [5,7]HPP was calculated to be around 5 kcal mol–1 lower than that in 
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[6,7]HPP, while the strain distribution is comparable and the phenylene opposite to the helicene moiety is 
the most distorted phenylene in the nanohoop. 

Table 10. Total strain energies of [n]HPPs in kcal mol–1 calculated at D3-B3LYP/6-31g(d) level of theory 
using StrainViz. 

n Strain energy / kcal mol–1 
6 55.1 
7 50.4 
9 41.0 

 

 

Figure 65. StrainViz visualization of total strain distribution (in kcal mol–1) in [5,n]HPPs (n = 6,7,9, top to 
bottom). 
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In order to investigate the aromaticity of [5,n]HPPs, [5,n]HPPs2+ and [5,n]HPPs2– (n = 6,7) we calculated 
NICS values in the interior of the macrocycles. The points were selected to lie on a line that connects the 
center of the C–C bond in the bay of [5]helicene and the center of the bond between phenylenes (n = 6) or 
of the opposite phenylene ring (n = 7). Initially, the NICS values were calculated at B3LYP/6-31g(d) level 
of theory (Figures 66 and 67). Neutral [5,6]HPP showed only a slightly negative values suggesting rather a 
global non-aromatic character of the helicene nanohoop. However, removing two electrons and reoptimizing 
the geometry of [5,6]HPP2+ resulted in extremely high positive NICS values of 517–912. Reduction by two 
electrons to obtain [5,6]HPP2– and [5,7]HPP2– showed a similar effect with large positive NICS values of 
41–78 and 170–344, respectively. Highly positive NICS values are normally observed for anti-aromatic 
species. However, such extreme values are typically observed for radical species or lanthanide metal 
complexes and not for a closed-shell organic molecule. Surprisingly, oxidation of [5,7]HPP by two electrons 
resulted in high negative NICS values of –57 to –38 suggesting a global Möbius aromaticity. These results 
suggested that the oxidized and reduced [5,n]HPPs might be diradicaloids and the treatment of their 
electronic structure by B3LYP assuming a closed-shell Kohn-Sham wavefunction might be inaccurate.  

A similar conclusion can be obtained by analysis of the AICD plots of the individual species. Neutral 
[5,n]HPPs revealed delocalization of electrons across the whole macrocycle but only a presence of local 
induced diatropic currents is visible. Therefore, these molecules are globally non-aromatic, which is 
consistent with the computed NICS values. AICD plot of [5,n]HPPs2+ and [5,n]HPPs2– display an unusual 
delocalization of electrons around the macrocycles (Figures 68 and 69). Interestingly, [5,6]HPP2+ shows 
markedly stronger delocalization than [5,6]HPP2–, while both species exhibit a global diatropic current 
across the whole system suggesting that both are globally Möbius aromatic. This is in stark contrast to the 
computed NICS values. On the other hand, [5,7]HPP2+ also shows a global diatropic current consistent with 
the computed negative NICS values inside the cavity. Both results point at a global Möbius aromaticity. 
[5,7]HPP2– shows a global paratropic current in accord with the NICS values. The species is thus predicted 
to be globally Möbius anti-aromatic. 

The conjugation pathways across [5,6]HPP2+ and [5,6]HPP2– have 32 carbon atoms with 30 and 34 π-
electrons, respectively, which matches the (4N + 2) π-electron rule of Möbius anti-aromaticity (Figure 70, 
left). [5,7]HPP2+ and [5,7]HPP2– have 36 carbons in the conjugation pathway with 34 and 38 π-electrons, 
respectively, and both species fit (4N + 2) π-electron rule of Möbius anti-aromaticity (Figure 70, right). 

The results obtained by B3LYP are puzzling not only due to the extremely high NICS values inside of 
[5,n]HPPs2+/– but also because a change of 4 electrons should preserve the aromaticity or anti-aromaticity 
of the system. However, the NICS calculations and the AICD plots of [5,7]HPP2+/– suggest otherwise. All 
the evidence rather points to a failure of the used functional to treat the electronic structure of the molecules 
accurately. 
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Figure 66. NICS values inside cavities of [5,6]HPP, [5,6]HPP2+ and [5,6]HPP2– (top to bottom) at B3LYP/6-
31g(d) level of theory.  
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Figure 67. NICS values inside cavities of [5,7]HPP, [5,7]HPP2+ and [5,7]HPP2– (top to bottom) at B3LYP/6-
31g(d) level of theory. 
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Figure 68. AICD plot (isosurface value 0.05) of [5,6]HPP, [5,6]HPP2+ and [5,6]HPP2– (top to bottom) at 
B3LYP/6-31g(d) level of theory. 
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Figure 69. AICD plot (isosurface value 0.05) of [5,7]HPP, [5,7]HPP2+ and [5,7]HPP2– (top to bottom) at 
B3LYP/6-31g(d) level of theory. 
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Figure 70. Conjugation pathway across [5,6]HPP (left) and [5,7]HPP (right).  

We investigated the stability of the closed-shell B3LYP wavefunction used in all studied ionic species and 
we have discovered an instability due to restriction of the spin symmetry in the closed-shell SCF solution. 
Upon wavefunction reoptimization, the value of the Ŝ2 operator was 0.2287 due to a slight admixture of the 
triplet state into the ground state wavefunction. This suggests that the studied ionic species may be better 
described as ground state diradicaloids. The use of the closed-shell B3LYP Kohn-Sham wavefunction 
therefore restricted its flexibility to treat the systems correctly, which could explain the calculated high 
NICS values. Therefore, we recalculated the NICS values and AICD plots for [5,6]HPP2+ using M06-2X 
functional, which includes more Hartree-Fock exchange than B3LYP and is known to provide a more 
balanced description of organic diradicaloids.[269–273] The resulting NICS values were now positive for both 
[5,n]HPPs2+ and [5,n]HPPs2– suggesting Möbius anti-aromaticity (Figure 71). Moreover, global paratropic 
current can be observed across the whole Möbius-shaped π-system confirming global anti-aromaticity in 
both [5,n]HPPs2+ and [5,n]HPPs2– (n = 6,7). 

Upon observation of global anti-aromaticity in dication and dianions, we performed calculation of a NICS 
value and AICD plot for [5,6]HPP4– as we expected for it to be aromatic with 4N π-electrons. We calculated 
NICS value of –8.3 in the cavity and a global diatropic current can be observed in the AICD plot (Figure 
74) confirming that [5,6]HPP4– is globally Möbius aromatic as expected by applying simple π-electron count 
in comparison with the doubly-reduced [5,6]HPP2–. 

Nevertheless, caution must be exercised when using DFT methods in similar cases. Indeed, we tested the 
stability of the wavefunctions obtained by the M06-2X functional and we have found out that they are 
unstable with respect to breaking the spin symmetry, too. Therefore, as an example, we tested calculating 
the NICS values and AICD plots for [5,6]HPP2+ with a broken-symmetry (BS) B3LYP wavefunction. We 
first used the BS-B3LYP to reoptimize the geometry of [5,6]HPP2+ and then performed the calculations with 
an external magnetic field as the perturbation (NMR calculation). We obtained NICS value of –19.6 in the 
center of the dicationic helicene nanohoop cavity and a global diatropic current was observed using AICD 
plot (Figure 75) suggesting that [5,6]HPP2+ is, in fact, globally Möbius aromatic. Also, the conjugation 
pathway now only leads through the outer part of the helicene moiety (Figure 76) unlike what we observed 
in the spin-restricted B3LYP or M06-2X calculations. 

Clearly, one must use DFT in this case cautiously and additional calculations testing a wider variety of 
functionals and, ideally, multireference methods such as CASSCF is necessary to shed more light into the 
issues with predicting the global (anti)aromaticity of [5,n]HPPx+/–

 , where x = 2,4. In addition, chemical 
oxidation and reduction of [5,n]HPP after their successful synthesis must be performed and the 
corresponding ions crystallized for XRD analysis to validate the theoretical predictions. 
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Figure 71. NICS values inside the cavity of [5,6]HPP2+, [5,6]HPP2–, [5,7]HPP2+ and [5,7]HPP2– (top to 
bottom) at M06-2X/6-31g(d) level of theory. 

 



4. [5,m]Helicene para-phenylenes 

82 
 

 

 

Figure 72. AICD plot (isosurface value 0.05) of [5,6]HPP2+ at M06-2X/6-31g(d) level of theory. 
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Figure 73. AICD plot (isosurface value 0.05) of [5,6]HPP2–, [5,7]HPP2+ and [5,7]HPP2– (top to bottom) at 
M06-2X/6-31g(d) level of theory. 
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Figure 74. AICD plot (isosurface value 0.05) of [5,6]HPP4– at M06-2X/6-31g(d) level of theory. 

 

 

Figure 75. AICD plot (isosurface value 0.05) of re-optimized [5,6]HPP2+ at U-B3LYP/6-31g(d) level of 
theory. 

 

Figure 76. Outer conjugation pathway across [5,6]HPP (left) and [5,7]HPP (right). 

  



4. [5,n]Helicene para-phenylenes 

85 
 

4.3. Conclusions and Outlook 

In conclusion, we have designed a series of [5,n]HPPs (n = 6,7,9) to investigate the aromaticity in [m,n]HPPs 
with an even-number of carbon atoms in the conjugation pathway. We managed to synthesize and 
characterize [5,7]HPP using NMR and HR-MS. Unfortunately, we were not yet able to isolate [5,6]HPP 
and [5,9]HPP before submission of this dissertation, however, we have observed the formation of [5,9]HPP 
using MALDI-MS and we synthesized 11c, a key precursor in the synthesis of [5,6]HPP. We determined 
that [5,7]HPP is emissive with a high quantum yield of 46%. Enantiomers were separated using chiral HPLC 
and we have assigned the configuration of respective enantiomers via comparison of experimental and 
calculated CD spectra. [5,7]HPP has weaker chiroptical properties than [6,7]HPP with absorption 
dissymmetry factor gabs = 3.9×10–3.  

Furthermore, we have investigated the electronic structure of the designed molecules using DFT. We have 
performed conformational analysis to find the lowest-energy conformers and calculated strain energies for 
each molecule which decrease with as the size of the nanohoop increases. To address the aromaticity of the 
designed compounds, we calculated the NICS values inside of the cavities of [5,n]HPPs (n = 6,7) and their 
respective dications and dianions. AICD plots and NICS values of neutral molecules confirmed their global 
non-aromatic character, while dications and dianions showed unusually large NICS values, typically not 
observed in closed-shell systems. Moreover, the number of delocalized electrons in the system, the sign and 
the values of NICS, and the direction of induced currents in the system showed contradictory results. We 
hypothesized that the origin of this discrepancy is a diradicaloid character of the studied species. The NICS 
values and directions of induced currents were found to be consistent when calculated with M06-2X 
suggesting global anti-aromaticity of the dications and dianions. However, the restricted M06-2X 
wavefunctions displayed instability, too. Allowing for more flexibility in the wavefunction by removing the 
orbital spin symmetries, UB3LYP, provided reasonable NICS values and AICD plots for [5,6]HPP2+ test 
case, i.e., the negative NICS value in the cavity and a global diatropic current. Therefore, one could conclude 
that [5,6]HPP2+ is globally Möbius aromatic. Nevertheless, we strongly emphasize the importance of 
confirming these results experimentally and with better theoretical methods because the DFT methods in 
general might be unreliable in this case. 

As an outlook, we suggest to complete the synthesis of all designed [5,n]HPPs and generate their respective 
dianions and dications via chemical reduction and oxidation, respectively. The magnetic properties of these 
species can be studied by NMR, while X-ray crystal structures would characterize the bonding parameters. 
These experimental results are vital for a conclusive assessment of aromaticity and anti-aromaticity. 
Additionally, further investigation of the electronic structures of ionic species and assessment of the 
diradicaloid character are crucial for drawing a clear structure–property relationship. Lastly, measurement 
of circularly polarized luminescence of these species could elaborate on the unusual sign change of the 
luminescence dissymmetry factor glum between different conformers as observed for [6,7]HPP described in 
Chapter 3. 
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5. Summary 

Carbon-based materials experienced a rapid evolution in the past 30 years starting with the discovery of 
CNTs in 1991. The unique properties of SWCNTs inspired researchers to explore strategies for their size-
exclusive synthesis. The bottom-up approach uses molecular fragments of CNTs as seeds for their chirality-
specific growth. The fragments preserve the radial conjugation of π-orbitals leading to unusual properties. 
Specifically, carbon nanohoops as molecular fragments of armchair SWCNTs possess unique size-
dependent visible light emission tunable by structural modification. However, the curved nature of carbon 
nanohoops induces strain which renders their synthesis a challenging task.  

In Chapter 1, a brief overview of the history, synthesis, properties and applications of graphene, CNTs, 
CNSs and carbon nanohoops was presented in order to highlight the importance of this relatively young 
research topic. Synthetic strategies that overcome entropy and the build-up of strain were presented in more 
detail followed by structure–property relationships. Carbon nanohoops are promising luminophores with a 
high quantum yield of emission, however, they are typically achiral which prevents their utilization as 
emitters of circularly polarized light.  

In Chapter 2, spiral carbon nanohoops as molecular fragments of CNSs were envisioned. Two series of 
spiral para-phenylenes, p[n]SPPs and m[n]SPPs, were designed utilizing a [2.2]paracyclophane moiety as 
a clip to prevent their spiral structures from unfolding. Moreover, the [2.2]paracyclophane renders [n]SPPs 
chiral making them great candidates for chiral luminophores. Although the challenging synthesis of p[9]SPP 
was successful, the same target compound was published by a different group during the course of the study. 
Therefore, the synthesis of [n]SPPs was abandoned and the focus turned to theoretical description of [n]SPPs 
to establish a clear structure–property relationship. Conformational analysis of [n]SPPs using DFT was 
performed to find the lowest-energy conformers which were used for prediction of optical properties. 
Several trends of properties that depend on the size and [2.2]paracyclophane connectivity were identified. 
HOMO–LUMO gap decreases with an increasing size of [n]SPP similarly to [n]CPPs. Strain energy was 
found to be higher in p[n]SPPs than in m[n]SPPs with the difference diminishing with increasing size. 
Special attention was paid to the chiroptical properties which required geometry optimization of the first 
excited state of [n]SPPs. TD-DFT on the ground and the first excited state geometries were used to obtain 
electric and magnetic transition dipole moments that were used for absorption and emission dissymmetry 
factors calculation. Relatively high values of absorption dissymmetry factor have been determined in 
[n]SPPs, although only p[n]SPPs showed size-dependence with a maximum for gabs in p[12]SPP. The 
dissymmetry factor drops markedly for emission. This was rationalized by planarization of the most strained 
segment of the nanohoop which critically affects the angle between the electric and the magnetic transition 
dipole moments. In the outlook of the chapter, consequences of preventing the planarization on resulting 
dissymmetry factor was explored.  

In Chapter 3, a new class of chiral carbon nanohoops was designed using [6]helicene as chirality-inducing 
element. A prototype helicene para-phenylene, [6,7]HPP was synthesized and its structure was confirmed 
using X-ray structural analysis. The crystal structure revealed that [6,7]HPP possessed a Möbius topology 
in the solid state. 1H NMR experiments at low temperature confirmed that the Möbius topology of [6,7]HPP 
is preserved in solution. Consequences of topology on properties were explored with a special emphasis on 
aromaticity. [6,7]HPP was proved to be an emitter of circularly polarized light with a high CPL brightness. 
An unusual effect of topology was found as the sign of CPL emission was opposite for Möbius and Hückel 
topologies of the compound. In the outlook of the chapter, we have investigated the aromaticity of 
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corresponding oxidized and reduced species of [6,7]HPP using calculation of NICS values and AICD plots. 
Global non-aromatic character for all species was confirmed. 

In Chapter 4, a new series of [m,n]HPPs was designed to investigate the aromaticity of helicene nanohoops 
that could not be tested in [6,7]HPP and its oxidized and reduced forms. [5]helicene was selected because 
it has an even number of carbon atoms between positions 2 and 13 required to connect it to a segment of 
para-phenylenes. [5,n]HPPs (n = 6,7,9) were targeted and their synthesis was attempted. The synthesis of 
[5,7]HPP using the same strategy as for [6,7]HPP was successful and its structure confirmed using NMR 
and HR-MS. A key intermediate for the synthesis of [5,6]HPP was isolated although its synthesis has not 
yet been accomplished. Formation of [5,9]HPP was proven using mass spectrometry, however, its isolation 
from a complex mixture was unsuccessful so far. Optical and chiroptical properties of the synthesized 
[5,7]HPP were investigated and compared to [6,7]HPP. [5,7]HPP has a higher curvature than [6,7]HPP 
which leads to a decrease in the luminescence quantum yield. The chiroptical properties of [5,7]HPP are 
also less pronounced than those of [6,7]HPP mainly due to a large difference in the angle between the 
transition dipole moments. Finally, aromaticity of [5,n]HPPs (n = 6,7) and their oxidized and reduced forms 
was investigated using calculation of NICS values and AICD plots. The neutral species were confirmed to 
be globally non-aromatic. Unusually large NICS values were calculated in both oxidized and reduced forms 
and global induced diatropic and paratropic currents were observed in AICD plots. Instability of the used 
wavefunctions was identified as the reason for such results indicating that oxidized and reduced forms of 
[5,n]HPPs might be ground state diradicals. Indeed, negative NICS values in the cavity of [5,6]HPP2+ were 
calculated when treated as a diradical and a global diatropic current was observed in an AICD plot rendering 
[5,6]HPP2+ globally Möbius aromatic.  

In this dissertation, we have explored the synthesis and properties of structurally diverse carbon nanohoops 
and we made several unexpected discoveries. We have gained insights about the chiroptical properties of 
chiral carbon nanohoops, their topology and its connection to aromaticity.  
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A.1. SI Spiral cycloparaphenylenes 

A.1.1. Experimental part 

General remarks 
All commercially available chemicals were purchased from Acros, Alfa Aesar, Apollo Scientific, 
Fluorochem and Sigma-Aldrich and used without further purification. Anhydrous solvents were purchased 
from Acros and stored over molecular sieves (4 Å). Column chromatography was performed on silica gel 
P60 (40–63 μm) from SilicycleTM. Celite® 545 (0.02–0.1 mm) from Supelco was used. Automated flash 
chromatography was performed using Biotage Isolera One. TLC was performed with silica gel 60 F254 
aluminium plates purchased from Merck. High resolution mass spectra (HRMS) were measured on a maX-
isTM4G instrument from Bruker for HR-ESI-ToF MS. NMR experiments were performed on Bruker 
Avance III NMR spectrometers operating at 400, 500 or 600 MHz proton frequencies. The instruments were 
equipped with a direct-observe 5 mm BBFO smart probe (400 and 500 MHz). All probes were equipped 
with actively shielded z-gradients (10 A). The chemical shifts are reported in ppm relative to 
tetramethylsilane or referenced to residual solvent peak and the J values are given in Hz (±0.1 Hz). Standard 
Bruker pulse sequences were used, and the data was processed on Topspin 3.6 (Bruker) using twofold zero-
filling in the indirect dimension.  

Synthetic procedures 
3a and intermediates 1 and 2 were prepared according to modified procedures by Jasti et al. and Yamago et 
al. and their spectral data matches literature.[1–3] We would like to note here that we have had difficulties 
reproducing the synthesis of compound 3a as described in literature, and we had to optimize this reaction to 
prepare it in a large scale. pseudopara-Dibromo-[2.2]paracyclophane was prepared according to procedure 
by Hopf et al.[4] We first tried to synthesize pseudopara-diiodo-[2.2]paracyclophane using a procedure by 
Lützen et al.[5] but never observed any conversion when using n-BuLi.  

1a 

4-Bromo-4'-hydroxybiphenyl (51.1 g; 205 mmol; 1.00 eq.) and imidazole (22.3 g; 
328 mmol; 1.60 eq.) were suspended in dry DCM (300 mL). The reaction was cooled down 
to 0 °C. TMSCl (34.8 mL; 267 mmol; 1.30 eq.) was added dropwise over period of 15 min. 
The reaction was stirred for 16 h at r.t. and quenched with sat. aq. NaHCO3 (100 mL). The 
phases were separated and the aqueous phase was extracted with DCM (50 mL). Combined 
organic phases were washed with sat. aq. NaHCO3 (100 mL) and with brine (2 times 

100 mL). The organic phase was dried with Na2SO4 and the volatiles were evaporated. Crude product 
(64.9 g) was used without further purification. THF (480 mL), H2O (210 mL) and MeCN (120 mL) were 
mixed in a 2 L flask. TMS protected 4-bromo-4'-hydroxybiphenyl (34.1 g; 106 mmol; 1.00 eq.) and 
(diacetoxyiodo)benzene (52.3 g; 159 mmol; 1.50 eq.) were added to the reaction mixture alternatively as 
solids during 30 min. Color changed from colorless to yellow to red during the addition. After the addition 
was finished, the reaction was stirred for 72 h at r.t.. The reaction mixture was concentrated on rotavap and 
treated with EtOAc (200 mL) and sat. aq. NaHCO3 (200 mL). The phases were separated and the aqueous 
phase was extracted with EtOAc (4 times 50 mL). The combined organic phases were washed with brine 
(50 mL) and dried with Na2SO4. The volatiles were evaporated. The crude product was dissolved in boiling 
chloroform (approximately 300 mL) and petrolether (approximately 300 mL) was added until precipitation 
started. The mixture was left to cool down to r.t. over 16 h. The resulting solid was filtered off and washed 
with petrolether to afford 1a as a pale yellow solid (21.1 g; 75%).  
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1H-NMR (400 MHz, CDCl3, 298 K, δ/ppm): 7.51 (d, J = 8.7, 2H), 7.35 (d, J = 8.8, 2H), 6.85 (d, J = 10.1, 
2H), 6.25 (d, J = 10.1, 2H), 2.38 (br s, 1H). 

1b 

1a (8.99 g; 33.9 mmol; 1.00 eq.) and imidazole (4.62 g; 67.8 mmol; 2.00 eq.) were 
dissolved in dry DMF (50 mL). TESCl (8.53 mL; 50.9 mmol; 1.50 eq.) was added 
dropwise and the reaction was stirred for 16 h at r.t.. The reaction was quenched with sat. 
aq. NaHCO3 (150 mL) and extracted with EtOAc (3 times 50 mL). The organic layer was 
washed with sat. aq. NaHCO3 (50 mL), H2O (50 mL) and brine (50 mL), and dried with 
Na2SO4. Volatiles were evaporated. Crude product was purified using automated flash 

chromatography (SiO2, 10% EtOAc in cyclohexane). The product was isolated as a yellow viscous liquid 
(11.7 g; 91%). 
1H-NMR (400 MHz, CDCl3, 298 K, δ/ppm): 7.47 (d, J = 8.6, 2H), 7.31 (d, J = 8.6, 2H), 6.79 (d, J = 10.1, 
2H), 6.23 (d, J = 10.0 , 2H), 0.97 (t, J = 7.9, 9H), 0.65 (q, J = 7.7, 9H). 

1c 

4-Bromo-4'-hydroxybiphenyl (5.1 g; 20.5 mmol; 1.00 eq.) and (diacetoxyiodo)benzene 
(8.4 g; 25.6 mmol; 1.25 eq.) were added to a dry flask filled with Ar and placed in an ice–
water bath. Dry MeOH (100 mL) was added through a cannula and the reaction was let to 
warm up to r.t. and stirred for 48 h. The reaction mixture was poured into H2O (250 mL), 
extracted with EtOAc (3 times 50 ml) and dried with Na2SO4. Volatiles were evaporated. 
Crude product was purified using automated flash chromatography (SiO2, 10% EtOAc in 

cyclohexane). The product was isolated as a slightly yellow solid (4.26 g; 74%). 
1H NMR (250 MHz, CDCl3) δ 7.48 (d, J = 8.7, 2H), 7.33 (d, J = 8.7, 2H), 6.74 (d, J = 10.2, 2H), 6.41 (d, J 
= 10.2, 2H), 3.42 (s, 3H). 

2a 

A round-bottom flask was charged with 1,4-dibromobenzene (5.01 g; 20.8 mmol; 2.25 eq.) 
and dry THF (35 mL) was added. The solution was cooled down to –78 °C. n-BuLi (2.44 M; 
8.34 mL; 20.3 mmol; 2.20 eq.) was added dropwise and the reaction was stirred for 15 min 
at –78 °C. A solution of p-benzoquinone (1.00 g; 9.25 mmol; 1.00 eq.) in dry THF (5 mL) 
was added via cannula and the reaction was stirred and left to warm to r.t. over 16 h. H2O 
(50 mL) was added and the resulting mixture was extracted with EtOAc (3 times 25 mL). 
Combined organic phases were washed with brine (25 mL) and dried with Na2SO4. Volatiles 

were evaporated. Crude product was purified using automated flash chromatography (SiO2, 0% to 10% to 
100% EtOAc in cyclohexane). The product was isolated as yellow solid (2.31 g; 59%).   
1H-NMR (400 MHz, CDCl3, 298 K, δ/ppm): 7.44 (d, J = 8.6, 4H), 7.23 (d, J = 8.7, 4H), 5.94 (s, 4H), 3.96 
(br s, 2H). 
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2b 

2a (950 mg; 2.25 mmol; 1.00 eq.) and imidazole (613 mg; 9.00 mmol; 4 eq.) were 
dissolved in dry DMF (20 mL) and TESCl (0.99 mL; 5.85 mmol; 2.60 eq.) was added. The 
reaction was stirred for 14 h at r.t.. The reaction was quenched with sat. aq. NaHCO3 
(25 mL). The resulting mixture was diluted with H2O (50 mL) and extracted with EtOAc 
(3 times 15 mL). Combined organic phases were washed with brine (25 mL) and dried 
with Na2SO4. Volatiles were evaporated. Crude product was purified using automated flash 
chromatography (SiO2, 0% to 10% DCM in cyclohexane). The product was isolated as 

colorless oil (943 mg; 64%). 
1H-NMR (400 MHz, CDCl3, 298 K, δ/ppm): 7.39 (d, J = 8.6, 4H), 7.17 (d, J = 8.6, 4H), 5.95 (s, 4H), 0.92 
(t, J = 7.9,18H), 0.59 (q, J = 7.9,12H). 

2c 

NaH (1.89 g; 60% in oil; 47.2 mmol; 4 eq.) was weighed in a dry flask and dry THF (25 
mL) was added. The suspension was cooled down to 0 °C and a solution of 2a (4.98 g; 11.8 
mmol; 1 eq.) in dry THF (25 mL) was added through a cannula over 10 min. The reaction 
was stirred at 0 °C for 30 min and MeI (8.4 mL; 59.0 mmol; 5 eq.) was added. The reaction 
was warmed up to r.t. and stirred for 16 h. The reaction was poured into H2O (100 mL), 
extracted with EtOAc (3 times 25 ml) and dried with Na2SO4. Volatiles were evaporated 
and the crude product was purified using automated flash chromatography (SiO2, 

15% EtOAc in petrolether). The product was isolated as a white solid (2.42 g; 46%). 
1H-NMR (400 MHz, CDCl3, 298 K, δ/ppm): 7.39 (d, J = 8.6, 4H), 7.17 (d, J = 8.6, 4H), 5.95 (s, 4H), 0.92 
(t, J = 7.9,18H), 0.59 (q, J = 7.9,12H). 

3a 

2b (820 mg; 1.26 mmol; 1.00 eq.) was dissolved in dry THF (10 mL) and 
cooled down to –78 °C. n-BuLi (1.6 M; 1.61 ml; 2.58 mmol; 2.05 eq.) was 
added dropwise and the reaction was stirred for 1 h at –78 °C. A solution of 
1b (908 mg; 2.39 mmol; 1.90 eq.) in dry THF (2 mL) was added via syringe 
and the reaction was stirred for 1 h at –78 °C. MeI (0.78 mL; 12.6 mmol; 
10.0 eq.) was added and the reaction was stirred and left to warm to r.t. over 
16 h. H2O (50 mL) was added and the resulting mixture was extracted with 
EtOAc (3 times 25 mL). Combined organic phases were washed with brine 

(25 mL) and dried with Na2SO4. Volatiles were evaporated. Crude product was purified using automated 
flash chromatography (SiO2, 0% to 10% to 100% ethyl acetate in cyclohexane). The product was isolated 
as a yellow solid (1.14 g; 71%). 
1H-NMR (400 MHz, CDCl3, 298 K, δ/ppm): 7.34 (d, J = 8.6, 4H), 7.31 (d, J = 8.6, 4H), 7.26 (d, J = 8.6, 
4H), 7.16 (d, J = 8.6, 4H), 6.09 (d, J = 10.2, 4H), 5.99 (d, J = 10.3, 4H), 5.96 (s, 4H), 3.36 (s, 6H), 1.00-
0.90 (m, 36H), 0.71-0.56 (m, 24H). 
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3c 

2c (1.01 g; 2.24 mmol; 1.00 eq.) was dissolved in dry THF (50 mL) and cooled 
down to –78 °C. n-BuLi (2 mL; 2.41 M in hexanes; 2.1 eq.) was added 
dropwise and the reaction was stirred for 15 min at –78 °C. A solution of 1c 
(1.28 g; 4.59 mmol; 2.05 eq.) in dry THF (5 mL) was added via syringe and 
the reaction was stirred for 2 h at –78 °C. The reaction was quenched with H2O 
(50 mL) and the resulting mixture was extracted with EtOAc (3 times 25 mL), 
washed with brine (25 mL) and dried with Na2SO4. Volatiles were evaporated. 
The crude was dissolved in THF (10 mL) and cooled to 0 °C. NaH (358 mg; 

60% in oil; 8.96 mmol; 4 eq.) was added and stirred for 30 min at 0 °C. MeI (1.3 mL; 9.18 mmol; 4.1 eq.) 
was added and the reaction was warmed up to r.t. and stirred for 16 h. The reaction was poured into H2O 
(100 mL), extracted with EtOAc (3 times 25 ml) and dried with Na2SO4. Volatiles were evaporated and the 
crude product was purified using automated flash chromatography (SiO2, 10% EtOAc in cyclohexane). The 
mixture of diastereomers was isolated as a white fluffy solid (1.54 g; 78% as a mixture of of diastereomers). 

The all-cis diastereomer was isolated using HPLC with a chiral stationary phase (IG column, eluent: 
DCM/heptane 30/70).  
1H-NMR (400 MHz, CDCl3, 298 K, δ/ppm): 7.60 (d, J = 8.6 Hz, 4H), 7.52 (d, J = 8.5 Hz, 4H), 7.29 (d, J = 
8.6 Hz, 4H), 7.21 (d, J = 8.7 Hz, 4H), 5.88 (s, 4H),  5.87 (d, J = 10.1, 4H), 5.71 (d, J = 10.2, 4H), 3.25 (s, 
6H), 3.24 (s, 6H), 3.18 (s, 6H). 

 

Figure A1. 1H-NMR (500 MHz, CDCl3, 298 K) spectrum of all-cis 3c. 
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pseudopara-Diiodo-[2.2]paracyclophane 

pseudopara-Dibromo-[2.2]paracyclophane (98 mg; 0.268 mmol; 1 eq.) was dissolved in dry 
THF (40 mL) in a Schlenk flask and the solution was cooled to –78 °C. t-BuLi (0.7 mL; 1.6M 
in pentane; 5 eq.) was added dropwise and the reaction was stirred for 2 h. I2 was added as a 
solid and the reaction was left to stir at –78 °C for 2 h after which it was warmed up to r.t. and 
quenched with sat. aq. Na2S2O3 (20 mL). The resulting mixture was extracted with DCM (3 

times 25 mL) and dried with Na2SO4. The crude product was purified via re-crystallization from 
cyclohexane to afford pseudopara-diiodo-[2.2]paracyclophane as a white crystalline solid (46 mg; 37%).  
1H-NMR (400 MHz, CDCl3, 298 K, δ/ppm): 7.25 (d, J = 2.1, 2H), 6.84 (d, J = 1.8, 2H), 6.41 (d, J = 7.8, 
2H), 3.41 (ddd, J = 12.7, 10.3, 2.3, 2H), 3.20 – 3.12 (m, 2H), 3.03 – 2.85 (m, 4H). 

 

 

Figure A2. 1H-NMR (500 MHz, CDCl3, 298 K) spectrum of pseudopara-diiodo-[2.2]paracyclophane. 
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p[9]SPP 

pseudopara-Diiodo-[2.2]paracyclophane (10 mg; 0.021 mmol; 1.00 eq.) and 3b (33 
mg; 0.024 mmol; 1.1 eq.) were added to a Schlenk flask. Dioxane (40 mL) and H2O (4 
mL) were added and the solution was degassed by bubbling with Ar for 1 h. K3PO4 (37 
mg; 0.174 mmol; 8 eq.) and Pd SPhos G3 (3 mg; 0.004 mmol; 0.2 eq.) were added and 
the degassing was continued for another 20 min. The Schlenk flask was sealed and 
placed into a preheated oil bath (80 °C). The reaction was stirred at 80 °C for 24 h, 
cooled down and filtered through celite. The flask and celite were washed with DCM, 

volatiles evaporated and the crude containing intermediate 4 was dried in vacuo. A resulting waxy solid was 
dissolved in THF (0.5 mL) and TBAF (131 μL; 1M in THF) was added. The resulting solution was stirred 
at r.t. for 1 h and H2O (1 mL) was added to quench the reaction. THF was removed under reduced pressure 
(160 mbar; 40 °C) to precipitate a yellowish solid which was filtered off and washed with DCM (2 times 1 
mL). Resulting white solid was dissolved in THF (1 mL) and a solution of H2SnCl4 (0.58 mL; 127 mM in 
THF; 3.3 eq.) was added. Color of the reaction mixture changed from colorless to yellow and strong blue-
green fluorescence was observed under irradiation (365 nm). The reaction was stirred for 1 h and quenched 
with 10% aq. NaOH (1 mL), diluted with H2O (10 mL) and extracted with DCM (4 times 5 mL). The organic 
phase was washed with brine (10 mL) and dried with Na2SO4. Volatiles were evaporated and the crude 
product was purified by first passing its DCM solution through a short pad of silica followed by size-
exclusion chromatography (SX3, DCM) to afford p[9]SPP as a yellow solid. The spectral data matches that 
of published by Du et al.[6] 
1H-NMR (500 MHz, CDCl3, 298 K, δ/ppm): 7.71 (dd, J = 8.7, 2.2 Hz, 2H), 7.57 (dd, J = 8.7, 2.0 Hz, 2H), 
7.53 (d, J = 8.3 Hz, 2H), 7.48 (dd, J = 8.6, 2.2 Hz, 2H), 7.47 – 7.40 (m, 18H), 7.17 (dd, J = 8.5, 2.0 Hz, 2H), 
6.29 (d, J = 7.8 Hz, 2H), 6.25 (d, J = 1.8 Hz, 2H), 6.17 (dd, J = 7.8, 1.8 Hz, 2H), 3.37 (ddd, J = 13.7, 8.7, 
4.9 Hz, 2H), 2.78 (ddd, J = 14.1, 9.2, 5.4 Hz, 2H), 2.36 (ddd, J = 13.5, 9.1, 4.9 Hz, 2H), 1.86 (ddd, J = 13.5, 
8.6, 5.4 Hz, 2H). 

HRMS (ESI, +): m/z calcd. for C58H42Ag [M+Ag]+: 845.2332, found: 845.2326. 
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Figure A3. 1H-NMR (500 MHz, CDCl3, 298 K) spectrum of p[9]SPP. 
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Figure A4. HR-MS (ESI, +) spectrum of p[9]SPP [M+Ag]+.
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A.1.2. DFT calculations 

Calculations were performed with Gaussian 09[7] (release D.01) software. Molecular geometries were 
optimized at B3LYP/6-31g(d) level of theory with Grimme’s D3 dispersion correction. Stationary points 
were confirmed by a subsequent vibrational frequencies calculations. All vibrational frequencies were real 
for minima at the potential energy surface. SuperFine integration grid was used in all calculations. The 
single point energies were then calculated at D3-B3LYP/ cc-pVTZ level of theory. Excited state geometries 
were optimized at CAM-B3LYP/6-31g(d) level of theory with the ground state geometry being the starting 
point. Electric and magnetic transition dipole moment vectors were extracted from a TD-DFT calculation 
run on geometries of the ground and the excited state. 

We would like to note here that the result of a StrainViz calculation is strongly dependent on the input 
geometries of molecular fragments. We do not in the Appendix as it would multiply the number of pages 
this document would have.  

Conformational analysis 
Conformational analysis was performed on p[10]SPP, p[9]SPP, m[10]SPP and m[9]SPP. Potential 
candidates for global minima were chosen by a random search using Avogadro software at MMFF94 level 
of theory.[8] Conformers were then optimized using DFT and compared according to their relative energies 
which are summarized in Tables A1–A4.  

Table A1. Energies Ecorr (0 K, Eel + ZPVE ) and relative energies conformers of p[10]SPP. Single point 
energies Eel obtained with the cc-pVTZ basis set on D3-B3LYP/6-31g(d) geometries. Zero-point vibrational 
energy (ZPVE) correction is unscaled. 

Conformer Ecorr / Hartree 
Relative energy 

/ kcal mol-1 
1  -2466.49249 0 
2 -2466.49359 0.6901 
3 -2466.493151 0.2755 
4  -2466.49249 0.6903 
5 -2466.492534 0.6629 
6 -2466.49315 0.2762 

 

Table A2. Energies Ecorr (0 K, Eel + ZPVE ) and relative energies conformers of p[9]SPP. Single point 
energies Eel obtained with the cc-pVTZ basis set on D3-B3LYP/6-31g(d) geometries. Zero-point vibrational 
energy (ZPVE) correction is unscaled. 

Conformer Ecorr / Hartree 
Relative energy 

/ kcal mol-1 
1 -2235.4188 0 
2 -2235.418086 0.4479 
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Table A3. Energies Ecorr (0 K, Eel + ZPVE ) and relative energies conformers of m[10]SPP. Single point 
energies Eel obtained with the cc-pVTZ basis set on D3-B3LYP/6-31g(d) geometries. Zero-point 
vibrational energy (ZPVE) correction is unscaled. 

Conformer Ecorr / Hartree 
Relative energy 

/ kcal mol-1 
1 -2466.520066 0 
2 -2466.513171 4.326 
3 -2466.513529 4.102 

 

Table A4. Energies Ecorr (0 K, Eel + ZPVE ) and relative energies conformers of m[9]SPP. Single point 
energies Eel obtained with the cc-pVTZ basis set on D3-B3LYP/6-31g(d) geometries. Zero-point 
vibrational energy (ZPVE) correction is unscaled 

Conformer Ecorr / Hartree 
Relative energy 

/ kcal mol-1 
1 -2235.446072 0 
2 -2235.444407 1.045 
3 -2235.444408 1.044 

 

TD-DFT 
The calculations were performed for the (RP)-enantiomers.  

Table A5. Calculated electric (μ) and magnetic (m) transition dipole moments, rotatory strengths (R, 
velocity form), dipole strengths (D) and calculated dissymmetry factor (gabs) values for the S0→S1 transition 
of p[n]SPPs at CAM-B3LYP/6-31g(d) level of theory. 

p[n]SPP 
E / 
eV 

f 
|μ| / 10-18 
esu·cm 

|m| / 10-20 
erg·G-1 

θ / ° R / 10-40 
esu erg cm G-1 

D / 10-36 

esu2 cm2 
erg2 G-2 

gabs / 10-2 

7 3.338 0.061 2.19 5.88 109.67 -439 4.82 -3.65 
8 3.425 0.0733 2.38 7.26 100.93 -325 5.65 -2.31 
9 3.625 0.0576 2.05 9.52 100.67 -357 4.20 -3.40 

10 3.670 0.0614 2.10 11.35 104.11 -574 4.43 -5.19 
11 3.761 0.0817 2.39 13.72 98.4 -474 5.75 -3.30 
12 3.781 0.0679 2.18 15.82 103.81 -811 4.76 -6.82 
13 3.827 0.1216 2.89 18.20 96.44 -584 8.41 -2.78 
14 3.839 0.0996 2.62 20.55 101.26 -1036 6.89 -6.02 
15 3.865 0.17 3.41 22.99 95.11 -688 11.65 -2.36 
16 3.873 0.1454 3.15 25.55 99.06 -1248 9.97 -5.01 
17 3.888 0.2228 3.89 28.08 94.21 -791 15.19 -2.08 
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Table A6. Calculated electric (μ) and magnetic (m) transition dipole moments, rotatory strengths (R, 
velocity form), dipole strengths (D) and calculated dissymmetry factor (gabs) values for the S0→S1 transition 
of p[n]SPPs at BMK/6-31g(d) level of theory. 

p[n]SPP 
E / 
eV 

f 
|μ| / 10-18 
esu·cm 

|m| / 10-20 
erg·G-1 

θ / ° R / 10-40 
esu erg cm G-1 

D / 10-36 

esu2 cm2 
erg2 G-2 

gabs / 10-2 

7 3.226 0.0669 2.34 5.65 107.8 -405 5.47 -2.96 
8 3.309 0.0646 2.27 7.06 101.1 -305 5.15 -2.37 
9 3.504 0.0601 2.13 9.17 99.71 -323 4.53 -2.85 

10 3.548 0.0624 2.15 10.96 103.18 -529 4.65 -4.55 
11 3.639 0.0879 2.52 13.21 97.67 -437 6.39 -2.74 
12 3.658 0.0742 2.31 15.25 102.61 -756 5.37 -5.62 
13 3.705 0.1294 3.03 17.53 95.91 -538 9.24 -2.33 
14 3.716 0.1078 2.77 19.80 100.46 -976 7.69 -5.08 
15 3.742 0.179 3.55 22.14 94.76 -641 12.66 -2.02 
16 3.749 0.1542 3.29 24.61 98.49 -1175 10.91 -4.31 
17 3.765 0.2322 4.03 27.07 93.93 -736 16.34 -1.80 

 

Table A7. Calculated electric (μ) and magnetic (m) transition dipole moments, rotatory strengths (R, 
velocity form), dipole strengths (D) and calculated dissymmetry factor (gabs) values for the S0→S1 transition 
of p[n]SPPs at M06-2X/6-31g(d) level of theory. 

p[n]SPP 
E / 
eV 

f 
|μ| / 10-18 
esu·cm 

|m| / 10-20 
erg·G-1 

θ / ° R / 10-40 
esu erg cm G-1 

D / 10-36 

esu2 cm2 
erg2 G-2 

gabs / 10-2 

7 3.339 0.0634 2.24 6.11 109.12 -469 5.01 -3.75 
8 3.424 0.0704 2.33 7.58 101.08 -349 5.43 -2.58 
9 3.622 0.0576 2.05 9.92 100.52 -379 4.20 -3.61 

10 3.666 0.0612 2.10 11.85 103.99 -614 4.42 -5.56 
11 3.757 0.0823 2.40 14.30 98.26 -505 5.80 -3.49 
12 3.777 0.0685 2.19 16.51 103.66 -872 4.81 -7.25 
13 3.823 0.1222 2.90 18.99 96.42 -632 8.46 -2.99 
14 3.835 0.0997 2.62 21.45 101.23 -1120 6.90 -6.49 
15 3.861 0.1702 3.41 24.00 95.06 -740 11.68 -2.53 
16 3.868 0.1445 3.14 26.67 99 -1343 9.92 -5.41 
17 3.884 0.2224 3.89 29.33 94.17 -851 15.19 -2.24 
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Table A8. Calculated electric (μ) and magnetic (m) transition dipole moments, rotatory strengths (R, 
velocity form), dipole strengths (D) and calculated dissymmetry factor (gabs) values for the S0→S1 transition 
of m[n]SPPs at CAM-B3LYP/6-31g(d) level of theory. 

m[n]SPP 
E / 
eV 

f 
|μ| / 10-18 
esu·cm 

|m| / 10-20 
erg·G-1 

θ / ° R / 10-40 
esu erg cm G-1 

D / 10-36 

esu2 cm2 
erg2 G-2 

gabs / 10-2 

7 3.464 0.2085 3.98 5.88 98.56 -353 15.9 -0.89 
8 3.682 0.2498 4.23 7.60 96.9 -389 17.9 -0.87 
9 3.643 0.2676 4.40 9.15 97.73 -542 19.4 -1.12 
10 3.788 0.3159 4.69 11.13 96.23 -564 22.0 -1.03 
11 3.785 0.264 4.29 13.09 98.2 -797 18.4 -1.73 
12 3.843 0.3809 5.11 15.05 95.69 -756 26.2 -1.16 
13 3.844 0.3038 4.57 17.31 97.35 -1003 20.9 -1.92 
14 3.875 0.442 5.48 19.35 95.27 -964 30.1 -1.28 
15 3.876 0.3546 4.91 21.85 96.53 -1208 24.2 -2.00 
16 3.895 0.5007 5.82 23.98 94.94 -1187 34.0 -1.40 
17 3.895 0.4086 5.26 26.70 95.86 -1418 27.7 -2.05 

 

Table A9. Calculated electric (μ) and magnetic (m) transition dipole moments, rotatory strengths (R, 
velocity form), dipole strengths (D) and calculated dissymmetry factor (gabs) values for the S0→S1 transition 
of m[n]SPPs at BMK/6-31g(d) level of theory. 

m[n]SPP 
E / 
eV 

f 
|μ| / 10-18 
esu·cm 

|m| / 10-20 
erg·G-1 

θ / ° R / 10-40 
esu erg cm G-1 

D / 10-36 

esu2 cm2 
erg2 G-2 

gabs / 10-2 

7 3.370 0.2065 4.02 5.77 98.42 -342 16.2 -0.85 
8 3.577 0.2443 4.24 7.40 96.88 -376 18.0 -0.84 
9 3.528 0.2621 4.43 8.88 97.53 -513 19.6 -1.05 
10 3.671 0.3086 4.71 10.77 96.09 -534 22.2 -0.96 
11 3.663 0.2585 4.31 12.64 98 -752 18.6 -1.61 
12 3.722 0.3725 5.14 14.53 95.6 -719 26.4 -1.09 
13 3.720 0.297 4.59 16.69 97.24 -953 21.1 -1.81 
14 3.753 0.4322 5.51 18.66 95.2 -918 30.4 -1.21 
15 3.752 0.3457 4.93 21.07 96.45 -1149 24.3 -1.89 
16 3.772 0.4913 5.86 23.12 94.82 -1120 34.4 -1.30 
17 3.771 0.3983 5.28 25.75 95.74 -1337 27.9 -1.92 
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Table A10. Calculated electric (μ) and magnetic (m) transition dipole moments, rotatory strengths (R, 
velocity form), dipole strengths (D) and calculated dissymmetry factor (gabs) values for the S0→S1 transition 
of m[n]SPPs at M06-2X/6-31g(d) level of theory 

m[n]SPP 
E / 
eV 

f 
|μ| / 10-18 
esu·cm 

|m| / 10-20 
erg·G-1 

θ / ° R / 10-40 
esu erg cm G-1 

D / 10-36 

esu2 cm2 
erg2 G-2 

gabs / 10-2 

7 3.470 0.2087 3.98 6.15 98.43 -377 15.9 -0.95 
8 3.684 0.2487 4.22 7.95 96.9 -421 17.8 -0.94 
9 3.641 0.2668 4.40 9.56 97.65 -581 19.3 -1.20 
10 3.786 0.3148 4.68 11.63 96.2 -607 21.9 -1.11 
11 3.781 0.2616 4.27 13.67 98.15 -855 18.3 -1.87 
12 3.840 0.3797 5.11 15.73 95.69 -821 26.1 -1.26 
13 3.839 0.2995 4.54 18.10 97.43 -1095 20.6 -2.12 
14 3.872 0.4408 5.48 20.23 95.26 -1044 30.1 -1.39 
15 3.871 0.3498 4.88 22.84 96.56 -1310 23.9 -2.19 
16 3.891 0.4991 5.82 25.06 94.93 -1287 33.9 -1.52 
17 3.890 0.4018 5.22 27.91 95.85 -1526 27.3 -2.23 

 

Table A11. Calculated electric (μ) and magnetic (m) transition dipole moments, rotatory strengths (R, 
velocity form), dipole strengths (D) and calculated dissymmetry factor (glum) values for the S1→S0 transition 
of p[n]SPPs at CAM-B3LYP/6-31g(d) level of theory. 

p[n]SPP 
E / 
eV 

f 
|μ| / 10-18 
esu·cm 

|m| / 10-20 
erg·G-1 

θ / ° R / 10-40 
esu erg cm G-1 

D / 10-36 

esu2 cm2 
erg2 G-2 

glum / 10-3 

7 2.299 0.1651 4.35 4.40 92.13 -72 18.93 -1.52 
8 2.565 0.2703 5.27 5.90 91.91 -104 27.79 -1.50 
9 2.716 0.4106 6.31 7.25 91.41 -113 39.87 -1.13 
10 2.820 0.5735 7.32 8.52 91.2 -130 53.63 -0.97 
11 2.897 0.7475 8.25 9.82 90.92 -130 68.05 -0.76 
12 2.961 0.9208 9.06 11.17 90.83 -146 82.01 -0.71 
13 3.018 1.0965 9.79 12.57 90.69 -147 95.83 -0.61 
14 3.044 1.3046 10.63 13.42 90.43 -106 113.04 -0.38 
15 3.088 1.4542 11.14 15.29 90.49 -144 124.19 -0.47 
16 3.111 1.645 11.81 16.45 90.32 -108 139.45 -0.31 
17 3.131 1.8014 12.32 17.76 90.34 -127 151.76 -0.33 
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Table A12. Calculated electric (μ) and magnetic (m) transition dipole moments, rotatory strengths (R, 
velocity form), dipole strengths (D) and calculated dissymmetry factor (glum) values for the S1→S0 transition 
of p[n]SPPs at BMK/6-31g(d) level of theory. 

m[n]SPP 
E / 
eV 

f 
|μ| / 10-18 
esu·cm 

|m| / 10-

20 erg·G-1 
θ / ° R / 10-40 

esu erg cm G-1 

D / 10-36 

esu2 cm2 
erg2 G-2 

glum / 10-3 

7 2.242 0.1489 4.19 4.48 92.02 -66 17.52 -1.51 
8 2.489 0.2501 5.15 5.92 91.98 -105 26.50 -1.59 
9 2.633 0.3878 6.23 7.24 91.52 -119 38.85 -1.22 
10 2.733 0.55 7.28 8.50 91.25 -133 53.08 -1.01 
11 2.806 0.7246 8.25 9.79 90.97 -136 68.11 -0.80 
12 2.866 0.8983 9.09 11.12 90.87 -152 82.67 -0.74 
13 2.919 1.0746 9.85 12.49 90.75 -159 97.08 -0.66 
14 2.945 1.2862 10.73 13.34 90.5 -122 115.19 -0.42 
15 2.986 1.4361 11.26 15.17 90.5 -148 126.86 -0.47 
16 3.006 1.6298 11.96 16.31 90.31 -104 142.99 -0.29 
17 3.026 1.7911 12.49 17.61 90.33 -125 156.11 -0.32 

 

Table A13. Calculated electric (μ) and magnetic (m) transition dipole moments, rotatory strengths (R, 
velocity form), dipole strengths (D) and calculated dissymmetry factor (glum) values for the S1→S0 transition 
of p[n]SPPs at M06-2X/6-31g(d) level of theory. 

m[n]SPP 
E / 
eV 

f 
|μ| / 10-18 
esu·cm 

|m| / 10-20 
erg·G-1 

θ / ° R / 10-40 
esu erg cm G-1 

D / 10-36 

esu2 cm2 
erg2 G-2 

glum / 10-3 

7 2.309 0.1609 4.29 4.62 92.06 -75 18.38 -1.63 
8 2.569 0.2657 5.22 6.18 91.9 -111 27.27 -1.64 
9 2.719 0.4067 6.28 7.59 91.44 -124 39.45 -1.26 
10 2.822 0.5712 7.31 8.92 91.17 -138 53.39 -1.03 
11 2.898 0.7476 8.25 10.29 90.91 -140 68.05 -0.82 
12 2.960 0.9222 9.06 11.70 90.82 -156 82.16 -0.76 
13 3.016 1.0995 9.80 13.16 90.7 -162 96.15 -0.67 
14 3.042 1.3117 10.66 14.06 90.44 -118 113.72 -0.42 
15 3.086 1.4623 11.18 16.01 90.47 -151 124.99 -0.48 
16 3.108 1.6557 11.85 17.22 90.3 -111 140.51 -0.31 
17 3.128 1.816 12.37 18.60 90.32 -133 153.15 -0.35 
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Table A14. Calculated electric (μ) and magnetic (m) transition dipole moments, rotatory strengths (R, 
velocity form), dipole strengths (D) and calculated dissymmetry factor (glum) values for the S1→S0 transition 
of m[n]SPPs at CAM-B3LYP/6-31g(d) level of theory. 

m[n]SPP 
E / 
eV 

f 
|μ| / 10-18 
esu·cm 

|m| / 10-20 
erg·G-1 

θ / ° R / 10-40 
esu erg cm G-1 

D / 10-36 

esu2 cm2 
erg2 G-2 

glum / 10-3 

7 2.640 0.313 5.59 5.21 95.78 -299 31.3 -3.83 
8 2.728 0.4068 6.27 6.49 94.64 -333 39.3 -3.38 
9 2.786 0.5329 7.10 7.80 93.41 -332 50.4 -2.63 
10 2.860 0.6659 7.84 9.21 92.66 -336 61.4 -2.19 
11 2.929 0.766 8.30 10.65 92.7 -417 69.0 -2.42 
12 2.980 0.9581 9.21 11.97 91.84 -353 84.8 -1.67 
13 2.996 1.1136 9.90 13.28 91.62 -370 98.0 -1.51 
14 3.053 1.2815 10.52 14.79 91.16 -313 110.7 -1.13 
15 3.073 1.4181 11.03 16.13 91.12 -346 121.7 -1.14 
16 3.102 1.5934 11.64 17.54 90.85 -302 135.5 -0.89 
17 3.122 1.7367 12.11 18.96 90.75 -298 146.7 -0.81 

 

Table A15. Calculated electric (μ) and magnetic (m) transition dipole moments, rotatory strengths (R, 
velocity form), dipole strengths (D) and calculated dissymmetry factor (glum) values for the S1→S0 

transition of m[n]SPPs at BMK/6-31g(d) level of theory. 

m[n]SPP 
E / 
eV 

f 
|μ| / 10-18 
esu·cm 

|m| / 10-20 
erg·G-1 

θ / ° R / 10-40 
esu erg cm G-1 

D / 10-36 

esu2 cm2 
erg2 G-2 

glum / 10-3 

7 2.587 0.3145 5.66 5.21 95.85 -304 32.1 -3.80 
8 2.659 0.4022 6.32 6.46 94.75 -340 39.9 -3.41 
9 2.707 0.5247 7.15 7.75 93.54 -343 51.1 -2.68 
10 2.771 0.6539 7.89 9.14 92.77 -348 62.2 -2.23 
11 2.831 0.7468 8.34 10.54 92.85 -435 69.6 -2.50 
12 2.882 0.9401 9.27 11.87 91.93 -366 86.0 -1.70 
13 2.896 1.0939 9.98 13.17 91.72 -390 99.6 -1.57 
14 2.951 1.2643 10.63 14.65 91.24 -333 113.0 -1.18 
15 2.970 1.4018 11.16 15.99 91.18 -363 124.5 -1.17 
16 2.998 1.5807 11.79 17.36 90.9 -318 139.1 -0.92 
17 3.016 1.7251 12.28 18.78 90.78 -311 150.9 -0.82 
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Table A16. Calculated electric (μ) and magnetic (m) transition dipole moments, rotatory strengths (R, 
velocity form), dipole strengths (D) and calculated dissymmetry factor (glum) values for the S1→S0 

transition of m[n]SPPs at M06-2X/6-31g(d) level of theory. 

m[n]SPP 
E / 
eV 

f 
|μ| / 10-18 
esu·cm 

|m| / 10-20 
erg·G-1 

θ / ° R / 10-40 
esu erg cm G-1 

D / 10-36 

esu2 cm2 
erg2 G-2 

glum / 10-3 

7 2.651 0.3145 5.59 5.46 95.72 -322 31.3 -4.11 
8 2.735 0.4064 6.26 6.79 94.6 -358 39.2 -3.66 
9 2.790 0.5326 7.09 8.16 93.39 -358 50.3 -2.84 
10 2.861 0.6653 7.83 9.64 92.63 -361 61.3 -2.35 
11 2.928 0.7652 8.30 11.14 92.72 -455 68.9 -2.64 
12 2.979 0.9604 9.22 12.53 91.84 -384 85.0 -1.81 
13 2.994 1.1165 9.92 13.90 91.64 -407 98.4 -1.65 
14 3.051 1.2872 10.55 15.47 91.17 -345 111.3 -1.24 
15 3.071 1.4263 11.07 16.88 91.11 -373 122.5 -1.22 
16 3.099 1.6046 11.68 18.35 90.85 -326 136.6 -0.96 
17 3.119 1.7494 12.16 19.84 90.76 -328 148.0 -0.89 

 

Table A17. Calculated electric (μ) and magnetic (m) transition dipole moments, rotatory strengths (R, 
velocity form), dipole strengths (D) and calculated dissymmetry factor (gabs) values for the S0→S1 transition 
of D1–4 at CAM-B3LYP/6-31g(d) level of theory. 

Species 
E / 
eV 

f 
|μ| / 10-18 
esu·cm 

|m| / 10-20 
erg·G-1 

θ / ° R / 10-40 
esu erg cm G-1 

D / 10-36 

esu2 cm2 
erg2 G-2 

gabs / 10-2 

D1 3.917 0.3195 4.64 15.40 96.66 -823 21.53 -1.53 
D2 4.197 0.1122 2.66 15.54 101.52 -806 7.08 -4.56 
D3 4.493 0.3846 4.75 8.91 89.06 67 22.58 0.12 
D4 4.118 0.2082 3.65 6.43 90.92 -36 13.33 -0.11 

 

Table A18. Calculated electric (μ) and magnetic (m) transition dipole moments, rotatory strengths (R, 
velocity form), dipole strengths (D) and calculated dissymmetry factor (glum) values for the S1→S0 transition 
of D1–4 at CAM-B3LYP/6-31g(d) level of theory. 

Species 
E / 
eV 

f 
|μ| / 10-18 
esu·cm 

|m| / 10-20 
erg·G-1 

θ / ° R / 10-40 
esu erg cm G-1 

D / 10-36 

esu2 cm2 
erg2 G-2 

glum / 10-3 

D1 3.048 1.2006 10.19 11.21 90.92 -182 103.87 -0.70 
D2 3.158 1.0217 9.24 9.79 89.9 15 85.31 0.07 
D3 1.551 0.1239 4.59 1.52 94.29 -52 21.06 -0.99 
D4 3.215 0.4462 6.05 6.11 91.65 -103 36.61 -1.12 
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Figure A5. Dissymmetry factors gabs for p[n]SPPs (circles) and m[n]SPPs (triangles) calculated at BMK/6-
31g(d)level of theory. 
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Figure A6. Dissymmetry factors gabs for p[n]SPPs (circles) and m[n]SPPs (triangles) calculated at M06-
2X/6-31g(d)level of theory. 
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Figure A7. Dissymmetry factors glum for p[n]SPPs (circles) and m[n]SPPs (triangles) calculated at BMK /6-
31g(d) level of theory. 
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Figure A8. Dissymmetry factors glum for p[n]SPPs (circles) and m[n]SPPs (triangles) calculated at M06-
2X/6-31g(d) level of theory. 
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Figure A9. Values of angle θ in degrees between the electric and magnetic transition dipole moments for 
p[n]SPPs (circles) and m[n]SPPs (triangles) in the ground (red) and the excited (blue) state calculated at 
BMK/6-31g(d) level of theory. 
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Figure A10. Values of angle θ in degrees between the electric and magnetic transition dipole moments for 
p[n]SPPs (circles) and m[n]SPPs (triangles) in the ground (red) and the excited (blue) state calculated at 
M06-2X/6-31g(d) level of theory. 
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A.1.3. XYZ atomic coordinates

p[7]SPP 
ground state 
E = -1773.90895646 
C          2.03925       -3.69246        1.47294 

C          1.80493       -2.48733        2.12663 

C          2.41161       -1.29323        1.71463 

C          3.53209       -1.39903        0.84063 

C          3.72181       -2.61609        0.16021 

C          2.88270       -3.72367        0.35750 

H          1.42436       -4.55753        1.71204 

H          0.99819       -2.44040        2.85515 

C         -0.35433       -2.81197       -0.53277 

C         -0.31545       -1.49177       -0.05150 

C          0.66975       -0.58092       -0.42024 

C          1.43086       -0.91458       -1.54419 

C          1.44901       -2.23385       -2.00029 

C          0.68406       -3.23826       -1.39343 

H         -1.04923       -1.18850        0.68855 

H          2.11311       -0.18781       -1.96738 

H          2.19596       -2.52081       -2.73875 

C          2.65392       -4.76326       -0.72741 

H          3.40386       -4.62890       -1.51523 

H          2.77354       -5.78608       -0.34774 

C          1.20328       -4.66422       -1.38743 

H          1.27277       -5.09513       -2.39461 

H          0.50822       -5.29140       -0.81885 

C          1.58567       -0.01420        1.89289 

H          2.10251        0.80387        2.39783 

H          0.72681       -0.27330        2.52239 

C          1.02580        0.54837        0.52169 

H          1.77271        1.19716        0.06477 

H          0.15724        1.17846        0.75349 

C          4.20200       -0.12953        0.45001 

C          4.37439        0.88755        1.40640 

C          4.35070        0.26773       -0.89224 

C          4.23705        2.22481        1.05338 

H          4.42703        0.62056        2.45802 

C          4.23757        1.61044       -1.25104 

H          4.37590       -0.48297       -1.67652 

C          3.94660        2.59147       -0.27768 

H          4.16044        2.95482        1.85266 

H          4.18939        1.85700       -2.30771 

C          2.93029        3.65907       -0.52502 

C          2.07661        3.53603       -1.64008 

C          2.46121        4.48590        0.51895 

C          0.74665        3.93863       -1.58235 

H          2.38694        2.95352       -2.50088 

C          1.12689        4.87713        0.58474 

H          3.10683        4.72079        1.35999 

C          0.20545        4.48815       -0.40633 

H          0.08418        3.65700       -2.39576 

H          0.77399        5.40305        1.46832 

C         -1.64215       -3.48324       -0.16913 

C         -2.15249       -3.30654        1.13108 

C         -2.59647       -3.62990       -1.19600 

C         -3.44529       -2.82318        1.31239 

H         -1.46640       -3.29804        1.97460 

C         -3.89938       -3.17335       -1.00746 

H         -2.26491       -3.87181       -2.20296 

C         -4.25668       -2.52530        0.19680 

H         -3.71535       -2.45485        2.29749 

H         -4.55562       -3.11866       -1.87169 

C         -4.94124       -1.19740        0.17614 

C         -4.89674       -0.46629       -1.02889 

C         -5.14344       -0.43252        1.34614 

C         -4.70531        0.90944       -1.03222 

H         -4.79767       -0.98658       -1.97505 

C         -4.94751        0.94645        1.34328 

H         -5.31570       -0.92885        2.29744 

C         -4.56059        1.62674        0.16925 

H         -4.47591        1.38719       -1.97954 

H         -4.98589        1.48076        2.28912 

C         -3.67455        2.82093        0.18081 

C         -2.77683        2.98462        1.25345 

C         -3.42473        3.59590       -0.97066 

C         -1.59211        3.69752        1.10399 

H         -2.92587        2.42137        2.16945 

C         -2.23111        4.29703       -1.12705 

H         -4.13349        3.58006       -1.79421 

C         -1.23862        4.27679       -0.12934 

H         -2.03368        4.80343       -2.06860 

H         -0.86260        3.67048        1.90840 

H          4.45761       -2.64947       -0.64128 

 

p[7]SPP 
excited state 
E = -1772.23581163 
 

C          3.81673       -3.24071        0.35792 

C          3.86446       -2.41364        1.46514 

C          3.92918       -1.01820        1.36001 

C          4.29012       -0.47356        0.10274 

C          4.30102       -1.35511       -0.99744 

C          3.89420       -2.68293       -0.91626 

H          3.58430       -4.29482        0.48482 

H          3.66942       -2.84853        2.44135 

C          0.37593       -2.84801        0.16695 

C          0.60855       -1.97775        1.26598 

C          1.14968       -0.71468        1.09072 

C          1.26308       -0.25588       -0.22438 

C          1.28796       -1.17234       -1.27331 

C          1.05189       -2.51575       -1.06245 

H          0.28723       -2.28242        2.25716 

H          1.49804        0.78356       -0.41121 

H          1.64215       -0.84126       -2.24693 

C          3.26540       -3.38476       -2.10335 

H          3.48579       -2.81311       -3.01026 

H          3.68545       -4.38504       -2.25589 

C          1.68746       -3.54781       -1.97206 

H          1.27482       -3.51755       -2.98849 

H          1.47042       -4.54437       -1.57750 

C          3.24840       -0.29007        2.51450 

H          3.76724        0.59986        2.86540 

H          3.23962       -0.98235        3.36106 

C          1.74943        0.10732        2.20395 

H          1.71927        1.16236        1.91798 

H          1.17687        0.00841        3.13250 

C          4.23548        0.99509       -0.16295 

C          4.38370        1.96999        0.83823 

C          3.71218        1.46733       -1.37661 

C          3.71156        3.18312        0.77001 

H          4.95222        1.73986        1.73150 

C          3.05968        2.68532       -1.46030 

H          3.64065        0.80960       -2.23387 

C          2.88567        3.48875       -0.32496 

H          3.74446        3.84951        1.62712 

H          2.50769        2.90808       -2.36700 

C          1.62748        4.26037       -0.21015 

C          0.88370        4.66855       -1.33185 

C          0.93299        4.21441        1.00916 

C         -0.49643        4.73929       -1.28793 

H          1.38623        4.83858       -2.27967 

C         -0.44732        4.28296        1.05405 

H          1.46458        3.94996        1.91748 

C         -1.21183        4.39507       -0.12165 

H         -1.03351        4.97331       -2.20147 

H         -0.93698        4.07186        1.99784 

C         -0.76216       -3.72734        0.21375 

C         -1.52186       -3.89991        1.41966 

C         -1.49109       -3.99067       -0.99262 

C         -2.87757       -3.76669        1.40163 

H         -1.01066       -4.01925        2.37062 

C         -2.84963       -3.85218       -1.01456 

H         -0.95954       -4.11706       -1.93018 

C         -3.54676       -3.43189        0.17081 

H         -3.42849       -3.78728        2.33657 

H         -3.36774       -3.89429       -1.96676 

C         -4.52150       -2.39795        0.12070 

C         -4.89478       -1.78015       -1.11773 

C         -4.84644       -1.63523        1.28930 

C         -5.11886       -0.43339       -1.18897 

H         -4.88507       -2.35780       -2.03584 

C         -5.06886       -0.28746        1.20866 

H         -4.77452       -2.09250        2.26997 

C         -5.01057        0.40096       -0.03712 

H         -5.29212        0.01069       -2.16338 

H         -5.16384        0.27245        2.13241 

C         -4.53401        1.76385       -0.12230 

C         -4.25055        2.54409        1.02989 

C         -4.01889        2.27983       -1.33789 

C         -3.30239        3.54161        1.00912 

H         -4.71917        2.30082        1.97723 

C         -3.06777        3.27526       -1.35254 

H         -4.25660        1.79249       -2.27603 

C         -2.57248        3.84526       -0.16166 

H         -2.59676        3.51445       -2.29966 

H         -3.06480        4.04856        1.93918 

H          4.46826       -0.94304       -1.98709 

 

p[8]SPP 
ground state 
E = -2005.07830139 
 

C          3.67597       -2.53730        1.93720 

C          3.95394       -3.54630        1.02208 

C          4.48175       -3.21973       -0.23121 

C          5.00765       -1.92948       -0.38511 

C          4.75281       -0.89429        0.53517 

C          3.91483       -1.18613        1.64708 

H          3.09679       -2.78704        2.82336 

H          3.59538       -4.55509        1.21446 

H          5.50661       -1.67719       -1.31868 

C          0.85486       -1.84748        0.53966 

C          0.95069       -3.01396       -0.23656 

C          1.86112       -3.00974       -1.32972 

C          2.23849       -1.76155       -1.82482 

C          2.03286       -0.59174       -1.09194 

C          1.52406       -0.66786        0.20591 

H          2.84200       -1.71446       -2.72986 

H          2.40421        0.35331       -1.46437 

C          2.94780       -0.18395        2.28050 

H          3.42436        0.67688        2.75317 

H          2.40795       -0.71278        3.07384 

C          1.87589        0.36886        1.25024 

H          2.27878        1.26099        0.76216 

H          0.99928        0.68761        1.82869 

C          4.19728       -4.11265       -1.42702 

H          4.69993       -3.69979       -2.30899 

H          4.59067       -5.12716       -1.28501 

C          2.63737       -4.24574       -1.74807 

H          2.54408       -4.46106       -2.82061 

H          2.23747       -5.11409       -1.21441 

C          4.99868        0.53446        0.19714 

C          4.72174        1.03441       -1.08682 

C          5.19880        1.49933        1.20393 

C          4.28727        2.34704       -1.26265 

H          4.65880        0.35023       -1.92688 

C          4.77746        2.81322        1.03108 

H          5.56964        1.18179        2.17428 

C          4.13888        3.21122       -0.16215 

H          3.87934        2.62805       -2.22919 

H          4.83017        3.49946        1.87201 

C          3.03546        4.20879       -0.16648 

C          2.26511        4.33568        1.00562 

C          2.48113        4.74739       -1.34419 

C          0.94349        4.76026        0.96209 

H          2.64594        3.94574        1.94392 

C          1.15415        5.17054       -1.38823 

H          3.06569        4.75691       -2.26046 

C          0.31972        5.08070       -0.25671 

H          0.34901        4.68969        1.86774 

H          0.73873        5.50227       -2.33623 

C         -1.16015        4.98069       -0.34277 

C         -2.00019        5.21541        0.76359 

C         -1.73457        4.32948       -1.44915 

C         -3.26637        4.64145        0.84247 

H         -1.62908        5.79219        1.60672 

C         -3.00204        3.76195       -1.37343 

H         -1.12919        4.13103       -2.32855 

C         -3.75408        3.81302       -0.18574 

H         -3.85489        4.77624        1.74643 

H         -3.34477        3.14039       -2.19539 

C         -0.11015       -4.03144       -0.01227 

C         -0.82199       -4.51369       -1.12872 

C         -0.75848       -4.14853        1.23300 

C         -2.19448       -4.73276       -1.05738 

H         -0.33772       -4.52991       -2.10158 

C         -2.13589       -4.32630        1.29699 

H         -0.21585       -3.91885        2.14621 

C         -2.90934       -4.43622        0.12228 

H         -2.72863       -4.96215       -1.97498 

H         -2.62287       -4.19502        2.25842 

C         -4.24001       -3.76753        0.07348 

C         -4.93483       -3.36947        1.23587 

C         -4.60195       -3.10274       -1.11515 

C         -5.66978       -2.18691        1.26370 

H         -4.79978       -3.91786        2.16421 

C         -5.33787       -1.92561       -1.08862 

H         -4.14574       -3.38722       -2.05689 

C         -5.75442       -1.35539        0.12806 

H         -6.08660       -1.85195        2.21011 

H         -5.41819       -1.35487       -2.00841 

C         -5.83476        0.12663        0.21364 

C         -6.08845        0.93905       -0.91045 

C         -5.26610        0.76203        1.33361 

C         -5.56716        2.22706       -0.99975 

H         -6.61554        0.52549       -1.76615 

C         -4.75661        2.05298        1.24921 

H         -5.06428        0.18711        2.23205 

C         -4.78632        2.76863        0.03904 

H         -5.69582        2.78823       -1.92190 

H         -4.18274        2.44105        2.08575 

H          0.24732       -1.86302        1.43999 

 

p[8]SPP 
excited state 
E = -2003.19328239 
 

C          3.94752       -2.97175        1.63891 

C          3.96468       -3.84184        0.56254 

C          4.25737       -3.35573       -0.70966 

C          4.81605       -2.08143       -0.78439 

C          4.78296       -1.16904        0.28521 

C          4.18847       -1.60130        1.49366 

H          3.56752       -3.33332        2.59047 

H          3.60306       -4.85881        0.69062 

H          5.14747       -1.72418       -1.75533 

C          0.86825       -2.13467        0.97487 

C          0.71531       -3.09906       -0.04296 

C          1.49034       -2.91708       -1.23212 

C          1.87240       -1.62032       -1.52412 

C          1.84970       -0.61935       -0.55632 

C          1.54985       -0.94245        0.76576 

H          2.34211       -1.41038       -2.48272 

H          2.22093        0.36885       -0.79456 

C          3.44204       -0.71529        2.48469 

H          4.02940        0.10404        2.89744 

H          3.16695       -1.34868        3.33321 

C          2.11397       -0.10405        1.88651 

H          2.32811        0.89926        1.50660 

H          1.39962        0.01005        2.70939 

C          3.70717       -4.05018       -1.93988 

H          4.08141       -3.53812       -2.83204 

H          4.04967       -5.08862       -2.00995 

C          2.11800       -4.06990       -1.99174 

H          1.82903       -4.08081       -3.04990 

H          1.76333       -5.01050       -1.56139 

C          4.99296        0.28347        0.02306 

C          4.61134        0.84050       -1.20408 

C          5.30949        1.20126        1.03635 

C          4.25291        2.17498       -1.31027 

H          4.42313        0.19608       -2.05516 

C          4.93938        2.53586        0.94067 

H          5.76614        0.84622        1.95392 

C          4.25717        3.01356       -0.18900 

H          3.78993        2.51215       -2.23166 

H          5.09321        3.18772        1.79570 

C          3.25282        4.10370       -0.12875 

C          2.52168        4.25973        1.05689 

C          2.72447        4.71439       -1.27683 

C          1.23331        4.76560        1.04602 

H          2.89946        3.82914        1.97830 

C          1.43536        5.22097       -1.28830 

H          3.29591        4.71222       -2.20046 

C          0.60905        5.13806       -0.15348 

H          0.65245        4.71328        1.96030 

H          1.03382        5.60961       -2.21908 

C         -0.86342        5.09919       -0.24094 

C         -1.69577        5.21909        0.88746 

C         -1.46918        4.61308       -1.41120 

C         -2.96765        4.68157        0.90473 

H         -1.31404        5.68676        1.79011 

C         -2.74130        4.07720       -1.39778 

H         -0.88265        4.52039       -2.31889 

C         -3.48851        3.98172       -0.20634 

H         -3.54719        4.74897        1.81961 

H         -3.09884        3.59031       -2.29764 

C         -0.40868       -4.01835        0.05419 

C         -1.14650       -4.33145       -1.11890 

C         -1.08350       -4.26130        1.28334 

C         -2.51198       -4.44880       -1.08253 

H         -0.64982       -4.30161       -2.08340 

C         -2.44520       -4.38485        1.32786 

H         -0.52393       -4.25042        2.21392 

C         -3.22920       -4.23860        0.13739 

H         -3.05012       -4.53878       -2.01930 

H         -2.93289       -4.46575        2.29319 

C         -4.47696       -3.54790        0.15601 

C         -4.99223       -2.97303        1.36525 

C         -5.06393       -3.03308       -1.04747 

C         -5.62141       -1.76191        1.35163 

H         -4.78723       -3.44458        2.32038 

C         -5.69402       -1.82163       -1.05685 

H         -4.90790       -3.54677       -1.98975 

C         -5.79946       -1.03308        0.13231 

H         -5.90765       -1.31341        2.29679 

H         -6.01446       -1.41258       -2.00860 

C         -5.75815        0.40076        0.09107 

C         -5.71608        1.12377       -1.13614 

C         -5.44651        1.16453        1.25097 

C         -5.13257        2.36327       -1.21944 

H         -6.07477        0.66088       -2.04870 

C         -4.86166        2.40419        1.15994 

H         -5.54490        0.71783        2.23331 

C         -4.55621        2.99288       -0.08905 

H         -5.06216        2.83820       -2.19267 

H         -4.51558        2.87418        2.07394 

H          0.40770       -2.31425        1.94141 

 

p[9]SPP 
conformer 1 
ground state 
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E = -2236.24071873 
 

C          5.74310       -1.90839       -0.57418 

C          5.49993       -0.98901        0.46510 

C          4.76048       -1.44295        1.59128 

C          4.59455       -2.82882        1.73743 

C          4.84092       -3.71599        0.69551 

C          5.27697       -3.22829       -0.54063 

H          6.17742       -1.53691       -1.49957 

H          4.09239       -3.20246        2.62702 

H          4.53231       -4.75452        0.79298 

C          2.89323       -1.62664       -1.80145 

C          2.67604       -0.58994       -0.89298 

C          2.24942       -0.87819        0.40512 

C          1.66507       -2.13310        0.60559 

C          1.77476       -3.16330       -0.34005 

C          2.60430       -2.95117       -1.47423 

H          3.43309       -1.41494       -2.72297 

H          2.98632        0.41735       -1.13921 

C          4.95850       -3.98179       -1.81926 

H          5.35270       -5.00537       -1.79917 

H          5.44015       -3.47418       -2.66258 

C          3.38837       -4.08038       -2.11697 

H          3.01562       -5.03545       -1.73377 

H          3.26619       -4.10590       -3.20731 

C          3.81413       -0.56895        2.41507 

H          3.37882       -1.20670        3.19218 

H          4.29518        0.26160        2.93492 

C          2.62186        0.03070        1.55589 

H          1.77999        0.20229        2.23870 

H          2.92637        1.00716        1.16503 

C          0.81482       -4.29082       -0.21033 

C          0.00146       -4.57166       -1.32296 

C          0.38153       -4.78860        1.03323 

C         -1.29889       -5.03507       -1.15640 

H          0.32106       -4.24035       -2.30707 

C         -0.91511       -5.26852        1.19697 

H          1.02659       -4.68990        1.90286 

C         -1.83448       -5.25162        0.12770 

H         -1.95236       -5.04632       -2.02307 

H         -1.24931       -5.54741        2.19279 

C          5.66494        0.47265        0.23712 

C          5.36056        1.04437       -1.01083 

C          5.86356        1.37585        1.29949 

C          4.95832        2.37294       -1.11562 

H          5.26777        0.40809       -1.88468 

C          5.45943        2.70365        1.20136 

H          6.24714        1.00499        2.24515 

C          4.85586        3.18972        0.02418 

H          4.55574        2.71754       -2.06358 

H          5.52707        3.34391        2.07692 

C         -3.28871       -5.01626        0.33756 

C         -3.68742       -4.30982        1.48801 

C         -4.23114       -5.09169       -0.70860 

C         -4.81880       -3.50343        1.48274 

H         -3.01639       -4.23980        2.33790 

C         -5.35932       -4.27530       -0.71920 

H         -4.02674       -5.71331       -1.57623 

C         -5.60301       -3.36107        0.32404 

H         -4.98465       -2.84129        2.32722 

H         -6.00350       -4.27554       -1.59493 

C         -6.30652       -2.06828        0.12104 

C         -6.12271       -1.40585       -1.10641 

C         -6.82125       -1.30302        1.18531 

C         -6.21188       -0.02146       -1.19694 

H         -5.74036       -1.95780       -1.95977 

C         -6.91248        0.08330        1.09352 

H         -7.06609       -1.78856        2.12658 

C         -6.49264        0.76504       -0.06545 

H         -5.89933        0.45759       -2.11988 

H         -7.23322        0.65024        1.96363 

C          3.85811        4.29019        0.03611 

C          3.04635        4.43772        1.17617 

C          3.45089        4.97189       -1.12666 

C          1.80480        5.05764        1.10388 

H          3.31950        3.93309        2.09775 

C          2.20399        5.58828       -1.20058 

H          4.08501        4.95683       -2.00923 

C          1.31034        5.55815       -0.11333 

H          1.15292        5.01996        1.97151 

H          1.89150        6.04050       -2.13827 

C         -0.15636        5.73095       -0.26663 

C         -0.78318        5.22062       -1.41715 

C         -0.99061        6.11209        0.80114 

C         -2.14265        4.92759       -1.42676 

H         -0.17753        4.91590       -2.26559 

C         -2.35160        5.81918        0.79123 

H         -0.55626        6.58482        1.67823 

C         -2.94009        5.13097       -0.28650 

H         -2.55721        4.40299       -2.28250 

H         -2.95415        6.06896        1.66064 

C         -4.20942        4.37184       -0.15467 

C         -4.47835        3.71226        1.05757 

C         -5.01584        4.03376       -1.25768 

C         -5.35903        2.63827        1.11343 

H         -3.88455        3.94473        1.93659 

C         -5.90158        2.96070       -1.20037 

H         -4.89906        4.57512       -2.19297 

C         -6.01633        2.17191       -0.03949 

H         -5.42074        2.06580        2.03390 

H         -6.45823        2.68700       -2.09282 

H          1.12582       -2.32680        1.52983 

 

p[9]SPP 
conformer 1 
excited state 
E = -2234.14211085 
 

C          5.40233       -2.47442       -0.71206 

C          5.34129       -1.56222        0.35385 

C          4.67052       -1.96967        1.52909 

C          4.38651       -3.33170        1.66840 

C          4.44426       -4.20846        0.59815 

C          4.81073       -3.73568       -0.65972 

H          5.79156       -2.12695       -1.66532 

H          3.94511       -3.67790        2.59907 

H          4.05317       -5.21632        0.71110 

C          2.50296       -1.94884       -1.61540 

C          2.46765       -0.93534       -0.66228 

C          2.09742       -1.22845        0.64786 

C          1.38321       -2.40546        0.84363 

C          1.28036       -3.39334       -0.15237 

C          2.08642       -3.23597       -1.31850 

H          3.01066       -1.76229       -2.55944 

H          2.87979        0.03817       -0.89586 

C          4.30692       -4.42320       -1.91301 

H          4.63038       -5.46889       -1.96354 

H          4.73462       -3.92225       -2.78728 

C          2.72301       -4.40923       -2.03986 

H          2.32896       -5.33835       -1.61961 

H          2.48256       -4.42252       -3.10985 

C          3.90112       -1.04695        2.46639 

H          3.55422       -1.65868        3.30463 

H          4.49534       -0.24368        2.90146 

C          2.63426       -0.39274        1.78489 

H          1.88196       -0.23332        2.56538 

H          2.91204        0.59398        1.40223 

C          0.20113       -4.37415       -0.03898 

C         -0.51761       -4.74973       -1.19838 

C         -0.41812       -4.68285        1.19742 

C         -1.84947       -5.08087       -1.13719 

H         -0.05594       -4.62079       -2.17204 

C         -1.74668       -5.01669        1.26648 

H          0.14469       -4.57411        2.11951 

C         -2.56279       -5.04029        0.09577 

H         -2.38502       -5.22754       -2.06777 

H         -2.19559       -5.15738        2.24328 

C          5.63629       -0.12064        0.11906 

C          5.31795        0.47807       -1.10528 

C          6.01281        0.74928        1.15219 

C          5.10453        1.84430       -1.20608 

H          5.08169       -0.14216       -1.96254 

C          5.79318        2.11675        1.05901 

H          6.40603        0.33887        2.07636 

C          5.20457        2.67471       -0.08460 

H          4.69607        2.23848       -2.13077 

H          6.00228        2.74526        1.91974 

C         -3.95296       -4.69468        0.14275 

C         -4.57958       -4.27569        1.35959 

C         -4.69415       -4.39964       -1.04649 

C         -5.56743       -3.33256        1.35862 

H         -4.19866       -4.62502        2.31279 

C         -5.67789       -3.45359       -1.04831 

H         -4.41610       -4.86182       -1.98727 

C         -6.00985       -2.72521        0.13980 

H         -5.93346       -2.96547        2.31078 

H         -6.15463       -3.19975       -1.98873 

C         -6.46126       -1.36899        0.09780 

C         -6.49860       -0.63704       -1.12596 

C         -6.61188       -0.57950        1.27788 

C         -6.37298        0.72816       -1.14889 

H         -6.49912       -1.16696       -2.07110 

C         -6.48972        0.78467        1.24692 

H         -6.75282       -1.06418        2.23748 

C         -6.21882        1.48395        0.04093 

H         -6.27315        1.21466       -2.11253 

H         -6.54810        1.32987        2.18294 

C          4.39053        3.91572       -0.04905 

C          3.66162        4.19310        1.11345 

C          4.03569        4.62632       -1.20415 

C          2.50980        4.96087        1.07287 

H          3.90886        3.67733        2.03536 

C          2.88176        5.39444       -1.24515 

H          4.62474        4.51201       -2.10942 

C          2.03130        5.48618       -0.13331 

H          1.89532        5.02138        1.96470 

H          2.59665        5.86691       -2.18032 

C          0.58976        5.80439       -0.25093 

C         -0.09819        5.41469       -1.40759 

C         -0.19045        6.19884        0.84674 

C         -1.47047        5.23880       -1.40426 

H          0.46165        5.10815       -2.28488 

C         -1.56341        6.02118        0.85221 

H          0.29300        6.59211        1.73613 

C         -2.22852        5.43732       -0.24024 

H         -1.93789        4.80199       -2.27997 

H         -2.12349        6.28435        1.74414 

C         -3.55015        4.80053       -0.11887 

C         -3.94955        4.24927        1.11092 

C         -4.33762        4.46771       -1.23753 

C         -4.92711        3.27942        1.18485 

H         -3.39334        4.49036        2.01055 

C         -5.31671        3.49914       -1.16752 

H         -4.14048        4.94441       -2.19296 

C         -5.56865        2.78445        0.02770 

H         -5.09936        2.80263        2.14250 

H         -5.86083        3.24863       -2.07169 

H          0.88093       -2.56411        1.79312 

 

p[9]SPP 
conformer 2 
E = -2236.24008688 
 

C          5.65462       -1.92005        0.33274 

C          5.06914       -0.83912        1.01398 

C          3.90137       -1.09001        1.78664 

C          3.62513       -2.42337        2.11677 

C          4.24365       -3.48405        1.46162 

C          5.15253       -3.22606        0.42986 

H          6.43629       -1.70951       -0.39473 

H          2.78464       -2.63682        2.77399 

H          3.87993       -4.49627        1.62455 

C          3.55401       -2.04879       -2.03552 

C          3.11524       -0.82015       -1.53989 

C          2.20463       -0.78030       -0.47913 

C          1.50772       -1.95821       -0.21472 

C          1.90993       -3.20274       -0.72432 

C          3.07912       -3.26017       -1.51845 

H          4.39998       -2.06600       -2.72071 

H          3.58839        0.09585       -1.87447 

C          5.32866       -4.22886       -0.69657 

H          5.67637       -5.20266       -0.32916 

H          6.09470       -3.85919       -1.38763 

C          3.98270       -4.47975       -1.51822 

H          3.44601       -5.32119       -1.06828 

H          4.26998       -4.78874       -2.53131 

C          2.74844       -0.09118        1.92072 

H          1.94541       -0.59607        2.46946 

H          2.98583        0.81343        2.48389 

C          2.16611        0.36025        0.51731 

H          1.14536        0.72426        0.69081 

H          2.74846        1.20648        0.14173 

C          0.97901       -4.32197       -0.41094 

C          0.34162       -5.01625       -1.45461 

C          0.39848       -4.41786        0.86600 

C         -0.94922       -5.51650       -1.29105 

H          0.79507       -5.02139       -2.44263 

C         -0.89555       -4.90046        1.02552 

H          0.90711       -3.96744        1.71411 

C         -1.65212       -5.32146       -0.08532 

H         -1.46248       -5.93415       -2.15314 

H         -1.37483       -4.78592        1.99308 

C          5.40311        0.57865        0.71858 

C          5.58958        1.05538       -0.59156 

C          5.24224        1.55328        1.71875 

C          5.29240        2.37715       -0.91968 

H          5.83078        0.35688       -1.38700 

C          4.91984        2.86525        1.39407 

H          5.22068        1.24169        2.75894 

C          4.78627        3.26530        0.05034 

H          5.33175        2.68009       -1.96245 

H          4.61825        3.53629        2.19241 

C         -3.12472       -5.10844       -0.05094 

C         -3.86393       -5.05659        1.14816 

C         -3.73084       -4.53702       -1.18544 

C         -4.98944       -4.24414        1.26339 

H         -3.49632       -5.57234        2.03149 

C         -4.85630       -3.73069       -1.07178 

H         -3.21993       -4.56788       -2.14228 

C         -5.43016       -3.45533        0.18237 

H         -5.47184       -4.14649        2.23264 

H         -5.17682       -3.17043       -1.94466 

C         -6.12528       -2.15370        0.35904 

C         -6.78971       -1.49929       -0.69698 

C         -5.80617       -1.37476        1.48650 

C         -6.90018       -0.11184       -0.72569 

H         -7.14180       -2.07458       -1.54925 

C         -5.92360        0.01067        1.46124 

H         -5.30593       -1.83628        2.33248 

C         -6.36219        0.68105        0.30580 

H         -7.33492        0.36775       -1.59897 

H         -5.51635        0.58314        2.28958 

C          3.82618        4.34996       -0.28652 

C          3.43712        5.33790        0.63995 

C          3.00852        4.19194       -1.42148 

C          2.19163        5.95525        0.55466 

H          4.07801        5.56572        1.48734 

C          1.77238        4.82008       -1.51549 

H          3.26478        3.45059       -2.17152 

C          1.28782        5.62939       -0.47335 

H          1.88538        6.64412        1.33787 

H          1.11227        4.55344       -2.33570 

C         -0.18079        5.80864       -0.35011 

C         -1.02954        5.94305       -1.46396 

C         -0.78705        5.52442        0.88620 

C         -2.38199        5.62351       -1.37952 

H         -0.61107        6.23653       -2.42335 

C         -2.13525        5.19327        0.96716 

H         -0.16698        5.41812        1.77173 

C         -2.94443        5.13970       -0.18213 

H         -2.99464        5.68428       -2.27491 

H         -2.52509        4.83654        1.91565 

C         -4.18937        4.32933       -0.15624 

C         -4.93048        4.10846        1.02096 

C         -4.49640        3.51549       -1.26148 

C         -5.77732        3.00979        1.14570 

H         -4.79159        4.76620        1.87485 

C         -5.34765        2.42355       -1.14004 

H         -3.95558        3.64786       -2.19345 

C         -5.92936        2.08592        0.09507 

H         -6.27466        2.82833        2.09511 

H         -5.44254        1.74099       -1.97927 

H          0.67703       -1.93030        0.48521 

 

p[10]SPP 
conformer 1  
ground state 
E = -2467.39699794 
 

C          6.37063       -2.22379       -0.44495 

C          6.08761       -1.31565        0.59286 

C          5.26977       -1.76572        1.66390 

C          5.06061       -3.14852        1.77786 

C          5.34967       -4.02670        0.73852 

C          5.87222       -3.53203       -0.46093 

H          6.87162       -1.84972       -1.33491 

H          4.49574       -3.52188        2.62929 

H          5.01127       -5.05870        0.80045 

C          3.60515       -1.83256       -1.85772 

C          3.36332       -0.80676       -0.94331 

C          2.86031       -1.10492        0.32575 

C          2.25012       -2.35379        0.47878 

C          2.40252       -3.37502       -0.47001 

C          3.27935       -3.15776       -1.56463 

H          4.19061       -1.61645       -2.74992 

H          3.70950        0.19735       -1.15540 

C          5.62091       -4.25634       -1.77032 

H          5.97464       -5.29415       -1.73636 

H          6.18193       -3.75695       -2.56823 

C          4.07422       -4.29200       -2.18449 

H          3.64657       -5.24618       -1.86205 

H          4.03079       -4.27796       -3.28079 

C          4.30114       -0.87222        2.43812 

H          3.79661       -1.50349        3.17783 

H          4.77542       -0.06336        2.99738 

C          3.18779       -0.22279        1.51142 

H          2.30979       -0.02934        2.14069 

H          3.55077        0.74666        1.15433 

C          1.48428       -4.53775       -0.35848 

C          0.68867       -4.85134       -1.47435 

C          1.10412       -5.09649        0.87511 

C         -0.55279       -5.45826       -1.31906 

H          0.97115       -4.46172       -2.44849 

C         -0.13055       -5.72180        1.02677 

H          1.74219       -4.95451        1.74388 

C         -1.04442       -5.79432       -0.04372 

H         -1.20811       -5.51803       -2.18249 

H         -0.42609       -6.06989        2.01287 

C          6.32110        0.14169        0.40592 

C          6.11506        0.74800       -0.84543 

C          6.51801        1.01260        1.49450 

C          5.82794        2.10538       -0.95090 

H          6.02169        0.12970       -1.73189 

C          6.23297        2.37088        1.39406 

H          6.81750        0.60116        2.45373 

C          5.75070        2.92266        0.19067 

H          5.50857        2.49224       -1.91389 

H          6.31133        2.99476        2.28035 

C         -2.51492       -5.83328        0.17239 

C         -3.03512       -5.26227        1.34838 

C         -3.43390       -6.08413       -0.86617 

C         -4.32734       -4.75498        1.39397 

H         -2.37652       -5.06075        2.18701 

C         -4.72637       -5.56658       -0.82529 

H         -3.10849       -6.61254       -1.75825 

C         -5.16248       -4.78761        0.26303 

H         -4.62706       -4.18009        2.26493 

H         -5.37631       -5.69718       -1.68685 

C         -6.21742       -3.74840        0.14982 

C         -6.30670       -3.01336       -1.04611 

C         -6.88569       -3.22461        1.27307 

C         -6.82837       -1.72386       -1.05989 
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H         -5.81689       -3.38635       -1.94073 

C         -7.40464       -1.93340        1.26014 

H         -6.92090       -3.80129        2.19375 

C         -7.28191       -1.11332        0.12232 

H         -6.73287       -1.13119       -1.96514 

H         -7.83625       -1.52528        2.17046 

C          4.91195        4.14753        0.15262 

C          4.09033        4.44149        1.25655 

C          4.66422        4.86216       -1.03508 

C          2.97205        5.25778        1.12813 

H          4.24369        3.91677        2.19454 

C          3.53663        5.66756       -1.16834 

H          5.32316        4.73196       -1.88929 

C          2.61578        5.80910       -0.11428 

H          2.28974        5.35179        1.96819 

H          3.33188        6.14364       -2.12384 

C          1.20974        6.23026       -0.33116 

C          0.53049        5.72877       -1.45446 

C          0.43644        6.87462        0.65058 

C         -0.85732        5.71619       -1.51028 

H          1.09165        5.22166       -2.23399 

C         -0.95486        6.87847        0.58398 

H          0.92969        7.33362        1.50370 

C         -1.64096        6.21820       -0.45442 

H         -1.33104        5.19363       -2.33456 

H         -1.51481        7.35494        1.38370 

C         -6.31335        3.05511        0.12773 

C         -6.18297        2.26364        1.28385 

C         -7.10089        2.52663       -0.91408 

C         -6.65394        0.95833        1.32593 

H         -5.58737        2.61895        2.11814 

C         -7.56321        1.21284       -0.87775 

H         -7.30445        3.12875       -1.79529 

C         -7.27210        0.36852        0.20932 

H         -6.40958        0.34439        2.18750 

H         -8.10474        0.81752       -1.73342 

H          1.67398       -2.55941        1.37801 

H         -5.37655        4.13813       -2.20562 

C         -4.93242        4.57697       -1.31738 

C         -3.79537        5.36339       -1.46670 

H         -3.42299        5.55135       -2.46930 

C         -3.06874        5.82057       -0.35124 

C         -3.67310        5.63788        0.90685 

H         -3.17968        6.00285        1.80235 

C         -4.83019        4.88122        1.05365 

H         -5.22412        4.72334        2.05329 

C         -5.42657        4.23410       -0.04489 

 

p[10]SPP 
conformer 1  
excited state 
E = -2465.08634162 
 

C          5.94035       -2.90445       -0.65896 

C          5.85728       -1.99394        0.40493 

C          5.11945       -2.37865        1.54630 

C          4.79263       -3.73148        1.67425 

C          4.88183       -4.61224        0.60874 

C          5.31611       -4.15119       -0.63170 

H          6.38190       -2.56621       -1.59286 

H          4.29685       -4.06347        2.58256 

H          4.46183       -5.61028        0.70421 

C          3.09078       -2.30855       -1.70823 

C          3.04672       -1.28859       -0.76325 

C          2.61764       -1.56042        0.53326 

C          1.87573       -2.72366        0.71231 

C          1.80705       -3.72505       -0.26981 

C          2.64103       -3.58688       -1.41456 

H          3.63095       -2.13899       -2.63741 

H          3.49381       -0.32773       -0.98730 

C          4.85525       -4.82933       -1.90606 

H          5.15496       -5.88277       -1.93956 

H          5.33604       -4.34125       -2.75978 

C          3.28032       -4.77636       -2.10680 

H          2.84510       -5.69556       -1.70645 

H          3.08864       -4.78295       -3.18645 

C          4.33672       -1.42334        2.43763 

H          3.92773       -2.01375        3.26321 

H          4.93781       -0.63591        2.89263 

C          3.13080       -0.73089        1.68633 

H          2.34863       -0.53072        2.42707 

H          3.46704        0.23836        1.30622 

C          0.75922       -4.74422       -0.14477 

C          0.04493       -5.15051       -1.29219 

C          0.19309       -5.10402        1.09880 

C         -1.24522       -5.62007       -1.20664 

H          0.46678       -4.95508       -2.27292 

C         -1.09398       -5.57577        1.19154 

H          0.75926       -4.94022        2.01060 

C         -1.92213       -5.70203        0.04069 

H         -1.78485       -5.80091       -2.12859 

H         -1.50374       -5.76330        2.17739 

C          6.23077       -0.56656        0.20221 

C          5.97908        0.07105       -1.01740 

C          6.64974        0.25287        1.25893 

C          5.89454        1.45255       -1.10459 

H          5.70942       -0.51897       -1.88623 

C          6.56393        1.63567        1.17706 

H          6.97905       -0.20398        2.18654 

C          6.06825        2.25933        0.02446 

H          5.54506        1.89570       -2.03134 

H          6.81557        2.23408        2.04773 

C         -3.35553       -5.60839        0.12627 

C         -4.01781       -5.34479        1.36406 

C         -4.17278       -5.46328       -1.03668 

C         -5.20207       -4.66542        1.40862 

H         -3.53717       -5.60307        2.30085 

C         -5.35704       -4.78365       -0.99554 

H         -3.81735       -5.82153       -1.99615 

C         -5.82825       -4.18171        0.21503 

H         -5.62037       -4.41804        2.37756 

H         -5.89392       -4.62420       -1.92367 

C         -6.63614       -3.00373        0.20753 

C         -7.05055       -2.37723       -1.00872 

C         -6.83979       -2.22478        1.38754 

C         -7.32287       -1.03730       -1.06622 

H         -7.07862       -2.94931       -1.92901 

C         -7.11687       -0.88505        1.32330 

H         -6.66884       -2.66674        2.36196 

C         -7.22656       -0.20373        0.08183 

H         -7.57000       -0.59972       -2.02752 

H         -7.13860       -0.32210        2.24951 

C          5.43842        3.60366        0.04729 

C          4.73242        3.98675        1.19276 

C          5.24446        4.37239       -1.10760 

C          3.74238        4.95383        1.13602 

H          4.85727        3.42290        2.11117 

C          4.25191        5.34023       -1.16483 

H          5.82848        4.16228       -1.99879 

C          3.41171        5.58118       -0.06969 

H          3.12344        5.11786        2.01178 

H          4.08142        5.86732       -2.09886 

C          2.06993        6.19809       -0.20731 

C          1.32756        5.94798       -1.36683 

C          1.39047        6.77649        0.87307 

C         -0.04943        6.09555       -1.38393 

H          1.81481        5.50229       -2.22773 

C          0.01191        6.92261        0.85715 

H          1.94146        7.05874        1.76534 

C         -0.75005        6.49728       -0.24040 

H         -0.59888        5.76244       -2.25810 

H         -0.48772        7.31853        1.73616 

H          1.34138       -2.86971        1.64644 

H         -4.84854        5.43972       -2.12937 

C         -4.24911        5.48982       -1.22594 

C         -3.03778        6.15786       -1.26377 

H         -2.71342        6.60990       -2.19636 

C         -2.19692        6.20478       -0.14174 

C         -2.71293        5.69992        1.05904 

H         -2.09887        5.71826        1.95336 

C         -3.92277        5.03109        1.09833 

H         -4.21587        4.54692        2.02329 

C         -4.68308        4.82582       -0.06428 

C         -5.71110        3.77584       -0.08926 

C         -5.93134        3.02886       -1.26105 

H         -5.49466        3.36033       -2.19693 

C         -6.55647        1.80144       -1.22949 

H         -6.58651        1.22062       -2.14376 

C         -6.99632        1.22365       -0.01550 

C         -6.95817        2.07166        1.11883 

H         -7.38577        1.73656        2.05756 

C         -6.33491        3.29953        1.08143 

H         -6.28960        3.89040        1.99099 

 

p[10]SPP 
conformer 2 
E = -2467.39581587 
 

C          6.37082       -2.22328       -0.44444 

C          6.08757       -1.31506        0.59324 

C          5.26951       -1.76509        1.66416 

C          5.06042       -3.14789        1.77820 

C          5.34974       -4.02615        0.73899 

C          5.87250       -3.53155       -0.46039 

H          6.87199       -1.84928       -1.33433 

H          4.49537       -3.52122        2.62953 

H          5.01141       -5.05817        0.80096 

C          3.60574       -1.83218       -1.85807 

C          3.36369       -0.80632       -0.94380 

C          2.86045       -1.10440        0.32520 

C          2.25032       -2.35328        0.47824 

C          2.40299       -3.37461       -0.47042 

C          3.27996       -3.15739       -1.56490 

H          4.19136       -1.61612       -2.75018 

H          3.70987        0.19778       -1.15594 

C          5.62158       -4.25601       -1.76976 

H          5.97522       -5.29384       -1.73551 

H          6.18287       -3.75678       -2.56757 

C          4.07500       -4.29162       -2.18452 

H          3.64723       -5.24583       -1.86231 

H          4.03201       -4.27750       -3.28083 

C          4.30060       -0.87157        2.43801 

H          3.79582       -1.50284        3.17755 

H          4.77466       -0.06270        2.99744 

C          3.18767       -0.22218        1.51088 

H          2.30947       -0.02850        2.13980 

H          3.55088        0.74719        1.15376 

C          1.48491       -4.53747       -0.35881 

C          0.68931       -4.85120       -1.47466 

C          1.10485       -5.09617        0.87482 

C         -0.55208       -5.45826       -1.31930 

H          0.97173       -4.46160       -2.44882 

C         -0.12973       -5.72164        1.02655 

H          1.74294       -4.95404        1.74356 

C         -1.04361       -5.79432       -0.04392 

H         -1.20743       -5.51814       -2.18269 

H         -0.42521       -6.06974        2.01266 

C          6.32106        0.14227        0.40629 

C          6.11527        0.74855       -0.84511 

C          6.51768        1.01320        1.49491 

C          5.82799        2.10589       -0.95062 

H          6.02224        0.13025       -1.73161 

C          6.23250        2.37145        1.39441 

H          6.81705        0.60177        2.45419 

C          5.75036        2.92315        0.19094 

H          5.50876        2.49272       -1.91368 

H          6.31065        2.99536        2.28070 

C         -2.51410       -5.83345        0.17225 

C         -3.03430       -5.26252        1.34827 

C         -3.43309       -6.08438       -0.86629 

C         -4.32659       -4.75538        1.39393 

H         -2.37569       -5.06094        2.18687 

C         -4.72562       -5.56700       -0.82534 

H         -3.10763       -6.61277       -1.75836 

C         -5.16177       -4.78810        0.26303 

H         -4.62634       -4.18056        2.26492 

H         -5.37563       -5.69768       -1.68683 

C         -6.21686       -3.74901        0.14991 

C         -6.30631       -3.01395       -1.04601 

C         -6.88515       -3.22536        1.27320 

C         -6.82819       -1.72453       -1.05972 

H         -5.81650       -3.38685       -1.94066 

C         -7.40426       -1.93422        1.26036 

H         -6.92027       -3.80211        2.19385 

C         -7.28172       -1.11410        0.12254 

H         -6.73285       -1.13181       -1.96496 

H         -7.83593       -1.52618        2.17068 

C          4.91138        4.14788        0.15278 

C          4.08957        4.44167        1.25660 

C          4.66373        4.86251       -1.03493 

C          2.97121        5.25784        1.12806 

H          4.24284        3.91690        2.19458 

C          3.53605        5.66776       -1.16833 

H          5.32283        4.73243       -1.88904 

C          2.61506        5.80917       -0.11438 

H          2.28876        5.35173        1.96803 

H          3.33137        6.14387       -2.12383 

C          1.20900        6.23026       -0.33140 

C          0.52983        5.72862       -1.45467 

C          0.43563        6.87464        0.65028 

C         -0.85799        5.71592       -1.51053 

H          1.09106        5.22149       -2.23414 

C         -0.95566        6.87839        0.58362 

H          0.92886        7.33377        1.50333 

C         -1.64170        6.21798       -0.45475 

H         -1.33164        5.19325       -2.33478 

H         -1.51570        7.35492        1.38324 

C         -6.31376        3.05450        0.12795 

C         -6.18326        2.26307        1.28405 

C         -7.10123        2.52586       -0.91387 

C         -6.65409        0.95767        1.32615 

H         -5.58770        2.61841        2.11835 

C         -7.56335        1.21202       -0.87754 

H         -7.30487        3.12798       -1.79507 

C         -7.27213        0.36775        0.20958 

H         -6.40958        0.34380        2.18773 

H         -8.10488        0.81660       -1.73316 

H          1.67406       -2.55888        1.37740 

H         -5.37733        4.13754       -2.20555 

C         -4.93314        4.57644       -1.31736 

C         -3.79616        5.36294       -1.46683 

H         -3.42391        5.55088       -2.46948 

C         -3.06945        5.82023       -0.35147 

C         -3.67370        5.63757        0.90669 

H         -3.18028        6.00270        1.80213 

C         -4.83071        4.88081        1.05364 

H         -5.22456        4.72298        2.05331 

C         -5.42713        4.23357       -0.04481 

 

p[10]SPP 
conformer 3 
E = -2467.39646976 
 

C          6.49686       -1.80754        0.06999 

C          5.92100       -0.83777        0.91070 

C          4.87858       -1.25000        1.78536 

C          4.72943       -2.62749        2.00166 

C          5.32548       -3.57207        1.17133 

C          6.09330       -3.14916        0.08097 

H          7.17831       -1.47538       -0.71024 

H          3.98934       -2.96538        2.72413 

H          5.04680       -4.61936        1.26679 

C          4.16371       -1.79321       -2.05169 

C          3.68254       -0.68099       -1.36004 

C          2.89997       -0.85363       -0.21379 

C          2.33501       -2.11605       -0.02704 

C          2.76642       -3.23907       -0.74619 

C          3.84057       -3.09544       -1.65453 

H          4.92610       -1.64881       -2.81549 

H          4.04120        0.30919       -1.61719 

C          6.21086       -4.01343       -1.16111 

H          6.61745       -5.00605       -0.93089 

H          6.90882       -3.53976       -1.86068 

C          4.81373       -4.23062       -1.91004 

H          4.36899       -5.16756       -1.56009 

H          5.03215       -4.35942       -2.97750 

C          3.68945       -0.36502        2.16786 

H          3.00508       -0.98235        2.76041 

H          3.93772        0.49837        2.78831 

C          2.89197        0.16594        0.90568 

H          1.87505        0.40742        1.24048 

H          3.34816        1.09901        0.56057 

C          1.95292       -4.46898       -0.53434 

C          1.17793       -4.94255       -1.60514 

C          1.62558       -4.93116        0.75147 

C         -0.01736       -5.61745       -1.37325 

H          1.42801       -4.63036       -2.61565 

C          0.44711       -5.63650        0.97937 

H          2.25158       -4.64364        1.59245 

C         -0.47086       -5.86937       -0.06420 

H         -0.67393       -5.80356       -2.21747 

H          0.19025       -5.91273        1.99817 

C          6.12666        0.61544        0.67718 

C          6.22395        1.15588       -0.61805 

C          5.97568        1.53984        1.72603 

C          5.89279        2.48439       -0.87019 

H          6.43468        0.50231       -1.45873 

C          5.60710        2.85703        1.47642 

H          6.02656        1.18772        2.75164 

C          5.42615        3.32350        0.16013 

H          5.89115        2.83674       -1.89773 

H          5.33328        3.48656        2.31759 

C         -1.93153       -5.99395        0.19152 

C         -2.46416       -5.41500        1.35853 

C         -2.85577       -6.34832       -0.81169 

C         -3.78847       -5.00136        1.42192 

H         -1.80448       -5.13515        2.17306 

C         -4.18054       -5.92144       -0.75543 

H         -2.51739       -6.88754       -1.69221 

C         -4.64622       -5.13732        0.31646 

H         -4.10962       -4.41870        2.28014 

H         -4.83985       -6.12894       -1.59452 

C         -5.77983       -4.18569        0.19772 

C         -5.93564       -3.48518       -1.01157 

C         -6.48142       -3.69533        1.31532 

C         -6.56642       -2.24662       -1.04809 

H         -5.42017       -3.83442       -1.90138 

C         -7.11632       -2.45702        1.27730 

H         -6.45938       -4.25207        2.24868 

C         -7.07426       -1.65361        0.12157 

H         -6.52403       -1.66996       -1.96718 

H         -7.58333       -2.07392        2.18084 

C          4.50932        4.46176       -0.10771 

C          4.18253        5.42812        0.86377 

C          3.70083        4.42395       -1.25930 

C          3.00671        6.17009        0.77810 

H          4.82021        5.55592        1.73413 

C          2.53648        5.17531       -1.35290 

H          3.90528        3.69749       -2.03892 

C          2.11218        5.99517       -0.29327 

H          2.74892        6.85231        1.58420 

H          1.87718        5.01463       -2.20079 

C          0.67952        6.37642       -0.22893 

C         -0.07662        6.67040       -1.37826 

C         -0.02638        6.16352        0.96776 

C         -1.46538        6.57879       -1.36769 

H          0.43388        6.91404       -2.30643 

C         -1.41371        6.06381        0.97592 

H          0.52245        5.93627        1.87727 

C         -2.16010        6.17916       -0.21035 

H         -2.01486        6.75966       -2.28763 

H         -1.90903        5.75957        1.89318 

C         -6.54046        2.58466        0.03537 

C         -6.42013        1.86240        1.23528 

C         -7.19129        1.94379       -1.03531 

C         -6.75187        0.51393        1.29960 

H         -5.92838        2.32066        2.08835 

C         -7.52811        0.59448       -0.96911 

H         -7.37704        2.49272       -1.95488 

C         -7.22299       -0.17676        0.16846 

H         -6.50530       -0.03918        2.20080 

H         -7.97155        0.11655       -1.83867 

H          1.59754       -2.26039        0.75911 

H         -5.18471        3.32923       -2.16386 

C         -5.00177        3.99032       -1.32192 
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C         -3.92473        4.86697       -1.38134 

H         -3.29929        4.86290       -2.26889 

C         -3.53562        5.62273       -0.26108 

C         -4.38434        5.58609        0.86122 

H         -4.16493        6.21420        1.72058 

C         -5.46093        4.70506        0.92244 

H         -6.05861        4.65932        1.82913 

C         -5.74081        3.82308       -0.13769 

 

p[10]SPP 
conformer 4 
E = -2467.39699797 
 

C          6.44880       -2.13259       -0.24628 

C          6.06328       -1.15059        0.68334 

C          5.14298       -1.51917        1.70118 

C          4.93865       -2.88874        1.91984 

C          5.34884       -3.84822        0.99991 

C          5.97422       -3.44975       -0.18602 

H          7.02052       -1.82064       -1.11808 

H          4.29239       -3.19751        2.73866 

H          5.02141       -4.87837        1.12180 

C          3.80499       -2.01244       -1.93949 

C          3.48781       -0.88437       -1.18227 

C          2.87302       -1.03149        0.06384 

C          2.24857       -2.25683        0.30793 

C          2.49107       -3.39300       -0.48053 

C          3.46283       -3.29708       -1.51213 

H          4.46709       -1.90102       -2.79660 

H          3.84961        0.09018       -1.48580 

C          5.84752       -4.30047       -1.43671 

H          6.26524       -5.30525       -1.29540 

H          6.41783       -3.83208       -2.24683 

C          4.33373       -4.47554       -1.91360 

H          3.92896       -5.38840       -1.46636 

H          4.34917       -4.63378       -2.99971 

C          4.09123       -0.57072        2.27555 

H          3.50452       -1.13705        3.00742 

H          4.49914        0.29242        2.80566 

C          3.09361       -0.02080        1.16987 

H          2.15918        0.24912        1.67817 

H          3.50978        0.89974        0.74789 

C          1.59702       -4.56037       -0.27246 

C          1.03096       -5.20904       -1.38628 

C          1.00903       -4.82653        0.97787 

C         -0.19440       -5.86142       -1.29190 

H          1.48734       -5.07875       -2.36378 

C         -0.23164       -5.44807        1.06705 

H          1.46738       -4.43214        1.88064 

C         -0.92344       -5.86514       -0.08663 

H         -0.64207       -6.26434       -2.19603 

H         -0.72455       -5.48055        2.03399 

C          6.30972        0.29573        0.44129 

C          6.13698        0.86467       -0.83160 

C          6.46518        1.19466        1.51271 

C          5.81514        2.21259       -0.97663 

H          6.09875        0.22064       -1.70403 

C          6.16359        2.54392        1.36967 

H          6.73278        0.80723        2.49169 

C          5.68677        3.05215        0.14451 

H          5.51242        2.57006       -1.95648 

H          6.21275        3.19146        2.24064 

C         -2.40905       -5.91746       -0.06854 

C         -3.15857       -6.07420        1.11465 

C         -3.10898       -5.45245       -1.19766 

C         -4.45069       -5.56513        1.22247 

H         -2.69686       -6.52061        1.99128 

C         -4.40011       -4.95252       -1.09299 

H         -2.58874       -5.32509       -2.14107 

C         -5.05747       -4.88685        0.14813 

H         -4.96264       -5.62191        2.17976 

H         -4.83386       -4.45811       -1.95677 

C         -6.10388       -3.84843        0.32704 

C         -6.92773       -3.41519       -0.72986 

C         -6.04648       -3.02771        1.46773 

C         -7.46953       -2.13311       -0.73854 

H         -7.07496       -4.05800       -1.59383 

C         -6.59184       -1.74847        1.46105 

H         -5.43267       -3.32699        2.31208 

C         -7.21745       -1.23176        0.31280 

H         -8.02923       -1.79896       -1.60838 

H         -6.38967       -1.09106        2.30161 

C          4.80636        4.24687        0.08416 

C          3.99552        4.53717        1.19723 

C          4.51563        4.93437       -1.10966 

C          2.86108        5.32925        1.08066 

H          4.17357        4.02911        2.13946 

C          3.37194        5.72116       -1.22956 

H          5.15748        4.80380       -1.97682 

C          2.47153        5.86711       -0.15809 

H          2.19631        5.41658        1.93477 

H          3.14444        6.18333       -2.18670 

C          1.06016        6.29204       -0.33158 

C          0.35149        5.87009       -1.46991 

C          0.31291        6.86105        0.71663 

C         -1.03948        5.84949       -1.48457 

H          0.89123        5.42616       -2.30143 

C         -1.07851        6.83910        0.70254 

H          0.82890        7.27059        1.58108 

C         -1.78508        6.24898       -0.36154 

H         -1.54811        5.39101       -2.32766 

H         -1.62542        7.23141        1.55593 

C         -6.38864        2.94247       -0.06437 

C         -7.00180        2.45962        1.10760 

C         -6.40695        2.09763       -1.18806 

C         -7.42960        1.13818        1.20583 

H         -7.08604        3.10827        1.97550 

C         -6.83879        0.77994       -1.09197 

H         -5.94844        2.42767       -2.11533 

C         -7.26895        0.24112        0.13375 

H         -7.83298        0.77925        2.14923 

H         -6.70292        0.12295       -1.94585 

H          1.59116       -2.34549        1.16850 

H         -5.80665        4.71029       -2.13316 

C         -5.18889        4.84000       -1.24855 

C         -4.05597        5.64585       -1.32597 

H         -3.80890        6.12640       -2.26910 

C         -3.19022        5.79070       -0.22670 

C         -3.60435        5.22908        0.99380 

H         -2.96425        5.31689        1.86674 

C         -4.73139        4.41899        1.06891 

H         -4.93545        3.89638        1.99852 

C         -5.50313        4.13422       -0.07159 

 

p[10]SPP 
conformer 5 

E = -2467.39588059 
 

C         -6.42028       -2.01838        0.62265 

C         -6.14788       -1.13506       -0.43871 

C         -5.39012       -1.62764       -1.53510 

C         -5.23891       -3.01840       -1.64054 

C         -5.52063       -3.87320       -0.57981 

C         -5.97262       -3.34522        0.63403 

H         -6.86794       -1.61405        1.52781 

H         -4.72285       -3.42273       -2.50869 

H         -5.22559       -4.91838       -0.64254 

C         -3.58419       -1.73059        1.92352 

C         -3.34707       -0.71680        0.99455 

C         -2.91040       -1.03704       -0.29362 

C         -2.35363       -2.30749       -0.46666 

C         -2.50368       -3.32150        0.49046 

C         -3.32125       -3.06824        1.62222 

H         -4.12132       -1.49069        2.83973 

H         -3.64736        0.29981        1.21696 

C         -5.69349       -4.06579        1.94002 

H         -6.09610       -5.08626        1.93728 

H         -6.19197       -3.53128        2.75650 

C         -4.13262       -4.16883        2.28040 

H         -3.76181       -5.13973        1.93792 

H         -4.03665       -4.15884        3.37345 

C         -4.41772       -0.77843       -2.35376 

H         -3.95662       -1.43775       -3.09739 

H         -4.88234        0.03673       -2.91207 

C         -3.25654       -0.15198       -1.47194 

H         -2.39678        0.01467       -2.13335 

H         -3.58090        0.82874       -1.10865 

C         -1.64024       -4.52047        0.33198 

C         -0.80596       -4.87702        1.40606 

C         -1.33867       -5.07600       -0.92510 

C          0.40735       -5.52090        1.18441 

H         -1.02930       -4.49117        2.39697 

C         -0.13109       -5.73247       -1.14450 

H         -2.01289       -4.90225       -1.76010 

C          0.82793       -5.84609       -0.11851 

H          1.10389       -5.61449        2.01234 

H          0.11290       -6.06975       -2.14853 

C         -6.32235        0.33276       -0.27147 

C         -6.03615        0.95980        0.95363 

C         -6.53725        1.18331       -1.37262 

C         -5.69151        2.30739        1.01011 

H         -5.92744        0.35914        1.85054 

C         -6.19312        2.53025       -1.32186 

H         -6.89567        0.75947       -2.30592 

C         -5.63422        3.09010       -0.15631 

H         -5.31276        2.70792        1.94594 

H         -6.28414        3.13569       -2.21975 

C          2.28493       -5.89944       -0.40464 

C          2.75331       -5.22263       -1.54522 

C          3.25196       -6.26620        0.55125 

C          4.05016       -4.73336       -1.61192 

H          2.05318       -4.92812       -2.32046 

C          4.55536       -5.77889        0.48137 

H          2.96069       -6.86983        1.40704 

C          4.95218       -4.89709       -0.54409 

H          4.30354       -4.07990       -2.43979 

H          5.24746       -6.02206        1.28306 

C          6.05502       -3.91332       -0.38961 

C          6.43305       -3.47332        0.89339 

C          6.51669       -3.14186       -1.47351 

C          7.01615       -2.22621        1.08801 

H          6.15342       -4.05261        1.76804 

C          7.06417       -1.87900       -1.27737 

H          6.34579       -3.48067       -2.49111 

C          7.21673       -1.33837        0.01380 

H          7.21675       -1.90105        2.10455 

H          7.25787       -1.26203       -2.14947 

C         -4.74334        4.27701       -0.19323 

C         -3.92592        4.46535       -1.32272 

C         -4.45069        5.05326        0.94375 

C         -2.77747        5.24542       -1.26130 

H         -4.11268        3.88565       -2.22154 

C         -3.29724        5.83112        1.00680 

H         -5.10001        4.99858        1.81359 

C         -2.38692        5.87297       -0.06571 

H         -2.10532        5.25389       -2.11423 

H         -3.06852        6.36737        1.92411 

C         -0.97025        6.28452        0.09657 

C         -0.29419        5.94396        1.28108 

C         -0.18991        6.75864       -0.97418 

C          1.09469        5.91244        1.33394 

H         -0.85876        5.57102        2.13062 

C          1.20103        6.72935       -0.92018 

H         -0.67879        7.10229       -1.88207 

C          1.87541        6.22195        0.20601 

H          1.57363        5.51517        2.22382 

H          1.77217        7.05269       -1.78645 

C          6.43021        2.86435        0.29933 

C          7.19702        2.36855       -0.77077 

C          6.25083        2.01297        1.40288 

C          7.60815        1.03805       -0.80789 

H          7.42341        3.01752       -1.61299 

C          6.64738        0.68306        1.35830 

H          5.66755        2.35509        2.25263 

C          7.25508        0.13366        0.21343 

H          8.15436        0.68447       -1.67795 

H          6.35253        0.03619        2.17754 

H         -1.82614       -2.53596       -1.38978 

H          5.76673        4.71818        2.25745 

C          5.20773        4.82921        1.33194 

C          4.08555        5.65213        1.30860 

H          3.79120        6.17328        2.21573 

C          3.28451        5.75764        0.15613 

C          3.76687        5.15053       -1.01694 

H          3.18120        5.20868       -1.92964 

C          4.89101        4.33162       -0.99511 

H          5.15186        3.77368       -1.88985 

C          5.58216        4.07816        0.20239 

 

p[10]SPP 
conformer 6 
E = -2467.3964719 
 

C          6.49706       -1.80674        0.06999 

C          5.92117       -0.83699        0.91067 

C          4.87890       -1.24931        1.78549 

C          4.73006       -2.62680        2.00194 

C          5.32618       -3.57138        1.17164 

C          6.09374       -3.14844        0.08112 

H          7.17843       -1.47459       -0.71033 

H          3.99011       -2.96478        2.72453 

H          5.04769       -4.61870        1.26727 

C          4.16368       -1.79272       -2.05140 

C          3.68231       -0.68060       -1.35971 

C          2.89995       -0.85344       -0.21336 

C          2.33529       -2.11600       -0.02656 

C          2.76685       -3.23891       -0.74577 

C          3.84090       -3.09503       -1.65422 

H          4.92596       -1.64815       -2.81528 

H          4.04069        0.30966       -1.61693 

C          6.21136       -4.01285       -1.16081 

H          6.61763       -5.00553       -0.93029 

H          6.90954       -3.53952       -1.86037 

C          4.81424       -4.22994       -1.90999 

H          4.36965       -5.16710       -1.56045 

H          5.03280       -4.35826       -2.97747 

C          3.68964       -0.36454        2.16811 

H          3.00553       -0.98205        2.76077 

H          3.93778        0.49891        2.78855 

C          2.89182        0.16616        0.90609 

H          1.87489        0.40732        1.24108 

H          3.34763        1.09936        0.56084 

C          1.95354       -4.46897       -0.53406 

C          1.17877       -4.94262       -1.60498 

C          1.62606       -4.93124        0.75170 

C         -0.01650       -5.61764       -1.37329 

H          1.42895       -4.63038       -2.61545 

C          0.44764       -5.63669        0.97940 

H          2.25195       -4.64373        1.59276 

C         -0.47016       -5.86964       -0.06432 

H         -0.67291       -5.80378       -2.21762 

H          0.19065       -5.91299        1.99815 

C          6.12662        0.61621        0.67705 

C          6.22382        1.15658       -0.61822 

C          5.97550        1.54067        1.72583 

C          5.89246        2.48500       -0.87047 

H          6.43465        0.50296       -1.45885 

C          5.60668        2.85778        1.47611 

H          6.02651        1.18865        2.75145 

C          5.42569        3.32412        0.15978 

H          5.89075        2.83731       -1.89802 

H          5.33274        3.48734        2.31722 

C         -1.93083       -5.99434        0.19121 

C         -2.46365       -5.41565        1.35826 

C         -2.85494       -6.34854       -0.81220 

C         -3.78798       -5.00211        1.42157 

H         -1.80408       -5.13596        2.17294 

C         -4.17972       -5.92173       -0.75602 

H         -2.51642       -6.88757       -1.69278 

C         -4.64559       -5.13786        0.31598 

H         -4.10926       -4.41963        2.27987 

H         -4.83892       -6.12914       -1.59522 

C         -5.77923       -4.18631        0.19731 

C         -5.93509       -3.48562       -1.01188 

C         -6.48090       -3.69616        1.31495 

C         -6.56599       -2.24713       -1.04825 

H         -5.41958       -3.83467       -1.90175 

C         -7.11591       -2.45791        1.27709 

H         -6.45889       -4.25302        2.24823 

C         -7.07391       -1.65431        0.12149 

H         -6.52363       -1.67034       -1.96726 

H         -7.58302       -2.07502        2.18068 

C          4.50865        4.46220       -0.10813 

C          4.18195        5.42882        0.86312 

C          3.69994        4.42391       -1.25955 

C          3.00605        6.17063        0.77745 

H          4.81980        5.55693        1.73332 

C          2.53549        5.17511       -1.35316 

H          3.90431        3.69717       -2.03893 

C          2.11134        5.99529       -0.29371 

H          2.74830        6.85305        1.58338 

H          1.87599        5.01406       -2.20083 

C          0.67869        6.37645       -0.22925 

C         -0.07763        6.67015       -1.37856 

C         -0.02708        6.16385        0.96756 

C         -1.46636        6.57850       -1.36780 

H          0.43274        6.91364       -2.30685 

C         -1.41439        6.06405        0.97591 

H          0.52187        5.93690        1.87708 

C         -2.16094        6.17907       -0.21028 

H         -2.01596        6.75925       -2.28769 

H         -1.90958        5.76001        1.89331 

C         -6.54073        2.58403        0.03582 

C         -6.42006        1.86161        1.23560 

C         -7.19163        1.94322       -1.03485 

C         -6.75157        0.51309        1.29978 

H         -5.92822        2.31984        2.08864 

C         -7.52823        0.59386       -0.96878 

H         -7.37764        2.49226       -1.95430 

C         -7.22280       -0.17750        0.16862 

H         -6.50474       -0.04012        2.20084 

H         -7.97179        0.11600       -1.83833 

H          1.59788       -2.26049        0.75962 

H         -5.18560        3.32909       -2.16356 

C         -5.00253        3.99008       -1.32157 

C         -3.92560        4.86684       -1.38108 

H         -3.30032        4.86294       -2.26875 

C         -3.53638        5.62252       -0.26081 

C         -4.38486        5.58563        0.86166 

H         -4.16535        6.21364        1.72107 

C         -5.46131        4.70445        0.92299 

H         -6.05880        4.65852        1.82980 

C         -5.74132        3.82259       -0.13721 

 

p[11]SPP 
ground state 
E = -2698.55221444 
 

C         -7.06770       -2.32222        0.56534 

C         -6.79441       -1.43931       -0.49552 

C         -6.01395       -1.92300       -1.57916 

C         -5.83414       -3.31112       -1.67426 

C         -6.11474       -4.16566       -0.61280 

C         -6.59618       -3.64017        0.59071 

H         -7.53831       -1.92227        1.46065 

H         -5.29877       -3.71011       -2.53316 

H         -5.79859       -5.20521       -0.66524 

C         -4.25666       -1.96004        1.89948 

C         -4.02216       -0.95452        0.96120 

C         -3.55897       -1.28271       -0.31588 

C         -2.98146       -2.54717       -0.46669 

C         -3.13464       -3.55243        0.49884 

C         -3.96977       -3.29697        1.61750 

H         -4.80961       -1.71741        2.80548 

H         -4.34520        0.05937        1.16538 

C         -6.32656       -4.34585        1.90605 

H         -6.69897       -5.37761        1.89906 

H         -6.85907       -3.82263        2.70818 

C         -4.77109       -4.40180        2.28175 

H         -4.37166       -5.37159        1.97103 

H         -4.69847       -4.36364        3.37589 

C         -5.05270       -1.05815       -2.39315 
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H         -4.57981       -1.70777       -3.13788 

H         -5.52981       -0.24878       -2.94950 

C         -3.90352       -0.41407       -1.50691 

H         -3.03988       -0.24499       -2.16250 

H         -4.24127        0.56661       -1.15564 

C         -2.28588       -4.76335        0.36243 

C         -1.50079       -5.15041        1.46241 

C         -1.97993       -5.34557       -0.88081 

C         -0.33697       -5.89050        1.28702 

H         -1.72547       -4.73582        2.44123 

C         -0.82131       -6.09805       -1.05412 

H         -2.61638       -5.13796       -1.73736 

C          0.08651       -6.28878        0.00560 

H          0.32286       -6.02800        2.13823 

H         -0.57866       -6.47390       -2.04456 

C         -7.01044        0.02345       -0.33545 

C         -6.76521        0.65951        0.89397 

C         -7.25241        0.86389       -1.43818 

C         -6.50826        2.02560        0.96177 

H         -6.63023        0.06115        1.78875 

C         -6.99755        2.23010       -1.37532 

H         -7.57319        0.42399       -2.37774 

C         -6.50214        2.82129       -0.19696 

H         -6.16849        2.44502        1.90422 

H         -7.12002        2.83451       -2.27007 

C          1.52881       -6.56191       -0.22254 

C          2.13771       -6.05098       -1.38304 

C          2.38667       -7.02577        0.79360 

C          3.50687       -5.82003       -1.43738 

H          1.52027       -5.68699       -2.19826 

C          3.75743       -6.78588        0.74388 

H          1.96792       -7.51107        1.67118 

C          4.33288       -6.08264       -0.33054 

H          3.91198       -5.28667       -2.29223 

H          4.37927       -7.08262        1.58467 

C          5.61149       -5.33742       -0.21640 

C          5.89607       -4.67844        0.99256 

C          6.39324       -4.99141       -1.33422 

C          6.76312       -3.59246        1.03252 

H          5.31999       -4.91998        1.88095 

C          7.26498       -3.90687       -1.29263 

H          6.26235       -5.53251       -2.26782 

C          7.38945       -3.11765       -0.13340 

H          6.83716       -3.02013        1.95232 

H          7.80286       -3.62519       -2.19402 

C         -5.74007        4.09454       -0.20695 

C         -4.94308        4.39614       -1.32598 

C         -5.55554        4.88522        0.94258 

C         -3.91000        5.32227       -1.24831 

H         -5.04703        3.80706       -2.23209 

C         -4.51621        5.80854        1.02262 

H         -6.19901        4.73683        1.80571 

C         -3.61888        5.98909       -0.04575 

H         -3.24027        5.43231       -2.09611 

H         -4.36626        6.36130        1.94638 

C         -2.28527        6.61763        0.12029 

C         -1.55585        6.37746        1.29762 

C         -1.60479        7.23653       -0.94415 

C         -0.18295        6.59293        1.35050 

H         -2.04488        5.89759        2.14043 

C         -0.23115        7.45412       -0.89026 

H         -2.15079        7.50394       -1.84506 

C          0.52472        7.06034        0.22932 

H          0.36362        6.27539        2.23365 

H          0.27176        7.88981       -1.74954 

C          7.87177        1.13210       -0.03642 

C          7.57856        0.46087       -1.23614 

C          8.33933        0.35230        1.03736 

C          7.57404       -0.92755       -1.30138 

H          7.21594        1.02557       -2.09000 

C          8.33979       -1.03835        0.97013 

H          8.65013        0.83984        1.95775 

C          7.86588       -1.71211       -0.17133 

H          7.20468       -1.40467       -2.20405 

H          8.65268       -1.61025        1.83970 

H         -2.44083       -2.78028       -1.38114 

H          4.68766        6.45237        2.23005 

C          4.10064        6.42230        1.31591 

C          2.81502        6.95677        1.31559 

H          2.42168        7.39446        2.22933 

C          1.99703        6.88497        0.17321 

C          2.58345        6.39504       -1.00679 

H          1.98449        6.31700       -1.90930 

C          3.86668        5.86070       -1.00622 

H          4.23352        5.37982       -1.90815 

C          4.62689        5.79027        0.17429 

C          5.78529        4.86480        0.23314 

C          5.94799        4.03789        1.35826 

H          5.34290        4.21276        2.24299 

C          6.74663        2.90082        1.30703 

H          6.74236        2.21906        2.15242 

C          7.41919        2.53570        0.12767 

C          7.39048        3.45270       -0.93898 

H          7.95784        3.24193       -1.84175 

C          6.59213        4.59180       -0.88699 

H          6.55244        5.25198       -1.74940 

 

p[11]SPP 
excited state 
E = -2696.02746101 
 

C          6.49082       -3.30721       -0.60487 

C          6.38392       -2.39954        0.45800 

C          5.59374       -2.77053        1.56780 

C          5.23740       -4.11674        1.68085 

C          5.35513       -4.99824        0.61819 

C          5.84524       -4.54358       -0.60362 

H          6.97509       -2.97430       -1.51947 

H          4.69906       -4.44032        2.56784 

H          4.91516       -5.98926        0.69541 

C          3.68989       -2.65421       -1.77259 

C          3.62973       -1.63585       -0.82740 

C          3.15254       -1.90168        0.45335 

C          2.39462       -3.05888        0.60805 

C          2.35891       -4.06284       -0.37040 

C          3.21866       -3.92922       -1.49300 

H          4.25717       -2.48917       -2.68632 

H          4.09855       -0.68115       -1.03486 

C          5.42690       -5.21290       -1.89669 

H          5.70395       -6.27284       -1.91541 

H          5.95709       -4.73739       -2.72793 

C          3.86414       -5.12432       -2.16938 

H          3.39263       -6.03913       -1.80201 

H          3.72201       -5.11277       -3.25641 

C          4.79873       -1.79552        2.42529 

H          4.34681       -2.37166        3.23850 

H          5.40076       -1.01816        2.89668 

C          3.63795       -1.08053        1.62474 

H          2.83202       -0.86019        2.33357 

H          4.01073       -0.12051        1.25548 

C          1.33462       -5.11158       -0.24983 

C          0.62108       -5.51816       -1.39387 

C          0.81361       -5.52784        0.99204 

C         -0.62988       -6.08651       -1.29871 

H          1.00611       -5.25770       -2.37474 

C         -0.43406       -6.10016        1.09319 

H          1.38164       -5.34103        1.89835 

C         -1.26330       -6.27992       -0.04505 

H         -1.17715       -6.26780       -2.21589 

H         -0.80776       -6.34546        2.08063 

C          6.81245       -0.98445        0.28430 

C          6.62113       -0.32156       -0.93248 

C          7.25070       -0.20343        1.36147 

C          6.63507        1.06325       -1.00909 

H          6.33431       -0.88726       -1.81200 

C          7.26558        1.18229        1.28900 

H          7.52363       -0.68969        2.29258 

C          6.85326        1.84770        0.12760 

H          6.34119        1.53815       -1.93952 

H          7.54088        1.75597        2.16904 

C         -2.70148       -6.38068        0.06310 

C         -3.37216       -6.20174        1.30678 

C         -3.54689       -6.39018       -1.08435 

C         -4.66670       -5.76438        1.36972 

H         -2.82761       -6.31858        2.23644 

C         -4.83967       -5.94923       -1.02752 

H         -3.14812       -6.69056       -2.04669 

C         -5.40730       -5.45207        0.18765 

H         -5.09082       -5.55366        2.34437 

H         -5.41638       -5.91848       -1.94493 

C         -6.47384       -4.50202        0.19878 

C         -6.96055       -3.90691       -1.00612 

C         -6.94023       -3.89211        1.40555 

C         -7.56645       -2.68034       -1.00589 

H         -6.75642       -4.37764       -1.96043 

C         -7.54731       -2.66736        1.40039 

H         -6.76044       -4.37599        2.35886 

C         -7.75484       -1.93745        0.19390 

H         -7.81125       -2.23156       -1.96145 

H         -7.83192       -2.22820        2.35009 

C          6.37500        3.25294        0.13836 

C          5.69400        3.71950        1.26739 

C          6.31827        4.04435       -1.01539 

C          4.85673        4.82076        1.19650 

H          5.71331        3.13647        2.18214 

C          5.47769        5.14619       -1.08723 

H          6.89114        3.75841       -1.89252 

C          4.66089        5.50406       -0.00764 

H          4.24518        5.06949        2.05750 

H          5.40886        5.69995       -2.01889 

C          3.44700        6.34320       -0.16232 

C          2.68397        6.21951       -1.32780 

C          2.87863        7.05011        0.90439 

C          1.36136        6.63057       -1.36619 

H          3.08874        5.67710       -2.17594 

C          1.55452        7.46140        0.86618 

H          3.46358        7.22970        1.80159 

C          0.74204        7.18309       -0.24029 

H          0.76669        6.39998       -2.24393 

H          1.12854        7.95706        1.73338 

C         -7.36210        2.30364        0.02883 

C         -7.38480        1.62174        1.26176 

C         -7.82016        1.58007       -1.09276 

C         -7.65164        0.27408        1.33801 

H         -7.07157        2.13716        2.16326 

C         -8.08958        0.23314       -1.02223 

H         -7.92957        2.08554       -2.04710 

C         -7.90723       -0.50196        0.17897 

H         -7.54272       -0.21275        2.29966 

H         -8.40239       -0.27753       -1.92599 

H          1.83310       -3.20518        1.52639 

H         -3.46831        7.08201       -2.19351 

C         -2.88317        6.98790       -1.28383 

C         -1.54817        7.36054       -1.29938 

H         -1.11387        7.73529       -2.22151 

C         -0.73827        7.20215       -0.16747 

C         -1.36661        6.80357        1.01760 

H         -0.77372        6.66574        1.91584 

C         -2.69998        6.43088        1.03365 

H         -3.11370        6.01132        1.94448 

C         -3.47043        6.43679       -0.13572 

C         -4.73324        5.67038       -0.17761 

C         -5.05677        4.92748       -1.32138 

H         -4.47308        5.05918       -2.22642 

C         -6.00355        3.92110       -1.28325 

H         -6.12971        3.29601       -2.16029 

C         -6.67778        3.59364       -0.09405 

C         -6.46976        4.44980        1.00400 

H         -7.03305        4.29670        1.91896 

C         -5.52374        5.45733        0.96269 

H         -5.36415        6.06682        1.84706 

 

p[12]SPP 
ground state 
E = -2929.70358129 
 

C          7.80648       -2.42701       -0.13663 

C          7.33098       -1.48297        0.78868 

C          6.35182       -1.89999        1.72817 

C          6.16649       -3.27901        1.89600 

C          6.66756       -4.20297        0.98383 

C          7.36520       -3.75691       -0.14343 

H          8.43241       -2.07659       -0.95493 

H          5.47218       -3.62549        2.65863 

H          6.35970       -5.24381        1.05569 

C          5.27986       -2.31873       -2.01592 

C          4.88368       -1.22368       -1.24819 

C          4.18990       -1.42288       -0.05093 

C          3.59567       -2.67456        0.12446 

C          3.93673       -3.78267       -0.66717 

C          4.95618       -3.62577       -1.64208 

H          5.98709       -2.16299       -2.82889 

H          5.24033       -0.23124       -1.49826 

C          7.35661       -4.57335       -1.42211 

H          7.78296       -5.57355       -1.27478 

H          7.97958       -4.07108       -2.17078 

C          5.88935       -4.76351       -2.02208 

H          5.48051       -5.70584       -1.64693 

H          5.99058       -4.87177       -3.10952 

C          5.24779       -0.98396        2.25095 

H          4.63008       -1.57051        2.94016 

H          5.60820       -0.11960        2.81318 

C          4.30801       -0.43670        1.09275 

H          3.33490       -0.20424        1.54359 

H          4.72584        0.50429        0.72026 

C          3.14024       -5.02182       -0.48322 

C          2.66334       -5.72454       -1.60509 

C          2.59873       -5.37456        0.76581 

C          1.56909       -6.57813       -1.50887 

H          3.08678       -5.51007       -2.58252 

C          1.48707       -6.20519        0.85840 

H          2.99410       -4.91671        1.66835 

C          0.88366       -6.74816       -0.29116 

H          1.18785       -7.04638       -2.41199 

H          1.01633       -6.33837        1.82792 

C          7.58865       -0.02905        0.61965 

C          7.50694        0.59239       -0.63733 

C          7.71466        0.81747        1.73574 

C          7.29087        1.96418       -0.74873 

H          7.48092       -0.01859       -1.53358 

C          7.52169        2.18939        1.62643 

H          7.89491        0.37776        2.71267 

C          7.18289        2.77875        0.39246 

H          7.07741        2.37854       -1.72964 

H          7.56946        2.80228        2.52200 

C         -0.53188       -7.19448       -0.24290 

C         -1.15469       -7.64600        0.93664 

C         -1.37163       -6.90798       -1.33462 

C         -2.54068       -7.62770        1.07404 

H         -0.54626       -7.95735        1.78147 

C         -2.75392       -6.89968       -1.20154 

H         -0.94217       -6.55336       -2.26596 

C         -3.36877       -7.16950        0.03322 

H         -2.98413       -7.91754        2.02325 

H         -3.35574       -6.54235       -2.03178 

C         -4.75490       -6.68645        0.24938 

C         -5.71169       -6.65787       -0.78217 

C         -5.05040       -5.96644        1.41994 

C         -6.80791       -5.80288       -0.72139 

H         -5.55863       -7.26408       -1.67120 

C         -6.14568       -5.11133        1.48029 

H         -4.33902       -5.96628        2.24074 

C         -6.99521       -4.93900        0.37351 

H         -7.49381       -5.75726       -1.56324 

H         -6.25972       -4.46732        2.34740 

C          6.49698        4.09310        0.31912 

C          5.68345        4.49613        1.39389 

C          6.41949        4.85656       -0.86094 

C          4.74744        5.51204        1.25313 

H          5.69659        3.93073        2.32013 

C          5.47137        5.86678       -1.00724 

H          7.07782        4.62780       -1.69459 

C          4.56669        6.17124        0.02539 

H          4.06358        5.71268        2.07256 

H          5.40350        6.40013       -1.95193 

C          3.32018        6.94629       -0.18736 

C          2.57520        6.74980       -1.36261 

C          2.71725        7.68951        0.84353 

C          1.24068        7.13552       -1.44046 

H          3.00765        6.17838       -2.17908 

C          1.38374        8.07811        0.76410 

H          3.28786        7.92230        1.73876 

C          0.59232        7.73766       -0.34812 

H          0.66308        6.85520       -2.31657 

H          0.93451        8.61141        1.59764 

C         -8.63565       -0.98327        0.20311 

C         -8.78493       -1.75289        1.37189 

C         -8.23149       -1.65870       -0.96162 

C         -8.38720       -3.08661        1.41246 

H         -9.16759       -1.28628        2.27575 

C         -7.83708       -2.99068       -0.92202 

H         -8.09978       -1.10296       -1.88515 

C         -7.82502       -3.71211        0.28473 

H         -8.46317       -3.63557        2.34746 

H         -7.40855       -3.43561       -1.81509 

H          2.89885       -2.81333        0.94685 

H         -3.61741        7.69487       -2.35303 

C         -3.04059        7.60056       -1.43684 

C         -1.68614        7.92314       -1.45027 

H         -1.22943        8.26177       -2.37655 

C         -0.89003        7.76887       -0.30112 

C         -1.54358        7.41161        0.89117 

H         -0.96270        7.27204        1.79805 

C         -2.89486        7.08722        0.90386 

H         -3.33211        6.70252        1.82038 

C         -3.66062        7.10560       -0.27485 

C         -4.96936        6.40744       -0.30115 

C         -5.80218        6.32695        0.83022 

H         -5.62032        6.98329        1.67704 

C         -6.82055        5.38153        0.90970 

H         -7.41372        5.31241        1.81782 

C         -7.05632        4.47748       -0.14145 

C         -6.32540        4.66310       -1.32767 

H         -6.47566        3.98074       -2.15925 

C         -5.30477        5.60431       -1.40498 

H         -4.68364        5.63164       -2.29544 

H         -7.18665        2.96110        2.07959 

C         -7.70838        2.51006        1.24047 

C         -7.83611        3.22878        0.03941 

C         -8.51543        2.59958       -1.01919 

H         -8.69576        3.14803       -1.94007 

C         -8.90737        1.26688       -0.93098 

H         -9.39017        0.79876       -1.78463 

C         -8.63031        0.50052        0.21642 

C         -8.09409        1.17703        1.32613 

H         -7.86004        0.62211        2.22976 

 

p[12]SPP 
excited state 
E = -2926.96660838 
 

C          7.01345       -3.74707       -0.61996 

C          6.91462       -2.84931        0.45127 

C          6.10026       -3.21104        1.54606 

C          5.70994       -4.54901        1.64062 

C          5.82198       -5.42275        0.57060 

C          6.33884       -4.96775       -0.64000 

H          7.51876       -3.41623       -1.52391 

H          5.15172       -4.86821        2.51697 

H          5.35793       -6.40390        0.63177 

C          4.24059       -3.00543       -1.82160 

C          4.19302       -1.99824       -0.86433 

C          3.69716       -2.26834        0.40826 

C          2.91909       -3.41526        0.54375 

C          2.88353       -4.40977       -0.44167 

C          3.74536       -4.27615       -1.55947 

H          4.81485       -2.83941       -2.73078 

H          4.68428       -1.05112       -1.05582 

C          5.92479       -5.61305       -1.94627 

H          6.17021       -6.68065       -1.96875 

H          6.48499       -5.14698       -2.76302 

C          4.37076       -5.47452       -2.24832 

H          3.86679       -6.38359       -1.91158 

H          4.25096       -5.43420       -3.33718 

C          5.32166       -2.22211        2.40192 

H          4.84724       -2.79090        3.20745 

H          5.93970       -1.46327        2.88306 
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C          4.18750       -1.47171        1.59464 

H          3.37842       -1.23964        2.29609 

H          4.58727       -0.51694        1.24025 

C          1.86770       -5.47171       -0.31868 

C          1.12012       -5.84487       -1.44881 

C          1.41034       -5.94743        0.92370 

C         -0.10210       -6.47302       -1.32963 

H          1.45168       -5.51921       -2.42983 

C          0.19198       -6.58122        1.04717 

H          2.00512       -5.76894        1.81457 

C         -0.66252       -6.76704       -0.06581 

H         -0.68798       -6.62306       -2.22862 

H         -0.13044       -6.89130        2.03486 

C          7.39485       -1.44840        0.30371 

C          7.24282       -0.75996       -0.90423 

C          7.86580       -0.70786        1.39521 

C          7.34608        0.62193       -0.96481 

H          6.92696       -1.29786       -1.79128 

C          7.97032        0.67459        1.33834 

H          8.10137       -1.22136        2.32193 

C          7.61821        1.37742        0.17961 

H          7.09051        1.12600       -1.89126 

H          8.27814        1.22009        2.22546 

C         -2.08856       -7.00314        0.08152 

C         -2.74169       -6.81404        1.32680 

C         -2.94577       -7.19401       -1.03516 

C         -4.08859       -6.57679        1.40855 

H         -2.15783       -6.74905        2.23745 

C         -4.29195       -6.95327       -0.96121 

H         -2.52706       -7.49179       -1.99022 

C         -4.90548       -6.49092        0.24229 

H         -4.50769       -6.34401        2.37992 

H         -4.88583       -7.06504       -1.86117 

C         -6.14412       -5.77422        0.24545 

C         -6.78332       -5.36973       -0.96751 

C         -6.69347       -5.20709        1.43745 

C         -7.63987       -4.30570       -1.00526 

H         -6.52650       -5.85629       -1.90117 

C         -7.55818       -4.14956        1.39802 

H         -6.37402       -5.57462        2.40566 

C         -7.95454       -3.55108        0.16500 

H         -8.04661       -4.00470       -1.96404 

H         -7.87032       -3.70743        2.33695 

C          7.27573        2.82138        0.19547 

C          6.63617        3.35000        1.32110 

C          7.32429        3.62397       -0.95054 

C          5.94096        4.54654        1.25593 

H          6.57480        2.75802        2.22829 

C          6.62588        4.82126       -1.01672 

H          7.87052        3.28104       -1.82418 

C          5.85222        5.26720        0.06125 

H          5.35497        4.86028        2.11356 

H          6.63772        5.39155       -1.94084 

C          4.77667        6.27829       -0.08801 

C          4.01148        6.28723       -1.25822 

C          4.32485        7.05965        0.98187 

C          2.77798        6.91711       -1.30362 

H          4.32788        5.69039       -2.10747 

C          3.09003        7.69029        0.93637 

H          4.92458        7.13229        1.88432 

C          2.25528        7.56574       -0.18057 

H          2.16005        6.79816       -2.18764 

H          2.74616        8.24623        1.80347 

C         -8.53421        0.66941        0.04537 

C         -8.76426       -0.05871        1.23628 

C         -8.45757       -0.09232       -1.14170 

C         -8.71709       -1.43039        1.26549 

H         -8.95227        0.47516        2.16207 

C         -8.41152       -1.46505       -1.11953 

H         -8.31997        0.41053       -2.09248 

C         -8.42463       -2.19406        0.10073 

H         -8.86693       -1.93112        2.21528 

H         -8.24559       -1.98461       -2.05545 

H          2.35111       -3.56742        1.45750 

H         -1.86708        8.33326       -2.18142 

C         -1.32438        8.10725       -1.26850 

C          0.05960        8.19866       -1.26393 

H          0.57460        8.49231       -2.17379 

C          0.80307        7.86187       -0.12659 

C          0.09212        7.57286        1.04262 

H          0.63311        7.30089        1.94307 

C         -1.29007        7.48135        1.03822 

H         -1.79574        7.14064        1.93572 

C         -2.02556        7.67407       -0.13607 

C         -3.42884        7.20439       -0.19949 

C         -4.27234        7.20488        0.91929 

H         -3.99184        7.77222        1.80165 

C         -5.43535        6.45250        0.94152 

H         -6.04441        6.44781        1.84023 

C         -5.81173        5.66221       -0.15487 

C         -5.04308        5.78127       -1.32043 

H         -5.29491        5.18409       -2.19041 

C         -3.88008        6.53185       -1.34089 

H         -3.25325        6.50251       -2.22613 

H         -6.46450        4.24374        2.04787 

C         -6.97024        3.88795        1.15634 

C         -6.81788        4.58881       -0.04945 

C         -7.49819        4.08071       -1.16854 

H         -7.47802        4.63291       -2.10319 

C         -8.16036        2.86970       -1.11996 

H         -8.64872        2.50604       -2.01789 

C         -8.17675        2.08510        0.05208 

C         -7.63063        2.67640        1.20793 

H         -7.61794        2.12239        2.13964 

 

p[13]SPP 
ground state 
E = -3160.85523944 
 

C         -8.37055       -2.76049        0.56429 

C         -8.07417       -1.89965       -0.50702 

C         -7.26312       -2.39928       -1.55936 

C         -7.07346       -3.78757       -1.62233 

C         -7.38035       -4.62280       -0.55206 

C         -7.89573       -4.07589        0.62767 

H         -8.86852       -2.34466        1.43732 

H         -6.51351       -4.20055       -2.45881 

H         -7.05924       -5.66188       -0.57566 

C         -5.59351       -2.34644        1.97540 

C         -5.34344       -1.36123        1.02009 

C         -4.85072       -1.71443       -0.23982 

C         -4.27730       -2.98400       -0.35596 

C         -4.46188       -3.97297        0.62063 

C         -5.30676       -3.69054        1.72420 

H         -6.15953       -2.08455        2.86786 

H         -5.67504       -0.34404        1.19569 

C         -7.66493       -4.75319        1.96434 

H         -8.02107       -5.79059        1.96153 

H         -8.23527       -4.22465        2.73636 

C         -6.12363       -4.77790        2.39873 

H         -5.70734       -5.75573        2.14185 

H         -6.09053       -4.69517        3.49214 

C         -6.29110       -1.53773       -2.36223 

H         -5.79564       -2.19099       -3.08894 

H         -6.76414       -0.73870       -2.93712 

C         -5.16930       -0.87110       -1.45652 

H         -4.28955       -0.70711       -2.09157 

H         -5.52330        0.11300       -1.13199 

C         -3.68209       -5.22884        0.48442 

C         -2.92281       -5.67553        1.57950 

C         -3.45495       -5.85134       -0.75548 

C         -1.86656       -6.56284        1.40671 

H         -3.08588       -5.22091        2.55277 

C         -2.40348       -6.74791       -0.92682 

H         -4.07487       -5.58237       -1.60694 

C         -1.52862       -7.05337        0.13237 

H         -1.21930       -6.77543        2.25233 

H         -2.22351       -7.17246       -1.91093 

C         -8.32941       -0.43962       -0.39293 

C         -8.13225        0.23832        0.82248 

C         -8.60164        0.35477       -1.52172 

C         -7.98663        1.62164        0.86359 

H         -7.96654       -0.33082        1.73104 

C         -8.46003        1.73812       -1.48452 

H         -8.87265       -0.12942       -2.45525 

C         -8.04991        2.39443       -0.30860 

H         -7.69772        2.08909        1.80043 

H         -8.62129        2.31319       -2.39230 

C         -0.17452       -7.61752       -0.09377 

C          0.52691       -7.26729       -1.26102 

C          0.55021       -8.27984        0.91475 

C          1.90603       -7.41672       -1.34622 

H          0.00878       -6.75108       -2.06346 

C          1.93273       -8.42242        0.83332 

H          0.03259       -8.63745        1.80084 

C          2.65157       -7.91788       -0.26527 

H          2.42450       -7.01564       -2.21219 

H          2.46987       -8.88336        1.65825 

C          4.10839       -7.64322       -0.21474 

C          4.66319       -7.13221        0.97128 

C          4.91490       -7.61673       -1.36688 

C          5.88710       -6.47272        0.96691 

H          4.07076       -7.13369        1.88161 

C          6.14259       -6.96094       -1.36976 

H          4.54989       -8.06768       -2.28601 

C          6.61576       -6.29729       -0.22253 

H          6.21613       -5.97631        1.87497 

H          6.71734       -6.91528       -2.29096 

C         -7.47432        3.76118       -0.32464 

C         -6.71318        4.17000       -1.43410 

C         -7.45625        4.59353        0.80954 

C         -5.87254        5.27446       -1.36551 

H         -6.68972        3.54983       -2.32512 

C         -6.60910        5.69612        0.88084 

H         -8.08284        4.35064        1.66355 

C         -5.74706        6.02131       -0.18169 

H         -5.21778        5.49004       -2.20482 

H         -6.58634        6.29232        1.78929 

C         -4.59275        6.93897       -0.02528 

C         -3.84665        6.91493        1.16547 

C         -4.07147        7.68148       -1.09989 

C         -2.57926        7.48355        1.23234 

H         -4.21388        6.34492        2.01407 

C         -2.80458        8.25321       -1.03168 

H         -4.65099        7.77784       -2.01425 

C         -1.99989        8.10521        0.11265 

H         -1.98728        7.34309        2.13202 

H         -2.41628        8.78944       -1.89343 

C          9.02465       -2.74764       -0.19555 

C          8.38535       -3.18579       -1.36801 

C          9.10086       -3.65687        0.87495 

C          7.71706       -4.40383       -1.41113 

H          8.30215       -2.51130       -2.21520 

C          8.43558       -4.87884        0.82980 

H          9.64802       -3.38166        1.77283 

C          7.65897       -5.24409       -0.28534 

H          7.12815       -4.64562       -2.29080 

H          8.47705       -5.53747        1.69324 

H         -3.73058       -3.24119       -1.26033 

H          2.08914        8.89425        2.20925 

C          1.56676        8.65136        1.28771 

C          0.17708        8.72506        1.25259 

H         -0.36203        9.02494        2.14729 

C         -0.54154        8.37467        0.09535 

C          0.20226        8.07645       -1.05956 

H         -0.31567        7.78912       -1.96985 

C          1.58997        8.00379       -1.02478 

H          2.12062        7.66211       -1.90863 

C          2.30169        8.22485        0.16693 

C          3.72089        7.80394        0.25658 

C          4.59826        7.87819       -0.84032 

H          4.31463        8.45898       -1.71398 

C          5.80305        7.18156       -0.84717 

H          6.44026        7.22899       -1.72627 

C          6.18560        6.37918        0.24280 

C          5.37356        6.41852        1.38941 

H          5.63133        5.80504        2.24783 

C          4.16959        7.11425        1.39608 

H          3.51675        7.02722        2.25974 

H          8.69014       -1.22877        2.00359 

C          9.01936       -0.64833        1.14665 

C          8.95160        0.73904        1.20779 

H          8.57123        1.20595        2.11155 

C          9.21702        1.53165        0.07768 

C          9.70005        0.87635       -1.06979 

H          9.98493        1.46109       -1.94040 

C          9.76546       -0.51254       -1.13199 

H         10.09727       -0.98925       -2.05063 

C          9.35342       -1.30887       -0.04828 

H          6.82926        4.92140       -1.93134 

C          7.39661        4.62639       -1.05345 

C          7.25406        5.35592        0.13939 

C          8.00060        4.92651        1.25135 

H          7.96844        5.50284        2.17221 

C          8.74136        3.74869        1.21001 

H          9.27571        3.42575        2.09953 

C          8.76694        2.94485        0.05583 

C          8.13442        3.44893       -1.09397 

H          8.12280        2.85392       -2.00238 

 

p[13]SPP 
excited state 
E = -3157.90452989 
 

C         -7.52751       -4.19833        0.62970 

C         -7.43147       -3.30820       -0.44752 

C         -6.59166       -3.65966       -1.52588 

C         -6.17136       -4.98940       -1.60385 

C         -6.28290       -5.85755       -0.52897 

C         -6.82791       -5.40442        0.66993 

H         -8.05481       -3.87101        1.52234 

H         -5.59256       -5.30308       -2.46882 

H         -5.79786       -6.82935       -0.57512 

C         -4.78679       -3.38270        1.87060 

C         -4.74599       -2.38415        0.90449 

C         -4.22752       -2.65553       -0.35869 

C         -3.43054       -3.79202       -0.47499 

C         -3.39857       -4.77963        0.51550 

C         -4.26856       -4.64841        1.62461 

H         -5.37189       -3.21777        2.77301 

H         -5.25820       -1.44490        1.08074 

C         -6.42315       -6.03096        1.98797 

H         -6.64144       -7.10436        2.01186 

H         -7.01147       -5.57497        2.79050 

C         -4.87940       -5.85005        2.32026 

H         -4.34707       -6.75243        2.01071 

H         -4.78346       -5.78737        3.41029 

C         -5.82435       -2.65798       -2.37651 

H         -5.32825       -3.21892       -3.17447 

H         -6.45386       -1.91457       -2.86702 

C         -4.71619       -1.87905       -1.55910 

H         -3.90174       -1.63720       -2.25093 

H         -5.13924       -0.92919       -1.21886 

C         -2.38684       -5.85041        0.39475 

C         -1.61490       -6.19570        1.51461 

C         -1.97619       -6.37129       -0.84303 

C         -0.41483       -6.86690        1.38343 

H         -1.90818       -5.82257        2.49097 

C         -0.78012       -7.04916       -0.97688 

H         -2.58879       -6.19985       -1.72324 

C          0.08831       -7.23523        0.11963 

H          0.19919       -6.99772        2.26701 

H         -0.49171       -7.40440       -1.96032 

C         -7.95758       -1.92180       -0.32461 

C         -7.84610       -1.21244        0.87547 

C         -8.45025       -1.21831       -1.43065 

C         -8.02635        0.16223        0.92026 

H         -7.51013       -1.72446        1.77048 

C         -8.63230        0.15645       -1.38915 

H         -8.64823       -1.75398       -2.35363 

C         -8.33855        0.88851       -0.23258 

H         -7.80883        0.69008        1.84320 

H         -8.96300        0.67536       -2.28391 

C          1.49972       -7.56920       -0.04994 

C          2.14955       -7.36568       -1.28871 

C          2.33936       -7.89283        1.04304 

C          3.51661       -7.28288       -1.38500 

H          1.56205       -7.15831       -2.17569 

C          3.70625       -7.80442        0.95547 

H          1.89850       -8.18428        1.99049 

C          4.35298       -7.37981       -0.23951 

H          3.94591       -7.01726       -2.34350 

H          4.29674       -8.02879        1.83677 

C          5.69486       -6.86795       -0.25463 

C          6.37620       -6.52086        0.94945 

C          6.34435       -6.46507       -1.46059 

C          7.42033       -5.63797        0.95596 

H          6.00098       -6.87817        1.90127 

C          7.39102       -5.58753       -1.45541 

H          5.98227       -6.83382       -2.41388 

C          7.88816       -5.01701       -0.24239 

H          7.83229       -5.34087        1.91291 

H          7.81920       -5.29037       -2.40574 

C         -8.11512        2.35525       -0.25476 

C         -7.50997        2.93156       -1.37579 

C         -8.26210        3.15979        0.88104 

C         -6.94726        4.19621       -1.31710 

H         -7.37297        2.33783       -2.27357 

C         -7.69635        4.42556        0.94078 

H         -8.78481        2.77188        1.75023 

C         -6.96257        4.94047       -0.13391 

H         -6.38447        4.56132       -2.16999 

H         -7.78511        5.00395        1.85563 

C         -6.02737        6.08323        0.00930 

C         -5.28338        6.21169        1.18590 

C         -5.67921        6.90755       -1.06667 

C         -4.15579        7.01583        1.23663 

H         -5.52111        5.58450        2.03899 

C         -4.55088        7.71307       -1.01556 

H         -6.27305        6.88233       -1.97553 

C         -3.72353        7.72689        0.11321 

H         -3.53800        6.99937        2.12860 

H         -4.28155        8.30552       -1.88485 

C          9.31573       -1.00454       -0.09472 

C          9.12043       -1.66766       -1.33155 

C          9.36565       -1.83817        1.05198 

C          8.79306       -2.99741       -1.39577 

H          9.12495       -1.09577       -2.25256 

C          9.04270       -3.16846        0.99390 

H          9.64081       -1.41232        2.01104 

C          8.62261       -3.78689       -0.22128 

H          8.56361       -3.41923       -2.36666 

H          9.06890       -3.74438        1.91161 

H         -2.85263       -3.94720       -1.38221 

H          0.17780        9.21727        2.15505 

C         -0.30422        8.88671        1.23990 

C         -1.68240        8.72936        1.21816 

H         -2.25471        8.93844        2.11706 

C         -2.33772        8.25464        0.07634 

C         -1.57020        8.07655       -1.07876 

H         -2.04240        7.70123       -1.98079 

C         -0.19383        8.23394       -1.05722 

H          0.37846        7.97853       -1.94306 

C          0.47721        8.57598        0.12088 

C          1.94507        8.38593        0.20328 

C          2.78869        8.57236       -0.89824 

H          2.41227        9.07867       -1.78205 

C          4.08454        8.07919       -0.90063 

H          4.69976        8.20984       -1.78571 

C          4.59484        7.37704        0.19880 

C          3.79486        7.30990        1.34493 

H          4.15152        6.76703        2.21408 

C          2.50007        7.80217        1.34666 

H          1.87436        7.63311        2.21702 

H          8.75692        0.48475        2.10367 

C          8.87290        1.07430        1.20162 

C          8.49103        2.39883        1.23297 

H          8.09029        2.80157        2.15709 

C          8.47866        3.18948        0.07134 

C          9.01727        2.61022       -1.09247 

H          9.11237        3.20876       -1.99313 

C          9.39848        1.28574       -1.12877 

H          9.78750        0.88195       -2.05731 

C          9.26135        0.44415       -0.00087 

H          5.53801        6.07950       -1.96621 

C          6.12393        5.87913       -1.07510 

C          5.82100        6.55337        0.11407 

C          6.60102        6.25041        1.23847 

H          6.44461        6.79922        2.16229 

C          7.54153        5.23507        1.20778 

H          8.10596        5.01286        2.10791 

C          7.74900        4.46679        0.05038 

C          7.06377        4.86430       -1.10744 
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H          7.18640        4.29654       -2.02348 

 

p[14]SPP 
ground state 
E = -3392.00396185 
 

C          9.13878       -2.73893       -0.06150 

C          8.59890       -1.82355        0.85602 

C          7.58034       -2.27509        1.73443 

C          7.41030       -3.65988        1.86511 

C          7.97604       -4.55675        0.96312 

C          8.72376       -4.07602       -0.11682 

H          9.80232       -2.36102       -0.83677 

H          6.68372       -4.03341        2.58376 

H          7.68412       -5.60401        0.99885 

C          6.70928       -2.62947       -2.07419 

C          6.25441       -1.56158       -1.30119 

C          5.50568       -1.80175       -0.14468 

C          4.93723       -3.07134       -0.02079 

C          5.34901       -4.15497       -0.81244 

C          6.40141       -3.95213       -1.74174 

H          7.44767       -2.43978       -2.85144 

H          6.60380       -0.55660       -1.51051 

C          8.80382       -4.86527       -1.40936 

H          9.23142       -5.86382       -1.25519 

H          9.46675       -4.34142       -2.10714 

C          7.37887       -5.05803       -2.10412 

H          6.96967       -6.02178       -1.79007 

H          7.54626       -5.12159       -3.18675 

C          6.44085       -1.38255        2.21707 

H          5.80256       -1.98335        2.87452 

H          6.76583       -0.51789        2.80047 

C          5.54471       -0.83694        1.02264 

H          4.54553       -0.63502        1.42879 

H          5.95817        0.11995        0.68771 

C          4.62066       -5.43790       -0.64940 

C          4.20578       -6.16550       -1.77948 

C          4.11459       -5.84770        0.59659 

C          3.21399       -7.13646       -1.68776 

H          4.60187       -5.89691       -2.75500 

C          3.10547       -6.80093        0.68566 

H          4.46286       -5.35705        1.50127 

C          2.57342       -7.41029       -0.46511 

H          2.88277       -7.63776       -2.59286 

H          2.65880       -7.00050        1.65529 

C          8.86366       -0.36597        0.74265 

C          8.85225        0.29388       -0.49704 

C          8.96422        0.44002        1.89042 

C          8.71555        1.67799       -0.57532 

H          8.83634       -0.29027       -1.41125 

C          8.85093        1.82298        1.81460 

H          9.07765       -0.03672        2.86002 

C          8.61912        2.46757        0.58405 

H          8.57103        2.13274       -1.55090 

H          8.89337        2.40703        2.72941 

C          1.25818       -8.09525       -0.40577 

C          0.76739       -8.70858        0.76218 

C          0.35754       -7.94501       -1.47557 

C         -0.58425       -9.01252        0.90531 

H          1.44382       -8.90999        1.58841 

C         -0.98849       -8.25842       -1.33737 

H          0.68660       -7.46595       -2.39223 

C         -1.50550       -8.72944       -0.11853 

H         -0.93838       -9.43754        1.84099 

H         -1.66920       -8.01898       -2.14902 

C         -2.97031       -8.66863        0.10421 

C         -3.89591       -8.91231       -0.92647 

C         -3.46403       -8.11533        1.29791 

C         -5.21350       -8.47670       -0.82671 

H         -3.56460       -9.40443       -1.83712 

C         -4.78033       -7.67652        1.39607 

H         -2.77799       -7.91139        2.11510 

C         -5.66304       -7.77444        0.30645 

H         -5.89166       -8.63868       -1.66030 

H         -5.08940       -7.13950        2.28813 

C          8.08285        3.84958        0.51896 

C          7.27402        4.32267        1.56813 

C          8.17141        4.65292       -0.63318 

C          6.50748        5.47233        1.43021 

H          7.15876        3.72797        2.46869 

C          7.39113        5.79771       -0.77826 

H          8.83383        4.36076       -1.44336 

C          6.49866        6.20206        0.22964 

H          5.82129        5.74697        2.22605 

H          7.45174        6.37134       -1.69954 

C          5.42737        7.20314        0.01036 

C          4.70423        7.19801       -1.19421 

C          4.95313        8.02506        1.04800 

C          3.48951        7.86738       -1.30573 

H          5.04011        6.57006       -2.01471 

C          3.74204        8.69968        0.93373 

H          5.52348        8.10382        1.96978 

C          2.94676        8.57653       -0.22012 

H          2.90285        7.74499       -2.21160 

H          3.38722        9.30008        1.76703 

C         -8.77067       -4.80638        0.32575 

C         -8.53815       -5.59084        1.47010 

C         -8.15198       -5.21228       -0.86929 

C         -7.62130       -6.63844        1.45161 

H         -9.05136       -5.35047        2.39744 

C         -7.23715       -6.25816       -0.88789 

H         -8.29816       -4.62799       -1.77292 

C         -6.89558       -6.94951        0.28758 

H         -7.43382       -7.19692        2.36492 

H         -6.69318       -6.46195       -1.80538 

H          4.21318       -3.24806        0.77045 

H         -1.03447        9.67538       -2.39219 

C         -0.54463        9.41602       -1.45738 

C          0.84526        9.34621       -1.41310 

H          1.41673        9.55273       -2.31413 

C          1.51842        8.97528       -0.23532 

C          0.74128        8.79747        0.92257 

H          1.22191        8.49496        1.84817 

C         -0.64583        8.86817        0.87866 

H         -1.21313        8.61992        1.77084 

C         -1.32526        9.11904       -0.32581 

C         -2.78457        8.86797       -0.40447 

C         -3.64254        9.09251        0.68733 

H         -3.28475        9.66249        1.54057 

C         -4.92798        8.56045        0.71444 

H         -5.55322        8.72149        1.58864 

C         -5.41516        7.78219       -0.35060 

C         -4.60542        7.67154       -1.49398 

H         -4.94503        7.07004       -2.33228 

C         -3.31971        8.20121       -1.51996 

H         -2.68472        8.00023       -2.37797 

H        -10.34052       -3.54708       -1.57282 

C        -10.09197       -2.91820       -0.72212 

C        -10.38531       -1.55876       -0.77227 

H        -10.85615       -1.14754       -1.66131 

C        -10.03619       -0.70049        0.28561 

C         -9.51080       -1.28927        1.44853 

H         -9.22297       -0.65717        2.28366 

C         -9.21397       -2.64690        1.49690 

H         -8.69948       -3.04108        2.36836 

C         -9.43151       -3.47996        0.38578 

H         -6.24878        6.47648        1.85461 

C         -6.86685        6.25866        0.98842 

C         -6.62210        6.93077       -0.22136 

C         -7.43763        6.60369       -1.31906 

H         -7.31927        7.14599       -2.25346 

C         -8.36627        5.56961       -1.24296 

H         -8.95979        5.32350       -2.11934 

C         -8.51788        4.81145       -0.06773 

C         -7.79099        5.22282        1.06290 

H         -7.87033        4.65567        1.98564 

H        -10.59839        1.27447        2.14181 

C        -10.18612        1.65350        1.21036 

H         -9.95095        3.63821        1.98607 

C         -9.99185        0.77353        0.13097 

C         -9.81698        2.99264        1.12225 

C         -9.53450        1.32533       -1.07807 

C         -9.23181        3.51169       -0.04707 

C         -9.16160        2.66183       -1.16445 

H         -9.36245        0.67446       -1.93041 

H         -8.70649        3.02125       -2.08266 

 

p[14]SPP 
excited state 
E = -3388.83982525 
 

C          8.25437       -4.26484       -0.37594 

C          8.00390       -3.32789        0.63326 

C          7.08547       -3.67073        1.64778 

C          6.73793       -5.01749        1.76931 

C          7.00965       -5.93609        0.76738 

C          7.63836       -5.51644       -0.40227 

H          8.84370       -3.95163       -1.23451 

H          6.09702       -5.31905        2.59392 

H          6.58326       -6.93417        0.82915 

C          5.58491       -3.74683       -1.89732 

C          5.39717       -2.69066       -1.01357 

C          4.77729       -2.91075        0.21409 

C          4.04033       -4.08460        0.33931 

C          4.16008       -5.14155       -0.57372 

C          5.12263       -5.02492       -1.60770 

H          6.24270       -3.60548       -2.75233 

H          5.87021       -1.73460       -1.20900 

C          7.39826       -6.24651       -1.70710 

H          7.70838       -7.29597       -1.65134 

H          8.00756       -5.78225       -2.48903 

C          5.87659       -6.22201       -2.15849 

H          5.39652       -7.13942       -1.81092 

H          5.85708       -6.25363       -3.25411 

C          6.18813       -2.66760        2.35587 

H          5.66397       -3.19997        3.15556 

H          6.73012       -1.84857        2.83069 

C          5.10324       -2.02725        1.39553 

H          4.21542       -1.80582        1.99797 

H          5.48663       -1.07060        1.02831 

C          3.23262       -6.28044       -0.44634 

C          2.66228       -6.86225       -1.59256 

C          2.69909       -6.68067        0.79156 

C          1.53487       -7.65296       -1.51771 

H          3.06170       -6.60532       -2.56873 

C          1.56974       -7.46726        0.87122 

H          3.15486       -6.32318        1.70957 

C          0.88689       -7.90755       -0.28668 

H          1.10924       -8.02494       -2.44225 

H          1.16169       -7.67671        1.85294 

C          8.48188       -1.92565        0.50169 

C          8.42453       -1.24744       -0.71943 

C          8.88983       -1.18781        1.61932 

C          8.58818        0.12907       -0.78722 

H          8.15459       -1.78906       -1.61959 

C          9.06260        0.18638        1.55274 

H          9.03392       -1.69895        2.56616 

C          8.83497        0.88611        0.36167 

H          8.41972        0.63154       -1.73427 

H          9.33931        0.73003        2.45090 

C         -0.47855       -8.40025       -0.21829 

C         -1.13591       -8.65182        1.01539 

C         -1.30108       -8.46652       -1.37265 

C         -2.50030       -8.73291        1.10685 

H         -0.55476       -8.74765        1.92569 

C         -2.66566       -8.55299       -1.28841 

H         -0.86096       -8.35621       -2.35633 

C         -3.34136       -8.56708       -0.03367 

H         -2.94303       -8.89119        2.08362 

H         -3.23725       -8.50493       -2.20729 

C         -4.72966       -8.23329        0.07203 

C         -5.56235       -8.05671       -1.07614 

C         -5.31944       -7.85324        1.31569 

C         -6.72809       -7.34699       -1.01758 

H         -5.25440       -8.46601       -2.03151 

C         -6.48686       -7.14284        1.37220 

H         -4.78849       -8.03994        2.24153 

C         -7.18286       -6.74443        0.19345 

H         -7.30284       -7.22049       -1.92817 

H         -6.82818       -6.79609        2.34043 

C          8.63985        2.35680        0.33778 

C          8.02770        2.98100        1.42907 

C          8.85039        3.12969       -0.80983 

C          7.53620        4.27252        1.33550 

H          7.83679        2.41222        2.33294 

C          8.35253        4.42175       -0.90611 

H          9.37709        2.70133       -1.65723 

C          7.62941        4.99737        0.14405 

H          6.97425        4.68420        2.16753 

H          8.49445        4.97894       -1.82744 

C          6.79165        6.20943       -0.02660 

C          6.06544        6.38138       -1.20841 

C          6.52098        7.08416        1.03130 

C          5.02161        7.29072       -1.28148 

H          6.24578        5.71637       -2.04698 

C          5.47815        7.99576        0.95710 

H          7.10790        7.02007        1.94272 

C          4.66126        8.06797       -0.17679 

H          4.40759        7.31676       -2.17590 

H          5.26679        8.63171        1.81153 

C         -9.41290       -3.10067        0.24489 

C         -9.23352       -3.85930        1.42527 

C         -9.09868       -3.75405       -0.96744 

C         -8.62530       -5.09006        1.40911 

H         -9.56269       -3.45415        2.37649 

C         -8.49185       -4.98595       -0.99047 

H         -9.24137       -3.23429       -1.90824 

C         -8.13487       -5.66713        0.20465 

H         -8.49484       -5.61384        2.34932 

H         -8.18506       -5.38574       -1.94942 

H          3.39113       -4.21084        1.20099 

H          0.95992        9.96224       -2.26204 

C          1.39876        9.59378       -1.33960 

C          2.74797        9.27051       -1.31192 

H          3.34150        9.39127       -2.21326 

C          3.34142        8.74508       -0.15892 

C          2.55743        8.68015        0.99675 

H          2.98110        8.26797        1.90670 

C          1.21047        9.00305        0.96920 

H          0.61102        8.83694        1.85833 

C          0.58691        9.40508       -0.21563 

C         -0.89431        9.40481       -0.29242 

C         -1.69961        9.72828        0.80535 

H         -1.25453       10.20109        1.67571 

C         -3.04956        9.40993        0.82221 

H         -3.63871        9.63836        1.70533 

C         -3.65142        8.75634       -0.25887 

C         -2.87466        8.55374       -1.40349 

H         -3.30636        8.04223       -2.25771 

C         -1.52544        8.87032       -1.41956 

H         -0.93109        8.59860       -2.28591 

H        -10.45434       -1.50933       -1.75489 

C        -10.13108       -0.96475       -0.87412 

C        -10.11001        0.41529       -0.91796 

H        -10.40954        0.91873       -1.83213 

C         -9.68053        1.17619        0.18156 

C         -9.40375        0.47927        1.36726 

H         -9.06625        1.02688        2.24113 

C         -9.42145       -0.90059        1.41356 

H         -9.09397       -1.39044        2.32354 

C         -9.71407       -1.67266        0.27230 

H         -4.69184        7.55999        1.91022 

C         -5.32980        7.45712        1.03836 

C         -4.97766        8.10277       -0.15094 

C         -5.82198        7.92913       -1.25332 

H         -5.61294        8.46031       -2.17717 

C         -6.89842        7.05617       -1.20119 

H         -7.51514        6.92206       -2.08467 

C         -7.17565        6.31566       -0.04550 

C         -6.40334        6.58320        1.08979 

H         -6.58002        6.02138        2.00106 

H         -9.82922        3.15708        2.09167 

C         -9.35640        3.47411        1.16727 

H         -8.76188        5.35325        1.99171 

C         -9.33656        2.60529        0.06644 

C         -8.75219        4.71927        1.11029 

C         -8.79341        3.09792       -1.12751 

C         -8.09688        5.15632       -0.04821 

C         -8.18659        4.34102       -1.18213 

H         -8.74938        2.45440       -1.99990 

H         -7.68359        4.63967       -2.09607 

 

p[15]SPP 
ground state 
E = -3623.15352467 
 

C         -9.66463       -3.21041        0.57219 

C         -9.35117       -2.36373       -0.50458 

C         -8.51725       -2.87229       -1.53369 

C         -8.32005       -4.26008       -1.57515 

C         -8.64648       -5.08321       -0.50080 

C         -9.18728       -4.52337        0.66137 

H        -10.18326       -2.78522        1.42853 

H         -7.74183       -4.68119       -2.39509 

H         -8.32168       -6.12137       -0.50494 

C         -6.91615       -2.75786        2.04010 

C         -6.65332       -1.78699        1.07383 

C         -6.13781       -2.15736       -0.17237 

C         -5.56725       -3.43003       -0.26319 

C         -5.77500       -4.40742        0.72032 

C         -6.62907       -4.10651        1.81118 

H         -7.49299       -2.48275        2.92158 

H         -6.99086       -0.76796        1.22877 

C         -8.98649       -5.18277        2.01120 

H         -9.32781       -6.22505        2.00815 

H         -9.58702       -4.65488        2.76038 

C         -7.45816       -5.18097        2.49164 

H         -7.02925       -6.16324        2.27777 

H         -7.45732       -5.06377        3.58225 

C         -7.53779       -2.01134       -2.32673 

H         -7.02717       -2.66518       -3.04236 

H         -8.00787       -1.21809       -2.91227 

C         -6.43497       -1.33138       -1.40656 

H         -5.54325       -1.17236       -2.02592 

H         -6.79805       -0.34451       -1.10117 

C         -5.04185       -5.69109        0.58612 

C         -4.30323       -6.17543        1.67911 

C         -4.86799       -6.33656       -0.65021 

C         -3.32820       -7.15218        1.51147 

H         -4.42361       -5.69801        2.64771 

C         -3.89704       -7.32060       -0.81688 

H         -5.47257       -6.02888       -1.49946 

C         -3.05367       -7.69691        0.24419 

H         -2.69601       -7.41308        2.35510 

H         -3.76192       -7.77370       -1.79542 

C         -9.63683       -0.90761       -0.42349 

C         -9.47785       -0.20078        0.78088 

C         -9.93071       -0.14834       -1.57047 

C         -9.41728        1.18930        0.80152 

H         -9.28939       -0.74668        1.69925 

C         -9.87490        1.24140       -1.55312 

H        -10.16284       -0.66256       -2.49849 

C         -9.53119        1.94016       -0.38086 

H         -9.16872        1.68928        1.73317 

H        -10.06403        1.79241       -2.47035 

C         -1.78988       -8.44237        0.02540 

C         -1.04676       -8.21475       -1.14605 

C         -1.18180       -9.21202        1.03402 

C          0.28081       -8.61401       -1.24718 

H         -1.47553       -7.61646       -1.94440 

C          0.14966       -9.60616        0.93598 

H         -1.74679       -9.46923        1.92594 

C          0.93111       -9.25531       -0.17910 

H          0.85392       -8.31966       -2.12162 

H          0.60314      -10.16019        1.75375 

C          2.41234       -9.32136       -0.16960 

C          3.10934       -8.96788        0.99840 

C          3.16696       -9.50570       -1.34181 

C          4.46697       -8.67002        0.96379 

H          2.55867       -8.80979        1.92120 

C          4.52696       -9.21220       -1.37510 

H          2.67212       -9.84347       -2.24861 

C          5.19246       -8.71576       -0.23938 

H          4.94224       -8.28505        1.86119 

H          5.07289       -9.32940       -2.30740 

C         -9.10029        3.35857       -0.40539 

C         -8.37768        3.84149       -1.51056 
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C         -9.20693        4.20335        0.71431 

C         -7.69830        5.05264       -1.45549 

H         -8.25855        3.21308       -2.38813 

C         -8.52110        5.41340        0.77220 

H         -9.80965        3.89409        1.56397 

C         -7.70332        5.83761       -0.28998 

H         -7.06822        5.34240       -2.29142 

H         -8.59637        6.02657        1.66637 

C         -6.72218        6.94018       -0.15107 

C         -5.99897        7.08204        1.04540 

C         -6.33733        7.74252       -1.23973 

C         -4.87000        7.89136        1.11234 

H         -6.26149        6.46968        1.90336 

C         -5.20998        8.55522       -1.17133 

H         -6.91243        7.70476       -2.16111 

C         -4.41352        8.59925       -0.01288 

H         -4.27582        7.89166        2.02152 

H         -4.92396        9.14207       -2.04003 

C          8.67067       -6.18892       -0.28842 

C          7.87787       -6.36246       -1.43575 

C          8.44685       -7.06339        0.78990 

C          6.82332       -7.26798       -1.45181 

H          8.01554       -5.69980       -2.28524 

C          7.39356       -7.97314        0.77194 

H          9.08330       -7.00253        1.66878 

C          6.51311       -8.04601       -0.32282 

H          6.16270       -7.28793       -2.31349 

H          7.22673       -8.60949        1.63691 

H         -5.01419       -3.70355       -1.15892 

H         -0.67302       10.39213        2.12045 

C         -1.10223       10.00602        1.19972 

C         -2.46453        9.72521        1.14748 

H         -3.07717        9.89779        2.02831 

C         -3.05371        9.19037       -0.01209 

C         -2.23841        9.06037       -1.14969 

H         -2.65333        8.63614       -2.05930 

C         -0.87828        9.34266       -1.09818 

H         -0.26330        9.13332       -1.96862 

C         -0.26699        9.76694        0.09404 

C          1.21169        9.76445        0.20050 

C          2.04212       10.08718       -0.88750 

H          1.60908       10.54289       -1.77395 

C          3.40365        9.80072       -0.86384 

H          4.01269       10.03746       -1.73216 

C          3.99694        9.17783        0.24864 

C          3.18845        8.96572        1.37854 

H          3.60872        8.47491        2.25161 

C          1.82795        9.25248        1.35513 

H          1.21662        8.97941        2.21043 

H          9.01601       -4.64378        1.89364 

C          9.52582       -4.24592        1.02098 

C         10.03609       -2.95346        1.06915 

H          9.91180       -2.37325        1.97880 

C         10.57655       -2.34066       -0.07450 

C         10.70423       -3.13100       -1.23112 

H         11.17904       -2.71359       -2.11502 

C         10.19089       -4.42361       -1.28036 

H         10.27044       -4.99374       -2.20219 

C          9.52948       -4.98573       -0.17395 

H          5.17014        8.00175       -1.87868 

C          5.78466        7.94584       -0.98487 

C          5.35377        8.58306        0.19138 

C          6.17357        8.46597        1.32789 

H          5.90445        8.99494        2.23827 

C          7.30575        7.65644        1.31903 

H          7.90257        7.56651        2.22274 

C          7.66942        6.92604        0.17361 

C          6.91501        7.13661       -0.99345 

H          7.15634        6.57904       -1.89371 

H         10.10013       -0.65090       -2.12444 

C         10.40999       -0.13058       -1.22293 

H          9.89724        1.78114       -2.03466 

C         10.78637       -0.87280       -0.09007 

C         10.29353        1.25374       -1.17180 

H         10.67889        3.99680       -1.84788 

C         11.16246       -0.15251        1.05799 

C         10.54572        1.96225        0.01541 

C         10.12704        4.26369       -0.95050 

H          9.44737        6.12106       -1.77916 

C          9.42859        5.46672       -0.91173 

C         11.04326        1.23325        1.11015 

H         11.52099       -0.68847        1.93273 

C         10.09803        3.37054        0.13526 

C          8.66800        5.83082        0.21387 

C          9.44091        3.79377        1.30331 

H         11.30945        1.75667        2.02463 

C          8.74190        4.99515        1.34147 

H          9.38736        3.12541        2.15783 

H          8.15863        5.23703        2.22521 

 

p[15]SPP 
excited state 
E = -3619.77636768 
 

C         -8.57672       -5.08536        0.62525 

C         -8.48479       -4.19788       -0.45376 

C         -7.60913       -4.52476       -1.51047 

C         -7.14490       -5.84035       -1.57363 

C         -7.25532       -6.70875       -0.49848 

C         -7.84126       -6.26907        0.68606 

H         -9.13612       -4.77175        1.50320 

H         -6.53705       -6.13835       -2.42420 

H         -6.73998       -7.66547       -0.52999 

C         -5.88765       -4.17416        1.92478 

C         -5.85588       -3.18152        0.95302 

C         -5.30218       -3.44425       -0.29698 

C         -4.47571       -4.56196       -0.39142 

C         -4.44761       -5.54678        0.60016 

C         -5.33385       -5.42895        1.69494 

H         -6.49103       -4.01868        2.81675 

H         -6.39964       -2.25670        1.11232 

C         -7.45068       -6.87904        2.01578 

H         -7.62950       -7.95976        2.03452 

H         -8.07814       -6.44513        2.80069 

C         -5.92456       -6.64013        2.39107 

H         -5.35365       -7.52903        2.11382 

H         -5.86329       -6.55553        3.48197 

C         -6.86020       -3.49862       -2.34715 

H         -6.33681       -4.04066       -3.14076 

H         -7.50660       -2.77270       -2.84227 

C         -5.78667       -2.68820       -1.51211 

H         -4.96495       -2.43027       -2.18933 

H         -6.23938       -1.74699       -1.18635 

C         -3.44086       -6.62742        0.47943 

C         -2.65169       -6.95788        1.58868 

C         -3.08084       -7.19087       -0.75218 

C         -1.48748       -7.69263        1.45043 

H         -2.90405       -6.53870        2.55782 

C         -1.91930       -7.93112       -0.89165 

H         -3.70498       -7.01248       -1.62285 

C         -1.05110       -8.13982        0.19322 

H         -0.85091       -7.82623        2.31834 

H         -1.66363       -8.32821       -1.86877 

C         -9.07806       -2.83717       -0.35709 

C         -9.02591       -2.10862        0.83537 

C         -9.60255       -2.18263       -1.47808 

C         -9.31990       -0.75325        0.86612 

H         -8.66019       -2.58623        1.73776 

C         -9.89924       -0.82784       -1.44989 

H         -9.74480       -2.74068       -2.39815 

C         -9.69189       -0.06737       -0.29340 

H         -9.15977       -0.20086        1.78649 

H        -10.26418       -0.34509       -2.35149 

C          0.32853       -8.61533        0.01372 

C          1.00812       -8.38762       -1.19643 

C          1.09264       -9.13422        1.07686 

C          2.37546       -8.52482       -1.29550 

H          0.46545       -7.99290       -2.04845 

C          2.46118       -9.26638        0.98515 

H          0.60077       -9.41433        2.00294 

C          3.16621       -8.88768       -0.18185 

H          2.85563       -8.23226       -2.22209 

H          3.00556       -9.65025        1.84126 

C          4.60234       -8.69040       -0.19916 

C          5.33085       -8.47654        0.99880 

C          5.32851       -8.50885       -1.40570 

C          6.58880       -7.93305        0.99248 

H          4.84992       -8.64805        1.95516 

C          6.58764       -7.97135       -1.41766 

H          4.87141       -8.78303       -2.35045 

C          7.23604       -7.54793       -0.21853 

H          7.05181       -7.70838        1.94556 

H          7.08015       -7.83640       -2.37348 

C         -9.65255        1.41530       -0.31671 

C         -9.12187        2.06820       -1.43325 

C         -9.93554        2.19384        0.81103 

C         -8.77347        3.40828       -1.38292 

H         -8.87983        1.49519       -2.32233 

C         -9.58394        3.53516        0.86262 

H        -10.40364        1.73461        1.67655 

C         -8.93785        4.15458       -0.21260 

H         -8.26765        3.85390       -2.23334 

H         -9.78077        4.10196        1.76777 

C         -8.24974        5.46213       -0.08353 

C         -7.56028        5.76217        1.09480 

C         -8.08513        6.33096       -1.16766 

C         -6.65110        6.80699        1.14687 

H         -7.65738        5.10397        1.95223 

C         -7.17611        7.37754       -1.11497 

H         -8.64965        6.16238       -2.07989 

C         -6.39297        7.59774        0.02341 

H         -6.05626        6.94374        2.04416 

H         -7.04504        8.01181       -1.98654 

C          9.97612       -4.27443       -0.17083 

C          9.55922       -4.87107       -1.39499 

C          9.73267       -5.04816        1.00152 

C          8.78378       -5.99746       -1.42278 

H          9.77608       -4.37637       -2.33437 

C          8.96171       -6.17649        0.97592 

H         10.15011       -4.72891        1.94990 

C          8.34551       -6.64184       -0.22642 

H          8.42771       -6.34752       -2.38403 

H          8.79403       -6.70605        1.90651 

H         -3.88164       -4.71276       -1.28912 

H         -3.09634       10.13618        2.10234 

C         -3.44819        9.67122        1.18630 

C         -4.72063        9.11939        1.15001 

H         -5.34354        9.16155        2.03847 

C         -5.19506        8.47210        0.00403 

C         -4.38924        8.50838       -1.13776 

H         -4.72040        8.00649       -2.04112 

C         -3.11863        9.06014       -1.10176 

H         -2.48329        8.97849       -1.97774 

C         -2.59745        9.59935        0.07793 

C         -1.14469        9.88190        0.17192 

C         -0.40088       10.34296       -0.91968 

H         -0.91594       10.69835       -1.80712 

C          0.98588       10.31533       -0.90469 

H          1.53371       10.65022       -1.78036 

C          1.68724        9.82567        0.20265 

C          0.94443        9.47692        1.33456 

H          1.45487        9.08296        2.20751 

C         -0.44106        9.50424        1.31939 

H         -0.98567        9.13059        2.18055 

H         10.20004       -2.68557        2.03258 

C         10.42338       -2.17862        1.10149 

C         10.54799       -0.81013        1.12164 

H         10.41578       -0.29459        2.06644 

C         10.71142       -0.06027       -0.06294 

C         10.89994       -0.80191       -1.25108 

H         11.13413       -0.28186       -2.17417 

C         10.77448       -2.16947       -1.27787 

H         10.91514       -2.68280       -2.22238 

C         10.44147       -2.91329       -0.11332 

H          3.04597        8.87966       -1.91809 

C          3.66373        8.94264       -1.02807 

C          3.13057        9.49321        0.14144 

C          3.95751        9.53754        1.26938 

H          3.59764       10.00881        2.17905 

C          5.21708        8.95735        1.25808 

H          5.82257        8.98590        2.15889 

C          5.70439        8.30642        0.11851 

C          4.92184        8.36259       -1.03947 

H          5.26100        7.85819       -1.93839 

H          9.93218        1.48295       -2.14773 

C         10.04149        2.03971       -1.22381 

H          9.13132        3.76680       -2.07100 

C         10.51468        1.38750       -0.06963 

C          9.58302        3.34179       -1.18069 

H          9.21177        6.02006       -1.89964 

C         10.62112        2.17025        1.09739 

C          9.57254        4.07526        0.01466 

C          8.62853        6.18130       -0.99831 

H          7.56226        7.82351       -1.85457 

C          7.69475        7.20430       -0.97251 

C         10.16160        3.47236        1.13746 

H         11.05619        1.74165        1.99415 

C          8.81125        5.33545        0.10505 

C          6.89849        7.43174        0.15693 

C          8.09579        5.63932        1.27050 

H         10.24122        4.03171        2.06458 

C          7.16169        6.66095        1.29471 

H          8.19868        5.00172        2.14229 

H          6.55669        6.79950        2.18488 

 

p[16]SPP 
ground state 
E = -3854.30066642 

 

C          8.85232       -6.98109       -0.43238 

C         -5.15377        9.00940        0.04244 

C          7.77987       -7.99994       -0.33238 

C         -3.82914        9.67378        0.09384 

C          5.33250       -9.45098       -0.20914 

C         -1.08882       10.43289        0.26183 

C          3.92020       -9.90210       -0.18326 

C          0.38454       10.54378        0.38160 

C          1.09325      -10.11359        0.05613 

C          3.20869       10.19453        0.42742 

C         -0.35283       -9.86936        0.27213 

C          4.61454        9.72969        0.35699 

C         -2.97426       -8.78742        0.55014 

C          7.09168        8.32684        0.28534 

C         -4.19392       -7.94502        0.61099 

C          8.21493        7.35919        0.28617 

C         -6.07519       -5.81182        0.77942 

C          9.96475        5.11871        0.13597 

C         -9.30791       -4.89169       -0.93227 

C         -9.89243       -2.14887       -0.89286 

C        -10.15688       -0.68889       -0.82167 

C         10.62164        3.79846       -0.01461 

C        -10.02220        2.15600       -0.72359 

C         11.34494        1.04997       -0.18111 

C         -9.59539        3.57588       -0.67538 

C         11.42221       -0.43063       -0.19544 

C         -8.28319        6.09301       -0.41806 

C         10.97588       -3.24006       -0.31706 

C         -7.36598        7.23878       -0.21151 

C         10.43667       -4.61693       -0.42280 

C          9.70080       -6.67821        0.64769 

C         -5.91255        8.95757       -1.14090 

C          8.91465       -6.14222       -1.55828 

C         -5.60648        8.24879        1.13446 

C          7.08313       -8.15210        0.87862 

C         -2.99092        9.63709       -1.03411 

C          7.28849       -8.69474       -1.45204 

C         -3.29050       10.19957        1.28176 

C          5.88855       -8.85965        0.93853 

C         -1.65452       10.00901       -0.95272 

C          6.09250       -9.40471       -1.39162 

C         -1.95061       10.56880        1.36443 

C          3.32591      -10.42904        0.97772 

C          1.18877       10.97815       -0.68706 

C          3.07458       -9.61722       -1.26934 

C          1.03673       10.03953        1.51963 

C          1.94348      -10.52965        1.09596 

C          2.56930       10.80735       -0.66475 

C          1.69240       -9.72291       -1.15322 

C          2.41695        9.86881        1.54195 

C         -0.77050       -9.27051        1.47263 

C          5.10442        9.17651       -0.83851 

C         -1.31365      -10.02196       -0.74252 

C          5.44318        9.65834        1.49056 

C         -2.04685       -8.73876        1.60615 

C          6.31310        8.49087       -0.87325 

C         -2.59676       -9.49877       -0.60375 

C          6.65467        8.97390        1.45504 

C         11.46254       -2.53226       -1.43018 

C          9.68940       -4.98736       -1.55387 

H         11.09346       -5.29845        1.51786 

H          9.72825       -7.34079        1.50860 

H          8.26611       -6.33819       -2.40725 

H          7.42373       -7.61989        1.76192 

H          7.83485       -8.65167       -2.39052 

H          5.32575       -8.86138        1.86726 

H          5.72528       -9.90458       -2.28400 

C         10.83205       -2.53110        0.88791 

C         11.68248       -1.15922       -1.37005 

H         11.64349       -3.06070       -2.36246 

C         11.04862       -1.15924        0.94693 

H         10.44499       -3.04184        1.76485 

H         12.03442       -0.63801       -2.25626 

H         10.82476       -0.63084        1.86899 

H          3.49555       -9.20152       -2.18023 

H          3.95416      -10.72707        1.81278 

H          1.06550       -9.38965       -1.97548 

H          1.51246      -10.90049        2.02216 

H         -0.05150       -9.12244        2.27313 

H         -1.04191      -10.53132       -1.66349 

H         -2.28852       -8.18515        2.50808 

H         -3.30646       -9.61643       -1.41813 

C         -4.66964       -7.29873       -0.54381 

C         -4.79490       -7.59750        1.83470 

C         -5.59731       -6.26522       -0.46226 

H         -4.24501       -7.54731       -1.51209 

C         -5.70576       -6.54972        1.91822 

C         10.47446       -5.52172        0.65297 

H         -4.50208       -8.11563        2.74356 

H         -5.90930       -5.75759       -1.37074 

H         -6.07904       -6.24093        2.89084 

C         -8.69792       -4.01863       -1.82922 

C        -10.08502       -4.38150        0.11283 

C         -8.85197       -2.62963       -1.72810 

H         -7.95354       -4.41489       -2.51687 

C        -10.47709       -3.03964        0.02075 

C        -10.22642       -5.14575        1.41466 

C         -7.68781       -1.75841       -2.18797 

H        -11.16290       -2.63885        0.76447 

C        -10.19402       -0.00084        0.40201 

C        -10.23684        0.08634       -1.99182 

C        -10.11194        1.38880        0.45098 

H        -10.18586       -0.56363        1.32964 

C        -10.17709        1.47393       -1.94559 

H        -10.30394       -0.41655       -2.95249 

H        -10.01649        1.87225        1.41879 

H        -10.21347        2.03526       -2.87475 

C         -8.79166        4.09234       -1.70767 

C         -9.80890        4.39990        0.44506 

H          9.62908       -4.30856       -2.39972 

C         -8.15798        5.32214       -1.58580 

H         -8.58002        3.48277       -2.58048 

C         -9.16094        5.62596        0.57507 

H        -10.47139        4.06682        1.23916 

H         -7.47477        5.64458       -2.36623 

H         -9.32057        6.22236        1.46964 

C         -6.69090        7.38562        1.01163 

C         -6.99094        8.08827       -1.26690 

H         -6.95180        6.73903        1.84489 

H         -7.53431        8.04300       -2.20703 

H         -5.04124        8.25513        2.06193 

H         -5.63363        9.58393       -1.98379 

H         -3.92400       10.29869        2.15913 

H         -3.36375        9.21954       -1.96463 

H         -1.55966       10.94793        2.30491 

H         -1.01625        9.87491       -1.82119 

H          0.72200       11.43118       -1.55758 

H          0.44673        9.68298        2.35913 

H          3.16001       11.12960       -1.51806 

H          2.87502        9.38265        2.39854 

H          5.12242       10.12607        2.41761 

H          4.48470        9.19815       -1.73024 

H          7.26125        8.91961        2.35503 

H          6.60895        7.99193       -1.79144 
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C          9.00288        7.12581       -0.85523 

C          8.40963        6.51180        1.39041 

C          9.85664        6.02947       -0.92959 

H          8.92546        7.79807       -1.70546 

C          9.26549        5.41832        1.31758 

H          7.80886        6.65172        2.28438 

H         10.43042        5.86088       -1.83702 

H          9.31497        4.72957        2.15608 

C         10.46547        3.07576       -1.20964 

C         11.25491        3.14703        1.05835 

C         10.81710        1.73300       -1.29037 

H          9.96828        3.54305       -2.05481 

C         11.61075        1.80417        0.97596 

H         11.44645        3.69408        1.97767 

H         10.58441        1.18179       -2.19678 

H         12.07704        1.32437        1.83223 

C         -8.83419       -5.33589        2.17450 

C         -7.82440       -4.25706        1.81902 

C         -8.11565       -2.92211        2.11728 

H         -8.87255       -2.70321        2.86859 

C         -7.61792       -1.87894        1.33731 

H         -7.95732       -0.86400        1.51435 

C         -6.83552       -2.15538        0.21119 

C         -6.81800       -1.21162       -0.97385 

C         -6.29065       -3.43850        0.12733 

H         -5.55072       -3.64718       -0.64130 

C         -6.75241       -4.49894        0.92267 

H        -10.65467       -6.14384        1.25980 

H        -10.91491       -4.60461        2.07335 

H         -9.04646       -5.35957        3.25072 

H         -8.42983       -6.31606        1.91014 

H         -5.80254       -1.03650       -1.35093 

H         -7.22226       -0.24112       -0.66805 

H         -7.98664       -0.89528       -2.78767 

H         -7.03968       -2.37332       -2.82234 

H         -9.03095       -5.94356       -0.94061 

 

p[16]SPP 
excited state 
E = -3850.71011026 
 

C        -10.51355       -4.47448        0.37783 

C          7.61835        7.43556       -0.07932 

C         -9.86152       -5.75797        0.33353 

C          6.53330        8.44663       -0.10657 

C         -7.94950       -7.90419        0.20810 

C          4.10600        9.90209       -0.23564 

C         -6.75110       -8.68576        0.13139 

C          2.70796       10.38553       -0.34065 

C         -4.03693       -9.58954       -0.11332 

C         -0.10060       10.74685       -0.36663 

C         -2.59950       -9.68575       -0.26990 

C         -1.57757       10.63976       -0.29178 

C          0.22175       -9.26683       -0.47662 

C         -4.30663        9.88211       -0.22224 

C          1.59633       -8.74821       -0.52273 

C         -5.63214        9.21833       -0.22805 

C          3.97370       -7.18846       -0.65295 

C         -7.87736        7.49336       -0.10657 

C          7.53375       -7.08962        0.92100 

C          8.79445       -4.60060        0.81064 

C          9.44236       -3.26568        0.71229 

C         -8.85806        6.39156        0.02014 

C         10.18009       -0.52834        0.59723 

C        -10.31001        3.95678        0.15826 

C         10.22609        0.95433        0.55649 

C        -10.81982        2.57240        0.16999 

C          9.75404        3.73974        0.32494 

C        -11.27040       -0.23931        0.26072 

C          9.21515        5.10798        0.13418 

C        -11.22146       -1.69744        0.33897 

C        -11.04943       -3.85138       -0.78187 

C          8.35158        7.16650        1.08162 

C        -10.50785       -3.68104        1.55521 

C          7.80283        6.58291       -1.17164 

C         -9.49511       -6.36862       -0.89962 

C          5.73498        8.62561        1.02708 

C         -9.39074       -6.41721        1.50646 

C          6.14751        9.10615       -1.27841 

C         -8.58738       -7.38983       -0.96056 

C          4.54847        9.33790        0.96422 

C         -8.48408       -7.43886        1.44828 

C          4.95805        9.81833       -1.34191 

C         -6.21449       -9.13761       -1.11138 

C          2.04724       10.98977        0.73431 

C         -5.92389       -8.90931        1.27110 

C          1.94948       10.07362       -1.47261 

C         -4.91774       -9.56066       -1.22644 

C          0.67154       11.16621        0.72188 

C         -4.62809       -9.33982        1.15130 

C          0.57472       10.25089       -1.48550 

C         -1.98565       -9.34198       -1.49541 

C         -2.17764       10.20400        0.89326 

C         -1.72612       -9.95280        0.81085 

C         -2.39772       10.78942       -1.41496 

C         -0.62786       -9.13327       -1.59026 

C         -3.51210        9.83270        0.92704 

C         -0.36657       -9.75230        0.70786 

C         -3.73440       10.41959       -1.38051 

C        -11.45377        0.57328        1.39669 

C        -10.84486       -2.34866        1.53276 

H        -11.76661       -2.08796       -1.71785 

H        -11.18427       -4.42792       -1.68982 

H        -10.13424       -4.09784        2.48278 

H         -9.87067       -5.96389       -1.83182 

H         -9.74093       -6.09378        2.48018 

H         -8.28960       -7.74876       -1.93814 

H         -8.14933       -7.88323        2.37846 

C        -10.97340        0.42093       -0.94606 

C        -11.23483        1.93659        1.35105 

H        -11.76096        0.12273        2.33480 

C        -10.75143        1.78343       -0.98759 

H        -10.81153       -0.15907       -1.84787 

H        -11.37128        2.52277        2.25455 

H        -10.42480        2.23122       -1.92030 

H         -6.28516       -8.64579        2.25771 

H         -6.83203       -9.12374       -2.00175 

H         -4.01710       -9.39049        2.04561 

H         -4.55533       -9.86810       -2.20156 

H         -2.60107       -9.12530       -2.36082 

H         -2.13032      -10.31072        1.75180 

H         -0.22870       -8.76120       -2.52706 

H          0.25767       -9.95640        1.57186 

C          2.21865       -8.26089        0.63833 

C          2.27793       -8.55087       -1.73539 

C          3.37686       -7.50680        0.57427 

H          1.74339       -8.40227        1.60299 

C          3.42960       -7.78657       -1.79838 

C        -11.38233       -2.51879       -0.79894 

H          1.87366       -8.96225       -2.65426 

H          3.79864       -7.10958        1.49223 

H          3.87749       -7.58001       -2.76560 

C          7.23064       -6.09653        1.84007 

C          8.33884       -6.79322       -0.17595 

C          7.72488       -4.79808        1.70893 

H          6.46432       -6.29157        2.58611 

C          9.06952       -5.60501       -0.12299 

C          8.18895       -7.56661       -1.46919 

C          6.85867       -3.67184        2.24943 

H          9.78887       -5.39305       -0.91075 

C          9.58880       -2.60580       -0.51085 

C          9.82741       -2.56790        1.86288 

C          9.93804       -1.26313       -0.56692 

H          9.34230       -3.12511       -1.43074 

C         10.19205       -1.23191        1.80762 

H          9.80477       -3.07750        2.82131 

H          9.93125       -0.75916       -1.52801 

H         10.45625       -0.71737        2.72618 

C          9.66987        1.68670        1.61002 

C         10.64166        1.66801       -0.57335 

H        -10.72090       -1.76853        2.44074 

C          9.44364        3.04833        1.49912 

H          9.31929        1.16890        2.49636 

C         10.40531        3.03106       -0.68952 

H         11.12986        1.14512       -1.39009 

H          8.92556        3.56532        2.30043 

H         10.70614        3.54843       -1.59581 

C          8.58690        5.44389       -1.06805 

C          9.13129        6.02457        1.18740 

H          8.62745        4.75084       -1.90253 

H          9.65576        5.82124        2.11632 

H          7.24375        6.75671       -2.08544 

H          8.28069        7.84189        1.92879 

H          6.77197        9.03523       -2.16395 

H          5.99552        8.11723        1.94960 

H          4.67155       10.29227       -2.27599 

H          3.90699        9.37260        1.83882 

H          2.61494       11.29743        1.60732 

H          2.42795        9.59333       -2.32012 

H          0.18385       11.60895        1.58517 

H          0.00550        9.90653       -2.34302 

H         -1.97622       11.17609       -2.33804 

H         -1.56748       10.06327        1.77965 

H         -4.33782       10.52484       -2.27706 

H         -3.91841        9.40817        1.83931 

C         -6.44467        9.16729        0.91016 

C         -6.03014        8.46858       -1.33916 

C         -7.54251        8.32229        0.97029 

H         -6.19812        9.77975        1.77220 

C         -7.12873        7.62624       -1.28045 

H         -5.41636        8.47310       -2.23413 

H         -8.13715        8.28690        1.87813 

H         -7.35191        6.98979       -2.13067 

C         -8.93105        5.65674        1.20853 

C         -9.61544        5.93686       -1.06612 

C         -9.63906        4.46892        1.27640 

H         -8.34667        5.97197        2.06700 

C        -10.32612        4.74965       -0.99828 

H         -9.63022        6.51276       -1.98656 

H         -9.58978        3.88076        2.18671 

H        -10.88854        4.42019       -1.86627 

C          6.74378       -7.42669       -2.10963 

C          6.04987       -6.13892       -1.70459 

C          6.65842       -4.92389       -2.00369 

H          7.41349       -4.89127       -2.78631 

C          6.47842       -3.80694       -1.19775 

H          7.06227       -2.91145       -1.38162 

C          5.70321       -3.89509       -0.04435 

C          5.97764       -2.98152        1.12794 

C          4.84911       -4.99052        0.04971 

H          4.10257       -5.01309        0.83867 

C          4.98231       -6.11065       -0.77827 

H          8.38646       -8.63552       -1.33101 

H          8.93135       -7.20238       -2.18638 

H          6.85444       -7.50977       -3.19695 

H          6.13834       -8.27804       -1.79142 

H          5.05275       -2.63285        1.60045 

H          6.50733       -2.09403        0.76939 

H          7.42430       -2.88560        2.75216 

H          6.18511       -4.10083        2.99780 

H          7.00584       -8.03876        0.96857 

 

p[17]SPP 
ground state 
E = -4085.44889320 
 

C         -7.09207       -4.84033        0.80116 

C         -7.95242       -4.52382        1.88224 

C         -8.23756       -3.17147        2.09364 

C         -7.96410       -2.21248        1.11872 

C         -7.43313       -2.59718       -0.11689 

C         -6.86671       -3.87281       -0.18826 

C         -8.79201       -5.58655        2.56834 

C        -10.30993       -5.60755        2.05479 

C        -10.48879       -4.96049        0.69633 

C         -9.93182       -5.53030       -0.45327 

C         -9.59117       -4.71646       -1.53061 

C         -9.79141       -3.32892       -1.50466 

C        -10.63977       -2.81282       -0.49184 

C        -10.96589       -3.64882        0.58888 

C        -10.94590       -1.36004       -0.43501 

C        -10.81399       -0.63289        0.76043 

C        -10.81617        0.75865        0.76525 

C        -10.96793        1.49044       -0.42468 

C        -11.26263        0.76360       -1.59285 

C        -11.25564       -0.62728       -1.59477 

C        -10.64708        2.93722       -0.45777 

C         -9.95935        3.47144       -1.56141 

C         -9.40896        4.74703       -1.52037 

C         -9.51448        5.54852       -0.37108 

C        -10.28981        5.05634        0.69334 

C        -10.84639        3.78126        0.64948 

C         -8.68337        6.76985       -0.25168 

C         -7.99855        7.03642        0.94597 

C         -7.00602        8.00870        1.00644 

C         -6.65459        8.76231       -0.12670 

C         -7.41784        8.57263       -1.29259 

C         -8.40795        7.59711       -1.35453 

C         -5.41903        9.58143       -0.11949 

C         -4.57817        9.58790       -1.24577 

C         -3.30071       10.13312       -1.18883 

C         -2.80144       10.69618       -0.00203 

C         -3.67793       10.78027        1.09404 

C         -4.95787       10.23662        1.03613 

C         -1.35909       11.01867        0.10978 

C         -0.61657       11.51042       -0.97820 

C          0.77333       11.56078       -0.93724 

C          1.48452       11.12036        0.19302 

C          0.73668       10.72865        1.31660 

C         -0.65249       10.67949        1.27616 

C          2.95066       10.90379        0.16639 

C          3.56217       10.39856       -0.99378 

C          4.87788        9.94984       -0.97796 

C          5.64536        9.98457        0.19885 

C          5.06695       10.58340        1.33192 

C          3.74984       11.03275        1.31604 

C          6.93655        9.25905        0.25901 

C          7.79432        9.16515       -0.85123 

C          8.86217        8.27308       -0.86289 

C          9.12155        7.43445        0.23545 

C          8.32883        7.60633        1.38309 

C          7.26139        8.49741        1.39451 

C         10.06214        6.29195        0.15140 

C         10.13980        5.53669       -1.03118 

C         10.80494        4.31633       -1.06423 

C         11.42539        3.79329        0.08331 

C         11.43939        4.59894        1.23574 

C         10.77230        5.81989        1.26932 

C         11.87459        2.38067        0.09914 

C         12.39165        1.74605       -1.04433 

C         12.54737        0.36409       -1.09273 

C         12.19502       -0.44621        0.00098 

C         11.78671        0.19964        1.18044 

C         11.62942        1.58034        1.22811 

C         12.06618       -1.91837       -0.11438 

C         11.53700       -2.48098       -1.28838 

C         11.14066       -3.81274       -1.33353 

C         11.25667       -4.64623       -0.20773 

C         11.89288       -4.11418        0.92804 

C         12.28717       -2.78029        0.97429 

C         10.55708       -5.95314       -0.18526 

C         10.39350       -6.73661       -1.34173 

C          9.49367       -7.79772       -1.37146 

C          8.71891       -8.12572       -0.24490 

C          8.97321       -7.41996        0.94342 

C          9.87011       -6.35792        0.97218 

C          7.54327       -9.02490       -0.32638 

C          7.11360       -9.80378        0.76249 

C          5.85689      -10.40183        0.76812 

C          4.97086      -10.24442       -0.31280 

C          5.44996       -9.56627       -1.44698 

C          6.70674       -8.97215       -1.45431 

C          3.53121      -10.58527       -0.21491 

C          2.84680      -10.38187        0.99583 

C          1.45757      -10.39951        1.05019 

C          0.68715      -10.61757       -0.10461 

C          1.37240      -10.94260       -1.28853 

C          2.76291      -10.92918       -1.34175 

C         -0.76196      -10.30596       -0.08769 

C         -1.57045      -10.53818        1.03879 

C         -2.83687       -9.97054        1.14493 

C         -3.34982       -9.13948        0.13270 

C         -2.58809       -9.00741       -1.04126 

C         -1.32554       -9.57891       -1.14998 

C         -4.53396       -8.27153        0.34196 

C         -5.34976       -7.84791       -0.72228 

C         -6.25810       -6.80482       -0.56195 

C         -6.39363       -6.14354        0.67055 

C         -5.67230       -6.65338        1.76337 

C         -4.76047       -7.69048        1.60241 

C         -8.80641       -2.47013       -2.29202 

C         -7.71339       -1.78401       -1.36363 

H          9.96078       -5.77010        1.88095 

H          8.38468       -7.63785        1.82998 

H          9.36722       -8.36390       -2.29044 

H          7.76183       -9.91725        1.62739 

H          7.00030       -8.36953       -2.30899 

H          5.54486      -10.97494        1.63706 

H          4.79076       -9.41200       -2.29617 

H         10.64115       -4.18325       -2.22391 

H         12.05604       -4.74744        1.79595 

H         11.33944       -1.84241       -2.14453 

H         12.75065       -2.39255        1.87756 

H          3.26119      -11.15783       -2.27999 

H          3.40416      -10.10204        1.88498 

H          0.80654      -11.17826       -2.18597 

H          0.96220      -10.13487        1.97995 

H         -1.18896      -11.14728        1.85407 

H         -0.72534       -9.36901       -2.03063 

H         -3.42542      -10.14887        2.04084 

H         -2.94315       -8.36261       -1.83972 

H         -5.24819       -8.32034       -1.69570 

H         -4.14282       -7.98437        2.44607 

H         -6.84898       -6.47099       -1.41080 

H         -5.76136       -6.16062        2.72768 

H         -9.00171       -5.14414       -2.33911 

H        -11.49803       -3.21638        1.43322 

H        -10.60818       -1.16058        1.68573 

H        -11.45973       -1.16211       -2.51776 

H        -10.59736        1.28099        1.69212 

H        -11.47235        1.29555       -2.51680 

H         10.95760       -6.49233       -2.23783 

H         -9.76904        2.84476       -2.42768 

H        -11.42531        3.42534        1.49739 

H         -8.80441        5.08882       -2.35556 

H        -10.43945        5.67368        1.57517 

H         -8.17691        6.40777        1.81376 

H         -8.96196        7.45710       -2.27892 

H         -6.42960        8.11728        1.92060 

H         -7.21586        9.18195       -2.16935 

H         -5.60379       10.30282        1.90750 

H         -4.89223        9.07561       -2.15047 

H         -3.34402       11.26095        2.00971 

H         -2.64622       10.03575       -2.05020 

H         -1.13552       11.83772       -1.87514 

H         -1.19224       10.28133        2.13060 

H          1.31862       11.92753       -1.80269 

H          1.25202       10.36731        2.20186 

H          3.32665       11.47320        2.21484 

H          2.97115       10.26793       -1.89563 

H          5.65154       10.67980        2.24291 

H          5.28535        9.47869       -1.86775 

H          7.60815        9.78438       -1.72462 

H          6.61253        8.53256        2.26490 

H          9.49314        8.20884       -1.74532 

H          8.49046        6.96494        2.24469 

H          9.59051        5.86226       -1.90986 

H         10.78297        6.40788        2.18318 

H         10.75939        3.71563       -1.96796 

H         11.96110        4.25296        2.12401 

H         12.65133        2.34170       -1.91533 

H         11.21575        2.03302        2.12459 

H         12.92454       -0.09828       -2.00101 

H         11.49279       -0.39516        2.04047 

H         -8.82167       -2.88517        2.96671 

H         -8.30413       -1.19167        1.25769 

H         -6.30936       -4.15957       -1.07719 

H        -10.64048       -6.65322        2.05130 

H        -10.93187       -5.08095        2.78718 

H         -8.81486       -5.44209        3.65532 

H         -8.35594       -6.57212        2.38839 

H         -6.81346       -1.63243       -1.97284 

H         -8.07851       -0.79359       -1.07253 
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H         -9.27379       -1.67938       -2.88328 

H         -8.28827       -3.12486       -3.00140 

H         -9.60613       -6.56811       -0.44361 

 

p[17]SPP 
excited state 
E = -4081.64476507 
 

C         -5.38798       -6.41853        0.67380 

C         -6.28877       -6.31081        1.75641 

C         -6.87772       -5.06784        1.96591 

C         -6.85810       -4.08493        0.98443 

C         -6.27578       -4.34371       -0.25354 

C         -5.42049       -5.44134       -0.32469 

C         -6.85737       -7.52858        2.45926 

C         -8.36510       -7.82510        2.05109 

C         -8.74749       -7.23584        0.71003 

C         -8.12845       -7.66607       -0.46105 

C         -8.02460       -6.80183       -1.54046 

C         -8.52944       -5.50070       -1.49526 

C         -9.43235       -5.19347       -0.45622 

C         -9.51633       -6.07494        0.62783 

C        -10.08400       -3.85844       -0.38497 

C        -10.08629       -3.11543        0.79966 

C        -10.47889       -1.78503        0.81630 

C        -10.89823       -1.14005       -0.35030 

C        -11.02792       -1.91955       -1.50506 

C        -10.63313       -3.24921       -1.51936 

C        -11.01716        0.33793       -0.37766 

C        -10.55369        1.04668       -1.48994 

C        -10.39422        2.42252       -1.44874 

C        -10.68873        3.15018       -0.29230 

C        -11.25379        2.45603        0.78253 

C        -11.41620        1.07874        0.74001 

C        -10.23149        4.55612       -0.17793 

C         -9.62510        4.99232        1.00341 

C         -8.93871        6.19543        1.05477 

C         -8.83061        7.01475       -0.07259 

C         -9.53287        6.63188       -1.22029 

C        -10.21821        5.42696       -1.27242 

C         -7.85430        8.13106       -0.08008 

C         -7.05975        8.34622       -1.20985 

C         -5.96254        9.19141       -1.16477 

C         -5.61097        9.85778        0.01254 

C         -6.46670        9.72552        1.11108 

C         -7.56593        8.88022        1.06549 

C         -4.28584       10.51546        0.11447 

C         -3.68811       11.15974       -0.97374 

C         -2.35045       11.52571       -0.94316 

C         -1.55469       11.26235        0.17675 

C         -2.18078       10.71623        1.30085 

C         -3.51743       10.35080        1.27038 

C         -0.07677       11.37661        0.13957 

C          0.61733       11.00809       -1.01651 

C          1.99459       10.85506       -1.00807 

C          2.73850       11.06353        0.15695 

C          2.05620       11.53034        1.28541 

C          0.67744       11.68376        1.27685 

C          4.15602       10.63293        0.21153 

C          5.00267       10.71676       -0.89898 

C          6.23543       10.08142       -0.90998 

C          6.67428        9.33554        0.18941 

C          5.87141        9.33763        1.33407 

C          4.63930        9.97198        1.34466 

C          7.84915        8.43601        0.11328 

C          8.10222        7.71939       -1.06057 

C          9.03580        6.69648       -1.08992 

C          9.75998        6.34229        0.05374 

C          9.57677        7.12447        1.20070 

C          8.64176        8.14775        1.22987 

C         10.55213        5.09329        0.06914 

C         11.18387        4.59737       -1.07906 

C         11.70558        3.31578       -1.11536 

C         11.62234        2.46260       -0.00372 

C         11.08520        3.00011        1.17516 

C         10.56224        4.28072        1.20918 

C         11.92769        1.02645       -0.09182 

C         11.71481        0.32392       -1.28967 

C         11.74451       -1.05398       -1.33396 

C         11.98484       -1.82722       -0.17762 

C         12.32146       -1.11225        0.99389 

C         12.28995        0.26574        1.03410 

C         11.74115       -3.26017       -0.17382 

C         11.64007       -4.01392       -1.37026 

C         11.12502       -5.28394       -1.38514 

C         10.65484       -5.91866       -0.19901 

C         10.92054       -5.22337        1.01467 

C         11.43542       -3.95222        1.02321 

C          9.82818       -7.09030       -0.22802 

C          9.41881       -7.76825        0.95981 

C          8.38076       -8.65708        0.96382 

C          7.64014       -8.95914       -0.21811 

C          8.18710       -8.44347       -1.42974 

C          9.22812       -7.55669       -1.43509 

C          6.34947       -9.58984       -0.17735 

C          5.64600       -9.77029        1.04550 

C          4.30697      -10.07259        1.07342 

C          3.55305      -10.22660       -0.11195 

C          4.28434      -10.21604       -1.32296 

C          5.62336       -9.91849       -1.35698 

C          2.09585      -10.22078       -0.08333 

C          1.35852      -10.53805        1.07639 

C          0.00831      -10.26552        1.16996 

C         -0.69262       -9.65788        0.11459 

C          0.01227       -9.45665       -1.08239 

C          1.36067       -9.73339       -1.18190 

C         -2.04219       -9.09023        0.28786 

C         -2.90365       -8.86861       -0.79666 

C         -4.04204       -8.08998       -0.66348 

C         -4.37873       -7.49941        0.56068 

C         -3.58496       -7.82058        1.66829 

C         -2.44475       -8.59458        1.53594 

C         -7.80182       -4.45637       -2.32734 

C         -6.76008       -3.61232       -1.48380 

H         11.51840       -3.43860        1.97427 

H         10.62190       -5.66000        1.96003 

H         11.06429       -5.80473       -2.33381 

H          9.92990       -7.56748        1.89445 

H          9.53597       -7.13603       -2.38482 

H          8.10812       -9.12533        1.90256 

H          7.71967       -8.68606       -2.37640 

H         11.47649       -1.54533       -2.26221 

H         12.60181       -1.65217        1.89173 

H         11.42736        0.86800       -2.18324 

H         12.53994        0.77079        1.96190 

H          6.12500       -9.91406       -2.31764 

H          6.14370       -9.57295        1.98714 

H          3.77527      -10.43618       -2.25554 

H          3.80260      -10.09501        2.03319 

H          1.86035      -10.99415        1.92338 

H          1.87796       -9.46572       -2.09640 

H         -0.51501      -10.51058        2.08889 

H         -0.48501       -8.98288       -1.92209 

H         -2.66493       -9.29274       -1.76692 

H         -1.80342       -8.73339        2.39987 

H         -4.66835       -7.90970       -1.53217 

H         -3.81832       -7.37480        2.63035 

H         -7.39402       -7.08765       -2.37870 

H        -10.10184       -5.77272        1.49264 

H         -9.69674       -3.55955        1.70920 

H        -10.72574       -3.82361       -2.43575 

H        -10.37153       -1.21497        1.73363 

H        -11.41909       -1.47131       -2.41343 

H         11.96838       -3.57600       -2.30677 

H        -10.22293        0.50375       -2.36939 

H        -11.83379        0.56651        1.60155 

H         -9.94298        2.92795       -2.29654 

H        -11.54476        2.99886        1.67690 

H         -9.60730        4.33614        1.86775 

H        -10.72739        5.14317       -2.18859 

H         -8.39707        6.45601        1.95838 

H         -9.51734        7.27315       -2.09639 

H         -8.19544        8.77877        1.94443 

H         -7.24622        7.77129       -2.11116 

H         -6.25321       10.27164        2.02507 

H         -5.31341        9.26126       -2.03169 

H         -4.27224       11.35269       -1.86855 

H         -3.94603        9.84257        2.12818 

H         -1.90874       12.00006       -1.81434 

H         -1.59039       10.48697        2.18216 

H          0.17463       12.02464        2.17689 

H          0.06239       10.74806       -1.91216 

H          2.61061       11.75392        2.19189 

H          2.48985       10.47918       -1.89760 

H          4.68089       11.26887       -1.77684 

H          4.00275        9.87541        2.21835 

H          6.85944       10.14666       -1.79619 

H          6.17472        8.75759        2.19976 

H          7.49537        7.90585       -1.94080 

H          8.50960        8.72135        2.14233 

H          9.13892        6.10316       -1.99258 

H         10.16251        6.91575        2.09071 

H         11.25157        5.22198       -1.96455 

H         10.07041        4.62397        2.11356 

H         12.17506        2.96269       -2.02806 

H         10.98777        2.37121        2.05373 

H         -7.49679       -4.91903        2.84817 

H         -7.43109       -3.17455        1.12519 

H         -4.81285       -5.58880       -1.21393 

H         -8.50465       -8.91153        2.07063 

H         -9.02570       -7.41152        2.81960 

H         -6.82595       -7.42116        3.54933 

H         -6.25184       -8.40349        2.21377 

H         -5.93451       -3.34102       -2.15096 

H         -7.24035       -2.67927       -1.17451 

H         -8.46530       -3.75073       -2.82947 

H         -7.25548       -4.98424       -3.11504 

H         -7.58468       -8.60734       -0.47664 

 

m[7]SPP 
ground state 
E = -1773.95451020 
 

C          3.18305        0.38939       -1.91296 

C          4.56821        0.26449       -1.85891 

C          5.14407       -0.80116       -1.16238 

C          4.31435       -1.89575       -0.85947 

C          2.92171       -1.81288       -0.97900 

C          2.34477       -0.56044       -1.32365 

H          2.74891        1.31163       -2.28747 

H          5.19162        1.09186       -2.19130 

H          4.74876       -2.79520       -0.42648 

C          2.92171        1.81288        0.97900 

C          4.31435        1.89574        0.85946 

C          5.14407        0.80116        1.16237 

C          4.56822       -0.26449        1.85891 

C          3.18306       -0.38939        1.91296 

C          2.34477        0.56044        1.32366 

H          4.74876        2.79520        0.42648 

H          5.19163       -1.09186        2.19130 

H          2.74892       -1.31163        2.28747 

C          0.99391       -0.10250       -0.78959 

H          0.17773       -0.79313       -1.01810 

H          0.74573        0.85739       -1.25244 

C          0.99392        0.10250        0.78960 

H          0.74574       -0.85740        1.25245 

H          0.17773        0.79312        1.01811 

C          6.50232       -0.60971       -0.51182 

H          6.77616       -1.52382        0.02707 

H          7.29490       -0.42723       -1.24894 

C          6.50232        0.60971        0.51181 

H          7.29491        0.42723        1.24893 

H          6.77616        1.52382       -0.02708 

C          1.95208       -2.89926       -0.65682 

C          1.75342       -3.43286        0.62594 

C          0.98521       -3.20134       -1.63126 

C          0.52814       -4.00462        0.97916 

H          2.51651       -3.29635        1.38649 

C         -0.23199       -3.77205       -1.28500 

H          1.14073       -2.85149       -2.64809 

C         -0.53587       -4.06321        0.05862 

H          0.36324       -4.30223        2.01160 

H         -1.01066       -3.83675       -2.03877 

C         -1.96652       -3.99866        0.46022 

C         -3.02275       -4.29369       -0.42538 

C         -2.29293       -3.22284        1.58656 

C         -4.23416       -3.61049       -0.35117 

H         -2.85630       -4.98035       -1.25149 

C         -3.49964       -2.53907        1.65841 

H         -1.52782       -2.99371        2.32221 

C         -4.43765       -2.59718        0.60839 

H         -4.98064       -3.78533       -1.12150 

H         -3.61741       -1.80645        2.44949 

C          1.95208        2.89926        0.65683 

C          0.98521        3.20134        1.63126 

C          1.75342        3.43286       -0.62594 

C         -0.23199        3.77205        1.28500 

H          1.14073        2.85148        2.64810 

C          0.52814        4.00462       -0.97916 

H          2.51651        3.29635       -1.38648 

C         -0.53587        4.06320       -0.05862 

H         -1.01065        3.83675        2.03878 

H          0.36324        4.30223       -2.01160 

C         -1.96652        3.99866       -0.46022 

C         -2.29293        3.22284       -1.58656 

C         -3.02275        4.29369        0.42538 

C         -3.49963        2.53907       -1.65841 

H         -1.52781        2.99370       -2.32220 

C         -4.23416        3.61049        0.35117 

H         -2.85629        4.98035        1.25149 

C         -4.43765        2.59719       -0.60839 

H         -3.61740        1.80645       -2.44949 

H         -4.98064        3.78533        1.12149 

C         -5.24788        1.37873       -0.33841 

C         -5.42454        0.95741        0.99563 

C         -5.44556        0.39317       -1.32595 

C         -5.44557       -0.39316        1.32594 

H         -5.37063        1.68061        1.80374 

C         -5.42454       -0.95741       -0.99563 

H         -5.45142        0.67012       -2.37641 

C         -5.24788       -1.37872        0.33841 

H         -5.37063       -1.68061       -1.80374 

H         -5.45142       -0.67012        2.37640 

 

m[7]SPP 
excited state 
E = -1772.28582582 
 

C          3.24464        0.20583       -1.92217 

C          4.62463        0.08500       -1.85782 

C          5.19623       -0.91084       -1.07321 

C          4.37149       -1.97757       -0.68761 

C          2.98375       -1.90495       -0.81689 

C          2.41297       -0.68646       -1.25458 

H          2.81017        1.08992       -2.37859 

H          5.24795        0.87723       -2.26521 

H          4.80881       -2.84114       -0.19086 

C          2.98376        1.90495        0.81689 

C          4.37150        1.97757        0.68761 

C          5.19624        0.91083        1.07321 

C          4.62464       -0.08501        1.85782 

C          3.24465       -0.20583        1.92217 

C          2.41298        0.68646        1.25458 

H          4.80882        2.84114        0.19086 

H          5.24796       -0.87723        2.26520 

H          2.81017       -1.08992        2.37859 

C          1.06094       -0.19598       -0.76830 

H          0.26170       -0.92646       -0.91425 

H          0.79040        0.69302       -1.34416 

C          1.06095        0.19599        0.76831 

H          0.79041       -0.69302        1.34417 

H          0.26171        0.92646        0.91426 

C          6.55166       -0.65469       -0.44457 

H          6.82536       -1.51068        0.18056 

H          7.34294       -0.55089       -1.19614 

C          6.55166        0.65468        0.44456 

H          7.34294        0.55088        1.19613 

H          6.82536        1.51067       -0.18057 

C          1.99269       -2.96146       -0.46065 

C          1.65714       -3.34499        0.84340 

C          1.12590       -3.37739       -1.48236 

C          0.40380       -3.86788        1.13254 

H          2.33965       -3.12975        1.65976 

C         -0.11419       -3.91294       -1.20385 

H          1.39019       -3.15820       -2.51238 

C         -0.57153       -4.03410        0.12550 

H          0.14704       -4.05454        2.17034 

H         -0.79304       -4.09030       -2.02940 

C         -2.00872       -3.98223        0.38514 

C         -2.95948       -4.12755       -0.66030 

C         -2.50700       -3.42678        1.58893 

C         -4.15292       -3.45650       -0.63678 

H         -2.70996       -4.71478       -1.53807 

C         -3.71037       -2.76646        1.62878 

H         -1.87156       -3.38716        2.46698 

C         -4.48549       -2.58290        0.44420 

H         -4.81268       -3.52921       -1.49498 

H         -3.97829       -2.23651        2.53550 

C          1.99270        2.96145        0.46065 

C          1.12591        3.37739        1.48236 

C          1.65715        3.34498       -0.84340 

C         -0.11418        3.91294        1.20385 

H          1.39020        3.15820        2.51238 

C          0.40381        3.86788       -1.13254 

H          2.33966        3.12975       -1.65975 

C         -0.57152        4.03409       -0.12550 

H         -0.79303        4.09030        2.02940 

H          0.14705        4.05454       -2.17034 

C         -2.00871        3.98223       -0.38514 

C         -2.50699        3.42678       -1.58893 

C         -2.95947        4.12756        0.66030 

C         -3.71037        2.76647       -1.62878 

H         -1.87156        3.38716       -2.46698 

C         -4.15291        3.45650        0.63677 

H         -2.70995        4.71478        1.53807 

C         -4.48548        2.58290       -0.44420 

H         -3.97828        2.23652       -2.53550 

H         -4.81267        3.52922        1.49497 

C         -5.25184        1.39348       -0.25372 

C         -5.49774        0.88906        1.06720 

C         -5.48058        0.45265       -1.31238 

C         -5.48058       -0.45264        1.31238 

H         -5.56137        1.57372        1.90577 

C         -5.49775       -0.88906       -1.06720 

H         -5.55375        0.80285       -2.33687 

C         -5.25185       -1.39348        0.25371 

H         -5.56138       -1.57371       -1.90578 

H         -5.55375       -0.80284        2.33687 

 

m[8]SPP 
ground state 
E = -2005.11468383 
 

C         -4.01539       -0.44370       -1.90881 

C         -5.40144       -0.32057       -1.86084 

C         -5.98110        0.75840       -1.18811 

C         -5.15287        1.85800       -0.90274 

C         -3.75993        1.77399       -1.01351 

C         -3.18000        0.51903       -1.33627 

H         -3.57833       -1.37195       -2.26491 

H         -6.02259       -1.15500       -2.17963 

H         -5.58894        2.76576       -0.48930 

C         -3.75994       -1.77398        1.01351 

C         -5.15288       -1.85800        0.90274 

C         -5.98111       -0.75839        1.18811 

C         -5.40145        0.32057        1.86085 

C         -4.01540        0.44370        1.90883 

C         -3.18001       -0.51903        1.33628 

H         -5.58895       -2.76575        0.48929 

H         -6.02259        1.15500        2.17964 

H         -3.57834        1.37195        2.26494 

C         -1.82765        0.08038       -0.79216 
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H         -1.01579        0.76937       -1.04222 

H         -1.57669       -0.89122       -1.22924 

C         -1.82766       -0.08038        0.79218 

H         -1.57670        0.89122        1.22927 

H         -1.01580       -0.76936        1.04224 

C         -7.34164        0.58686       -0.53828 

H         -7.62416        1.52174       -0.04116 

H         -8.12797        0.36762       -1.27190 

C         -7.34164       -0.58685        0.53828 

H         -8.12798       -0.36760        1.27189 

H         -7.62417       -1.52172        0.04116 

C         -2.81305        2.88571       -0.71605 

C         -2.66446        3.49584        0.53867 

C         -1.86027        3.19647       -1.70102 

C         -1.50814        4.21592        0.85322 

H         -3.41675        3.33214        1.30440 

C         -0.71706        3.92108       -1.39568 

H         -1.97644        2.76971       -2.69341 

C         -0.46955        4.36426       -0.08303 

H         -1.37927        4.60007        1.86204 

H          0.05379        4.03111       -2.15237 

C          0.94204        4.64878        0.28436 

C          1.85959        5.19549       -0.63345 

C          1.47462        4.04157        1.43443 

C          3.22151        4.92660       -0.53248 

H          1.49169        5.75747       -1.48804 

C          2.83590        3.77237        1.53567 

H          0.80248        3.62416        2.17889 

C          3.72025        4.09799        0.49064 

H          3.89173        5.28039       -1.31179 

H          3.18313        3.14903        2.35437 

C          4.92886        3.25129        0.31679 

C          5.14587        2.68585       -0.95279 

C          5.62749        2.67314        1.39369 

C          5.78250        1.45880       -1.09184 

H          4.65302        3.11318       -1.82082 

C          6.27764        1.45011        1.25068 

H          5.57518        3.13310        2.37736 

C          6.23865        0.74323        0.03078 

H          5.75761        0.97965       -2.06518 

H          6.72496        0.99061        2.12789 

C         -2.81306       -2.88570        0.71604 

C         -1.86029       -3.19647        1.70102 

C         -2.66446       -3.49582       -0.53868 

C         -0.71708       -3.92108        1.39567 

H         -1.97645       -2.76973        2.69341 

C         -1.50815       -4.21590       -0.85324 

H         -3.41676       -3.33211       -1.30441 

C         -0.46956       -4.36425        0.08301 

H          0.05377       -4.03113        2.15236 

H         -1.37928       -4.60005       -1.86206 

C          0.94203       -4.64877       -0.28437 

C          1.47461       -4.04157       -1.43444 

C          1.85957       -5.19549        0.63344 

C          2.83589       -3.77236       -1.53567 

H          0.80248       -3.62415       -2.17890 

C          3.22149       -4.92661        0.53247 

H          1.49167       -5.75748        1.48802 

C          3.72024       -4.09799       -0.49065 

H          3.18313       -3.14902       -2.35437 

H          3.89171       -5.28040        1.31178 

C          4.92885       -3.25130       -0.31679 

C          5.14586       -2.68586        0.95280 

C          5.62749       -2.67315       -1.39369 

C          5.78249       -1.45881        1.09185 

H          4.65300       -3.11319        1.82082 

C          6.27764       -1.45013       -1.25067 

H          5.57518       -3.13311       -2.37735 

C          6.23864       -0.74325       -0.03076 

H          5.75760       -0.97966        2.06519 

H          6.72496       -0.99063       -2.12788 

 

m[8]SPP 
excited state 
E = -2003.23262566 
 

C         -4.05300        0.39293        1.90339 

C         -5.43385        0.27079        1.85266 

C         -6.00902       -0.79141        1.16290 

C         -5.18557       -1.88718        0.87207 

C         -3.79703       -1.80575        0.98744 

C         -3.22272       -0.55701        1.31722 

H         -3.61547        1.31452        2.27519 

H         -6.05473        1.09775        2.18856 

H         -5.62397       -2.79061        0.45311 

C         -3.79726        1.80567       -0.98748 

C         -5.18580        1.88701       -0.87205 

C         -6.00919        0.79117       -1.16281 

C         -5.43398       -0.27100       -1.85258 

C         -4.05312       -0.39304       -1.90340 

C         -3.22288        0.55697       -1.31730 

H         -5.62424        2.79040       -0.45305 

H         -6.05482       -1.09801       -2.18843 

H         -3.61554       -1.31460       -2.27523 

C         -1.87312       -0.10765        0.78441 

H         -1.06412       -0.80520        1.01388 

H         -1.61957        0.84511        1.25734 

C         -1.87319        0.10776       -0.78459 

H         -1.61957       -0.84497       -1.25754 

H         -1.06428        0.80541       -1.01412 

C         -7.36563       -0.60113        0.51508 

H         -7.64394       -1.52035       -0.01028 

H         -8.15332       -0.41166        1.25346 

C         -7.36573        0.60079       -0.51487 

H         -8.15346        0.41125       -1.25319 

H         -7.64406        1.51999        0.01051 

C         -2.83806       -2.90882        0.69812 

C         -2.64291       -3.49792       -0.55547 

C         -1.91416       -3.22553        1.70225 

C         -1.47204       -4.18959       -0.84562 

H         -3.37338       -3.33873       -1.34265 

C         -0.75767       -3.92664        1.42359 

H         -2.06760       -2.82317        2.69886 

C         -0.45451       -4.33335        0.11298 

H         -1.31736       -4.56162       -1.85400 

H         -0.01649       -4.04105        2.20663 

C          0.95235       -4.59773       -0.22415 

C          1.89314       -4.98942        0.75233 

C          1.47788       -4.15810       -1.45374 

C          3.23189       -4.70705        0.61241 

H          1.54970       -5.46345        1.66670 

C          2.81876       -3.87736       -1.60246 

H          0.80155       -3.89375       -2.26004 

C          3.72265       -3.99870       -0.51646 

H          3.90583       -4.96930        1.42080 

H          3.14325       -3.40767       -2.52355 

C          4.91346       -3.18545       -0.45887 

C          5.49779       -2.83254        0.79327 

C          5.37678       -2.43382       -1.57914 

C          6.14787       -1.64231        0.96286 

H          5.32277       -3.45304        1.66487 

C          6.04074       -1.25038       -1.41803 

H          5.13814       -2.76530       -2.58429 

C          6.26720       -0.70312       -0.11233 

H          6.48527       -1.37072        1.95686 

H          6.29382       -0.67236       -2.29946 

C         -2.83833        2.90876       -0.69816 

C         -1.91442        3.22546       -1.70228 

C         -2.64317        3.49784        0.55544 

C         -0.75793        3.92658       -1.42362 

H         -2.06783        2.82309       -2.69889 

C         -1.47231        4.18952        0.84559 

H         -3.37363        3.33863        1.34262 

C         -0.45479        4.33331       -0.11301 

H         -0.01674        4.04099       -2.20666 

H         -1.31764        4.56156        1.85397 

C          0.95207        4.59772        0.22412 

C          1.47761        4.15811        1.45372 

C          1.89285        4.98945       -0.75235 

C          2.81849        3.87741        1.60244 

H          0.80127        3.89374        2.26001 

C          3.23162        4.70713       -0.61242 

H          1.54941        5.46347       -1.66671 

C          3.72239        3.99880        0.51646 

H          3.14300        3.40774        2.52354 

H          3.90555        4.96941       -1.42079 

C          4.91324        3.18561        0.45888 

C          5.49761        2.83274       -0.79324 

C          5.37659        2.43401        1.57916 

C          6.14778        1.64255       -0.96283 

H          5.32258        3.45323       -1.66485 

C          6.04063        1.25060        1.41806 

H          5.13791        2.76547        2.58431 

C          6.26715        0.70336        0.11236 

H          6.48522        1.37098       -1.95681 

H          6.29373        0.67260        2.29950 

 

m[9]SPP 
conformer1 
ground state 
E = -2236.26824247 
 

C         -5.89371       -1.84359        1.05122 

C         -4.50473       -1.70449        1.16472 

C         -3.97046       -0.40996        1.39454 

C         -4.84625        0.56575        1.87910 

C         -6.22746        0.39411        1.82477 

C         -6.76257       -0.75603        1.23774 

H         -6.29371       -2.79665        0.70946 

H         -4.44471        1.53364        2.16420 

H         -6.87966        1.22993        2.06946 

C         -6.14237       -0.61494       -1.84639 

C         -4.75153       -0.68859       -1.86230 

C         -3.96255        0.35396       -1.36801 

C         -4.59412        1.60778       -1.16244 

C         -5.99126        1.64748       -1.08353 

C         -6.77399        0.49826       -1.28466 

H         -6.72665       -1.49785       -2.09733 

H         -4.27426       -1.63040       -2.11879 

H         -6.46725        2.57033       -0.75660 

C         -8.11951       -0.69662        0.56268 

H         -8.91783       -0.41467        1.26087 

H         -8.37318       -1.68989        0.17543 

C         -8.14033        0.34378       -0.64410 

H         -8.47216        1.31664       -0.26425 

H         -8.89936        0.00761       -1.36188 

C         -2.62883        0.03438        0.82568 

H         -2.43736        1.06010        1.15617 

H         -1.78651       -0.57660        1.16162 

C         -2.60639        0.01733       -0.76377 

H         -1.80871        0.69623       -1.07896 

H         -2.32396       -0.98969       -1.08757 

C         -3.71304        2.78382       -0.92260 

C         -2.71739        3.05785       -1.87536 

C         -3.69528        3.53136        0.26494 

C         -1.66512        3.91704       -1.59191 

H         -2.73371        2.51859       -2.81844 

C         -2.62619        4.38132        0.56216 

H         -4.48438        3.38724        0.99663 

C         -1.55386        4.53414       -0.33254 

H         -0.85888        4.02487       -2.31156 

H         -2.59541        4.88563        1.52481 

C         -3.54538       -2.81877        0.94767 

C         -3.51510       -3.64236       -0.18876 

C         -2.50990       -2.97521        1.88420 

C         -2.41978       -4.47112       -0.44840 

H         -4.32545       -3.58531       -0.91009 

C         -1.42229       -3.79495        1.62878 

H         -2.53288       -2.38058        2.79305 

C         -1.31602       -4.51359        0.42265 

H         -2.40250       -5.05316       -1.36625 

H         -0.59670       -3.79962        2.33288 

C         -0.22134        5.06489        0.05263 

C          0.36017        4.63782        1.25795 

C          0.61281        5.72596       -0.86731 

C          1.73972        4.67479        1.43936 

H         -0.25657        4.13468        1.99774 

C          1.99094        5.77222       -0.68108 

H          0.18266        6.14149       -1.77496 

C          2.59422        5.14673        0.42646 

H          2.16375        4.19274        2.31534 

H          2.61443        6.22856       -1.44542 

C          4.00201        4.67464        0.39824 

C          4.51696        4.19879       -0.82074 

C          4.73926        4.37504        1.55930 

C          5.56724        3.29053       -0.85309 

H          3.99102        4.41419       -1.74576 

C          5.79730        3.46980        1.52565 

H          4.43166        4.79435        2.51385 

C          6.15838        2.81491        0.33156 

H          5.81827        2.82933       -1.80294 

H          6.29279        3.20552        2.45609 

C          0.01489       -5.05776        0.05494 

C          0.94949       -5.42623        1.03988 

C          0.49824       -4.95375       -1.26121 

C          2.31272       -5.43254        0.77298 

H          0.61411       -5.61755        2.05523 

C          1.86255       -4.99208       -1.53353 

H         -0.18849       -4.71813       -2.06949 

C          2.81478       -5.09835       -0.50013 

H          2.99300       -5.58766        1.60383 

H          2.18510       -4.82845       -2.55695 

C          4.19581       -4.56171       -0.64416 

C          4.49197       -3.66934       -1.69193 

C          5.14617       -4.63723        0.39568 

C          5.52281       -2.74437       -1.58659 

H          3.82262       -3.58272       -2.54075 

C          6.16931       -3.70023        0.51178 

H          5.03594       -5.37954        1.18048 

C          6.30567       -2.65706       -0.42183 

H          5.61017       -1.97449       -2.34756 

H          6.81488       -3.72598        1.38613 

C          6.89385       -1.33516       -0.08927 

C          6.60103       -0.79037        1.17374 

C          7.38896       -0.45115       -1.06613 

C          6.55310        0.58567        1.36639 

H          6.23615       -1.44043        1.96362 

C          7.35420        0.92608       -0.86737 

H          7.71547       -0.84163       -2.02674 

C          6.80578        1.47741        0.30819 

H          6.15056        0.96055        2.30230 

H          7.66611        1.58219       -1.67553 

 

m[9]SPP 
conformer 1 
excited state 
E = -2234.17447465 
 

C          6.01641       -1.83298       -0.96086 

C          4.62704       -1.75269       -1.06476 

C          4.04526       -0.49555       -1.34026 

C          4.87063        0.48378       -1.88468 

C          6.25251        0.36732       -1.84230 

C          6.83515       -0.72340       -1.20504 

H          6.45925       -2.75265       -0.58397 

H          4.42751        1.41916       -2.21292 

H          6.86842        1.21163       -2.14232 

C          6.25218       -0.36818        1.84223 

C          4.87025       -0.48427        1.88444 

C          4.04521        0.49540        1.34013 

C          4.62738        1.75242        1.06492 

C          6.01677        1.83235        0.96120 

C          6.83519        0.72250        1.20527 

H          6.86782       -1.21273        2.14215 

H          4.42685       -1.41960        2.21243 

H          6.45992        2.75196        0.58453 

C          8.19399       -0.56552       -0.55469 

H          8.97447       -0.32032       -1.28407 

H          8.48304       -1.51574       -0.09439 

C          8.19405        0.56439        0.55500 

H          8.48331        1.51456        0.09474 

H          8.97443        0.31903        1.28444 

C          2.69407       -0.07523       -0.78840 

H          2.43578        0.89488       -1.22238 

H          1.88857       -0.76698       -1.04623 

C          2.69397        0.07555        0.78804 

H          1.88866        0.76756        1.04574 

H          2.43527       -0.89448        1.22197 

C          3.69529        2.88508        0.80711 

C          2.74792        3.17493        1.79601 

C          3.58380        3.56710       -0.40796 

C          1.65596        3.98034        1.53345 

H          2.83606        2.68937        2.76302 

C          2.47635        4.36390       -0.68223 

H          4.33296        3.41446       -1.17863 

C          1.45001        4.52538        0.25804 

H          0.89076        4.09565        2.29370 

H          2.38282        4.82247       -1.66236 

C          3.69468       -2.88511       -0.80700 

C          3.58311       -3.56738        0.40793 

C          2.74717       -3.17456       -1.79587 

C          2.47558       -4.36408        0.68207 

H          4.33231       -3.41503        1.17862 

C          1.65509       -3.97988       -1.53345 

H          2.83525       -2.68877       -2.76277 

C          1.44915       -4.52525       -0.25819 

H          2.38210       -4.82287        1.66210 

H          0.88984       -4.09476       -2.29370 

C          0.09370        4.99917       -0.08273 

C         -0.48522        4.63530       -1.30718 

C         -0.76088        5.56574        0.87863 

C         -1.85575        4.63776       -1.48170 

H          0.14048        4.21499       -2.08823 

C         -2.12985        5.57398        0.70622 

H         -0.34252        5.95395        1.80251 

C         -2.73060        4.99906       -0.43573 

H         -2.25574        4.21680       -2.39688 

H         -2.75101        5.97848        1.49816 

C         -4.11436        4.54081       -0.44171 

C         -4.80565        4.31441        0.77364 

C         -4.74197        4.03660       -1.60828 

C         -5.85416        3.43411        0.85270 

H         -4.43233        4.74886        1.69407 

C         -5.79293        3.15861       -1.53774 

H         -4.34907        4.29850       -2.58517 

C         -6.29122        2.69318       -0.28402 

H         -6.27777        3.22770        1.82838 

H         -6.18170        2.74580       -2.46141 

C          0.09290       -4.99919        0.08251 

C         -0.76180       -5.56509       -0.87917 

C         -0.48599       -4.63629        1.30727 

C         -2.13074       -5.57339       -0.70672 

H         -0.34358       -5.95279       -1.80333 

C         -1.85652       -4.63881        1.48185 

H          0.13970       -4.21665        2.08868 

C         -2.73148       -4.99918        0.43564 

H         -2.75185       -5.97737       -1.49895 

H         -2.25633       -4.21861        2.39746 

C         -4.11512       -4.54069        0.44170 

C         -4.74265       -4.03641        1.60828 

C         -4.80646       -4.31410       -0.77365 

C         -5.79341       -3.15816        1.53782 

H         -4.34995       -4.29846        2.58520 

C         -5.85469       -3.43351       -0.85263 

H         -4.43340       -4.74865       -1.69412 

C         -6.29157       -2.69248        0.28416 

H         -6.18202       -2.74536        2.46156 

H         -6.27827       -3.22698       -1.82829 

C         -6.92955       -1.41822        0.15180 

C         -7.13289       -0.80614       -1.12691 

C         -7.12851       -0.55026        1.27231 

C         -7.12892        0.55109       -1.27205 

H         -7.20013       -1.42065       -2.01727 

C         -7.13237        0.80696        1.12718 

H         -7.19313       -0.96437        2.27224 

C         -6.92944        1.41901       -0.15162 

H         -7.19400        0.96522       -2.27195 

H         -7.19910        1.42149        2.01757 

 

 

m[9]SPP 
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conformer 2 
E = -2236.26666280 
 

C          5.58825       -2.21322       -1.03599 

C          4.22558       -2.05860       -0.74828 

C          3.64586       -0.77071       -0.88842 

C          4.34375        0.15652       -1.66758 

C          5.68405       -0.02673       -1.99236 

C          6.36858       -1.14382       -1.50821 

H          6.06892       -3.15365       -0.77364 

H          3.86594        1.10326       -1.89971 

H          6.23582        0.78542       -2.46116 

C          6.54071       -0.58697        1.56362 

C          5.20678       -0.56155        1.95746 

C          4.34662        0.47298        1.56991 

C          4.93964        1.64682        1.03669 

C          6.27440        1.58732        0.60789 

C          7.04456        0.42193        0.73717 

H          7.13596       -1.47699        1.75497 

H          4.79250       -1.43828        2.44921 

H          6.67704        2.43405        0.05478 

C          7.85711       -1.04527       -1.23264 

H          8.43657       -0.85917       -2.14595 

H          8.21057       -1.99812       -0.82303 

C          8.20106        0.11967       -0.19818 

H          8.45389        1.02592       -0.75992 

H          9.10571       -0.17574        0.34802 

C          2.46921       -0.26799       -0.07504 

H          2.06478        0.62388       -0.56474 

H          1.65892       -1.00056       -0.00945 

C          2.86756        0.14539        1.41761 

H          2.21249        0.96974        1.70442 

H          2.62759       -0.68993        2.08159 

C          4.06803        2.82433        0.78278 

C          3.20940        3.27172        1.80114 

C          3.93147        3.42240       -0.48061 

C          2.14907        4.12573        1.52787 

H          3.33069        2.86929        2.80309 

C          2.86727        4.28168       -0.75840 

H          4.61994        3.15109       -1.27580 

C          1.90309        4.58269        0.21991 

H          1.43974        4.35366        2.31785 

H          2.74893        4.67193       -1.76590 

C          3.33575       -3.19740       -0.36268 

C          2.71211       -3.30564        0.88735 

C          2.90629       -4.07568       -1.37260 

C          1.57975       -4.09923        1.06050 

H          3.05749       -2.69382        1.71230 

C          1.78481       -4.88237       -1.19736 

H          3.40559       -4.05179       -2.33775 

C          1.03441       -4.83157       -0.00808 

H          1.04683       -4.04990        2.00566 

H          1.44090       -5.49739       -2.02466 

C          0.55409        5.10974       -0.10649 

C         -0.08859        4.67028       -1.27672 

C         -0.22880        5.80860        0.83171 

C         -1.47049        4.75118       -1.41151 

H          0.47956        4.13145       -2.02946 

C         -1.61212        5.88689        0.69869 

H          0.24453        6.23832        1.71058 

C         -2.27283        5.27209       -0.38071 

H         -1.94211        4.27131       -2.26406 

H         -2.19491        6.37088        1.47819 

C         -3.69968        4.86698       -0.32119 

C         -4.19954        4.36839        0.89451 

C         -4.48454        4.65467       -1.46965 

C         -5.29580        3.51474        0.92419 

H         -3.63280        4.52056        1.80834 

C         -5.58967        3.80835       -1.43740 

H         -4.18077        5.09591       -2.41553 

C         -5.94873        3.12448       -0.25918 

H         -5.54357        3.02620        1.86136 

H         -6.12869        3.61088       -2.36013 

C         -0.39031       -5.24903        0.04535 

C         -1.18853       -5.06318       -1.09719 

C         -1.05873       -5.55209        1.24649 

C         -2.57227       -4.98357       -1.00524 

H         -0.71908       -4.83176       -2.04824 

C         -2.44634       -5.47166        1.33922 

H         -0.48213       -5.78658        2.13750 

C         -3.22831       -5.08382        0.23466 

H         -3.13382       -4.68973       -1.88667 

H         -2.92261       -5.64147        2.30142 

C         -4.57029       -4.46197        0.36926 

C         -4.82244       -3.63816        1.48051 

C         -5.47309       -4.37196       -0.70820 

C         -5.76513       -2.61808        1.41839 

H         -4.16430       -3.68421        2.34300 

C         -6.41404       -3.34819       -0.77261 

H         -5.37757       -5.05600       -1.54738 

C         -6.49491       -2.37455        0.24094 

H         -5.81019       -1.90161        2.23322 

H         -7.03081       -3.24950       -1.66230 

C         -6.96518       -0.98870       -0.01192 

C         -6.64347       -0.40350       -1.24966 

C         -7.37778       -0.11887        1.01508 

C         -6.49876        0.97266       -1.37715 

H         -6.33611       -1.03624       -2.07686 

C         -7.24075        1.26051        0.88391 

H         -7.72426       -0.52987        1.95992 

C         -6.67526        1.82848       -0.27499 

H         -6.08318        1.36290       -2.30093 

H         -7.49108        1.89705        1.72844 

 

m[9]SPP 
conformer 3 
E = -2236.26666310 
 

C          6.27437        1.58745        0.60775 

C          4.93960        1.64699        1.03653 

C          4.34657        0.47318        1.56981 

C          5.20674       -0.56130        1.95747 

C          6.54070       -0.58673        1.56366 

C          7.04454        0.42208        0.73712 

H          6.67704        2.43416        0.05461 

H          4.79247       -1.43800        2.44927 

H          7.13595       -1.47673        1.75508 

C          5.68413       -0.02710       -1.99231 

C          4.34379        0.15616       -1.66762 

C          3.64588       -0.77097       -0.88836 

C          4.22560       -2.05884       -0.74812 

C          5.58829       -2.21347       -1.03574 

C          6.36865       -1.14410       -1.50801 

H          6.23591        0.78503       -2.46116 

H          3.86600        1.10288       -1.89988 

H          6.06896       -3.15388       -0.77333 

C          8.20104        0.11975       -0.19822 

H          9.10580       -0.17537        0.34797 

H          8.45369        1.02588       -0.76022 

C          7.85717       -1.04551       -1.23232 

H          8.21053       -1.99824       -0.82233 

H          8.43677       -0.85977       -2.14561 

C          2.86753        0.14553        1.41752 

H          2.62759       -0.68970        2.08161 

H          2.21236        0.96987        1.70417 

C          2.46921       -0.26815       -0.07507 

H          1.65890       -1.00068       -0.00933 

H          2.06480        0.62364       -0.56492 

C          3.33575       -3.19764       -0.36255 

C          2.90620       -4.07580       -1.37252 

C          2.71213       -3.30594        0.88750 

C          1.78469       -4.88247       -1.19729 

H          3.40546       -4.05186       -2.33769 

C          1.57974       -4.09948        1.06063 

H          3.05761       -2.69422        1.71248 

C          1.03435       -4.83174       -0.00798 

H          1.44072       -5.49740       -2.02463 

H          1.04684       -4.05020        2.00581 

C          4.06799        2.82450        0.78261 

C          3.93141        3.42253       -0.48079 

C          3.20942        3.27195        1.80099 

C          2.86723        4.28183       -0.75858 

H          4.61985        3.15116       -1.27598 

C          2.14909        4.12596        1.52772 

H          3.33076        2.86957        2.80296 

C          1.90309        4.58289        0.21976 

H          2.74884        4.67204       -1.76608 

H          1.43977        4.35391        2.31771 

C         -0.39037       -5.24914        0.04544 

C         -1.05882       -5.55213        1.24658 

C         -1.18853       -5.06329       -1.09712 

C         -2.44642       -5.47169        1.33927 

H         -0.48223       -5.78661        2.13761 

C         -2.57227       -4.98363       -1.00522 

H         -0.71904       -4.83189       -2.04817 

C         -3.22835       -5.08387        0.23466 

H         -2.92274       -5.64143        2.30145 

H         -3.13380       -4.68978       -1.88666 

C         -4.57031       -4.46201        0.36920 

C         -5.47306       -4.37193       -0.70832 

C         -4.82250       -3.63825        1.48046 

C         -6.41400       -3.34816       -0.77273 

H         -5.37747       -5.05597       -1.54751 

C         -5.76516       -2.61814        1.41834 

H         -4.16440       -3.68438        2.34298 

C         -6.49489       -2.37456        0.24086 

H         -7.03075       -3.24940       -1.66242 

H         -5.81025       -1.90170        2.23319 

C          0.55410        5.10996       -0.10661 

C         -0.22877        5.80880        0.83163 

C         -0.08859        4.67053       -1.27684 

C         -1.61209        5.88706        0.69865 

H          0.24459        6.23852        1.71049 

C         -1.47050        4.75139       -1.41158 

H          0.47956        4.13176       -2.02962 

C         -2.27282        5.27222       -0.38073 

H         -2.19488        6.37103        1.47816 

H         -1.94214        4.27154       -2.26414 

C         -3.69964        4.86704       -0.32114 

C         -4.48458        4.65476       -1.46957 

C         -4.19942        4.36838        0.89455 

C         -5.58967        3.80842       -1.43731 

H         -4.18085        5.09609       -2.41543 

C         -5.29567        3.51470        0.92426 

H         -3.63262        4.52050        1.80835 

C         -5.94865        3.12447       -0.25909 

H         -6.12878        3.61098       -2.36000 

H         -5.54336        3.02609        1.86140 

C         -6.67520        1.82848       -0.27494 

C         -7.24067        1.26048        0.88397 

C         -6.49878        0.97270       -1.37714 

C         -7.37772       -0.11889        1.01509 

H         -7.49099        1.89702        1.72850 

C         -6.64350       -0.40347       -1.24969 

H         -6.08322        1.36295       -2.30092 

C         -6.96517       -0.98869       -0.01195 

H         -7.72420       -0.52994        1.95992 

H         -6.33622       -1.03619       -2.07692 

 

m[10]SPP 
conformer 1 
ground state 
E = -2467.42353374 
 

C         -5.62293        0.61782        1.87499 

C         -7.01073        0.50226        1.84082 

C         -7.60081       -0.62464        1.26118 

C         -6.77905       -1.74509        1.05832 

C         -5.38439       -1.66195        1.15043 

C         -4.79474       -0.39253        1.37715 

H         -5.17790        1.56863        2.15383 

H         -7.62500        1.36314        2.09658 

H         -7.22144       -2.68035        0.71982 

C         -5.38445        1.66188       -1.15037 

C         -6.77911        1.74498       -1.05824 

C         -7.60084        0.62452       -1.26110 

C         -7.01074       -0.50236       -1.84075 

C         -5.62294       -0.61789       -1.87495 

C         -4.79476        0.39248       -1.37711 

H         -7.22151        2.68023       -0.71973 

H         -7.62500       -1.36326       -2.09651 

H         -5.17789       -1.56869       -2.15380 

C         -3.44202       -0.00641        0.79568 

H         -2.62986       -0.66870        1.10949 

H         -3.19240        1.00175        1.14204 

C         -3.44203        0.00637       -0.79566 

H         -3.19240       -1.00178       -1.14203 

H         -2.62988        0.66868       -1.10949 

C         -8.96542       -0.51432        0.60901 

H         -9.26739       -1.49978        0.23686 

H         -9.73826       -0.19230        1.31833 

C         -8.96544        0.51416       -0.60891 

H         -9.73828        0.19211       -1.31823 

H         -9.26744        1.49961       -0.23676 

C         -4.48183        2.82065       -0.91540 

C         -3.48402        3.07940       -1.87026 

C         -4.48300        3.60122        0.25076 

C         -2.46512        3.98756       -1.62060 

H         -3.48459        2.50888       -2.79487 

C         -3.44654        4.50091        0.51420 

H         -5.26965        3.45874        0.98560 

C         -2.38947        4.67214       -0.39433 

H         -1.66436        4.10312       -2.34526 

H         -3.43670        5.04728        1.45405 

C         -4.48175       -2.82070        0.91546 

C         -3.48393       -3.07941        1.87031 

C         -4.48291       -3.60129       -0.25068 

C         -2.46501       -3.98756        1.62067 

H         -3.48450       -2.50888        2.79492 

C         -3.44644       -4.50096       -0.51413 

H         -5.26958       -3.45884       -0.98553 

C         -2.38936       -4.67215        0.39440 

H         -1.66424       -4.10309        2.34532 

H         -3.43660       -5.04735       -1.45395 

C         -1.11113        5.34800       -0.05936 

C         -0.47182        5.06135        1.15763 

C         -0.37893        6.06388       -1.02326 

C          0.88723        5.31082        1.32822 

H         -1.01223        4.51651        1.92710 

C          0.97620        6.32380       -0.84774 

H         -0.86635        6.36612       -1.94653 

C          1.66104        5.86536        0.29296 

H          1.37780        4.94702        2.22637 

H          1.52602        6.83152       -1.63571 

C          3.13360        5.67926        0.30383 

C          3.76654        5.26871       -0.88265 

C          3.89397        5.62160        1.48638 

C          5.01260        4.65550       -0.86001 

H          3.21932        5.29801       -1.81991 

C          5.14557        5.01090        1.50826 

H          3.47373        6.00283        2.41347 

C          5.69017        4.42356        0.35024 

H          5.39387        4.22377       -1.78015 

H          5.67632        4.92856        2.45308 

C          6.71132        3.34645        0.39494 

C          6.70430        2.44848        1.47689 

C          7.47278        2.98092       -0.73228 

C          7.23574        1.16991        1.35308 

H          6.14153        2.69127        2.37312 

C          7.99720        1.69788       -0.86032 

H          7.58584        3.68215       -1.55478 

C          7.79222        0.72908        0.13928 

H          7.07141        0.45663        2.15538 

H          8.50202        1.41904       -1.78177 

C         -1.11100       -5.34798        0.05943 

C         -0.47172       -5.06134       -1.15758 

C         -0.37878       -6.06384        1.02333 

C          0.88734       -5.31081       -1.32818 

H         -1.01215       -4.51653       -1.92704 

C          0.97636       -6.32375        0.84780 

H         -0.86618       -6.36609        1.94662 

C          1.66117       -5.86533       -0.29292 

H          1.37789       -4.94702       -2.22634 

H          1.52619       -6.83146        1.63576 

C          3.13373       -5.67924       -0.30385 

C          3.76671       -5.26868        0.88262 

C          3.89405       -5.62155       -1.48643 

C          5.01276       -4.65547        0.85993 

H          3.21952       -5.29798        1.81988 

C          5.14564       -5.01084       -1.50835 

H          3.47377       -6.00277       -2.41350 

C          5.69029       -4.42351       -0.35035 

H          5.39407       -4.22373        1.78005 

H          5.67635       -4.92848       -2.45320 

C          6.71141       -3.34638       -0.39507 

C          6.70434       -2.44841       -1.47702 

C          7.47286       -2.98082        0.73214 

C          7.23575       -1.16982       -1.35323 

H          6.14156       -2.69122       -2.37324 

C          7.99726       -1.69776        0.86016 

H          7.58594       -3.68204        1.55465 

C          7.79223       -0.72898       -0.13943 

H          7.07138       -0.45655       -2.15552 

H          8.50209       -1.41890        1.78161 

m[10]SPP 
conformer 1 
excited state 
E = -2465.11407184 
 

C          5.68886        0.53110       -1.87217 

C          7.07156        0.42086       -1.83494 

C          7.66104       -0.68305       -1.22715 

C          6.84696       -1.80035       -1.00716 

C          5.45687       -1.72378       -1.10308 

C          4.86824       -0.46476       -1.35002 

H          5.24077        1.47208       -2.17686 

H          7.68276        1.27498       -2.11636 

H          7.29429       -2.72721       -0.65399 

C          5.45689        1.72375        1.10305 

C          6.84698        1.80030        1.00713 

C          7.66105        0.68300        1.22715 

C          7.07156       -0.42089        1.83496 

C          5.68885       -0.53112        1.87218 

C          4.86825        0.46474        1.35001 

H          7.29433        2.72715        0.65395 

H          7.68274       -1.27502        2.11640 

H          5.24075       -1.47209        2.17689 

C          3.51529       -0.06295       -0.78954 

H          2.71479       -0.75652       -1.05800 

H          3.24937        0.91196       -1.20824 

C          3.51530        0.06294        0.78955 

H          3.24937       -0.91197        1.20825 

H          2.71480        0.75651        1.05801 

C          9.02180       -0.54179       -0.57792 

H          9.32007       -1.50803       -0.15876 

H          9.79605       -0.26148       -1.30114 

C          9.02181        0.54170        0.57792 

H          9.79605        0.26137        1.30114 

H          9.32010        1.50793        0.15876 

C          4.54573        2.87670        0.86313 

C          3.58865        3.16107        1.84358 

C          4.48968        3.61093       -0.32446 

C          2.54886        4.03950        1.60072 

H          3.63334        2.62887        2.78879 

C          3.43373        4.48153       -0.57914 

H          5.24565        3.45312       -1.08734 

C          2.40969        4.66659        0.35608 

H          1.77632        4.16862        2.35170 

H          3.38296        4.99144       -1.53690 

C          4.54569       -2.87672       -0.86315 

C          3.58861       -3.16108       -1.84359 

C          4.48963       -3.61093        0.32446 

C          2.54881       -4.03951       -1.60072 

H          3.63330       -2.62890       -2.78880 

C          3.43368       -4.48153        0.57914 

H          5.24561       -3.45312        1.08733 

C          2.40964       -4.66659       -0.35607 

H          1.77627       -4.16864       -2.35170 

H          3.38291       -4.99143        1.53691 

C          1.10836        5.29309        0.03429 
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C          0.48042        5.00927       -1.18433 

C          0.35073        5.96667        1.00332 

C         -0.87589        5.22313       -1.35822 

H          1.03718        4.49762       -1.96335 

C         -1.00238        6.18950        0.82798 

H          0.82401        6.27621        1.93046 

C         -1.67540        5.73443       -0.32130 

H         -1.34235        4.86641       -2.26981 

H         -1.55889        6.68049        1.61958 

C         -3.13146        5.55605       -0.35475 

C         -3.84996        5.36956        0.84298 

C         -3.84222        5.31642       -1.54950 

C         -5.09656        4.78856        0.85601 

H         -3.37027        5.57524        1.79336 

C         -5.08919        4.73437       -1.54275 

H         -3.38150        5.55063       -2.50397 

C         -5.71785        4.33340       -0.33422 

H         -5.54602        4.57317        1.81764 

H         -5.56414        4.52660       -2.49482 

C         -6.75303        3.32728       -0.29552 

C         -7.10318        2.56919       -1.44883 

C         -7.29751        2.85042        0.93307 

C         -7.65382        1.32075       -1.34807 

H         -6.83843        2.93290       -2.43481 

C         -7.83969        1.60060        1.04029 

H         -7.23280        3.46239        1.82562 

C         -7.88767        0.70981       -0.07729 

H         -7.79889        0.74794       -2.25641 

H         -8.18504        1.26526        2.01190 

C          1.10831       -5.29308       -0.03428 

C          0.48037       -5.00926        1.18434 

C          0.35067       -5.96666       -1.00331 

C         -0.87594       -5.22312        1.35823 

H          1.03713       -4.49761        1.96336 

C         -1.00243       -6.18949       -0.82798 

H          0.82396       -6.27621       -1.93045 

C         -1.67545       -5.73442        0.32131 

H         -1.34240       -4.86640        2.26982 

H         -1.55894       -6.68048       -1.61958 

C         -3.13151       -5.55604        0.35476 

C         -3.85002       -5.36956       -0.84297 

C         -3.84227       -5.31638        1.54951 

C         -5.09661       -4.78855       -0.85600 

H         -3.37034       -5.57525       -1.79335 

C         -5.08923       -4.73433        1.54276 

H         -3.38155       -5.55058        2.50398 

C         -5.71790       -4.33338        0.33423 

H         -5.54608       -4.57319       -1.81764 

H         -5.56418       -4.52655        2.49483 

C         -6.75307       -3.32725        0.29552 

C         -7.10323       -2.56916        1.44883 

C         -7.29754       -2.85039       -0.93308 

C         -7.65385       -1.32072        1.34806 

H         -6.83849       -2.93288        2.43481 

C         -7.83970       -1.60056       -1.04030 

H         -7.23283       -3.46236       -1.82563 

C         -7.88768       -0.70977        0.07728 

H         -7.79892       -0.74790        2.25640 

H         -8.18503       -1.26521       -2.01192 

 

m[10]SPP 
conformer 2 
E = -2467.41672296 
 

C         -4.92424        0.06330        1.69184 

C         -6.19742       -0.16864        2.20071 

C         -6.89843       -1.31358        1.81321 

C         -6.14728       -2.34898        1.23647 

C         -4.84369       -2.14359        0.75656 

C         -4.30441       -0.83129        0.81332 

H         -4.44932        1.02246        1.86847 

H         -6.70665        0.62090        2.74939 

H         -6.61962       -3.31005        1.04244 

C         -5.97320        1.52614       -0.90660 

C         -7.23224        1.39817       -0.30201 

C         -7.94568        0.19053       -0.32411 

C         -7.49632       -0.80173       -1.20103 

C         -6.22951       -0.70827       -1.76835 

C         -5.39123        0.38276       -1.50990 

H         -7.60306        2.22751        0.29770 

H         -8.05850       -1.72726       -1.30288 

H         -5.82678       -1.57112       -2.29422 

C         -3.27337       -0.26537       -0.14379 

H         -2.44454       -0.95585       -0.32830 

H         -2.84804        0.63833        0.30417 

C         -3.88912        0.15146       -1.56166 

H         -3.68623       -0.65021       -2.27932 

H         -3.33636        1.02777       -1.90719 

C         -8.41321       -1.28347        1.75140 

H         -8.77878       -2.26006        1.41495 

H         -8.86307       -1.09882        2.73518 

C         -8.95342       -0.15963        0.75517 

H         -9.90092       -0.51633        0.33228 

H         -9.18600        0.74130        1.33385 

C         -5.14388        2.75464       -0.77494 

C         -4.54519        3.31620       -1.91558 

C         -4.78935        3.30167        0.46675 

C         -3.52884        4.25690       -1.80974 

H         -4.85199        2.96331       -2.89655 

C         -3.74002        4.21422        0.57726 

H         -5.27647        2.93945        1.36650 

C         -3.02901        4.65438       -0.55382 

H         -3.08321        4.64741       -2.71929 

H         -3.41305        4.50800        1.57007 

C         -3.99506       -3.27975        0.29715 

C         -3.67834       -4.28273        1.23159 

C         -3.32342       -3.31749       -0.93397 

C         -2.61878       -5.15962        1.01870 

H         -4.21462       -4.30722        2.17659 

C         -2.25687       -4.18858       -1.14537 

H         -3.58938       -2.61266       -1.71307 

C         -1.82448       -5.06826       -0.13836 

H         -2.35913       -5.87675        1.79293 

H         -1.68562       -4.10513       -2.06562 

C         -1.70413        5.31611       -0.42677 

C         -1.26445        5.93841        0.75762 

C         -0.74995        5.15602       -1.44841 

C          0.08031        6.24198        0.96314 

H         -1.97448        6.15112        1.55174 

C          0.58599        5.47674       -1.25287 

H         -1.02698        4.67068       -2.37798 

C          1.04778        5.95880       -0.01631 

H          0.39049        6.66793        1.91399 

H          1.30305        5.23453       -2.03162 

C          2.50376        5.88563        0.25835 

C          3.46400        6.13780       -0.73861 

C          2.94919        5.27505        1.44262 

C          4.75496        5.62954       -0.63619 

H          3.17367        6.68011       -1.63474 

C          4.23788        4.75925        1.54119 

H          2.23795        5.07344        2.23882 

C          5.13738        4.83764        0.46281 

H          5.45379        5.78642       -1.45360 

H          4.49679        4.16320        2.41134 

C          6.25477        3.86345        0.38521 

C          6.90439        3.34630        1.52142 

C          6.47748        3.19951       -0.83414 

C          7.56743        2.12247        1.47570 

H          6.82932        3.87345        2.46902 

C          7.13443        1.97635       -0.87855 

H          6.00192        3.56621       -1.73868 

C          7.60378        1.35760        0.29386 

H          7.99775        1.72092        2.38933 

H          7.14667        1.42965       -1.81632 

C         -0.45611       -5.63987       -0.20262 

C          0.18391       -5.96962       -1.41125 

C          0.33803       -5.61994        0.95730 

C          1.56877       -6.10165       -1.48037 

H         -0.40468       -6.06923       -2.31959 

C          1.71961       -5.74764        0.88770 

H         -0.11455       -5.36780        1.91150 

C          2.37737       -5.90416       -0.34520 

H          2.03340       -6.30214       -2.44223 

H          2.30204       -5.58749        1.78982 

C          3.81936       -5.56193       -0.43140 

C          4.69681       -5.71120        0.65990 

C          4.27550       -4.79280       -1.51625 

C          5.86453       -4.95921        0.75246 

H          4.42461       -6.36853        1.48138 

C          5.44561       -4.04726       -1.42759 

H          3.63681       -4.65660       -2.38380 

C          6.21028       -4.03205       -0.24762 

H          6.47806       -5.03711        1.64641 

H          5.68417       -3.35215       -2.22723 

C          7.07922       -2.85664        0.01036 

C          7.76731       -2.17657       -1.01133 

C          6.95679       -2.19881        1.24692 

C          8.11805       -0.83681       -0.87037 

H          7.95916       -2.68012       -1.95540 

C          7.29884       -0.85849        1.38415 

H          6.44252       -2.69270        2.06609 

C          7.78517       -0.11631        0.29320 

H          8.58351       -0.32206       -1.70670 

H          7.03799       -0.34928        2.30690 

m[10]SPP 
conformer 3 
E = -2467.41717374 

 

C          6.00388       -0.68267        1.93245 

C          7.34004       -0.67311        1.54492 

C          7.84094        0.39315        0.79198 

C          7.06141        1.55723        0.73719 

C          5.72131        1.57741        1.15467 

C          5.13535        0.36670        1.60705 

H          5.59604       -1.59172        2.36706 

H          7.94145       -1.56893        1.68226 

H          7.46333        2.44328        0.24927 

C          5.05894       -1.99284       -0.88324 

C          6.42389       -2.10489       -1.18096 

C          7.18764       -0.99298       -1.57329 

C          6.48677        0.14818       -1.97123 

C          5.14334        0.28647       -1.63708 

C          4.45822       -0.70915       -0.93352 

H          6.91943       -3.05351       -0.98399 

H          7.02710        1.00173       -2.37545 

H          4.65394        1.24345       -1.79356 

C          3.66014        0.03379        1.42699 

H          2.99390        0.83031        1.76115 

H          3.42641       -0.84331        2.03701 

C          3.27088       -0.29009       -0.09002 

H          2.84284        0.62114       -0.52048 

H          2.48005       -1.04639       -0.07371 

C          9.00713        0.17086       -0.15287 

H          9.26827        1.12210       -0.62999 

H          9.90428       -0.17364        0.37647 

C          8.67484       -0.89853       -1.29083 

H          9.24870       -0.62062       -2.18401 

H          9.04295       -1.87991       -0.97155 

C          4.20664       -3.17691       -0.55388 

C          3.80117       -4.02382       -1.59934 

C          3.61964       -3.38247        0.70167 

C          2.74469       -4.91670       -1.43622 

H          4.27138       -3.91907       -2.57364 

C          2.55292       -4.26345        0.86398 

H          3.94708       -2.79156        1.54819 

C          2.03774       -4.99092       -0.22220 

H          2.42259       -5.51614       -2.28345 

H          2.04880       -4.30314        1.82522 

C          4.85711        2.77054        0.96706 

C          3.94572        3.12609        1.97544 

C          4.80716        3.50886       -0.22686 

C          2.93085        4.04307        1.74327 

H          3.99973        2.61848        2.93438 

C          3.79922        4.44622       -0.45535 

H          5.52808        3.30143       -1.01281 

C          2.78830        4.67997        0.49543 

H          2.18874        4.19915        2.51913 

H          3.77288        4.96422       -1.40991 

C          0.67764       -5.58029       -0.13303 

C          0.11997       -6.03447        1.07667 

C         -0.18992       -5.46493       -1.23323 

C         -1.25584       -6.19610        1.22129 

H          0.76620       -6.21138        1.93235 

C         -1.56204       -5.63112       -1.09084 

H          0.19525       -5.11435       -2.18584 

C         -2.13630       -5.91622        0.16041 

H         -1.65744       -6.48988        2.18770 

H         -2.20604       -5.40403       -1.93516 

C         -3.57741       -5.62322        0.36008 

C         -4.52706       -5.77026       -0.66831 

C         -3.97310       -4.90074        1.49907 

C         -5.72388       -5.06018       -0.64757 

H         -4.29298       -6.39195       -1.52856 

C         -5.16832       -4.19011        1.51935 

H         -3.27373       -4.77096        2.31985 

C         -6.02160       -4.17060        0.40178 

H         -6.40256       -5.13882       -1.49291 

H         -5.36539       -3.52420        2.35430 

C         -6.94980       -3.02396        0.23677 

C         -7.55424       -2.36304        1.32244 

C         -6.98152       -2.36813       -1.00646 

C         -7.97183       -1.03888        1.21550 

H         -7.62917       -2.86675        2.28276 

C         -7.39188       -1.04503       -1.11115 

H         -6.53513       -2.84394       -1.87441 

C         -7.79539       -0.31419        0.02086 

H         -8.36820       -0.53833        2.09496 

H         -7.24914       -0.53439       -2.05830 

C          1.51705        5.37582        0.17316 

C          1.01260        5.39271       -1.14008 

C          0.65307        5.84147        1.18157 

C         -0.32149        5.68494       -1.40183 

H          1.64372        5.07839       -1.96585 

C         -0.68849        6.09765        0.92504 

H          1.01272        5.93457        2.20184 

C         -1.23629        5.93806       -0.36182 

H         -0.66819        5.63386       -2.42933 

H         -1.33495        6.33115        1.76495 

C         -2.70188        5.77392       -0.54614 

C         -3.63879        6.15156        0.43686 

C         -3.18704        4.98775       -1.60778 

C         -4.92023        5.60690        0.46501 

H         -3.34543        6.83056        1.23214 

C         -4.47143        4.46004       -1.59204 

H         -2.51679        4.66975       -2.39905 

C         -5.33498        4.67720       -0.50453 

H         -5.58709        5.85789        1.28606 

H         -4.75628        3.75277       -2.36544 

C         -6.43475        3.70477       -0.28926 

C         -7.16459        3.13866       -1.35035 

C         -6.53663        3.07971        0.96537 

C         -7.78478        1.90044       -1.21269 

H         -7.17918        3.63787       -2.31589 

C         -7.14354        1.83554        1.09829 

H         -5.99872        3.49491        1.81293 

C         -7.68485        1.16662       -0.01446 

H         -8.28134        1.46045       -2.07332 

H         -7.05607        1.31591        2.04754 

 

m[11]SPP 
ground state 
E = -2698.57411334 
 

C         -7.41184       -1.85730        1.27629 

C         -6.02127       -1.68948        1.30315 

C         -5.50090       -0.37453        1.40847 

C         -6.37179        0.62282        1.85826 

C         -7.75142        0.42850        1.88318 

C         -8.29243       -0.77423        1.41907 

H         -7.81016       -2.84109        1.03489 

H         -5.97474        1.61607        2.04590 

H         -8.40660        1.27111        2.09470 

C         -7.80071       -0.93094       -1.71241 

C         -6.40960       -0.96105       -1.78462 

C         -5.63513        0.14040       -1.40598 

C         -6.29990        1.38458       -1.26264 

C         -7.69469        1.38634       -1.13519 

C         -8.44736        0.20476       -1.21548 

H         -8.36404       -1.84844       -1.86997 

H         -5.91184       -1.90577       -1.98660 

H         -8.18799        2.31674       -0.85969 

C         -9.68235       -0.80613        0.81477 

H        -10.44514       -0.44400        1.51540 

H         -9.94395       -1.84128        0.56818 

C         -9.78356        0.07518       -0.51106 

H        -10.14666        1.07329       -0.24149 

H        -10.54773       -0.37758       -1.15521 

C         -4.19731        0.04670        0.74187 

H         -4.01976        1.10211        0.97205 

H         -3.32399       -0.51121        1.09095 

C         -4.24513       -0.11210       -0.83756 

H         -3.47715        0.54967       -1.24823 

H         -3.95437       -1.13849       -1.08422 

C         -5.07916       -2.82123        1.11382 

C         -3.96258       -2.90402        1.96255 

C         -5.18989       -3.78191        0.09571 

C         -2.95498       -3.83022        1.74283 

H         -3.87373       -2.19635        2.78181 

C         -4.17655       -4.71748       -0.12657 

H         -6.05803       -3.76764       -0.55724 

C         -3.01618       -4.73474        0.66640 

H         -2.07251       -3.80651        2.37439 

H         -4.27801       -5.42759       -0.94327 

C         -5.48033        2.61532       -1.10981 

C         -5.58527        3.48970       -0.01649 

C         -4.46631        2.86805       -2.04894 

C         -4.62879        4.48306        0.20422 

H         -6.38927        3.35053        0.69976 

C         -3.52638        3.86876       -1.84338 

H         -4.39104        2.22768       -2.92339 

C         -3.55166        4.65747       -0.67949 

H         -4.69761        5.10746        1.09148 

H         -2.70945        3.98823       -2.54933 

C         -1.80563       -5.52877        0.34392 

C         -1.38488       -5.71283       -0.98463 

C         -0.92244       -5.94168        1.35705 

C         -0.09044       -6.13329       -1.27903 

H         -2.04713       -5.43409       -1.79981 

C          0.37582       -6.33925        1.06379 

H         -1.23403       -5.88437        2.39608 

C          0.85172       -6.36721       -0.26007 

H          0.21112       -6.21033       -2.31980 

H          1.05688       -6.53492        1.88618 

C          2.31432       -6.37867       -0.51628 

C          3.24069       -6.89763        0.40917 

C          2.83577       -5.63025       -1.58683 

C          4.58241       -6.52760        0.37327 

H          2.89745       -7.55232        1.20537 

C          4.17829       -5.27442       -1.63324 

H          2.16398       -5.20774       -2.32728 

C          5.06301       -5.63779       -0.60332 

H          5.25573       -6.88690        1.14740 

H          4.51389       -4.58924       -2.40632 

C          6.30847       -4.84887       -0.43834 

C          7.06386       -4.38310       -1.52926 

C          6.58507       -4.28978        0.82096 

C          7.90987       -3.28563       -1.39898 

H          6.93422       -4.84405       -2.50516 

C          7.41785       -3.18359        0.94722 

H          6.02796       -4.63037        1.68909 

C          8.02166       -2.59328       -0.17758 

H          8.43390       -2.91679       -2.27650 

H          7.48143       -2.69081        1.91248 

C         -2.35515        5.47557       -0.36243 

C         -1.66974        6.20040       -1.35270 

C         -1.74076        5.35344        0.89436 

C         -0.37126        6.65226       -1.14187 

H         -2.14624        6.36951       -2.31483 

C         -0.43546        5.79156        1.09959 

H         -2.24680        4.80134        1.68182 

C          0.30682        6.38204        0.06134 

H          0.14353        7.17727       -1.94184 

H          0.05133        5.56340        2.04327 

C          1.78508        6.46481        0.16308 

C          2.46173        6.61606        1.38754 

C          2.56441        6.14997       -0.96403 

C          3.81564        6.31115        1.50616 
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H          1.91035        6.92983        2.26994 

C          3.91518        5.84854       -0.84659 

H          2.08386        6.01609       -1.92829 

C          4.55569        5.84317        0.40492 

H          4.29361        6.38855        2.47925 

H          4.44723        5.48740       -1.72148 

C          5.83623        5.10645        0.54372 

C          6.76930        5.01732       -0.50640 

C          6.01328        4.23808        1.63476 

C          7.70149        3.98520       -0.55373 

H          6.71925        5.72559       -1.32918 

C          6.94711        3.20842        1.58926 

H          5.31890        4.27787        2.46893 

C          7.74331        2.99965        0.44947 

H          8.36042        3.90199       -1.41416 

H          6.95523        2.47260        2.38812 

C          8.31647        1.65054        0.21865 

C          8.77352        0.82210        1.25965 

C          8.12469        1.05198       -1.03874 

C          8.84750       -0.55903        1.09868 

H          9.00952        1.25809        2.22702 

C          8.18821       -0.32702       -1.19577 

H          7.77712        1.65678       -1.87103 

C          8.45456       -1.17456       -0.10548 

H          9.14744       -1.17282        1.94376 

H          7.88495       -0.75302       -2.14699 

 

m[11]SPP 
excited state 
E = -2696.05218576 
 

C         -7.54473       -1.87942        1.19855 

C         -6.15755       -1.73802        1.26713 

C         -5.62127       -0.44041        1.41442 

C         -6.48115        0.55552        1.87031 

C         -7.85856        0.38548        1.85723 

C         -8.40545       -0.78644        1.34357 

H         -7.95512       -2.84904        0.92426 

H         -6.07175        1.53534        2.09707 

H         -8.50333        1.23171        2.08210 

C         -7.84573       -0.77604       -1.74280 

C         -6.45920       -0.82081       -1.78381 

C         -5.68579        0.25482       -1.35503 

C         -6.33540        1.49839       -1.20181 

C         -7.72727        1.51370       -1.10299 

C         -8.48678        0.34519       -1.22519 

H         -8.41492       -1.67998       -1.94606 

H         -5.96742       -1.76317       -2.00742 

H         -8.21852        2.44275       -0.82132 

C         -9.77765       -0.76257        0.70407 

H        -10.55369       -0.44203        1.40829 

H        -10.04172       -1.77658        0.38743 

C         -9.83575        0.19938       -0.55365 

H        -10.18117        1.18609       -0.22919 

H        -10.59710       -0.18957       -1.23924 

C         -4.29502       -0.01716        0.80507 

H         -4.08221        1.00433        1.13345 

H         -3.45270       -0.63548        1.12310 

C         -4.31167       -0.03327       -0.77705 

H         -3.54553        0.66876       -1.11424 

H         -4.00312       -1.02822       -1.11141 

C         -5.21952       -2.87606        1.08462 

C         -4.15641       -3.00098        1.98565 

C         -5.27254       -3.78537        0.02419 

C         -3.13563       -3.90779        1.77477 

H         -4.11340       -2.33432        2.84126 

C         -4.24501       -4.69904       -0.19088 

H         -6.10351       -3.74579       -0.67384 

C         -3.12801       -4.74507        0.65142 

H         -2.28922       -3.91241        2.45276 

H         -4.29977       -5.36478       -1.04718 

C         -5.49424        2.71507       -1.03766 

C         -5.54144        3.55963        0.07451 

C         -4.51347        2.97090       -2.00199 

C         -4.56217        4.52710        0.28186 

H         -6.31908        3.42050        0.81900 

C         -3.54926        3.94319       -1.80662 

H         -4.48060        2.35188       -2.89331 

C         -3.51618        4.69939       -0.62930 

H         -4.59054        5.13030        1.18481 

H         -2.75534        4.06066       -2.53719 

C         -1.88849       -5.48741        0.33108 

C         -1.44207       -5.61434       -0.99059 

C         -1.01010       -5.90354        1.34035 

C         -0.13896       -5.98399       -1.27746 

H         -2.09926       -5.33194       -1.80723 

C          0.29508       -6.25952        1.05644 

H         -1.33702       -5.88905        2.37514 

C          0.79461       -6.22963       -0.25633 

H          0.17344       -6.02005       -2.31563 

H          0.96322       -6.47308        1.88318 

C          2.24563       -6.22815       -0.50086 

C          3.17597       -6.66573        0.46323 

C          2.77660       -5.57583       -1.62832 

C          4.50618       -6.31085        0.39764 

H          2.83862       -7.26380        1.30352 

C          4.10809       -5.23048       -1.70543 

H          2.11233       -5.22920       -2.41167 

C          5.00369       -5.49618       -0.64604 

H          5.17347       -6.63980        1.18745 

H          4.43392       -4.62580       -2.54376 

C          6.25740       -4.77218       -0.55331 

C          6.83299       -4.11146       -1.66971 

C          6.84508       -4.48432        0.70481 

C          7.72604       -3.08459       -1.51723 

H          6.52921       -4.39349       -2.67237 

C          7.72824       -3.44833        0.86501 

H          6.50802       -5.01630        1.58765 

C          8.10137       -2.60705       -0.22522 

H          8.08308       -2.57825       -2.40607 

H          8.07447       -3.21999        1.86602 

C         -2.28962        5.47552       -0.33024 

C         -1.58741        6.16126       -1.32882 

C         -1.67274        5.34672        0.91805 

C         -0.27786        6.56654       -1.13325 

H         -2.06241        6.33922       -2.28910 

C         -0.35850        5.74191        1.11070 

H         -2.19035        4.82315        1.71598 

C          0.39700        6.29057        0.06557 

H          0.24605        7.06462       -1.94289 

H          0.12207        5.51111        2.05551 

C          1.86907        6.34143        0.16419 

C          2.54669        6.41115        1.39286 

C          2.65020        6.09203       -0.97428 

C          3.88670        6.08974        1.49558 

H          2.00187        6.68516        2.29113 

C          3.98987        5.77491       -0.87587 

H          2.17413        6.03057       -1.94682 

C          4.63253        5.67583        0.37274 

H          4.35834        6.12341        2.47226 

H          4.51506        5.47458       -1.77531 

C          5.90267        4.96328        0.48395 

C          6.74429        4.74403       -0.63180 

C          6.23372        4.25459        1.65954 

C          7.68327        3.74277       -0.64090 

H          6.62306        5.35319       -1.52163 

C          7.17394        3.25242        1.65764 

H          5.65479        4.41507        2.56237 

C          7.85068        2.86760        0.46852 

H          8.27081        3.59341       -1.53975 

H          7.30005        2.66949        2.56200 

C          8.44611        1.56520        0.33924 

C          8.57687        0.67350        1.44584 

C          8.70996        0.98928       -0.93891 

C          8.64903       -0.67998        1.27262 

H          8.56547        1.06574        2.45662 

C          8.77144       -0.36480       -1.11503 

H          8.76403        1.62376       -1.81587 

C          8.58013       -1.27212       -0.02715 

H          8.67660       -1.31028        2.15367 

H          8.89131       -0.74703       -2.12200 

 

m[12]SPP 
ground state 
E = -2929.72474882 
 

C         -8.41699       -1.66187        1.15752 

C         -7.02087       -1.58370        1.23565 

C         -6.42193       -0.30955        1.39699 

C         -7.24299        0.73141        1.84237 

C         -8.63207        0.62493        1.81666 

C         -9.23187       -0.52890        1.30310 

H         -8.86672       -2.61128        0.87263 

H         -6.79067        1.69292        2.06813 

H         -9.23971        1.50233        2.02855 

C         -8.63221       -0.62527       -1.81648 

C         -7.24312       -0.73164       -1.84231 

C         -6.42211        0.30939       -1.39701 

C         -7.02113        1.58349       -1.23563 

C         -8.41724        1.66156       -1.15741 

C         -9.23205        0.52853       -1.30289 

H         -9.23979       -1.50273       -2.02829 

H         -6.79075       -1.69312       -2.06810 

H         -8.86703        2.61094       -0.87248 

C        -10.59983       -0.45730        0.65409 

H        -11.36040       -0.06121        1.33849 

H        -10.91928       -1.46770        0.37527 

C        -10.59994        0.45682       -0.65374 

H        -10.91944        1.46720       -0.37488 

H        -11.36054        0.06067       -1.33806 

C         -5.06808        0.03827        0.79443 

H         -4.81551        1.06345        1.08424 

H         -4.25741       -0.60723        1.14498 

C         -5.06816       -0.03827       -0.79460 

H         -4.25761        0.60733       -1.14524 

H         -4.81549       -1.06343       -1.08444 

C         -6.14823        2.77073       -1.04288 

C         -5.11892        3.00068       -1.97135 

C         -6.24369        3.64238        0.05310 

C         -4.17565        3.99856       -1.76935 

H         -5.04642        2.35605       -2.84288 

C         -5.28289        4.63258        0.27043 

H         -7.05264        3.51317        0.76585 

C         -4.21068        4.80588       -0.61882 

H         -3.35710        4.11295       -2.47430 

H         -5.35245        5.26542        1.15162 

C         -6.14791       -2.77089        1.04283 

C         -5.11864       -3.00090        1.97132 

C         -6.24335       -3.64249       -0.05319 

C         -4.17536       -3.99876        1.76929 

H         -5.04618       -2.35636        2.84291 

C         -5.28254       -4.63267       -0.27055 

H         -7.05230       -3.51326       -0.76595 

C         -4.21034       -4.80601        0.61870 

H         -3.35683       -4.11320        2.47426 

H         -5.35208       -5.26547       -1.15179 

C         -3.04295        5.67589       -0.33601 

C         -2.40315        5.61818        0.91228 

C         -2.42046        6.41976       -1.35307 

C         -1.13008        6.15360        1.09019 

H         -2.86132        5.05144        1.71851 

C         -1.15620        6.96877       -1.16967 

H         -2.92148        6.53503       -2.31062 

C         -0.44902        6.78129        0.03214 

H         -0.61637        5.98489        2.03220 

H         -0.69169        7.51490       -1.98600 

C         -3.04260       -5.67600        0.33589 

C         -2.40277       -5.61823       -0.91238 

C         -2.42013       -6.41990        1.35294 

C         -1.12968       -6.15362       -1.09028 

H         -2.86093       -5.05147       -1.71860 

C         -1.15584       -6.96887        1.16955 

H         -2.92117       -6.53521        2.31047 

C         -0.44864       -6.78132       -0.03223 

H         -0.61594       -5.98488       -2.03227 

H         -0.69134       -7.51502        1.98588 

C          1.01341       -7.01758       -0.12011 

C          1.81635       -6.76759        1.00661 

C          1.67417       -7.28684       -1.33251 

C          3.19685       -6.65883        0.90009 

H          1.34790       -6.54161        1.95958 

C          3.05831       -7.17444       -1.44042 

H          1.09354       -7.55045       -2.21253 

C          3.84564       -6.79051       -0.33991 

H          3.76652       -6.35027        1.77151 

H          3.53189       -7.34774       -2.40323 

C          1.01301        7.01760        0.12005 

C          1.81599        6.76775       -1.00666 

C          1.67375        7.28680        1.33249 

C          3.19651        6.65903       -0.90012 

H          1.34759        6.54183       -1.95968 

C          3.05789        7.17444        1.44043 

H          1.09310        7.55036        2.21251 

C          3.84526        6.79062        0.33991 

H          3.76619        6.35057       -1.77156 

H          3.53143        7.34772        2.40326 

C          5.23502        6.29026        0.47518 

C          5.58043        5.50029        1.58499 

C          6.16122        6.35621       -0.58223 

C          6.70506        4.68238        1.56255 

H          4.89288        5.42422        2.42238 

C          7.28521        5.53630       -0.60589 

H          5.96758        7.01698       -1.42302 

C          7.53361        4.61630        0.42871 

H          6.86571        3.98808        2.38220 

H          7.94913        5.56713       -1.46589 

C          8.41246        3.43479        0.24954 

C          8.40123        2.76815       -0.98794 

C          9.04755        2.78594        1.32380 

C          8.83405        1.45229       -1.10002 

H          7.92122        3.23593       -1.84245 

C          9.48805        1.47034        1.20913 

H          9.14387        3.29840        2.27752 

C          9.30404        0.74198        0.01862 

H          8.67638        0.93099       -2.03929 

H          9.92487        0.98122        2.07569 

C          5.23539       -6.29011       -0.47517 

C          5.58078       -5.50014       -1.58498 

C          6.16158       -6.35602        0.58225 

C          6.70538       -4.68217       -1.56252 

H          4.89323       -5.42411       -2.42238 

C          7.28553       -5.53607        0.60593 

H          5.96794       -7.01680        1.42304 

C          7.53390       -4.61606       -0.42868 

H          6.86601       -3.98787       -2.38217 

H          7.94944       -5.56687        1.46593 

C          8.41269       -3.43450       -0.24949 

C          8.40138       -2.76786        0.98798 

C          9.04776       -2.78562       -1.32374 

C          8.83412       -1.45197        1.10007 

H          7.92138       -3.23566        1.84249 

C          9.48817       -1.46999       -1.20907 

H          9.14412       -3.29807       -2.27745 

C          9.30409       -0.74163       -0.01856 

H          8.67640       -0.93068        2.03934 

H          9.92496       -0.98083       -2.07562 

 

m[12]SPP 
excited state 
E = -2926.98927551 
 

C          8.51125        1.72067        1.11760 

C          7.12004        1.64790        1.20057 

C          6.52201        0.38206        1.37475 

C          7.33621       -0.64862        1.83771 

C          8.72006       -0.54642        1.80966 

C          9.31899        0.58941        1.27355 

H          8.96513        2.66452        0.82281 

H          6.88160       -1.60386        2.08304 

H          9.32473       -1.41985        2.04179 

C          8.72010        0.54607       -1.80957 

C          7.33626        0.64836       -1.83762 

C          6.52199       -0.38227       -1.37467 

C          7.11993       -1.64815       -1.20050 

C          8.51113       -1.72100       -1.11753 

C          9.31896       -0.58980       -1.27346 

H          9.32482        1.41947       -2.04169 

H          6.88171        1.60364       -2.08294 

H          8.96495       -2.66489       -0.82275 

C         10.68212        0.48995        0.62256 

H         11.44836        0.14180        1.32437 

H         10.99177        1.48559        0.28948 

C         10.68208       -0.49043       -0.62247 

H         10.99167       -1.48609       -0.28939 

H         11.44836       -0.14233       -1.32427 

C          5.16733        0.02091        0.79180 

H          4.89291       -0.97246        1.15893 

H          4.37162        0.70496        1.09607 

C          5.16733       -0.02103       -0.79172 

H          4.37158       -0.70503       -1.09599 

H          4.89297        0.97236       -1.15886 

C          6.23983       -2.83273       -1.01140 

C          5.24552       -3.07305       -1.96578 

C          6.28648       -3.67707        0.10070 

C          4.28219       -4.04637       -1.77087 

H          5.21038       -2.45066       -2.85464 

C          5.30793       -4.64543        0.30748 

H          7.07003       -3.54418        0.84020 

C          4.26342       -4.81877       -0.60428 

H          3.48530       -4.16254       -2.49854 

H          5.34186       -5.25658        1.20488 

C          6.24001        2.83254        1.01142 

C          5.24571        3.07295        1.96580 

C          6.28671        3.67682       -0.10072 

C          4.28245        4.04632        1.77085 

H          5.21054        2.45060        2.85468 

C          5.30821        4.64523       -0.30754 

H          7.07024        3.54385       -0.84022 

C          4.26372        4.81867        0.60422 

H          3.48557        4.16257        2.49852 

H          5.34217        5.25634       -1.20496 

C          3.06378       -5.64415       -0.32671 

C          2.42362       -5.55809        0.91283 

C          2.42037       -6.36523       -1.33886 

C          1.13869       -6.04848        1.08933 

H          2.89633       -5.00519        1.71891 

C          1.14159       -6.86592       -1.15882 

H          2.91808       -6.50306       -2.29417 

C          0.44126       -6.65421        0.03685 

H          0.63154       -5.86145        2.03013 

H          0.66256       -7.39712       -1.97521 

C          3.06412        5.64410        0.32662 

C          2.42394        5.55801       -0.91291 

C          2.42076        6.36527        1.33874 

C          1.13903        6.04844       -1.08942 

H          2.89662        5.00504       -1.71896 

C          1.14200        6.86600        1.15869 

H          2.91848        6.50312        2.29404 

C          0.44165        6.65426       -0.03696 

H          0.63186        5.86138       -2.03020 

H          0.66299        7.39726        1.97505 

C         -1.01988        6.85727       -0.12966 

C         -1.81936        6.66093        1.00457 

C         -1.68385        7.05308       -1.34993 

C         -3.19171        6.53637        0.90754 

H         -1.34935        6.49597        1.96807 

C         -3.05787        6.92417       -1.45064 

H         -1.10913        7.27994       -2.24277 

C         -3.84662        6.59181       -0.33415 

H         -3.75267        6.27567        1.79806 

H         -3.52764        7.05585       -2.42018 

C         -1.02027       -6.85718        0.12956 

C         -1.81975       -6.66083       -1.00466 

C         -1.68423       -7.05298        1.34984 

C         -3.19210       -6.53625       -0.90762 

H         -1.34976       -6.49588       -1.96817 

C         -3.05824       -6.92405        1.45056 

H         -1.10951       -7.27986        2.24267 

C         -3.84701       -6.59167        0.33408 

H         -3.75306       -6.27555       -1.79814 

H         -3.52801       -7.05573        2.42011 

C         -5.22866       -6.11540        0.44984 

C         -5.66810       -5.46289        1.61783 

C         -6.10820       -6.08873       -0.65283 

C         -6.80586       -4.68795        1.62709 

H         -5.04119       -5.47236        2.50301 

C         -7.24482       -5.31427       -0.65008 
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H         -5.87029       -6.66627       -1.54048 

C         -7.58495       -4.49751        0.45889 

H         -7.02973       -4.11847        2.52131 

H         -7.86930       -5.30705       -1.53659 

C         -8.50388       -3.38837        0.35266 

C         -8.88668       -2.86287       -0.91261 

C         -8.90052       -2.61702        1.48147 

C         -9.35913       -1.58600       -1.04851 

H         -8.70596       -3.44068       -1.81160 

C         -9.38092       -1.34343        1.35082 

H         -8.78613       -3.02833        2.47848 

C         -9.49136       -0.71111        0.07313 

H         -9.54838       -1.21424       -2.04832 

H         -9.61938       -0.78903        2.25083 

C         -5.22829        6.11555       -0.44990 

C         -5.66769        5.46293       -1.61783 

C         -6.10785        6.08899        0.65276 

C         -6.80548        4.68802       -1.62705 

H         -5.04074        5.47229       -2.50299 

C         -7.24449        5.31455        0.65004 

H         -5.86994        6.66659        1.54036 

C         -7.58461        4.49771       -0.45887 

H         -7.02933        4.11844       -2.52122 

H         -7.86899        5.30741        1.53654 

C         -8.50360        3.38861       -0.35258 

C         -8.88633        2.86314        0.91270 

C         -8.90034        2.61729       -1.48137 

C         -9.35888        1.58630        1.04864 

H         -8.70547        3.44091        1.81168 

C         -9.38085        1.34374       -1.35070 

H         -8.78596        3.02860       -2.47839 

C         -9.49128        0.71143       -0.07300 

H         -9.54808        1.21455        2.04846 

H         -9.61939        0.78936       -2.25069 

 

m[13]SPP 
ground state 
E = -3160.87371228 
 

C         -8.98840       -1.84948        1.44185 

C         -7.59736       -1.68458        1.40718 

C         -7.07226       -0.36836        1.43934 

C         -7.92698        0.64999        1.87429 

C         -9.30561        0.46148        1.95383 

C         -9.86347       -0.76077        1.56653 

H         -9.39638       -2.84228        1.26203 

H         -7.52270        1.64979        2.00301 

H         -9.95213        1.31435        2.15053 

C         -9.46200       -1.09916       -1.58105 

C         -8.07334       -1.11433       -1.69647 

C         -7.30123        0.01115       -1.38817 

C         -7.97751        1.25146       -1.27315 

C         -9.36890        1.24114       -1.10942 

C        -10.10906        0.05010       -1.11640 

H        -10.01740       -2.02932       -1.68294 

H         -7.56951       -2.06075       -1.87411 

C        -11.27467       -0.82754        1.01841 

H        -12.00675       -0.40337        1.71670 

H        -11.55238       -1.87646        0.86582 

C        -11.42435       -0.05435       -0.37097 

H        -11.80580        0.95312       -0.17065 

H        -12.19068       -0.57292       -0.96030 

C         -5.79180        0.02259        0.71271 

H         -5.60829        1.08699        0.89135 

H         -4.90647       -0.51926        1.05699 

C         -5.89082       -0.20427       -0.85569 

H         -5.14245        0.44449       -1.31972 

H         -5.59880       -1.23791       -1.06820 

C         -7.18732        2.50588       -1.17853 

C         -6.17532        2.74878       -2.12250 

C         -7.34599        3.43907       -0.14129 

C         -5.29840        3.81627       -1.98128 

H         -6.05966        2.06138       -2.95580 

C         -6.45468        4.50166        0.01364 

H         -8.14621        3.30118        0.57939 

C         -5.38896        4.68703       -0.88131 

H         -4.48704        3.94073       -2.69293 

H         -6.57163        5.18364        0.85206 

C         -6.67978       -2.83662        1.22359 

C         -6.88195       -3.85396        0.27673 

C         -5.51816       -2.90595        2.01107 

C         -5.92635       -4.85126        0.07367 

H         -7.78251       -3.84396       -0.33060 

C         -4.56706       -3.89520        1.81029 

H         -5.35665       -2.15113        2.77525 

C         -4.73378       -4.87647        0.81606 

H         -6.10378       -5.61436       -0.67978 

H         -3.65363       -3.87690        2.39695 

C         -4.28735        5.64973       -0.63957 

C         -3.68398        5.72827        0.62590 

C         -3.69409        6.37087       -1.68962 

C         -2.47207        6.38961        0.80320 

H         -4.11782        5.17800        1.45653 

C         -2.49159        7.04546       -1.50791 

H         -4.17021        6.37754       -2.66658 

C         -1.81734        7.01345       -0.27344 

H         -1.98016        6.33420        1.76992 

H         -2.05137        7.57845       -2.34602 

C         -0.40028        7.43371       -0.14764 

C          0.47856        7.23745       -1.22734 

C          0.16117        7.86160        1.06923 

C          1.85404        7.35077       -1.06912 

H          0.08942        6.89011       -2.17956 

C          1.54039        7.96793        1.23041 

H         -0.48928        8.08569        1.91039 

C          2.42140        7.65907        0.17920 

H          2.50265        7.09042       -1.90039 

H          1.94263        8.26621        2.19508 

C         -3.61234       -5.80321        0.53026 

C         -2.76554       -6.24830        1.56013 

C         -3.25572       -6.13829       -0.78720 

C         -1.55684       -6.87337        1.28013 

H         -3.03559       -6.05777        2.59494 

C         -2.05060       -6.77748       -1.06701 

H         -3.89386       -5.82640       -1.60961 

C         -1.14060       -7.09939       -0.04411 

H         -0.88942       -7.11538        2.10175 

H         -1.79044       -6.98406       -2.10149 

C          0.27069       -7.46319       -0.32092 

C          0.93365       -6.90077       -1.42579 

C          1.05057       -8.19837        0.59124 

C          2.31801       -6.95501       -1.54076 

H          0.37202       -6.31679       -2.14868 

C          2.43748       -8.24312        0.48293 

H          0.56803       -8.70982        1.41958 

C          3.10681       -7.56572       -0.55099 

H          2.80213       -6.41540       -2.34970 

H          3.01472       -8.77891        1.23204 

C          6.48825        6.32597        0.51569 

C          5.59838        6.22377        1.59915 

C          6.09441        7.12915       -0.56988 

C          4.31997        6.76823        1.53477 

H          5.86515        5.60825        2.45335 

C          4.81484        7.67136       -0.63551 

H          6.78379        7.29061       -1.39435 

C          3.87326        7.43756        0.38290 

H          3.62003        6.56744        2.34088 

H          4.52440        8.24780       -1.50985 

H          7.14307       -6.40154       -2.55740 

C          6.58277       -6.51783       -1.63369 

C          5.34112       -7.14551       -1.66882 

H          4.94947       -7.50194       -2.61803 

C          4.55973       -7.27369       -0.50711 

C          5.14158       -6.87995        0.70969 

H          4.56584       -6.96265        1.62714 

C          6.37628       -6.24167        0.74241 

H          6.72960       -5.83758        1.68625 

C          7.09188       -5.97617       -0.43853 

C          8.17211       -4.95895       -0.42477 

C          8.95134       -4.69761        0.71788 

H          8.96085       -5.41251        1.53619 

C          9.65961       -3.50649        0.85041 

H         10.20265       -3.30883        1.77101 

C          9.62979       -2.52822       -0.15928 

C          8.99138       -2.86593       -1.36499 

H          8.94470       -2.13496       -2.16693 

C          8.27649       -4.05081       -1.49303 

H          7.68957       -4.21000       -2.39246 

H          7.40740        5.06015       -1.67248 

C          7.93467        4.76172       -0.77124 

C          8.75228        3.63903       -0.81393 

H          8.83835        3.09122       -1.74744 

C          9.33308        3.11482        0.35416 

C          9.18178        3.86086        1.53757 

H          9.67478        3.52899        2.44745 

C          8.35946        4.98352        1.58126 

H          8.22397        5.50719        2.52397 

C          7.65537        5.41380        0.44219 

H          9.24744       -1.13524        2.11031 

C          9.61089       -0.51162        1.29863 

C          9.98824       -1.10988        0.08417 

C         10.45164       -0.26100       -0.93690 

H         10.82045       -0.69155       -1.86426 

C         10.38032        1.12277       -0.80751 

H         10.70019        1.75004       -1.63526 

C          9.83446        1.71857        0.34476 

C          9.53304        0.87089        1.42498 

H          9.10872        1.28970        2.33263 

H         -9.86713        2.17648       -0.86150 

m[13]SPP 
excited state 
E = -3157.92381498 
 

C         -9.07064       -2.09595        1.37839 

C         -7.68748       -1.90573        1.37323 

C         -7.19104       -0.58672        1.44287 

C         -8.06573        0.39907        1.89375 

C         -9.43586        0.18372        1.94922 

C         -9.96307       -1.02851        1.51446 

H         -9.45820       -3.09047        1.16783 

H         -7.68186        1.40118        2.05942 

H        -10.09948        1.01739        2.16618 

C         -9.52410       -1.15605       -1.60171 

C         -8.13987       -1.13623       -1.70067 

C         -7.40104       -0.01004       -1.34488 

C         -8.10299        1.20582       -1.20637 

C         -9.48997        1.15940       -1.05637 

C        -10.19779       -0.04525       -1.10282 

H        -10.05645       -2.09299       -1.74741 

H         -7.61263       -2.06247       -1.91086 

C        -11.36263       -1.08895        0.94166 

H        -12.11495       -0.74501        1.66026 

H        -11.60689       -2.12960        0.70603 

C        -11.51315       -0.21720       -0.37430 

H        -11.90142        0.76934       -0.10207 

H        -12.27339       -0.69052       -1.00570 

C         -5.90761       -0.14452        0.76076 

H         -5.71431        0.89427        1.04411 

H         -5.03260       -0.72460        1.06231 

C         -5.99200       -0.21755       -0.81767 

H         -5.27124        0.50243       -1.21205 

H         -5.65553       -1.21028       -1.13112 

C         -7.33438        2.47451       -1.09789 

C         -6.36567        2.75555       -2.06713 

C         -7.46698        3.37409       -0.03686 

C         -5.50047        3.82688       -1.92949 

H         -6.26941        2.09209       -2.92106 

C         -6.58902        4.44344        0.11106 

H         -8.23624        3.20846        0.71085 

C         -5.56170        4.66317       -0.80982 

H         -4.71647        3.97863       -2.66469 

H         -6.68657        5.10046        0.97054 

C         -6.73590       -3.03199        1.18927 

C         -6.85968       -4.00721        0.19572 

C         -5.61659       -3.10167        2.02561 

C         -5.86215       -4.95551       -0.00888 

H         -7.73044       -4.00192       -0.45305 

C         -4.62489       -4.04377        1.82452 

H         -5.51516       -2.37818        2.82850 

C         -4.70660       -4.97011        0.77821 

H         -5.97654       -5.68358       -0.80670 

H         -3.74066       -4.02330        2.45281 

C         -4.45367        5.62042       -0.57503 

C         -3.82767        5.67152        0.67311 

C         -3.87821        6.35099       -1.61969 

C         -2.61168        6.31806        0.83726 

H         -4.24808        5.11148        1.50282 

C         -2.66869        7.00711       -1.45206 

H         -4.37068        6.37746       -2.58721 

C         -1.97581        6.94899       -0.23696 

H         -2.10233        6.24513        1.79268 

H         -2.23698        7.54419       -2.29092 

C         -0.55297        7.35026       -0.12901 

C          0.30081        7.16122       -1.22102 

C          0.02972        7.74769        1.08055 

C          1.67509        7.25344       -1.08410 

H         -0.11012        6.83846       -2.17173 

C          1.40674        7.83430        1.22032 

H         -0.60354        7.96313        1.93586 

C          2.26410        7.53254        0.15443 

H          2.30564        7.00089       -1.93015 

H          1.82565        8.11386        2.18231 

C         -3.52774       -5.81630        0.47906 

C         -2.68395       -6.26742        1.50012 

C         -3.12281       -6.04995       -0.83964 

C         -1.44064       -6.80707        1.21807 

H         -2.98673       -6.14943        2.53579 

C         -1.88128       -6.59767       -1.12289 

H         -3.75866       -5.72860       -1.65890 

C         -0.98257       -6.92918       -0.10031 

H         -0.78132       -7.06315        2.04079 

H         -1.58695       -6.72712       -2.15954 

C          0.44211       -7.21291       -0.36887 

C          1.08517       -6.60045       -1.45348 

C          1.24781       -7.94095        0.52037 

C          2.46075       -6.61343       -1.57786 

H          0.50423       -6.01727       -2.15995 

C          2.62559       -7.95040        0.40193 

H          0.78604       -8.49099        1.33452 

C          3.27913       -7.23277       -0.61703 

H          2.91453       -6.03813       -2.37716 

H          3.21085       -8.50924        1.12520 

C          6.34042        6.23003        0.47037 

C          5.46629        6.16972        1.56818 

C          5.91207        6.97682       -0.64149 

C          4.18751        6.69252        1.50015 

H          5.74994        5.60311        2.44840 

C          4.63268        7.49758       -0.70802 

H          6.58353        7.12365       -1.48136 

C          3.71361        7.30626        0.33385 

H          3.50696        6.52441        2.32864 

H          4.32560        8.03587       -1.59961 

H          7.12522       -5.65083       -2.60508 

C          6.66596       -5.99097       -1.68483 

C          5.41771       -6.56208       -1.75778 

H          4.94942       -6.67060       -2.73070 

C          4.71869       -6.96740       -0.60180 

C          5.43540       -6.91798        0.61106 

H          4.95959       -7.25232        1.52689 

C          6.68167       -6.34144        0.69093 

H          7.14774       -6.27073        1.66625 

C          7.31173       -5.76105       -0.44092 

C          8.40973       -4.83302       -0.31521 

C          8.88090       -4.38985        0.95448 

H          8.61838       -4.93903        1.85073 

C          9.59290       -3.23146        1.09655 

H          9.87413       -2.92084        2.09593 

C          9.90687       -2.39892       -0.02105 

C          9.67450       -2.99090       -1.29996 

H          9.99686       -2.47825       -2.19841 

C          8.95627       -4.14649       -1.43776 

H          8.75563       -4.50589       -2.44017 

H          7.54357        5.18529       -1.72074 

C          7.97892        4.83554       -0.79098 

C          8.85278        3.77269       -0.83489 

H          9.07120        3.33102       -1.79977 

C          9.34037        3.16203        0.34539 

C          9.03147        3.82799        1.55813 

H          9.46083        3.47828        2.49037 

C          8.15680        4.89045        1.59654 

H          7.92284        5.34192        2.55555 

C          7.53305        5.37594        0.42975 

H         10.03596       -0.92310        2.29405 

C         10.10855       -0.34394        1.38158 

C         10.21708       -1.00978        0.12381 

C         10.43669       -0.15461       -0.99893 

H         10.67780       -0.58382       -1.96459 

C         10.29268        1.20286       -0.90789 

H         10.43150        1.79850       -1.80337 

C          9.92423        1.83857        0.31025 

C          9.96406        1.01486        1.46709 

H          9.77472        1.44795        2.44233 

H        -10.01394        2.07507       -0.79064 

 

m[14]SPP 
ground state 
E = -3392.02165289 
 

C         10.06670       -1.60053       -1.22446 

C          8.66956       -1.52722       -1.29290 

C          8.06363       -0.25179       -1.40773 

C          8.87913        0.80949       -1.81487 

C         10.26905        0.71039       -1.79429 

C         10.87613       -0.45993       -1.32843 

H         10.52249       -2.55782       -0.97869 

H          8.42137        1.77659       -2.00292 

H         10.87158        1.59842       -1.97423 

C         10.26901       -0.71090        1.79423 

C          8.87906       -0.80979        1.81490 

C          8.06373        0.25157        1.40768 

C          8.66983        1.52691        1.29269 

C         10.06697        1.60000        1.22422 

C         10.87624        0.45928        1.32823 

H         10.87138       -1.59903        1.97420 

H          8.42118       -1.77680        2.00308 

C         12.24643       -0.41417       -0.68307 

H         12.99731        0.03444       -1.34517 

H         12.57946       -1.43654       -0.47222 

C         12.24649        0.41332        0.68280 

H         12.57961        1.43565        0.47188 

H         12.99739       -0.03531        1.34488 

C          6.70869        0.06813       -0.79232 

H          6.45303        1.10268       -1.04363 

H          5.89966       -0.56567       -1.16711 

C          6.70870       -0.06817        0.79239 

H          5.89978        0.56577        1.16721 

H          6.45290       -1.10267        1.04374 

C          7.81671        2.73225        1.13164 

C          6.76766        2.94451        2.04212 

C          7.97117        3.65783        0.08750 

C          5.87172        3.99224        1.87796 

H          6.64908        2.25656        2.87458 

C          7.05898        4.69927       -0.09196 

H          8.79337        3.53761       -0.61150 

C          5.97677        4.87024        0.78524 

H          5.04247        4.10318        2.57099 

H          7.17992        5.38287       -0.92851 

C          7.81634       -2.73252       -1.13181 

C          7.97087       -3.65816       -0.08774 

C          6.76722       -2.94470       -2.04222 

C          7.05862       -4.69954        0.09177 

H          8.79314       -3.53800        0.61118 

C          5.87126       -3.99241       -1.87805 

H          6.64860       -2.25672       -2.87465 

C          5.97633       -4.87043       -0.78535 

H          7.17959       -5.38318        0.92829 

H          5.04197       -4.10330       -2.57104 

C          4.88707        5.84791        0.54962 

C          4.27682        5.94901       -0.71052 

C          4.32367        6.58024        1.60811 

C          3.08674        6.65274       -0.87643 

H          4.68900        5.39045       -1.54674 

C          3.14523        7.29781        1.43747 

H          4.80743        6.56618        2.58119 

C          2.46439        7.29859        0.20638 

H          2.58710        6.62129       -1.84035 

H          2.73119        7.84447        2.28000 
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C          1.07220        7.79727        0.09183 

C          0.19288        7.65443        1.17955 

C          0.53052        8.27294       -1.11598 

C         -1.17047        7.88106        1.04148 

H          0.56540        7.26850        2.12348 

C         -0.83765        8.49235       -1.25726 

H          1.18633        8.45284       -1.96354 

C         -1.72604        8.25442       -0.19416 

H         -1.82774        7.66839        1.87951 

H         -1.22704        8.83267       -2.21323 

C          4.88661       -5.84805       -0.54963 

C          4.32308       -6.58036       -1.60807 

C          4.27645       -5.94911        0.71056 

C          3.14463       -7.29788       -1.43732 

H          4.80676       -6.56631       -2.58119 

C          3.08635       -6.65277        0.87658 

H          4.68871       -5.39053        1.54674 

C          2.46389       -7.29863       -0.20617 

H          2.73047       -7.84450       -2.27982 

H          2.58677       -6.62127        1.84053 

C          1.07170       -7.79723       -0.09153 

C          0.53003       -8.27281        1.11631 

C          0.19238       -7.65446       -1.17927 

C         -0.83815       -8.49219        1.25761 

H          1.18584       -8.45268        1.96388 

C         -1.17097       -7.88106       -1.04117 

H          0.56492       -7.26863       -2.12323 

C         -1.72654       -8.25433        0.19450 

H         -1.22754       -8.83245        2.21361 

H         -1.82824       -7.66846       -1.87922 

C         -5.93479        7.42903       -0.47443 

C         -5.07892        7.21856       -1.56950 

C         -5.42431        8.15733        0.61504 

C         -3.73995        7.59279       -1.51943 

H         -5.43623        6.65361       -2.42564 

C         -4.08485        8.52915        0.66625 

H         -6.07648        8.39894        1.45007 

C         -3.19659        8.19216       -0.37078 

H         -3.08236        7.31444       -2.33814 

H         -3.71054        9.05556        1.54021 

H         -5.43677       -6.65335        2.42576 

C         -5.07946       -7.21836        1.56967 

C         -3.74049       -7.59262        1.51967 

H         -3.08293       -7.31424        2.33839 

C         -3.19709       -8.19206        0.37108 

C         -4.08531       -8.52907       -0.66598 

H         -3.71096       -9.05552       -1.53990 

C         -5.42475       -8.15721       -0.61484 

H         -6.07690       -8.39886       -1.44989 

C         -5.93528       -7.42884        0.47456 

C         -7.22593       -6.70249        0.40175 

C         -7.59711       -6.08545       -0.80532 

H         -7.01645       -6.27505       -1.70325 

C         -8.59849       -5.12280       -0.84408 

H         -8.77150       -4.58459       -1.77119 

C         -9.27956       -4.73189        0.32186 

C         -9.00780       -5.45305        1.49889 

H         -9.56244       -5.22736        2.40578 

C         -8.00207       -6.41488        1.53865 

H         -7.78785       -6.92271        2.47537 

H         -7.01609        6.27520        1.70326 

C         -7.59672        6.08564        0.80530 

C         -8.59816        5.12305        0.84397 

H         -8.77126        4.58481        1.77105 

C         -9.27919        4.73222       -0.32202 

C         -9.00735        5.45341       -1.49900 

H         -9.56195        5.22779       -2.40594 

C         -8.00157        6.41520       -1.53868 

H         -7.78727        6.92306       -2.47537 

C         -7.22548        6.70272       -0.40173 

H        -10.87899       -3.65141       -1.66457 

C        -10.70463       -2.98183       -0.82661 

C        -10.04721       -3.46284        0.32074 

C         -9.93305       -2.58510        1.41265 

H         -9.42773       -2.91587        2.31521 

C        -10.31395       -1.25219        1.30767 

H        -10.09757       -0.57703        2.13049 

C        -10.82271       -0.73379        0.10439 

C        -11.08102       -1.64630       -0.93394 

H        -11.53885       -1.29374       -1.85449 

H         -9.42723        2.91619       -2.31535 

C         -9.93269        2.58547       -1.41286 

H        -10.09725        0.57740       -2.13069 

C        -10.04693        3.46322       -0.32096 

C        -10.31369        1.25258       -1.30790 

C        -10.70449        2.98228        0.82632 

C        -10.82264        0.73423       -0.10468 

C        -11.08099        1.64677        0.93361 

H        -10.87889        3.65187        1.66426 

H        -11.53894        1.29425        1.85412 

H         10.52292        2.55721        0.97840 

 

m[14]SPP 
excited state 
E = -3388.85923421 
 

C         10.18813       -1.68340       -1.16507 

C          8.79609       -1.61528       -1.24032 

C          8.19154       -0.34910       -1.38243 

C          9.00102        0.69734       -1.81873 

C         10.38552        0.60170       -1.79510 

C         10.99108       -0.54598       -1.29234 

H         10.64689       -2.63294       -0.89767 

H          8.54168        1.65691       -2.03736 

H         10.98543        1.48399       -2.00516 

C         10.38568       -0.60258        1.79500 

C          9.00116       -0.69802        1.81881 

C          8.19179        0.34852        1.38254 

C          8.79651        1.61460        1.24027 

C         10.18855        1.68251        1.16487 

C         10.99135        0.54498        1.29210 

H         10.98548       -1.48495        2.00504 

H          8.54171       -1.65749        2.03756 

C         12.35587       -0.46441       -0.64284 

H         13.11679       -0.08285       -1.33288 

H         12.67273       -1.47110       -0.35260 

C         12.35604        0.46317        0.64243 

H         12.67303        1.46981        0.35214 

H         13.11698        0.08148        1.33237 

C          6.83514       -0.00832       -0.79208 

H          6.55221        0.98851       -1.14309 

H          6.04479       -0.69363       -1.10723 

C          6.83525        0.00793        0.79239 

H          6.04505        0.69336        1.10766 

H          6.55224       -0.98886        1.14346 

C          7.93683        2.81675        1.07299 

C          6.92929        3.05051        2.01489 

C          8.03848        3.70457       -0.00089 

C          6.01593        4.07687        1.85063 

H          6.85080        2.39150        2.87408 

C          7.11109        4.72735       -0.17646 

H          8.83028        3.57098       -0.73142 

C          6.06399        4.91158        0.72930 

H          5.21299        4.19955        2.57072 

H          7.19247        5.38142       -1.03987 

C          7.93626       -2.81733       -1.07301 

C          8.03788       -3.70519        0.00083 

C          6.92866       -3.05096       -2.01488 

C          7.11038       -4.72787        0.17642 

H          8.82973       -3.57171        0.73132 

C          6.01521       -4.07723       -1.85061 

H          6.85022       -2.39194       -2.87407 

C          6.06323       -4.91198       -0.72930 

H          7.19174       -5.38199        1.03981 

H          5.21224       -4.19983       -2.57068 

C          4.94099        5.85049        0.49221 

C          4.30542        5.89388       -0.75116 

C          4.37717        6.59037        1.53639 

C          3.09561        6.55341       -0.91288 

H          4.71706        5.32527       -1.57958 

C          3.17545        7.26029        1.37072 

H          4.87722        6.61927        2.49989 

C          2.47734        7.20635        0.15854 

H          2.58028        6.48175       -1.86527 

H          2.75718        7.81188        2.20683 

C          1.07076        7.66073        0.05253 

C          0.21667        7.52826        1.15281 

C          0.50175        8.08098       -1.15572 

C         -1.14913        7.71415        1.03029 

H          0.61567        7.18546        2.10155 

C         -0.86765        8.26058       -1.28145 

H          1.13889        8.24963       -2.01857 

C         -1.73115        8.03429       -0.20188 

H         -1.78629        7.51311        1.88518 

H         -1.27699        8.56408       -2.24029 

C          4.94015       -5.85079       -0.49220 

C          4.37624       -6.59060       -1.53637 

C          4.30460       -5.89413        0.75119 

C          3.17447       -7.26042       -1.37068 

H          4.87626       -6.61953       -2.49989 

C          3.09474       -6.55356        0.91293 

H          4.71631       -5.32557        1.57960 

C          2.47638       -7.20644       -0.15849 

H          2.75613       -7.81196       -2.20679 

H          2.57944       -6.48186        1.86533 

C          1.06977       -7.66071       -0.05244 

C          0.50074       -8.08088        1.15582 

C          0.21569       -7.52823       -1.15273 

C         -0.86867       -8.26040        1.28156 

H          1.13787       -8.24954        2.01867 

C         -1.15012       -7.71404       -1.03020 

H          0.61471       -7.18549       -2.10148 

C         -1.73216       -8.03409        0.20198 

H         -1.27803       -8.56383        2.24041 

H         -1.78727       -7.51299       -1.88510 

C         -5.93893        7.20160       -0.45414 

C         -5.09111        7.02974       -1.56175 

C         -5.40529        7.88580        0.65319 

C         -3.75763        7.39305       -1.51192 

H         -5.45447        6.50296       -2.43739 

C         -4.07197        8.24695        0.70116 

H         -6.04286        8.11577        1.50063 

C         -3.19788        7.95066       -0.35513 

H         -3.11377        7.14561       -2.34984 

H         -3.69017        8.74708        1.58598 

H         -5.45541       -6.50263        2.43750 

C         -5.09208       -7.02940        1.56185 

C         -3.75861       -7.39278        1.51202 

H         -3.11476       -7.14539        2.34996 

C         -3.19888       -7.95040        0.35522 

C         -4.07299       -8.24662       -0.70107 

H         -3.69120       -8.74675       -1.58590 

C         -5.40628       -7.88541       -0.65311 

H         -6.04385       -8.11534       -1.50055 

C         -5.93991       -7.20120        0.45423 

C         -7.23998       -6.52656        0.40334 

C         -7.76047       -6.06933       -0.82311 

H         -7.27156       -6.35140       -1.74919 

C         -8.79478       -5.16387       -0.87759 

H         -9.07939       -4.77252       -1.84680 

C         -9.38652       -4.63646        0.29691 

C         -8.97297       -5.23203        1.51660 

H         -9.45791       -4.95283        2.44516 

C         -7.93697       -6.13612        1.56541 

H         -7.63805       -6.53811        2.52831 

H         -7.27042        6.35153        1.74923 

C         -7.75945        6.06964        0.82316 

C         -8.79384        5.16426        0.87759 

H         -9.07838        4.77275        1.84675 

C         -9.38573        4.63710       -0.29694 

C         -8.97222        5.23278       -1.51657 

H         -9.45726        4.95374       -2.44513 

C         -7.93614        6.13680       -1.56533 

H         -7.63725        6.53890       -2.52819 

C         -7.23906        6.52703       -0.40326 

H        -10.65786       -3.48995       -1.87548 

C        -10.65847       -2.88439       -0.97612 

C        -10.20066       -3.44389        0.25061 

C        -10.42682       -2.64978        1.40834 

H        -10.17284       -3.04094        2.38642 

C        -10.84323       -1.34867        1.32228 

H        -10.90089       -0.76816        2.23520 

C        -11.06215       -0.71212        0.06405 

C        -11.06961       -1.58345       -1.06748 

H        -11.37869       -1.20471       -2.03513 

H        -10.17189        3.04163       -2.38650 

C        -10.42612        2.65053       -1.40846 

H        -10.90036        0.76897       -2.23537 

C        -10.20003        3.44460       -0.25072 

C        -10.84276        1.34948       -1.32245 

C        -10.65805        2.88519        0.97596 

C        -11.06199        0.71298       -0.06425 

C        -11.06943        1.58431        1.06728 

H        -10.65743        3.49075        1.87532 

H        -11.37868        1.20563        2.03489 

H         10.64742        2.63198        0.89736 

 

m[15]SPP 
ground state 
E = -3623.16955123 
 

C        -10.61111       -1.82122        1.56418 

C         -9.21970       -1.66974        1.49338 

C         -8.68338       -0.35809        1.48100 

C         -9.52172        0.67915        1.90415 

C        -10.90028        0.50538        2.01492 

C        -11.47543       -0.72320        1.67558 

H        -11.03105       -2.81507        1.42259 

H         -9.10710        1.67882        1.99639 

H        -11.53582        1.36896        2.20051 

C        -11.12540       -1.18032       -1.47507 

C         -9.73890       -1.19479       -1.61560 

C         -8.96359       -0.06030       -1.34987 

C         -9.64061        1.18082       -1.25341 

C        -11.02976        1.17141       -1.06968 

C        -11.76765       -0.01979       -1.03200 

H        -11.68005       -2.11401       -1.54335 

H         -9.23594       -2.14439       -1.77798 

C        -12.89844       -0.80030        1.16134 

H        -13.60901       -0.33012        1.85217 

H        -13.19223       -1.85200        1.07094 

C        -13.07172       -0.10009       -0.26494 

H        -13.46217        0.91204       -0.11106 

H        -13.83867       -0.65586       -0.81824 

C         -7.41393        0.00394        0.72115 

H         -7.21950        1.07105        0.86962 

H         -6.52616       -0.53548        1.06302 

C         -7.54314       -0.26130       -0.83899 

H         -6.80410        0.37579       -1.33313 

H         -7.25428       -1.29965       -1.03189 

C         -8.86278        2.44469       -1.19636 

C         -7.85344        2.67744       -2.14582 

C         -9.04869        3.41183       -0.19508 

C         -7.01308        3.77929       -2.05021 

H         -7.71655        1.96243       -2.95218 

C         -8.19590        4.51035       -0.08730 

H         -9.84416        3.27794        0.53157 

C         -7.14030        4.69768       -0.99371 

H         -6.20731        3.90264       -2.76845 

H         -8.33983        5.22568        0.71842 

C         -8.32598       -2.84085        1.31417 

C         -8.58957       -3.88559        0.41310 

C         -7.13949       -2.91483        2.06336 

C         -7.67652       -4.92371        0.22421 

H         -9.50825       -3.86924       -0.16609 

C         -6.22994       -3.94585        1.87650 

H         -6.92938       -2.13733        2.79215 

C         -6.46583       -4.96425        0.93548 

H         -7.90480       -5.71233       -0.48808 

H         -5.29951       -3.93967        2.43642 

C         -6.10266        5.74034       -0.81099 

C         -5.51950        5.95010        0.44903 

C         -5.56606        6.44333       -1.90276 

C         -4.38446        6.74280        0.59203 

H         -5.90757        5.41304        1.31037 

C         -4.44136        7.24798       -1.75638 

H         -6.03022        6.34352       -2.88034 

C         -3.79018        7.37244       -0.51568 

H         -3.90321        6.80217        1.56391 

H         -4.04938        7.77309       -2.62285 

C         -2.45169        8.00028       -0.39963 

C         -1.53078        7.88371       -1.45549 

C         -1.99698        8.59753        0.78989 

C         -0.20314        8.26322       -1.30143 

H         -1.83505        7.40689       -2.38232 

C         -0.66437        8.96913        0.94807 

H         -2.69268        8.75802        1.60899 

C          0.27270        8.77004       -0.08028 

H          0.49731        8.07691       -2.11040 

H         -0.34009        9.40614        1.88890 

C         -5.40915       -5.97121        0.67738 

C         -4.58590       -6.43441        1.71805 

C         -5.10670       -6.39963       -0.62637 

C         -3.45502       -7.19830        1.45691 

H         -4.81672       -6.16208        2.74404 

C         -3.97844       -7.17293       -0.88703 

H         -5.72722       -6.06882       -1.45485 

C         -3.09704       -7.54659        0.14259 

H         -2.80135       -7.47028        2.28043 

H         -3.75854       -7.46097       -1.91139 

C         -1.76296       -8.13353       -0.13001 

C         -1.03182       -7.72748       -1.25973 

C         -1.11360       -8.97432        0.79212 

C          0.31163       -8.05529       -1.40517 

H         -1.49296       -7.06536       -1.98666 

C          0.23281       -9.29615        0.65082 

H         -1.66495       -9.36132        1.64467 

C          0.98943       -8.79901       -0.42434 

H          0.86908       -7.64416       -2.24199 

H          0.71338       -9.92290        1.39744 

C          4.55185        8.58751        0.35395 

C          3.69713        8.28847        1.42911 

C          3.97446        9.16782       -0.78972 

C          2.31935        8.44693        1.32019 

H          4.10527        7.82855        2.32445 

C          2.59636        9.32099       -0.90098 

H          4.61197        9.47323       -1.61500 

C          1.73354        8.90705        0.12907 

H          1.68161        8.11125        2.13314 

H          2.17756        9.74122       -1.81150 

H          5.09591       -8.80159       -2.62927 

C          4.56875       -8.73999       -1.68111 

C          3.19647       -8.96950       -1.65078 

H          2.67321       -9.20168       -2.57464 

C          2.46962       -8.86962       -0.45172 

C          3.19638       -8.64622        0.72978 

H          2.66531       -8.55306        1.67282 

C          4.56569       -8.40780        0.69782 

H          5.07099       -8.12909        1.61775 

C          5.27481       -8.38919       -0.51595 

C          6.64269       -7.81799       -0.56041 

C          7.52839       -7.89962        0.52972 

H          7.30783       -8.57743        1.34989 

C          8.66037       -7.09291        0.60086 

H          9.30125       -7.14871        1.47691 

C          8.96276       -6.17450       -0.41968 

C          8.15364       -6.19445       -1.56852 

H          8.35184       -5.49161       -2.37260 

C          7.01891       -6.99451       -1.63573 

H          6.35776       -6.89480       -2.49139 

H          5.94765        7.58340       -1.72265 

C          6.50786        7.54763       -0.79301 

C          7.69397        6.82487       -0.75084 

H          8.02975        6.31350       -1.64813 

C          8.38623        6.62982        0.45679 

C          7.90053        7.29827        1.59481 

H          8.44374        7.22189        2.53299 

C          6.71242        8.02266        1.55240 

H          6.34866        8.50110        2.45784 

C          5.95593        8.11152        0.37015 

H          9.42204       -4.78462        1.84167 

C          9.97559       -4.38945        0.99471 

C          9.93028       -5.06646       -0.23579 

C         10.65542       -4.51331       -1.30590 

H         10.69747       -5.04354       -2.25372 

C         11.27675       -3.27370       -1.18824 

H         11.79830       -2.85790       -2.04610 

C         11.19322       -2.52761        0.00169 

C         10.59011       -3.14759        1.10986 

H         10.49827       -2.60220        2.04443 

H          8.84146        4.90867        2.48932 

C          9.47874        4.71590        1.63117 

H         10.12123        2.82891        2.40905 
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C          9.43845        5.58773        0.52962 

C         10.20709        3.53217        1.58573 

H         12.04478        1.43892        2.29410 

C         10.27537        5.29010       -0.56112 

C         10.92708        3.16500        0.43591 

C         11.79743        0.96568        1.34746 

H         12.16718       -1.00609        2.10330 

C         11.86478       -0.42047        1.23928 

C         11.00246        4.10467       -0.60763 

H         10.32423        5.97752       -1.40138 

C         11.36537        1.75846        0.26941 

C         11.49701       -1.07677        0.05043 

C         11.13985        1.11183       -0.95784 

H         11.60579        3.88346       -1.48411 

C         11.20203       -0.27250       -1.06414 

H         10.79670        1.68986       -1.81091 

H         10.90372       -0.73961       -1.99793 

H        -11.52708        2.11194       -0.84078 

 

m[15]SPP 
excited state 
E = -3619.79341114 
 

C        -10.73221       -1.96372        1.52275 

C         -9.34637       -1.80622        1.46194 

C         -8.81890       -0.49782        1.46729 

C         -9.65682        0.52370        1.90929 

C        -11.02899        0.34255        2.01768 

C        -11.59678       -0.87294        1.64801 

H        -11.14833       -2.95634        1.36521 

H         -9.24610        1.52239        2.02345 

H        -11.66651        1.19860        2.22577 

C        -11.25795       -1.14349       -1.47988 

C         -9.87745       -1.14730       -1.62338 

C         -9.11081       -0.02089       -1.33061 

C         -9.79057        1.20894       -1.20966 

C        -11.17364        1.18804       -1.01953 

C        -11.90044       -0.00519       -1.00179 

H        -11.80748       -2.07693       -1.57592 

H         -9.37066       -2.08854       -1.81699 

C        -13.01631       -0.92940        1.12692 

H        -13.73486       -0.53060        1.85161 

H        -13.29098       -1.97494        0.95534 

C        -13.19554       -0.12531       -0.22863 

H        -13.56668        0.87806        0.00275 

H        -13.97758       -0.62250       -0.81318 

C         -7.54945       -0.10958        0.72877 

H         -7.32336        0.93340        0.96924 

H         -6.67793       -0.69933        1.02154 

C         -7.68869       -0.23516       -0.84227 

H         -6.96852        0.45651       -1.28520 

H         -7.38042       -1.24428       -1.13152 

C         -9.01418        2.47541       -1.14945 

C         -8.04125        2.72393       -2.12326 

C         -9.16424        3.41965       -0.13005 

C         -7.19651        3.81712       -2.03346 

H         -7.93133        2.02531       -2.94693 

C         -8.30924        4.51206       -0.03157 

H         -9.93412        3.27613        0.62151 

C         -7.28524        4.71024       -0.96079 

H         -6.41350        3.94998       -2.77349 

H         -8.42646        5.21063        0.79186 

C         -8.43735       -2.96847        1.28889 

C         -8.65324       -3.99431        0.36453 

C         -7.28149       -3.03916        2.07358 

C         -7.71812       -5.00862        0.18445 

H         -9.55196       -3.98418       -0.24478 

C         -6.35022       -4.04574        1.89452 

H         -7.10756       -2.27385        2.82341 

C         -6.53420       -5.03906        0.92637 

H         -7.90859       -5.78300       -0.55285 

H         -5.43889       -4.03542        2.48324 

C         -6.22650        5.73273       -0.78190 

C         -5.62118        5.90713        0.46524 

C         -5.69410        6.43631       -1.86662 

C         -4.47014        6.66876        0.60159 

H         -6.00679        5.36684        1.32442 

C         -4.55019        7.20697       -1.72741 

H         -6.17291        6.36118       -2.83839 

C         -3.88203        7.29619       -0.50104 

H         -3.97340        6.70486        1.56579 

H         -4.15486        7.72986       -2.59269 

C         -2.52573        7.88555       -0.39381 

C         -1.62462        7.75118       -1.45487 

C         -2.04583        8.45417        0.79140 

C         -0.28902        8.08742       -1.31066 

H         -1.95474        7.29591       -2.38272 

C         -0.70642        8.78415        0.93911 

H         -2.72747        8.62374        1.61931 

C          0.21018        8.56702       -0.09553 

H          0.39710        7.89023       -2.12804 

H         -0.36211        9.20235        1.88027 

C         -5.43804       -6.00267        0.66553 

C         -4.61717       -6.45421        1.70363 

C         -5.09884       -6.38166       -0.63689 

C         -3.45360       -7.15893        1.44312 

H         -4.87376       -6.21594        2.73102 

C         -3.93823       -7.09607       -0.89712 

H         -5.71878       -6.05661       -1.46686 

C         -3.06232       -7.45450        0.13295 

H         -2.80216       -7.42453        2.26930 

H         -3.68981       -7.34589       -1.92397 

C         -1.70063       -7.97464       -0.13540 

C         -0.98768       -7.52469       -1.25147 

C         -1.02271       -8.79395        0.77510 

C          0.36179       -7.79889       -1.40041 

H         -1.47440       -6.87385       -1.97036 

C          0.32981       -9.06240        0.63090 

H         -1.55778       -9.21026        1.62308 

C          1.06367       -8.52968       -0.43559 

H          0.90173       -7.35840       -2.23240 

H          0.83111       -9.68093        1.36924 

C          4.48085        8.32715        0.32987 

C          3.62464        8.05671        1.40549 

C          3.90668        8.88238       -0.82282 

C          2.25441        8.22474        1.29398 

H          4.02644        7.61471        2.31115 

C          2.53610        9.04605       -0.93508 

H          4.54291        9.16901       -1.65424 

C          1.67368        8.66918        0.10154 

H          1.61556        7.91485        2.11495 

H          2.12242        9.45255       -1.85307 

H          5.12687       -8.38115       -2.67727 

C          4.61567       -8.36378       -1.72022 

C          3.25224       -8.59796       -1.68508 

H          2.72155       -8.78592       -2.61362 

C          2.54096       -8.56936       -0.47834 

C          3.27998       -8.40551        0.69928 

H          2.76206       -8.36943        1.65242 

C          4.64190       -8.16451        0.66500 

H          5.15431       -7.94041        1.59420 

C          5.33874       -8.07738       -0.55012 

C          6.70614       -7.53811       -0.58557 

C          7.56067       -7.57850        0.53260 

H          7.30312       -8.20482        1.38078 

C          8.70983       -6.81985        0.59095 

H          9.32471       -6.87340        1.48302 

C          9.08778       -5.96498       -0.47022 

C          8.30602       -6.04491       -1.64400 

H          8.54673       -5.41481       -2.49244 

C          7.15389       -6.79923       -1.69470 

H          6.53242       -6.73573       -2.58130 

H          5.97771        7.47173       -1.74927 

C          6.49960        7.39666       -0.80116 

C          7.70138        6.71856       -0.75728 

H          8.08245        6.28080       -1.67307 

C          8.36081        6.46819        0.46090 

C          7.80311        7.05871        1.61257 

H          8.31425        6.96562        2.56513 

C          6.60191        7.73945        1.56474 

H          6.19768        8.15992        2.48041 

C          5.88436        7.87461        0.36531 

H         10.12087       -4.95135        1.84541 

C         10.45873       -4.43455        0.95417 

C         10.09542       -4.93187       -0.32246 

C         10.63605       -4.23702       -1.43497 

H         10.50071       -4.63991       -2.43305 

C         11.30629       -3.05148       -1.29093 

H         11.66845       -2.55600       -2.18377 

C         11.48056       -2.43647       -0.01493 

C         11.12079       -3.24385        1.10407 

H         11.29144       -2.87900        2.10949 

H          9.15255        4.98833        2.60298 

C          9.68654        4.74309        1.69149 

H         10.53256        3.02351        2.58215 

C          9.45270        5.50045        0.52348 

C         10.47500        3.61776        1.67817 

H         11.75021        1.38882        2.51488 

C         10.20719        5.14104       -0.61651 

C         11.08973        3.14948        0.48624 

C         11.74629        0.95805        1.51996 

H         11.92278       -0.99138        2.30254 

C         11.84922       -0.39926        1.39802 

C         10.99631        4.01755       -0.63617 

H         10.15041        5.75481       -1.50955 

C         11.59907        1.80779        0.38427 

C         11.80288       -1.04736        0.12513 

C         11.80830        1.18114       -0.87819 

H         11.53703        3.78247       -1.54586 

C         11.90456       -0.17709       -1.00259 

H         11.80034        1.77794       -1.78250 

H         11.98094       -0.59327       -1.99971 

H        -11.67602        2.12020       -0.77036 

 

m[16]SPP 
ground state 
E = -3854.31591524 
 

C         11.72300        1.55152        1.27372 

C         10.32509        1.48260        1.33507 

C          9.71363        0.20736        1.41425 

C         10.52465       -0.86862        1.79158 

C         11.91517       -0.77558        1.77437 

C         12.52798        0.40588        1.34531 

H         12.18375        2.51365        1.05832 

H         10.06256       -1.83887        1.95088 

H         12.51362       -1.67105        1.92944 

C         11.91517        0.77558       -1.77437 

C         10.52465        0.86862       -1.79158 

C          9.71363       -0.20736       -1.41425 

C         10.32509       -1.48260       -1.33507 

C         11.72300       -1.55152       -1.27372 

C         12.52798       -0.40588       -1.34531 

H         12.51362        1.67104       -1.92944 

H         10.06257        1.83887       -1.95088 

H         12.18375       -2.51365       -1.05832 

C         13.90005        0.37902        0.70340 

H         14.64295       -0.10953        1.34579 

H         14.24410        1.40723        0.54546 

C         13.90005       -0.37902       -0.70340 

H         14.24410       -1.40724       -0.54546 

H         14.64295        0.10953       -1.34579 

C          8.35780       -0.09076        0.79001 

H          8.09951       -1.13137        1.01185 

H          7.55016        0.53378        1.18287 

C          8.35780        0.09076       -0.79001 

H          7.55016       -0.53378       -1.18287 

H          8.09951        1.13137       -1.01185 

C          9.48601       -2.70039       -1.19921 

C          8.42334       -2.89998       -2.09672 

C          9.68072       -3.66201       -0.19486 

C          7.55927       -3.97867       -1.96240 

H          8.27311       -2.18327       -2.89923 

C          8.80185       -4.73564       -0.04582 

H         10.51175       -3.54882        0.49476 

C          7.71213       -4.90272       -0.91442 

H          6.72245       -4.08517       -2.64707 

H          8.95850       -5.45257        0.75616 

C          9.48601        2.70039        1.19921 

C          9.68072        3.66201        0.19486 

C          8.42335        2.89998        2.09672 

C          8.80185        4.73564        0.04582 

H         10.51175        3.54881       -0.49476 

C          7.55927        3.97867        1.96240 

H          8.27311        2.18327        2.89923 

C          7.71213        4.90272        0.91442 

H          8.95850        5.45257       -0.75616 

H          6.72245        4.08517        2.64707 

C          6.67798       -5.94638       -0.71725 

C          6.10432       -6.16189        0.54572 

C          6.14526       -6.65633       -1.80619 

C          4.98189       -6.97225        0.69509 

H          6.49156       -5.62012        1.40460 

C          5.03584       -7.47985       -1.65308 

H          6.60336       -6.54957       -2.78587 

C          4.39436       -7.61533       -0.40853 

H          4.50730       -7.03994        1.66976 

H          4.65023       -8.01438       -2.51651 

C          3.07598       -8.28368       -0.28854 

C          2.15529       -8.20883       -1.34851 

C          2.64208       -8.89633        0.90079 

C          0.84830       -8.65634       -1.20372 

H          2.44121       -7.71814       -2.27386 

C          1.32878       -9.33520        1.05021 

H          3.33945       -9.02158        1.72458 

C          0.39210       -9.19198        0.01250 

H          0.14494       -8.50865       -2.01813 

H          1.02046       -9.78789        1.98900 

C          6.67798        5.94638        0.71725 

C          6.14527        6.65633        1.80619 

C          6.10432        6.16188       -0.54572 

C          5.03585        7.47985        1.65308 

H          6.60336        6.54957        2.78587 

C          4.98190        6.97225       -0.69509 

H          6.49157        5.62012       -1.40460 

C          4.39436        7.61533        0.40853 

H          4.65023        8.01438        2.51651 

H          4.50730        7.03994       -1.66976 

C          3.07599        8.28368        0.28854 

C          2.15529        8.20883        1.34851 

C          2.64208        8.89633       -0.90079 

C          0.84830        8.65634        1.20372 

H          2.44121        7.71814        2.27386 

C          1.32878        9.33520       -1.05021 

H          3.33945        9.02158       -1.72458 

C          0.39210        9.19198       -0.01250 

H          0.14494        8.50865        2.01813 

H          1.02046        9.78789       -1.98900 

C         -3.89581       -9.35851        0.38594 

C         -3.08535       -8.98040        1.47038 

C         -3.25465       -9.88578       -0.74922 

C         -1.69736       -9.01935        1.38090 

H         -3.54500       -8.55727        2.35895 

C         -1.86732       -9.91924       -0.84110 

H         -3.85204      -10.24854       -1.58124 

C         -1.05790       -9.43328        0.20066 

H         -1.10146       -8.62996        2.20170 

H         -1.40081      -10.30488       -1.74366 

H        -12.39818        3.33543       -2.23786 

H        -10.25668        4.35751       -2.36237 

H        -12.98446        0.95671       -2.06330 

H        -11.65233       -0.93691       -2.02442 

C        -12.23506        2.81404       -1.29832 

C        -12.56563        1.46570       -1.19935 

C        -10.21716        5.06062       -1.53538 

C        -11.86312       -1.46209       -1.09753 

H         -8.66442        6.21001       -2.45511 

H        -11.08209       -3.30458       -1.85333 

C        -11.65145        3.50007       -0.21863 

C         -9.31142        6.11449       -1.58793 

C        -12.32217        0.74118       -0.01837 

C        -11.53731       -2.80989       -1.00025 

C        -10.97425        4.80906       -0.37833 

C        -12.32217       -0.74118        0.01837 

H        -11.50094       -5.61290       -1.55521 

H         -7.94965        8.44542       -2.51009 

C        -11.53731        2.80989        1.00025 

C        -11.86312        1.46209        1.09753 

H         -9.90591       -7.47900       -1.45977 

C        -10.88150       -5.74002       -0.67133 

C         -7.38595        8.45262       -1.58098 

C         -9.12251        6.96665       -0.48656 

C        -11.65145       -3.50007        0.21863 

C        -10.88150        5.74002        0.67133 

H         -5.71377        9.46148       -2.46801 

C         -9.97700       -6.79592       -0.61761 

H        -11.08209        3.30458        1.85333 

H        -11.65233        0.93691        2.02442 

C        -12.56563       -1.46569        1.19935 

C         -6.11837        9.02784       -1.55736 

C        -10.97425       -4.80906        0.37833 

C         -7.93367        7.85080       -0.43409 

C         -9.97699        6.79592        0.61761 

C        -12.23506       -2.81404        1.29832 

H        -11.50094        5.61290        1.55521 

H        -12.98446       -0.95671        2.06330 

C         -9.12251       -6.96665        0.48656 

C         -5.34091        9.02782       -0.38567 

C        -10.21717       -5.06062        1.53538 

H         -9.90591        7.47900        1.45977 

C         -7.20172        7.95317        0.76140 

H        -12.39818       -3.33543        2.23786 

C         -9.31142       -6.11449        1.58793 

C         -3.89581        9.35851       -0.38594 

C         -5.93652        8.52726        0.78489 

H        -10.25668       -4.35751        2.36237 

H         -7.58394        7.48549        1.66395 

H         -8.66442       -6.21000        2.45511 

H         -5.36173        8.49496        1.70573 

C         -3.25465        9.88578        0.74922 

H         -3.85204       10.24854        1.58124 

H         -3.54500        8.55727       -2.35895 

H         -1.10146        8.62996       -2.20170 

C         -3.08534        8.98040       -1.47038 

C         -1.69736        9.01935       -1.38090 

C         -1.05790        9.43328       -0.20066 

C         -1.86732        9.91924        0.84110 

H         -1.40081       10.30488        1.74366 

H         -7.58394       -7.48549       -1.66395 

H         -5.36173       -8.49496       -1.70573 

C         -7.20172       -7.95317       -0.76140 

C         -5.93652       -8.52726       -0.78489 

C         -7.93367       -7.85080        0.43409 

C         -5.34092       -9.02782        0.38567 

C         -7.38595       -8.45261        1.58098 

C         -6.11838       -9.02784        1.55736 

H         -7.94965       -8.44542        2.51009 

H         -5.71377       -9.46147        2.46801 

 

m[16]SPP 
excited state 
E = -3850.72648972 
 

C         11.86651       -1.64406       -1.21166 

C         10.47381       -1.58000       -1.28080 

C          9.86382       -0.31347       -1.39018 

C         10.66922        0.74749       -1.79900 

C         12.05427        0.65751       -1.77886 

C         12.66526       -0.50140       -1.30922 

H         12.32962       -2.59878       -0.97188 

H         10.20578        1.71079       -1.99149 

H         12.65014        1.54768       -1.96593 

C         12.05427       -0.65751        1.77896 

C         10.66922       -0.74749        1.79910 

C          9.86382        0.31346        1.39026 

C         10.47381        1.57999        1.28086 

C         11.86651        1.64405        1.21171 

C         12.66527        0.50138        1.30929 

H         12.65014       -1.54768        1.96605 

H         10.20578       -1.71079        1.99161 

H         12.32962        2.59876        0.97191 

C         14.03146       -0.43728       -0.66123 

H         14.78717       -0.02328       -1.33807 

H         14.35548       -1.45288       -0.41314 

C         14.03146        0.43725        0.66131 

H         14.35549        1.45285        0.41321 

H         14.78717        0.02325        1.33815 
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C          8.50606        0.00756       -0.79233 

H          8.21717        1.00944       -1.12354 

H          7.71950       -0.67571       -1.12104 

C          8.50606       -0.00758        0.79242 

H          7.71950        0.67569        1.12112 

H          8.21719       -1.00946        1.12363 

C          9.62944        2.79559        1.13831 

C          8.60987        3.01759        2.07000 

C          9.77341        3.72125        0.10180 

C          7.73257        4.07959        1.93599 

H          8.49808        2.32767        2.90075 

C          8.88352        4.78093       -0.04279 

H         10.57313        3.59331       -0.62108 

C          7.83146        4.96407        0.85721 

H          6.92325        4.19949        2.64945 

H          9.00202        5.47042       -0.87372 

C          9.62943       -2.79561       -1.13829 

C          9.77341       -3.72130       -0.10180 

C          8.60986       -3.01758       -2.06997 

C          8.88351       -4.78098        0.04276 

H         10.57313       -3.59337        0.62108 

C          7.73255       -4.07957       -1.93598 

H          8.49806       -2.32763       -2.90070 

C          7.83145       -4.96408       -0.85723 

H          9.00202       -5.47049        0.87367 

H          6.92323       -4.19945       -2.64945 

C          6.76740        5.97746        0.65838 

C          6.15844        6.13511       -0.58889 

C          6.24448        6.70122        1.73419 

C          5.01405        6.90635       -0.73322 

H          6.53799        5.57909       -1.44085 

C          5.10920        7.48222        1.58644 

H          6.72701        6.63663        2.70483 

C          4.43912        7.56076        0.36060 

H          4.51465        6.93390       -1.69642 

H          4.72409        8.02522        2.44380 

C          3.09766        8.18303        0.25108 

C          2.20272        8.09483        1.32212 

C          2.62800        8.75432       -0.93662 

C          0.88231        8.49016        1.19024 

H          2.52372        7.63577        2.25125 

C          1.30281        9.14333       -1.07200 

H          3.30658        8.88470       -1.77410 

C          0.39219        8.98515       -0.02207 

H          0.19795        8.33471        2.01802 

H          0.96579        9.56712       -2.01333 

C          6.76738       -5.97747       -0.65842 

C          6.24445       -6.70120       -1.73424 

C          6.15843       -6.13515        0.58885 

C          5.10917       -7.48220       -1.58651 

H          6.72698       -6.63659       -2.70489 

C          5.01404       -6.90639        0.73317 

H          6.53799       -5.57916        1.44082 

C          4.43910       -7.56077       -0.36066 

H          4.72405       -8.02518       -2.44388 

H          4.51464       -6.93396        1.69636 

C          3.09763       -8.18304       -0.25115 

C          2.20268       -8.09481       -1.32219 

C          2.62798       -8.75435        0.93654 

C          0.88228       -8.49014       -1.19030 

H          2.52368       -7.63573       -2.25131 

C          1.30279       -9.14336        1.07192 

H          3.30656       -8.88475        1.77401 

C          0.39216       -8.98516        0.02200 

H          0.19791       -8.33467       -2.01808 

H          0.96577       -9.56717        2.01324 

C         -3.89313        9.05624       -0.36672 

C         -3.08253        8.69643       -1.45026 

C         -3.25709        9.57978        0.76678 

C         -1.70080        8.75770       -1.36586 

H         -3.53664        8.27403       -2.34063 

C         -1.87572        9.63697        0.85220 

H         -3.85419        9.92901        1.60334 

C         -1.06582        9.17906       -0.19344 

H         -1.10279        8.38623       -2.19213 

H         -1.41376       10.02527        1.75488 

H        -12.19964       -3.15403        2.39851 

H        -10.58775       -4.45033        2.46746 

H        -12.85467       -0.85254        2.21622 

H        -12.57028        1.12680        2.08766 

C        -12.23326       -2.70180        1.41338 

C        -12.60901       -1.39078        1.30841 

C        -10.44556       -5.05099        1.57681 

C        -12.48389        1.55091        1.09476 

H         -8.92568       -6.19136        2.51844 

H        -11.91489        3.41758        1.89578 

C        -11.86657       -3.47231        0.27514 

C         -9.49497       -6.04591        1.60669 

C        -12.64066       -0.71407        0.05077 

C        -12.11436        2.86427        0.98548 

C        -11.12800       -4.70899        0.38349 

C        -12.64066        0.71410       -0.05069 

H        -11.46297        5.41511        1.64182 

H         -7.90300       -8.11288        2.51579 

C        -12.11440       -2.86424       -0.98542 

C        -12.48392       -1.55088       -1.09469 

H         -9.79220        7.16095        1.57757 

C        -10.89546        5.55724        0.72886 

C         -7.35928       -8.14039        1.57704 

C         -9.15883       -6.78290        0.45453 

C        -11.86656        3.47233       -0.27508 

C        -10.89549       -5.55721       -0.72882 

H         -5.66323       -9.07061        2.47766 

C         -9.94610        6.55192        0.69261 

H        -11.91494       -3.41756       -1.89572 

H        -12.57032       -1.12677       -2.08758 

C        -12.60903        1.39080       -1.30833 

C         -6.08883       -8.68653        1.55560 

C        -11.12799        4.70901       -0.38344 

C         -7.94764       -7.60671        0.41612 

C         -9.94613       -6.55190       -0.69259 

C        -12.23328        2.70182       -1.41331 

H        -11.46302       -5.41508       -1.64178 

H        -12.85470        0.85257       -2.21614 

C         -9.15882        6.78291       -0.45452 

C         -5.33441       -8.73307        0.37412 

C        -10.44555        5.05100       -1.57677 

H         -9.79225       -7.16092       -1.57755 

C         -7.23256       -7.75882       -0.78395 

H        -12.19967        3.15405       -2.39845 

C         -9.49497        6.04592       -1.60667 

C         -3.89315       -9.05624        0.36667 

C         -5.96277       -8.30343       -0.80250 

H        -10.58775        4.45034       -2.46742 

H         -7.63689       -7.35116       -1.70392 

H         -8.92569        6.19136       -2.51842 

H         -5.40988       -8.30980       -1.73601 

C         -3.25712       -9.57977       -0.76685 

H         -3.85423       -9.92898       -1.60341 

H         -3.53665       -8.27406        2.34059 

H         -1.10280       -8.38626        2.19207 

C         -3.08254       -8.69645        1.45021 

C         -1.70082       -8.75773        1.36580 

C         -1.06584       -9.17906        0.19337 

C         -1.87576       -9.63696       -0.85228 

H         -1.41380      -10.02523       -1.75497 

H         -7.63685        7.35120        1.70391 

H         -5.40984        8.30983        1.73597 

C         -7.23253        7.75884        0.78394 

C         -5.96273        8.30344        0.80248 

C         -7.94762        7.60672       -0.41612 

C         -5.33439        8.73308       -0.37416 

C         -7.35927        8.14039       -1.57705 

C         -6.08881        8.68652       -1.55564 

H         -7.90299        8.11287       -2.51580 

H         -5.66322        9.07060       -2.47770 

 

m[17]SPP 
ground state 
E = -4085.4630602 
 

C        -12.69059        1.13593       -1.02527 

C        -13.42963       -0.05269       -0.95624 

C        -12.79332       -1.22258       -1.38312 

C        -11.40857       -1.24073       -1.54045 

C        -10.62856       -0.10263       -1.30446 

C        -11.30298        1.14067       -1.22197 

C        -14.72649       -0.11205       -0.17571 

C        -14.53893       -0.75742        1.27553 

C        -13.10809       -0.67817        1.76647 

C        -12.51760        0.55221        2.07144 

C        -11.13890        0.71051        1.94016 

C        -10.31513       -0.34268        1.52711 

C        -10.86312       -1.64857        1.57109 

C        -12.25478       -1.78534        1.66609 

C         -9.98991       -2.83566        1.39642 

C        -10.29759       -3.89577        0.52769 

C         -9.41674       -4.96251        0.34978 

C         -8.19458       -5.01774        1.03991 

C         -7.90977       -3.97851        1.94358 

C         -8.78790       -2.91813        2.11966 

C         -7.18602       -6.07746        0.80252 

C         -6.37835       -6.55164        1.85027 

C         -5.30970       -7.40588        1.60654 

C         -5.00120       -7.83463        0.30377 

C         -5.86057       -7.42886       -0.73192 

C         -6.92737       -6.56789       -0.48867 

C         -3.73997       -8.56822        0.04209 

C         -2.97846       -8.28314       -1.10424 

C         -1.69514       -8.79494       -1.26270 

C         -1.11116       -9.61223       -0.28012 

C         -1.90533       -9.97032        0.82285 

C         -3.19117       -9.46226        0.97872 

C          0.33326       -9.93593       -0.34870 

C          1.12564       -9.84921        0.80831 

C          2.51287       -9.90752        0.73676 

C          3.17384      -10.06121       -0.49426 

C          2.37668      -10.25123       -1.63725 

C          0.98840      -10.18616       -1.56688 

C          4.63931       -9.85386       -0.57885 

C          5.50502      -10.18616        0.47874 

C          6.82411       -9.74320        0.49691 

C          7.33969       -8.95358       -0.54550 

C          6.50802       -8.71922       -1.65367 

C          5.18841       -9.15656       -1.66869 

C          8.62490       -8.22502       -0.42760 

C          8.97319       -7.62279        0.79315 

C         10.00668       -6.69585        0.86902 

C         10.74414       -6.33159       -0.27088 

C         10.47598       -7.02721       -1.46366 

C          9.43745       -7.95012       -1.54140 

C         11.61044       -5.12891       -0.23442 

C         12.28975       -4.72548        0.92936 

C         12.83869       -3.45117        1.03810 

C         12.73842       -2.52460       -0.01455 

C         12.17231       -2.97322       -1.21999 

C         11.61955       -4.24416       -1.32658 

C         13.00942       -1.07890        0.16874 

C         12.61805       -0.44559        1.36058 

C         12.55859        0.94053        1.45285 

C         12.89091        1.75786        0.35880 

C         13.40818        1.12633       -0.78662 

C         13.46402       -0.26083       -0.88055 

C         12.50373        3.18894        0.36524 

C         12.48354        3.96029        1.54109 

C         11.83410        5.19063        1.58441 

C         11.17784        5.70675        0.45300 

C         11.30485        4.99207       -0.75038 

C         11.95136        3.76247       -0.79301 

C         10.22309        6.83782        0.53299 

C          9.37238        6.95644        1.64542 

C          8.27487        7.81038        1.62489 

C          7.97724        8.58457        0.49064 

C          8.89646        8.55597       -0.57316 

C          9.99477        7.70227       -0.55233 

C          6.65344        9.23995        0.36878 

C          5.97750        9.78919        1.47239 

C          4.63819       10.15872        1.38569 

C          3.91273        9.99306        0.19248 

C          4.61774        9.53711       -0.93474 

C          5.95561        9.17095       -0.84913 

C          2.43738       10.12484        0.13411 

C          1.77257       10.50899       -1.04411 

C          0.39307       10.38074       -1.16693 

C         -0.38603        9.87026       -0.11416 

C          0.26470        9.58806        1.09835 

C          1.64536        9.70954        1.21856 

C         -1.80459        9.48836       -0.30757 

C         -2.19598        8.85108       -1.49702 

C         -3.46253        8.29605       -1.63358 

C         -4.40434        8.35913       -0.59173 

C         -4.03885        9.06623        0.56774 

C         -2.76647        9.61348        0.70912 

C         -5.67207        7.59656       -0.68973 

C         -6.29685        7.36345       -1.92815 

C         -7.36190        6.47680       -2.04308 

C         -7.86295        5.79460       -0.92171 

C         -7.30082        6.09580        0.32934 

C         -6.22527        6.97183        0.44167 

C         -8.85605        4.70325       -1.05934 

C         -9.90443        4.51840       -0.14403 

C        -10.73258        3.39901       -0.21678 

C        -10.53060        2.40852       -1.19203 

C         -9.52290        2.63109       -2.14570 

C         -8.70553        3.75280       -2.08379 

C         -9.05206       -0.00602        0.74549 

C         -9.20218       -0.29762       -0.80809 

H          6.43970        8.73437       -1.71787 

H          4.08760        9.37779       -1.86907 

H          4.14068       10.56423        2.26257 

H          2.34742       10.89409       -1.88188 

H          2.12481        9.38985        2.13928 

H         -0.08914       10.66374       -2.09879 

H         -0.30675        9.18046        1.92764 

H          7.58155        7.79946        2.46103 

H          8.73119        9.19077       -1.43956 

H          9.51136        6.29636        2.49677 

H         10.67062        7.68271       -1.40309 

H         -2.51048       10.14143        1.62398 

H         -1.46942        8.71630       -2.29320 

H         -4.75854        9.18285        1.37336 

H         -3.69599        7.73604       -2.53413 

H         -5.93631        7.87613       -2.81543 

H         -5.75879        7.11164        1.41254 

H         -7.81161        6.30284       -3.01698 

H         -7.65934        5.57434        1.21277 

H        -10.06562        5.25625        0.63770 

H         -7.90375        3.87220       -2.80718 

H        -11.52446        3.27056        0.51471 

H         -9.37305        1.89706       -2.93239 

H        -10.71427        1.70810        2.00640 

H        -12.68584       -2.77785        1.55179 

H        -11.22766       -3.87134       -0.03255 

H         -8.54293       -2.12789        2.82340 

H         -9.68143       -5.76526       -0.33348 

H         -6.96866       -3.98392        2.48560 

H          6.50337        9.90906        2.41588 

H         -6.57618       -6.22543        2.86741 

H         -7.53548       -6.22564       -1.32167 

H         -4.66715       -7.69730        2.43229 

H         -5.67509       -7.77129       -1.74634 

H         -3.36155       -7.58229       -1.84032 

H         -3.77532       -9.75200        1.84787 

H         -1.10296       -8.48473       -2.11897 

H         -1.50309      -10.64485        1.57401 

H          0.40125      -10.31437       -2.47236 

H          0.65315       -9.64032        1.76391 

H          2.85192      -10.43263       -2.59742 

H          3.09388       -9.73886        1.63869 

H          5.13233      -10.77912        1.30952 

H          4.54812       -8.86792       -2.49706 

H          7.45926       -9.99216        1.34294 

H          6.86934       -8.10052       -2.47012 

H          9.23355       -8.44598       -2.48676 

H          8.36023       -7.80408        1.67144 

H         11.06944       -6.81945       -2.34990 

H         10.17487       -6.17182        1.80527 

H         12.36076       -5.40811        1.77185 

H         11.09434       -4.51345       -2.23817 

H         13.32587       -3.15752        1.96417 

H         12.06719       -2.28103       -2.05039 

H         12.25170       -1.04581        2.18847 

H         13.83430       -0.71916       -1.79376 

H         12.14567        1.39065        2.35089 

H         13.73858        1.73001       -1.62761 

H         12.95650        3.57668        2.44115 

H         11.93474        3.19172       -1.71680 

H         11.80953        5.74747        2.51737 

H         10.80013        5.35278       -1.64186 

H        -13.34959       -2.15674       -1.42793 

H        -10.90851       -2.19367       -1.69169 

H        -15.23275       -0.25128        1.95778 

H        -14.84702       -1.80795        1.23122 

H        -15.49363       -0.69279       -0.70227 

H        -15.12242        0.90261       -0.05661 

H         -8.46803        0.32891       -1.32261 

H         -8.91801       -1.33975       -0.98697 

H         -8.16484       -0.54693        1.08650 

H         -8.84655        1.06177        0.87267 

H        -13.14280        1.42523        2.24777 

H        -13.18519        2.08116       -0.81076 

 

m[17]SPP 
excited state 
E = -4081.66000300 
 

C        -12.85618        1.15281       -0.97541 

C        -13.58348       -0.03893       -0.93249 

C        -12.94848       -1.18343       -1.40604 

C        -11.57045       -1.18895       -1.57194 

C        -10.79835       -0.05960       -1.30437 

C        -11.47569        1.17139       -1.18488 

C        -14.86766       -0.14488       -0.13981 

C        -14.66875       -0.91329        1.23427 

C        -13.23931       -0.85721        1.72704 

C        -12.65528        0.35860        2.06957 

C        -11.28366        0.52661        1.93500 

C        -10.46142       -0.50735        1.49171 

C        -10.99972       -1.81089        1.51092 

C        -12.38546       -1.95575        1.60034 

C        -10.11147       -2.98863        1.33559 

C        -10.37438       -4.02897        0.44004 

C         -9.47489       -5.07618        0.26999 

C         -8.28052       -5.12623        0.99344 

C         -8.04323       -4.11045        1.92567 

C         -8.93950       -3.07039        2.09486 

C         -7.23700       -6.15241        0.75632 

C         -6.44255       -6.62255        1.80634 

C         -5.33956       -7.42572        1.56694 

C         -4.98608       -7.80278        0.26750 

C         -5.83176       -7.40615       -0.77305 

C         -6.93230       -6.59539       -0.53413 

C         -3.68884       -8.47453        0.01502 

C         -2.92813       -8.13320       -1.10734 

C         -1.62770       -8.58767       -1.25838 

C         -1.02811       -9.39919       -0.29068 

C         -1.81552       -9.80819        0.79050 

C         -3.11895       -9.35801        0.93820 

C          0.42592       -9.67363       -0.35503 

C          1.20434       -9.59131        0.80352 

C          2.58794       -9.61627        0.74117 

C          3.25796       -9.72968       -0.48247 

C          2.47568       -9.90874       -1.63051 

C          1.09130       -9.87730       -1.56872 

C          4.71868       -9.51040       -0.55354 

C          5.57127       -9.81230        0.51747 

C          6.88640       -9.38183        0.53357 

C          7.42093       -8.63032       -0.52520 

C          6.59653       -8.42348       -1.64148 

C          5.28024       -8.84813       -1.65233 

C          8.71695       -7.94539       -0.42782 

C          9.18098       -7.46506        0.80897 

C         10.24450       -6.59226        0.89132 

C         10.92072       -6.13465       -0.26237 

C         10.53598       -6.73026       -1.48683 

C          9.46891       -7.59834       -1.56522 

C         11.83175       -5.00686       -0.19967 

C         12.34627       -4.51368        1.02808 

C         12.93651       -3.28127        1.12347 

C         13.06670       -2.42036       -0.00565 

C         12.72348       -3.00057       -1.26057 

C         12.12894       -4.23210       -1.34939 

C         13.35172       -1.02165        0.11936 
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C         13.27959       -0.35018        1.37596 

C         13.19144        1.01229        1.46269 

C         13.17308        1.84167        0.30462 

C         13.46819        1.18339       -0.92542 

C         13.55241       -0.17774       -1.01473 

C         12.71955        3.20663        0.35612 

C         12.48409        3.88869        1.58131 

C         11.76670        5.05882        1.63183 

C         11.23176        5.65507        0.46743 

C         11.60237        5.06794       -0.76181 

C         12.31808        3.89691       -0.81850 

C         10.22141        6.70774        0.52147 

C          9.39490        6.85293        1.65198 

C          8.26843        7.65170        1.62483 

C          7.90024        8.35806        0.47046 

C          8.78749        8.31200       -0.61669 

C          9.91442        7.51445       -0.59266 

C          6.56493        8.97419        0.36457 

C          5.87962        9.47838        1.47881 

C          4.54324        9.83543        1.39931 

C          3.82639        9.70384        0.20358 

C          4.53529        9.28855       -0.92918 

C          5.87111        8.93504       -0.85186 

C          2.35372        9.84307        0.14500 

C          1.69531       10.24732       -1.02225 

C          0.31761       10.14919       -1.13925 

C         -0.46289        9.64879       -0.09186 

C          0.18455        9.33624        1.10686 

C          1.56276        9.42920        1.22201 

C         -1.89398        9.31228       -0.27603 

C         -2.31619        8.71373       -1.46658 

C         -3.59686        8.20210       -1.59683 

C         -4.51631        8.27246       -0.54575 

C         -4.11899        8.94197        0.61657 

C         -2.83378        9.44756        0.75052 

C         -5.80418        7.54334       -0.63874 

C         -6.45651        7.35947       -1.86263 

C         -7.53960        6.50150       -1.97654 

C         -8.02431        5.80045       -0.86835 

C         -7.43045        6.05261        0.37093 

C         -6.34004        6.90238        0.48231 

C         -9.03455        4.72468       -1.00992 

C        -10.04670        4.51769       -0.06982 

C        -10.87308        3.40202       -0.14100 

C        -10.70706        2.44304       -1.14416 

C         -9.73998        2.69209       -2.12365 

C         -8.92244        3.80801       -2.06007 

C         -9.20092       -0.13785        0.72907 

C         -9.36821       -0.27098       -0.83901 

H          6.36037        8.53378       -1.73320 

H          4.01020        9.15736       -1.86966 

H          4.04094       10.20933        2.28628 

H          2.27287       10.62840       -1.85874 

H          2.03945        9.09327        2.13724 

H         -0.16168       10.45071       -2.06577 

H         -0.39115        8.93303        1.93413 

H          7.60734        7.65463        2.48536 

H          8.57760        8.90298       -1.50287 

H          9.58135        6.24938        2.53328 

H         10.56607        7.50316       -1.45996 

H         -2.55079        9.94751        1.67208 

H         -1.60512        8.57543       -2.27482 

H         -4.82275        9.05929        1.43492 

H         -3.86191        7.67076       -2.50501 

H         -6.10089        7.88452       -2.74367 

H         -5.84992        7.00876        1.44476 

H         -8.01170        6.36208       -2.94445 

H         -7.77777        5.51398        1.24730 

H        -10.18051        5.23202        0.73735 

H         -8.14681        3.94604       -2.80697 

H        -11.63623        3.25517        0.61673 

H         -9.61723        1.98096       -2.93469 

H        -10.86296        1.52337        2.02840 

H        -12.81229       -2.94691        1.46441 

H        -11.28510       -4.00774       -0.15079 

H         -8.72819       -2.29229        2.82156 

H         -9.70415       -5.86505       -0.44038 

H         -7.12117       -4.11514        2.49774 

H          6.39925        9.57987        2.42658 

H         -6.67459       -6.32931        2.82534 

H         -7.53221       -6.25364       -1.37209 

H         -4.70620       -7.71588        2.39906 

H         -5.60879       -7.71134       -1.79080 

H         -3.33107       -7.43570       -1.83456 

H         -3.69978       -9.68654        1.79461 

H         -1.03882       -8.23873       -2.10076 

H         -1.39551      -10.47816        1.53475 

H          0.51448       -9.99751       -2.48085 

H          0.72027       -9.41826        1.75948 

H          2.95898      -10.05840       -2.59093 

H          3.15772       -9.45803        1.65086 

H          5.19140      -10.38100        1.36054 

H          4.65077       -8.58199       -2.49503 

H          7.51059       -9.62184        1.38858 

H          6.96404       -7.83451       -2.47513 

H          9.19696       -8.01229       -2.53121 

H          8.63307       -7.70665        1.71380 

H         11.07679       -6.49176       -2.39581 

H         10.49348       -6.17748        1.86101 

H         12.26045       -5.11661        1.92538 

H         11.79798       -4.57046       -2.32429 

H         13.29550       -2.95421        2.09262 

H         12.83751       -2.42138       -2.16889 

H         13.19436       -0.92750        2.28878 

H         13.76131       -0.62032       -1.98200 

H         13.04124        1.45281        2.44110 

H         13.61298        1.76914       -1.82600 

H         12.85792        3.47288        2.50993 

H         12.48733        3.44913       -1.79020 

H         11.59837        5.52609        2.59660 

H         11.23407        5.49241       -1.68917 

H        -13.49965       -2.11767       -1.48305 

H        -11.06706       -2.13258       -1.76295 

H        -15.36887       -0.48759        1.96159 

H        -14.95672       -1.96026        1.09693 

H        -15.65432       -0.66017       -0.70194 

H        -15.24061        0.86240        0.07053 

H         -8.65592        0.41832       -1.29809 

H         -9.06489       -1.28146       -1.12870 

H         -8.33133       -0.73579        1.01081 

H         -8.95897        0.90385        0.95948 

H        -13.28200        1.22241        2.27853 

H        -13.35458        2.08806       -0.73025 
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A.2. SI [6,7]Helicene para-phenylene 
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A.2.1. Experimental Part 

General Remarks 
Materials: All commercially available chemicals were purchased from Acros, Alfa Aesar, Apollo 
Scientific, Fluorochem and Sigma-Aldrich and used without further purification. Anhydrous solvents were 
purchased from Acros and stored over molecular sieves (4 Å). THF was dried by distillation over sodium 
and benzophenone under Ar and used fresh. Concentration of organolithium reagents was determined via 
titration prior to use. Molecular sieves were dried at 300 °C and 1 mbar over 24 h in Büchi Glass Oven B-
585. Column chromatography was performed on silica gel P60 (40–63 μm) from SilicycleTM. Celite® 545 
(0.02–0.1 mm) from Supelco was used. Automated flash chromatography was performed using Biotage 
Isolera One. TLC was performed with silica gel 60 F254 aluminium plates purchased from Merck. High 
resolution mass spectra (HRMS) were measured on a maX-isTM4G instrument from Bruker for HR-ESI-
ToF MS. UV-Vis absorption were measured using Jasco V-770 with Jasco ETCR-762 Peltier thermostatted 
cell holder at 25 °C in 1 cm cuvette. Excitation and emission spectra were recorded using Jasco FP-8600 
with Jasco ETC-815 Peltier thermostatted cell holder at 25 °C in 1 cm cuvette. Circular dichroism was 
measured using Jasco J-1500 with Jasco PTC-517 Peltier thermostatted cell holder at 25 °C in 1 cm cuvette. 
Time-correlated single photon counting (TCSPC)-based emission lifetime measurements were performed 
on a LifeSpec II spectrometer (Edinburgh Instruments) employing a picosecond pulsed diode laser (ca. 60 
ps pulse width). Hamamatsu absolute photoluminescence quantum yield spectrometer C11347 Quantaurus-
QY was used for quantum yield measurement. Circularly polarized luminescence (CPL) was recorded in an 
Olis DSM172 spectrophotometer equipped with a xenon lamp of 150 W.  

Nuclear magnetic resonance: NMR experiments were performed on Bruker Avance III NMR 
spectrometers operating at 400, 500 or 600 MHz proton frequencies. The instruments were equipped with a 
direct-observe 5 mm BBFO smart probe (400 and 500 MHz), an indirect-detection 5 mm BBI probe (600 
MHz). All probes were equipped with actively shielded z-gradients (10 A). The chemical shifts are reported 
in ppm relative to tetramethylsilane or referenced to residual solvent peak and the J values are given in Hz 
(±0.1 Hz). Standard Bruker pulse sequences were used, and the data was processed on Topspin 3.6 (Bruker) 
using twofold zero-filling in the indirect dimension. Variable temperature experiments were performed in 
1,1,2,2-tetrachloro-ethane-d2 (δ1

H = 6.00 ppm) between 368 K and 228 K or in tetrahydrofuran-d8 (δ 1H = 
3.58 ppm) between 298 K and 168 K. As far as possible, the temperature was calibrated by either a glycerol 
(high T) or a methanol (low T) sample and showed accuracy within +/- 0.2 K. Compound 1 was 
characterized at slow exchange conditions (168 K) by 1H, cosy, roesy (tmix = 200 ms) and noesy (tmix = 1 s) 
experiments and in fast exchange (368 K) by 1H, cosy, noesy (tmix = 1 s), hsqc and hmbc spectra. The 
coalescence was quantitatively extracted for the exchanging proton pairs at 5.38 and 7.29 ppm yielding Tc 
of 190 K and G‡ of 33.3 ± 0.5 kJ mol–1 for the p-phenylene ring adjacent to the helicene. For the proximal 
p-phenylene ring we determined Tc of 248 K and G‡ of 47.7 ± 0.5 kJ mol–1 for the protons at 7.36 and 7.69 
ppm. 
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Synthesis Overview 

 

Scheme S1. Synthesis of 11,15-dibromo[6]helicene 2. 

 

Scheme S2. Synthesis of 1. 

  



Appendix 

140 
 

Synthetic Procedures 

Literature known compound 8 was prepared via a different than published route. Compound 8 was converted 
to compound 2 via a modified procedure by Fujita[9] and bent building 3 was prepared via procedure by 
Jasti.[3]  

Synthesis: All reactions were performed under Ar atmosphere. Oxygen or water sensitive reactions were 
performed using Schlenk techniques with anhydrous solvents in glassware, which was dried in an oven at 
130 °C for 24 h and cooled down to room temperature under stream of Ar prior to use.  

Organolithium reagent titration: Phenanthroline (0.1 mg) was dissolved in dry THF (5 mL) and the 
solution was cooled to 0 °C. Organolithium reagent (2 mL) was added via syringe. Dry propan-2-ol was 
added dropwise via syringe until color of solution changed from yellow to colorless. The experiment was 
repeated 3 times. 

H2SnCl4 preparation: SnCl2·2H2O (147 mg; 138 μmol) was suspended in THF (5 mL) and 37% aqueous 
HCl (100 μL) was added and the resulting mixture was stirred for 30 min and used fresh. 

Naphthalene-2,7-dicarbaldehyde (6) 

2,7-Dibromonaphthalene (2.00 g; 6.99 mmol; 1.00 eq.) was dissolved in dry THF 
(100 mL) and cooled to -78 °C. n-BuLi (2.5 M; 7.0 mL; 17.5 mmol; 2.50 eq.) was added 

dropwise and the reaction was stirred for 1 h at -78 °C. DMF (5.5 mL; 69.9 mmol; 10 eq.) was added and 
the reaction was stirred and left to warm to room temperature over 16 h. 5% aqueous HCl (50 mL) was 
added and resulting mixture was stirred for 15 min at room temperature and concentrated on rotavap to 1/3 
of the volume. DCM (25 mL) was added. The phases were separated and the aqueous phase was extracted 
with DCM (3 times 25 mL). The combined organic phases were washed with brine (25 mL) and dried with 
Na2SO4. Volatiles were evaporated. The crude product was purified by automated flash silica gel 
chromatography (50% DCM in cyclohexane). The product was isolated as a white solid (1.03 g; 80%).  
1H-NMR (400 MHz, CDCl3, 298 K, δ/ppm): 10.22 (s, 2H), 8.52 (dt, 4J = 1.5 Hz, 5J = 0.8 Hz, 2H), 8.13 (dd, 
3JHH = 8.6 Hz, 4JHH = 1.5 Hz, 2H), 8.03 (d, 3JHH = 8.2 Hz, 2H). 

Spectral data matches the literature-reported values.[10]  

(4-Bromobenzyl)triphenylphosphonium bromide (7) 

A round-bottom flask was charged with 4-bromobenzyl bromide (3.00 g; 12.0 mmol, 1.00 
eq.) and triphenylphosphine (4.31 g; 16.4 mmol; 1.37 eq.) and dry DMF (10 mL) was 
added. The reaction was stirred for 16 h at 80 °C. DMF was removed on rotavap and the 

residue was suspended in toluene and sonicated for 5 min. The solid was filtered off and washed with toluene 
and dried in high vacuum. The product was isolated as a while solid (6.03 g; 98%).  
1H-NMR (400 MHz, CDCl3, 298 K, δ/ppm): 7.83-7.74 (m, 9H), 7.69-7.61 (m, 6H), 7.26-7.23 (m, 2H), 7.05 (dd, 3JHH 
= 8.5 Hz, 4JHH = 2.6 Hz, 2H), 5.53 (d, 3JHH = 14.6 Hz, 2H).  

Spectral data matches the literature-reported values.[11]  

2,7-bis(4-Bromostyryl)naphthalene (8) 

NaH (60% in oil; 587 mg; 14.7 mmol; 3.00 eq.) was suspended in dry THF (100 mL) and 
cooled to 0 °C. 7 (5.26 g; 10.3 mmol; 2.11 eq.) was added and the reaction was stirred for 
10 min at 0 °C and for 2 h at room temperature. Color of the reaction mixture changed from 
white to orange. 6 (901 mg; 4.89 mmol; 1.00 eq.) was added and the color of reaction mixture 
changed from orange back to white. The reaction was stirred for 16 h at room temperature. At 
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this point, the color of reaction mixture was back to orange. The reaction was quenched with H2O (50 mL), 
concentrated on rotavap to 1/3 of the volume and extracted with DCM (5 times 50 mL). Combined organic phases 
were washed with brine (50 mL) and dried with Na2SO4. Volatiles were evaporated. Crude product was purified by 
automated flash silica gel chromatography (10% DCM in cyclohexane). A mixture of Z,Z- and Z,E-isomer was isolated 
as a yellow solid (1.50 g; 63%).  

Z,Z product: 

1H-NMR (500 MHz, CDCl3, 298 K, δ/ppm): 7.60 (d, 3JHH = 8.5 Hz, 4H), 7.34 (d, 3JHH = 8.5 Hz, 4H), 7.28 (dd, 3JHH = 
8.3 Hz, 4JHH = 1.7 Hz, 2H), 7.14 (d, 3JHH = 8.2 Hz, 4H), 6.76 (d, 3JHH = 12.1 Hz, 2H), 6.59 (d, 3JHH =12.1 Hz, 2H). 

13C-NMR (126 MHz, CDCl3, 298 K, δ/ppm): 136.07, 134.77, 133.48, 131.81, 131.41, 130.82, 130.61, 129.40, 128.05, 
127.47, 126.95, 121.13.  

Z,E product 

1H-NMR (500 MHz, CDCl3, 298 K, δ/ppm): 7.76 (d, 3JHH = 8.5 Hz, 1H), 7.72 (s, 1H), 7.71 – 7.67 (m, 2H), 7.65 (d, 
3JHH = 8.5 Hz, 1H), 7.50 (d, 3JHH = 8.5 Hz, 2H), 7.42 (d, 3JHH = 8.4 Hz, 2H), 7.34 (d, 3JHH = 8.5 Hz, 2H), 7.29 (dd, 3JHH 
= 8.7 Hz, 4JHH = 1.7 Hz, 1H), 7.25 – 7.12 (m, 4H), 6.78 (d, 3JHH = 12.2 Hz, 1H), 6.60 (d, 3JHH = 12.2 Hz, 1H). 

Spectral data matches the literature-reported values.[9] 

11,14-Dibromo[6]helicene (2) 

8 (300 mg; 612 μmol; 1.00 eq.) was dissolved in toluene (1.4 L) and iodine (373 mg; 1.47 mmol; 
2.40 eq.) was added and the solution was degassed by bubbling with Ar for 45 min. Propylene oxide 
(21.4 mL; 306 mmol; 500 eq.) was added and degassing was further continued for 15 min. The 
reaction mixture was irradiated with 150 W medium-pressure mercury lamp for 4.5 h. Volatiles 
were evaporated. Crude product was purified by column chromatography (DCM). The product was 
isolated as yellow solid (260 mg; 87%). 

1H-NMR (400 MHz, CDCl3, 298 K, δ/ppm): 8.04 (d, 3JHH = 8.2 Hz, 2H), 8.00 (d, 3JHH = 8.2 Hz, 2H), 7.96 (d, 3JHH = 
8.5 Hz, 2H), 7.91 (d, 3JHH = 8.5 Hz, 2H), 7.74 (d, 3JHH = 8.5 Hz, 2H), 7.71 (d, 4JHH = 1.9 Hz, 2H), 7.39 (dd, 3JHH = 
8.5 Hz, 4JHH = 2.0 Hz, 2H). 

Spectral data matches the literature-reported values.[9] 

Compound 4 

3 (1.61 g; 1.26 mmol; 1.00 eq.) was dissolved in dry THF (30 mL) and the solution was 
cooled to -78 °C. n-BuLi (2.6 M; 1.1 mL; 2.77 mmol; 2.20 eq.) was added dropwise 
and the reaction was stirred for 1 h at -78 °C, i-PrOBpin (0.65 mL; 3.15 mmol; 2.5 eq.) 
was added and the reaction was stirred and left to warm to room temperature over 16 h. 
H2O (50 mL) and brine (50 mL) were added and the resulting mixture was extracted 
with EtOAc (3 times 50 mL). The combined organic phases were washed with brine 
(50 mL) and dried with Na2SO4. Volatiles were evaporated. The crude product isolated 
as a white amorphous solid (1.71 g) and used without further purification. 

1H-NMR (400 MHz, CDCl3, 298 K, δ/ppm): 7.70 (d, 3JHH = 8.2 Hz, 4H), 7.33 (d, 3JHH = 8.2 Hz, 4H), 7.33-7.25 (m, 
8H), 6.12 (d, 3JHH = 10.2 Hz, 4H), 5.97 (s, 4H), 5.94 (d, 3JHH = 10.2 Hz, 4H), 3.34 (s, 6H), 1.32 (s, 24H), 1.00-0.90 (m, 
36H), 0.71-0.55 (m, 24H). 

13C-NMR (126 MHz, CDCl3, 298 K, δ/ppm): 149.08, 145.60, 142.31, 135.37, 134.83, 131.58, 129.27, 126.18, 126.07, 
125.14, 83.82, 74.55, 72.13, 71.39, 52.10, 25.00, 7.20, 6.68, 6.61. 

HRMS (ESI, +): m/z calcd. for C80H118B2NaO10Si4 [M+Na]+: 1395.7905, found: 1395.7896; C80H118B2KO10Si4 
[M+K]+: 1411.7644, found: 1411.7626. 
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11,14-Di-p-tolyl[6]helicene (5) 

2 (22.0 mg; 45.2 μmol; 1.00 eq.) and p-tolueneboronic acid (12.9 mg; 94.9 μmol; 2.10 eq.) were 
weighted in a Schlenk flask and dissolved in dioxane (20 mL) and H2O (2 mL). The resulting 
solution was degassed by bubbling with Ar for 1 h. K3PO4 (76.8 mg; 362 μmol; 8.00 eq.) and SPhos 
Pd G3 (3.5 mg; 4.52 μmol; 0.1 eq.) were added and the degassing was further continued for 20 min. 
The Schlenk flask was sealed and placed into an oil bath pre-heated to 80 °C. The reaction was 
stirred for 24 h at 80 °C. The reaction mixture was filtered through celite, the flask and celite were 

rinsed with DCM and the volatiles were evaporated. The crude product was purified by column chromatography (10% 
DCM In cyclohexane). The product was isolated as a white solid (15.5 mg; 67%)  

1H-NMR (400 MHz, CDCl3, 298 K, δ/ppm): 8.10 (d,4JHH = 1.8 Hz, 2H), 8.04 (d, 3JHH = 8.5 Hz, 2H), 7.99 (d, 3JHH = 
8.0 Hz, 2H), 7.98 (d, 3JHH = 8.0 Hz, 2H), 7.97 (d, 3JHH = 8.5 Hz, 2H), 7.94 (d, 3JHH = 8.2 Hz, 2H), 7.48 (dd, 3JHH = 
8.2 Hz, 4JHH = 1.8 Hz, 2H), 6.98 (d, 3JHH = 7.8 Hz, 4H), 6.66 (d, 3JHH = 7.8 Hz, 4H), 2.28 (s, 6H). 

13C-NMR (126 MHz, CDCl3, 298 K, δ/ppm): 138.20, 138.11, 136.53, 133.29, 131.83, 131.36, 130.05, 128.83, 128.38, 
127.99, 127.42, 127.31, 127.15, 127.13, 126.60, 126.46, 125.50, 124.21, 20.96. 

HRMS (ESI, +): m/z calcd. for C40H28Ag [M+Ag]+: 615.1236, found: 615.1253.  

[6]Helicene nanohoop (1) 

2 (50.0 mg; 103 μmol; 1.00 eq.) and 4 (156 mg; 113 μmol; 1.10 eq.) were 
weighted in a Schlenk flask and dissolved in dioxane (100 mL) and H2O 
(10 mL). The resulting solution was degassed by bubbling with Ar for 1 h. 
K3PO4 (175 mg; 824 μmol; 8.00 eq.) and SPhos Pd G3 (16.1 mg; 20.6 μmol; 
0.2 eq.) were added and the degassing was further continued for 30 min. The 
Schlenk flask was sealed and placed into an oil bath pre-heated to 80 °C. The 

reaction was stirred for 16 h at 80 °C. The reaction mixture was filtered through celite, the flask and celite were rinsed 
with DCM and the volatiles were evaporated and crude product dried in high vacuum. The residue was dissolved in 
dry THF (2.5 mL) and TBAF (1 M in THF; 0.62 mL; 618 μmol; 6.00 eq.) was added and the reaction was stirred for 
1 h at room temperature and quenched with H2O (5 mL). The resulting mixture was concentrated on rotavap (40 °C; 
160 mbar). Formed precipitate was filtered off, washed with DCM (2 times 5 mL) and dried in high vacuum. The 
residue was dissolved in THF (10 mL) and H2SnCl4 (127 mM in THF; 2.8 mL; 356 μmol; 3.45 eq.) was added. The 
reaction was stirred for 1 h at room temperature and quenched with 10% aqueous NaOH (2.5 mL). The resulting 
mixture was diluted with H2O (25 mL) and extracted with DCM (6 times 25 mL). The combined organic phases were 
washed with brine (25 mL) and dried with Na2SO4. Volatiles were evaporated. The crude product was purified by 
column chromatography (50% toluene in n-heptane). The product was isolated as yellow solid (18.4 mg; 21%). 

1H-NMR (600 MHz, TCE-d2, 368 K, δ/ppm): 8.25 (s, 2H), 8.11-8.07 (m, 10H), 7.57-7.50 (m, 16H), 7.49 (d, 3JHH = 
8.4 Hz, 4H), 7.37 (d, 3JHH = 8.4 Hz, 4H), 7.21 (dd, 3JHH = 8.3 Hz, 4JHH = 1.4 Hz, 2H), 6.42 (d, 3JHH = 8.4 Hz, 4H). 

See section NMR spectra for assignment of the chemical shifts (in particular Figures S47 and S53). 

HRMS (ESI, +): m/z calcd. for C68H42Ag [M+Ag]+: 965.2332, found: 965.2330. 
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X-ray analysis 

Single crystals were grown from chlorobenzene solution of racemic 1 (~1.5 mmol/L) by layering with 
methanol in an NMR tube under argon at room temperature. The grown crystals had an appearance of yellow 
needles. A suitable crystal with dimensions 0.37 × 0.23 × 0.13 mm3 was selected and mounted on a mylar 
loop in perfluoroether oil on a STOE STADIVARI Cu diffractometer. The crystal was kept at a steady T = 
150 K during data collection. The structure was solved with the ShelXT 2018/2 solution program[12] using 
dual methods and by using Olex2 1.3 as the graphical interface[13]. The model was refined with ShelXL 
2018/3[14] using full matrix least squares minimisation on F2. 

Crystal Data.  C71.3H44.75Cl0.55, Mr = 920.92, monoclinic, P21/n (No. 14), a = 18.1064(5) Å, b = 
12.6406(2) Å, c = 23.3714(6) Å, β = 104.885(2)°, α = γ = 90°, V = 5169.6(2) Å3, T = 150 K, Z = 4, Z' = 1, 
m(Cu Ka) = 0.764, 44419 reflections measured, 9660 unique (Rint = 0.0743) which were used in all 
calculations. The final wR2 was 0.2743 (all data) and R1 was 0.1170 (I≥2 s(I)). 

Crystal data has been deposited to the Cambridge Crystallographic Database with CCDC number 2178271 
containing the supplementary crystallographic data for this paper. These data can be obtained free of charge 
from The Cambridge Crystallographic Data Centre. 
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HPLC Separations 

Enantiomers of 1 (4 mg in 5 mL of eluent) and 5 (8 mg in 5 mL of eluent) were separated using HPLC with 
chiral stationary phase (Chiralpak IG column 250x30 mm, particle size 5 μm, 15 mL min–1, DCM/n-heptane 
(1:1)). 

 

Figure S1. HPLC chromatogram of 1 (top) and 5 (bottom) with (M)-enantiomers (red) eluting first followed 
by (P)-enantiomers (blue). 
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Optical Properties 

We investigated the photophysical properties of 1 and 5. Quantum yield of 1 in CH2Cl2 was determined to 
be 58.74% and 64.52% respectively before and after degassing (excitation at 339 nm, observed emission at 
490 nm). 
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Figure S2. Graph of absorbance as a function of concentration of 1 in CH2Cl2. 
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Figure S3. Graph of absorbance as a function of concentration of 5 in CH2Cl2. 



Appendix 

146 
 

300 350 400 450 500
0

1

2

3

4

5

e 
/ 1

04  d
m

3 m
ol

-1
cm

-1

l / nm
 

Figure S4. Absorption spectra of 1 in CH2Cl2 (black), toluene (red) and benzonitrile (blue). 
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Figure S5. Emission spectra of 1 with excitation at 338 nm in CH2Cl2 (black), toluene (red) and benzonitrile 
(blue). 
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Figure S6. Normalized excitation spectra of 1 with observed emissions at 495 nm (black), 465 nm (red) and 
600 nm (blue) in CH2Cl2. 
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Figure S7. Lifetime measurement of 1, excitation at 405 nm and detection at 490 nm in CH2Cl2.  
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Figure S8. Lifetime measurement of 1 in CH2Cl2, excitation at 405 nm and detection at 490 nm with a fitted 
curve. 
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Figure S9. Fluorescence spectra of 1 in 2-MeTHF at 77 K with excitation at 339 nm (black), 355 nm (red) 
and 405 nm (blue). Peak at 420 nm is a scattering artifact. 
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Circularly Polarized Luminescence 

11,14-Di-p-tolyl[6]helicene (5) 

The spectra were recorded at ca. 2.25×10-5 M (for P and M) and were investigated in dichloromethane. For 
CPL measurements, a fixed wavelength of 355 nm (for M) and 345 nm (for P) provided by a Lamp source 
and 1.0 s of integration time were selected, the CPL calculated is an average spectra calculated after 100 
scans. 

[6]Helicene nanohoop (1) 

The spectra were recorded at ca. 2.25×10-5 M (for M) and ca. 3.18x10-5 M (for P) and were investigated in 
dichloromethane. For CPL measurements, a fixed wavelength of 370 nm (for M and P) provided by a Lamp 
source and 1.0 s of integration time were selected, the CPL calculated is an average spectra calculated after 
100 scans. 
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Figure S10. Circularly polarized luminescence spectra of 1 in CH2Cl2 (λexc = 370 nm). 
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Figure S11. Dissymmetry factor plot of circularly polarized luminescence spectra of 1 in CH2Cl2 (λexc = 370 
nm). 
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Figure S12. Circularly polarized luminescence spectra of 5 in CH2Cl2 (λexc = 370 nm). 
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Figure S13. Dissymmetry factor plot of circularly polarized luminescence spectra of 5 in CH2Cl2 (λexc = 370 
nm). 
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A.2.2. DFT Calculations  

Calculations were performed with Gaussian 09[7] (release D.01) suite of electronic structure programs. The 
geometries of the potential energy minima or transition states were optimized at D3-B3LYP/6-31G(d) level 
of theory. The nature of the stationary points was confirmed by a subsequent frequency calculation. 
UltraFine integration grid was used in all calculations. The nature of the transition states was verified by 
following the IRC path to connect the respective energy minima. Due to low force constants of the reaction 
coordinate, the IRC paths did not converge to the corresponding energy minima. Therefore, the last point of 
the IRC path was optimized calculating the full Hessian matrix in each optimization step to make sure that 
the optimization converged to the correct energy mimimum. The single point energies were then calculated 
with a number of DFT functionals using cc-pVTZ basis set. NMR chemical shifts (referenced to TMS) and 
NICS values were calculated using GIAO at B3LYP/6-31G(d)/gas phase level of theory. 

Strain Calculations 
Strain energy was estimated via a homodesmotic reaction (Scheme S3). Single point energies were 
calculated on D3-B3LYP/cc-pVTZ level of theory and corrected by unscaled zero-point vibrational energy 
(ZPVE) correction from D3-B3LYP/6-31G(d). Strain energy was estimated to be 55.4 kcal mol–1. 

 

Scheme S3. Homodesmotic reaction used for total strain energy calculation. 

Table S1. Thermochemistry of the homodesmotic reaction shown in Scheme S3. 

Compound ZPVE / Hartree Eel / Hartree Ecorr
a / Hartree Ecorr

a / kcal mol–1 

1-BMöbius 0.882079 -2617.539105 -2616.657026 -1641977.142 

5a 0.497848 -1463.106891 -1462.609043 -917801.0695 

biphenyl 0.182137 -463.4811803 -463.2990433 -290724.551 

terphenyl 0.263352 -694.624577 -694.361225 -435718.2651 
a Energies (0K, Eel + ZPVE ) obtained with the cc-pVTZ basis set on D3-B3LYP/6-31G(d) geometries. 
Zero-point vibrational energy (ZPVE) correction is unscaled. 

Additionally, we calculated strain energy using program StrainViz, recently developed by Jasti group.[15] 
8 fragments were produced from D3-B3LYP/6-31G(d) optimized geometry of (P)-1 in BMöbius conformation 
and used as an input for StrainViz. We obtained a total strain of 55.6 kcal mol–1, which is comparable to 
strain obtained via homodesmotic reaction. 
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Figure S14. Overlay of the optimized structures of (P)-1 in BMöbius conformation (grey) and m[8]CPP (blue). 

 

Figure S15. Total strain visualization of 1 in BMöbius conformation by StrainViz. Green = 0.03 kcal mol–1, 
red = 3.33 kcal mol–1. 

Table S2. DFT-calculated activation energies of enantiomerization of 1 and [6]helicene. 

Compound 
Energya / kcal mol–1 

B3LYP BMK M06-2X M06L B97D PBE0 

1 39.6 43.5 41.3 38.8 37.4 39.6 

[6]helicene 36.5 37.8 37.9 37.0 35.0 36.7 

a Energies (0K, Eel + ZPVE ) obtained with the cc-pVTZ basis set on D3-B3LYP/6-31G(d) geometries. Zero-
point vibrational energy (ZPVE) correction is unscaled. 
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Table S3. DFT-calculated energies of different conformersa of 1 and the transition states that interconvert 
them. 

Conformer / 

transition 

state 

Relative Energyb / kcal mol–1 

B3LYP BMK M06-2X M06L B97D PBE0 

AMöbius 0.0 0.0 0.0 0.0 0.0 0.0 

BMöbius 0.1 –0.2 0.1 –1.0 –0.5 0.1 

CHückel 5.3 5.8 5.5 3.8 4.6 5.3 

DHückel 5.0 6.6 5.3 5.2 5.4 5.1 

TSc [A → A] 5.9 7.8 6.0 6.5 6.5 5.7 

TS [A → B] 1.5 1.8 1.7 0.8 1.6 1.5 

TS [A → C] 6.7 7.3 7.0 5.4 6.4 6.9 

TS [B → D] 5.1 6.8 5.4 5.0 5.6 5.2 

a Structures of the individual conformers and transition states are in Figure S16. b Energies (0K, Eel + ZPVE 
) with relative to conformer A obtained with the cc-pVTZ basis set on D3-B3LYP/6-31G(d) geometries. 
Zero-point vibrational energy (ZPVE) correction is unscaled. c Transition state of full phenyl A (see Table 
1 in the manuscript and Figure S16) rotation resulting in the proton exchange as observed in the VT 1H 
NMR experiments (see Figure 2 in the manuscript and Figure S59). 
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Figure S16. Structures of the individual conformers and transition states in 1 that interconvert them. 
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Frontier Molecular Orbitals 

 

Figure S17. Frontier molecular (canonical) orbitals of 1 in BMöbius conformation (see Figure S16) with their 
energies in eV in brackets calculated at D3-B3LYP/6-31G(d) level of theory. 

 

Figure S18. Frontier molecular (canonical) orbitals of 1 in CHückel conformation (see Figure S16) with their 
energies in eV in brackets calculated at D3-B3LYP/6-31G(d) level of theory. 
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Natural Transition Orbitals 

 

Figure S19. NTO of the S0→S1 transition (E = 3.48 eV, f = 0.098) of 1 in BMöbius conformation (see Figure 
S16) with their occupancies in brackets calculated at TD-CAM-B3LYP/6-31G(d) level of theory. 

 

Figure S20. NTO of the S0→S2 transition (E = 3.56 eV, f = 0.152) of 1 in BMöbius conformation (see Figure 
S16) with their occupancies in brackets calculated at TD-CAM-B3LYP/6-31G(d) level of theory. 
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Figure S21. NTO of the S0→S1 transition (E = 3.48 eV, f = 0.054) of 1 in CHückel conformation (see Figure 
S16) with their occupancies in brackets calculated at TD-CAM-B3LYP/6-31G(d) level of theory. 

 

Figure S22. NTO of the S0→S2 transition (E = 3.57 eV, f = 0.152) of 1 in CHückel conformation (see Figure 
S16) with their occupancies in brackets calculated at TD-CAM-B3LYP/6-31G(d) level of theory. 
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Figure S23. NTO of the S0→S1 transition (E = 2.65 eV, f = 0.466) of the optimized 1st excited state geometry 
reached from 1 in BMöbius conformation with their occupancies in brackets calculated at TD-CAM-B3LYP/6-
31G(d) level of theory. 

 

Figure S24. NTO of the S0→S1 transition (E = 3.32 eV, f = 0.215) of the optimized 2nd excited state 
geometry reached from 1 in BMöbius conformation with their occupancies in brackets calculated at TD-CAM-
B3LYP/6-31G(d) level of theory. 
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Figure S25. NTO of the S0→S1 transition (E = 3.30 eV, f = 0.029) of the optimized 1st excited state geometry 
reached from 1 in CHückel conformation with their occupancies in brackets calculated at TD-CAM-B3LYP/6-
31G(d) level of theory. 

 

Figure S26. NTO of the S0→S1 transition (E = 3.32 eV, f = 0.0102) of the optimized 1st excited state 
geometry of 5 with their occupancies in brackets calculated at TD-CAM-B3LYP/6-31G(d) level of theory. 
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CD Spectra 

The absolute configurations of respective enantiomers of 1 and 5 were assigned by comparison of the 
calculated and measured CD spectra. BMöbius conformation of 1 was used. The spectra were obtained using 
TD-CAM-B3LYP method with 6-31G(d) basis set calculating first 75 singlet excitations. Solvent effects 
were simulated using PCM model. The ECD spectra were compared using SpecDis (release 1.71).[16] 
Empirical vibrational broadening of 0.2 eV was used and the calculated spectra were shifted by –0.3 eV. 
The velocity form of the rotatory strength was used. A good agreement of experimental and calculated data 
was observed. 
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Figure S27. Experimental (red) and calculated (blue) UV-Vis spectra of 1 with excitation transitions (grey 
lines) in DCM. 
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Figure S28. Experimental (red) and calculated (blue) UV-Vis spectra of 5 with excitation transitions (grey 
lines) in DCM. 
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Figure S29. Experimental (black) and calculated (blue) CD spectra of (M)-1 with excitation transitions 
(grey lines) in DCM. 
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Figure S30. Experimental (red) and calculated (blue) CD spectra of (P)-1 with excitation transitions (grey 
lines) in DCM. 
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Figure S31. Experimental (black) and calculated (blue) CD spectra of (M)-5 with excitation transitions 
(grey lines) in DCM. 
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Figure S32. Experimental (red) and calculated (blue) CD spectra of (P)-5 with excitation transitions (grey 
lines) in DCM. 
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Dissymmetry Factors Calculation 

Electric and magnetic transition dipole moment vectors were extracted from a TD-DFT calculation run on 
geometries of ground, 1st excited and 2nd excited states. Excited state geometries were optimized at 
CAM-B3LYP/6-31g* level of theory. Compound H6(H)2 was previously studied by Favereau et al.[17] 

Table S4. Calculated electric (μ) and magnetic (m) transition dipole moments for ground state geometries 
(BMöbius, and CHückel conformations in 1; see Figure S16), rotatory strengths (R, velocity form), dipole 
strengths (D) and calculated dissymmetry factor (gabs) values. 

Compound 
(Transition) 

E / eV f |μ| / 10-19 
esu·cm 

|m| / 10-21 
erg·G-1 

θ / ° R / 10-40 
esu erg cm G-1 

D / 10-37 

esu2 cm2  
erg2 G-2 

gabs / 10-3 

P-1-BMöbius 
(S0 – S1) 

3.533 0.0374 16.71 30.75 160.81 –502.0532 27.93 –71.89 

P-1-BMöbius 
(S0 – S2) 

3.631 0.1900 37.15 81.72 82.63 388.3042 138.0 11.25 

P-1- CHückel 
(S0 – S1) 

3.482 0.0544 20.30 40.22 116.71 –376.6444 41.22 –36.55 

P-5 
(S0 – S1) 

3.534 0.0183 11.69 12.37 51.36 90.9635 13.66 26.64 

P-H6(H)2 
(S0 – S1) 

3.535 0.0044 5.713 5.634 45.12 23.7512 3.264 29.11 

 

Table S5. Calculated electric (μ) and magnetic (m) transition dipole moments for the S0→S1 transition in 
the optimized 1st and 2nd excited state geometries, rotatory strengths (R, velocity form), dipole strengths 
(D) and calculated dissymmetry factora (glum) values.   

Geometry 
(Excited 

state) 
E / eV f |μ| / 10-19 

esu·cm 
|m| / 10-21 
erg·G-1 

θ / ° R / 10-40 
esu erg cm G-1 

D / 10-37 

esu2 cm2  
erg2 G-2 

glum / 
10-3 

P-1-BMöbius 
(1st) 

2.651 0.4660 68.09 77.08 86.67 307.2451 463.7 2.651 

P-1-BMöbius 
(2nd) 

3.325 0.2150 57.59 74.14 105.58 –832.6916 331.8 –10.04 

P-1-CHückel 
(1st) 

3.304 0.0287 15.14 22.06 101.95 –70.6948 22.92 –12.34 

P-5 
(1st) 

3.316 0.0102 9.002 8.351 57 41.4194 8.105 20.44 

P-H6(H)2 
(1st) 

3.537 0.0082 7.814 7.163 47.08 39.3359 6.106 25.77 

aThe dissymetry factor gabs for the S0→S1 transition can be regarded as the glum for the S1→S0 transition in 
the same geometry. 
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NICS Values 

Although macrocycles with Möbius toplogy may display a global Möbius aromaticity, in our case, there is 
an odd number of sp2-hybridized carbon atoms in the path between the two positions in the [6]helicene unit, 
via which the p-phenylene half-loop is connected. This is in agreement with our calculations of the nucleus-
independent chemical shifts (NICS, Figure S33) that show only small differences in NICS(1) values for 
individual aromatic rings between the Möbius and Hückel conformations of 1. Similarly, the NICS values 
calculated in the inner void of 1 parallel to those found in m[8]CPP (Figure S34) and their values 
demonstrate a global non-aromatic character of these macrocycles. Both the NICS values and the strain 
energies reinforce our conclusion that compounds similar to 1 preserve the properties of m[n]CPPs due to 
their structural similarity. 

 

Figure S33. NICS values (top) calculated for selected points (red dots) in the interior of 1 and NICS(1) 
values (bottom; macrocycle 1 interior: full circles, exterior: empty circles) calculated for the BMöbius (black) 
and CHückel (blue) conformations of 1 and for 5 (red). 
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Figure S34. NICS values calculated for selected points (red dots) in the interior of m[8]CPP. 

  



Appendix 

168 
 

A.2.3. NMR Spectra 

 

Figure S35. 1H-NMR (400 MHz, CDCl3, 298 K) spectrum of 3. 

 

Figure S36. 1H-NMR (400 MHz, CDCl3, 298 K) spectrum of 4. 
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Figure S37. 13C{1H}-NMR  (126 MHz, CDCl3, 298 K) spectrum of 4. 

 

Figure S38. 1H-NMR (400 MHz, CDCl3, 298 K) spectrum of 6. 
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Figure S39. 1H-NMR (400 MHz, CDCl3, 298 K) spectrum of 7. 

 

Figure S40. 1H-NMR (500 MHz, CDCl3, 298 K) spectrum of (Z,Z)-8. 
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Figure S41. 13C{1H}-NMR  (126 MHz, CDCl3, 298 K) spectrum of (Z,Z)-8. 

 

Figure S42. 1H-NMR (500 MHz, CDCl3, 298 K) spectrum of (Z,E)-8. 
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Figure S43. 1H-NMR (400 MHz, CDCl3, 298 K) spectrum of 2. 

 

Figure S44. 1H-NMR (500 MHz, CDCl3, 298 K) spectrum of 5. 
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Figure S45. 13C{1H}-NMR (126 MHz, CDCl3, 298 K) spectrum of 5. 

 

Figure S46. 1H-NMR (500 MHz, CD2Cl2, 298 K) spectrum of 1. 
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Figure S47. Aromatic region of the 1H–1H COSY spectrum of compound 1 (11.7 T, CD2Cl2, 298 K). 
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Figure S48. Aromatic region of the 1H–1H NOESY spectrum of compound 1 (11.7 T, CD2Cl2, 298 K). 
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Figure S49. Aromatic region of the 1H–13C HSQC spectrum of compound 1 (11.7 T, CD2Cl2, 298 K). 
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Figure S50. Aromatic region of the 1H–13C HMBC spectrum of compound 1 (11.7 T, CD2Cl2, 298 K). 
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Figure S51. 1H-NMR (600 MHz, TCE-d2, 368 K) spectrum of 1. 
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Figure S52. 1H-NMR (600 MHz, TCE-d2) spectra of 1 at variable temperature. 
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Figure S53. Aromatic region of the 1H–1H COSY spectrum of compound 1 (14.1 T, TCE-d2, 368 K). 
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Figure S54. Aromatic region of the 1H–1H NOESY spectrum of compound 1 (14.1 T, TCE-d2, 368 K). 
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Figure S55. Aromatic region of the 1H–13C HSQC spectrum of compound 1 (14.1 T, TCE-d2, 368 K). 



Appendix 

183 
 

 

Figure S56. Aromatic region of the 1H–13C HMBC spectrum of compound 1 (14.1 T, TCE-d2, 368 K). 

 

Figure S57. Complete assignment of 1H (black) and partial assignment of 13C (red) chemical shifts of 1 in 
TCE-d2 at 368 K. 
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Figure S58. 1H-NMR (600 MHz, THF-d8, 168 K) spectrum of 1. 
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Figure S59. 1H-NMR (600 MHz, THF-d8) spectra of 1 at variable temperature. 
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Figure S60. Aromatic region of the 1H–1H COSY spectrum of compound 1 (14.1 T, THF-d8, 168 K). 
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Figure S61. Aromatic region of the 1H–1H ROESY spectrum of compound 1 (14.1 T, THF-d8, 168 K). 
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Figure S62. Aromatic region of the 1H–1H NOESY spectrum of compound 1 (14.1 T, THF-d8, 168 K). 

 

Figure S63. Complete assignment of 1H chemical shifts of 1 in THF-d8 at 168 K. 
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A.2.4. HR-MS Spectra 

 

Figure S64. HR-MS (ESI, +) spectrum of 4. 
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Figure S65. HR-MS (ESI, +) spectrum of 5. 
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Figure S66. HR-MS (ESI, +) spectrum of 1. 
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A.2.5. XYZ Atomic Coordinates 
(P)-1-AMöbius  
E = –2616.69467521 
 C    -2.236439     1.957518     1.606688 

 C    -2.137718     2.391783     0.274630 

 C    -1.367595     2.535627     2.547586 

 C    -1.122980     3.259036    -0.120788 

 H    -2.803135     1.976556    -0.473450 

 C    -0.353280     3.399771     2.151384 

 H    -1.451216     2.258231     3.595041 

 C    -0.162168     3.723243     0.795726 

 H    -1.037703     3.523879    -1.171370 

 H     0.362033     3.748374     2.890709 

 C    -2.248626    -1.869760    -1.672820 

 C    -2.112110    -2.371763    -0.367760 

 C    -1.389812    -2.383301    -2.659220 

 C    -1.083838    -3.253595    -0.043836 

 H    -2.764632    -2.006333     0.417899 

 C    -0.357414    -3.253013    -2.332156 

 H    -1.500461    -2.056167    -3.689475 

 C    -0.138042    -3.660580    -1.003337 

 H    -0.982526    -3.581215     0.987226 

 H     0.342998    -3.547038    -3.107792 

 C     1.139446     4.289946     0.363835 

 C     1.907018     5.154821     1.166350 

 C     1.764262     3.755289    -0.775423 

 C     3.270095     5.332546     0.939332 

 H     1.442418     5.650972     2.014552 

 C     3.124093     3.926111    -0.997081 

 H     1.211268     3.081674    -1.423133 

 C     3.932302     4.645306    -0.095995 

 H     3.838426     5.964300     1.616916 

 H     3.584281     3.371881    -1.808315 

 C     5.393567     4.380339    -0.097405 

 C     6.053812     3.901739    -1.244585 

 C     6.089700     4.261151     1.120816 

 C     7.175473     3.087451    -1.137543 

 H     5.615920     4.061265    -2.225863 

 C     7.232941     3.475593     1.223128 

 H     5.658333     4.667581     2.030922 

 C     7.708882     2.741199     0.119473 

 H     7.544154     2.598658    -2.034190 

 H     7.677930     3.329408     2.203310 

 C     1.163292    -4.275279    -0.638148 

 C     1.779034    -3.931473     0.577986 

 C     1.937857    -5.004408    -1.561634 

 C     3.138216    -4.140415     0.781780 

 H     1.222382    -3.371626     1.323330 

 C     3.301857    -5.202110    -1.364508 

 H     1.479876    -5.368506    -2.477205 

 C     3.950004    -4.692830    -0.225323 

 H     3.602202    -3.736097     1.676695 

 H     3.885130    -5.700363    -2.134853 

 C     5.404451    -4.399107    -0.181100 

 C     5.997401    -3.822298    -1.317602 

 C     6.133631    -4.336597     1.020808 

 C     7.116137    -3.004487    -1.203421 

 H     5.480284    -3.869872    -2.271684 

 C     7.263931    -3.531968     1.130677 

 H     5.758117    -4.850254     1.902272 

 C     7.696183    -2.736093     0.050311 

 H     7.428025    -2.435286    -2.073574 

 H     7.751801    -3.440252     2.097378 

 C     8.368058    -1.425395     0.250730 

 C     8.075623    -0.711039     1.426710 

 C     8.941002    -0.686272    -0.804012 

 C     8.077490     0.676790     1.443451 

 H     7.662651    -1.230361     2.285419 

 C     8.943223     0.706324    -0.787002 

 H     9.291508    -1.200335    -1.695225 

 C     8.371773     1.421067     0.285432 

 H     7.666056     1.173063     2.315869 

 H     9.296705     1.239765    -1.665454 

 H    -1.511771    -0.070385     3.189660 

 C    -2.513869    -0.207600     2.795834 

 C    -3.079507     0.790767     1.962638 

 C    -3.212415    -1.357169     3.071550 

 H    -2.782999    -2.117507     3.719791 

 C    -4.345558     0.579290     1.426375 

 H    -4.784682     1.367692     0.830669 

 C    -4.491005    -1.590719     2.513705 

 C    -5.076288    -0.617470     1.637962 

 C    -5.198070    -2.780302     2.855791 

 H    -4.712115    -3.515078     3.492638 

 C    -6.481228    -2.948435     2.443570 

 C    -6.395668    -0.880416     1.062449 

 C    -7.120014    -1.984234     1.603169 

 H    -7.058532    -3.813066     2.760901 

 C    -7.077323    -0.040298     0.080384 

 C    -6.470808     0.825590    -0.927949 

 C    -5.421604     2.772178    -2.763400 

 C    -6.693333     2.888710    -2.300773 

 C    -4.655400     1.611197    -2.452377 

 C    -7.259495     1.899772    -1.437385 

 C    -8.519415    -2.121130     1.384052 

 C    -5.166979     0.614627    -1.557265 

 C    -3.390838     1.428782    -3.059053 

 C    -8.510031    -0.068774     0.109598 

 H    -4.990394     3.526336    -3.416750 

 C    -8.653170     1.980859    -1.161576 

 C    -2.638549     0.306457    -2.814472 

 H    -3.015280     2.207296    -3.719004 

 C    -9.205860    -1.132511     0.748749 

 H    -7.316590     3.729879    -2.593269 

 C    -4.384931    -0.555106    -1.380872 

 C    -9.273093     0.965933    -0.499836 

 C    -3.134331    -0.718321    -1.968153 

 H    -9.035405    -2.974891     1.815204 

 H    -1.647417     0.211483    -3.246290 

 H    -9.219937     2.813148    -1.570366 

 H   -10.354634     0.943375    -0.393879 

 H   -10.290854    -1.153234     0.686935 

 H    -4.773904    -1.362184    -0.775259 

 

(M)-1-BMöbius  
E = –2616.69431404 
C         -2.39128       -2.09981        1.65684 

C         -1.97189       -2.29340        0.33240 

C         -1.80279       -2.89271        2.65572 

C         -0.89935       -3.13430        0.04225 

H         -2.41318       -1.69659       -0.45847 

C         -0.75241       -3.75371        2.35920 

H         -2.15044       -2.80167        3.68169 

C         -0.21880       -3.82960        1.05843 

H         -0.51959       -3.15921       -0.97513 

H         -0.30562       -4.33721        3.15918 

C         -2.14146        1.99233       -1.49121 

C         -1.29510        2.58992       -2.43945 

C         -2.02035        2.40627       -0.15398 

C         -0.28571        3.46123       -2.05292 

H         -1.39625        2.32437       -3.48833 

C         -1.00986        3.28615        0.23113 

H         -2.66855        1.97300        0.60215 

C         -0.07581        3.77986       -0.69857 

H          0.40918        3.82347       -2.80422 

H         -0.91075        3.54349        1.28232 

C          1.13036       -4.39814        0.81004 

C          2.10891       -4.29428        1.81465 

C          1.56252       -4.83894       -0.45497 

C          3.45789       -4.45847        1.53137 

H          1.82809       -3.95331        2.80600 

C          2.91682       -5.00052       -0.74112 

H          0.83281       -5.00748       -1.24249 

C          3.90349       -4.73051        0.22553 

H          4.18223       -4.23512        2.30850 

H          3.21465       -5.28328       -1.74757 

C          5.31210       -4.40364       -0.11171 

C          5.57847       -3.68096       -1.28759 

C          6.34839       -4.47664        0.84000 

C          6.70459       -2.87147       -1.39065 

H          4.81849       -3.61444       -2.06056 

C          7.47357       -3.66366        0.73952 

H          6.22766       -5.10693        1.71718 

C          7.60942       -2.74701       -0.32029 

H          6.78369       -2.19652       -2.23770 

H          8.20511       -3.66735        1.54367 

C          1.22045        4.38608       -0.30176 

C          1.87514        3.93133        0.85594 

C          1.96016        5.20988       -1.17263 

C          3.24189        4.12073        1.03016 

H          1.34300        3.29951        1.56084 

C          3.33024        5.38993       -1.00551 

H          1.46969        5.65882       -2.03207 

C          4.01814        4.76476        0.04979 

H          3.73734        3.62961        1.86268 

H          3.88703        5.96181       -1.74364 

C          5.46670        4.44501       -0.00772 

C          5.98449        3.97068       -1.22549 

C          6.25712        4.24876        1.13938 

C          7.08439        3.12163       -1.25331 

H          5.42037        4.12348       -2.14101 

C          7.37161        3.41518        1.10655 

H          5.94277        4.67925        2.08688 

C          7.72483        2.71734       -0.06695 

H          7.33232        2.63962       -2.19334 

H          7.90802        3.22464        2.03192 

C          8.38194        1.38297       -0.02966 

C          8.24133        0.59601        1.12848 

C          8.78745        0.70743       -1.19955 

C          8.22002       -0.79117        1.05739 

H          7.96461        1.06056        2.06917 

C          8.75129       -0.68236       -1.27578 

H          9.02646        1.27294       -2.09598 

C          8.32935       -1.45544       -0.17761 

H          7.92764       -1.34955        1.94158 

H          8.95005       -1.16589       -2.22900 

H         -1.81266       -0.22773        3.45061 

C         -2.75893       -0.02306        2.95876 

C         -3.25596       -0.94387        2.00322 

C         -3.45226        1.13152        3.22962 

H         -3.07615        1.83807        3.96586 

C         -4.45350       -0.66797        1.35609 

H         -4.83632       -1.40505        0.66437 

C         -4.66375        1.43226        2.56376 

C         -5.18473        0.52704        1.58144 

C         -5.37822        2.61650        2.91193 

H         -4.93730        3.30308        3.63015 

C         -6.61878        2.83516        2.40397 

C         -6.44986        0.84695        0.91982 

C         -7.20130        1.93101        1.46194 

H         -7.20646        3.69269        2.72161 

C         -7.06302        0.07136       -0.15455 

C         -6.38590       -0.74984       -1.15249 

C         -5.19714       -2.61741       -2.97882 

C         -6.50426       -2.74465       -2.63047 

C         -4.45601       -1.47422       -2.55825 

C         -7.13679       -1.79042       -1.77401 

C         -8.57749        2.10122        1.14061 

C         -5.03693       -0.51634       -1.66488 

C         -3.15211       -1.26339       -3.06362 

C         -8.49225        0.11823       -0.23721 

H         -4.71586       -3.34540       -3.62687 

C         -8.54934       -1.86566       -1.61676 

C         -2.43114       -0.14349       -2.72807 

H         -2.72459       -2.01269       -3.72568 

C         -9.22374        1.15850        0.40104 

H         -7.10386       -3.56733       -3.01166 

C         -4.27661        0.64632       -1.37863 

C         -9.21217       -0.87518       -0.95843 

C         -2.99343        0.84156       -1.87542 

H         -9.11620        2.93884        1.57570 

H         -1.41585       -0.01835       -3.09118 

H         -9.08868       -2.67002       -2.10994 

H        -10.29854       -0.84389       -0.93979 

H        -10.30022        1.20010        0.25616 

H         -4.70995        1.42458       -0.76514 

 

(P)-1-BMöbius 
E = –2616.69431643 
C          2.39128       -2.09981        1.65684 

C          1.97189       -2.29340        0.33240 

C          1.80279       -2.89271        2.65572 

C          0.89935       -3.13430        0.04225 

H          2.41318       -1.69659       -0.45847 

C          0.75241       -3.75371        2.35920 

H          2.15044       -2.80167        3.68169 

C          0.21880       -3.82960        1.05843 

H          0.51959       -3.15921       -0.97513 

H          0.30562       -4.33721        3.15918 

C          2.14146        1.99233       -1.49121 

C          1.29510        2.58992       -2.43945 

C          2.02035        2.40627       -0.15398 

C          0.28571        3.46123       -2.05292 

H          1.39625        2.32437       -3.48833 

C          1.00986        3.28615        0.23113 

H          2.66855        1.97300        0.60215 

C          0.07581        3.77986       -0.69857 

H         -0.40918        3.82347       -2.80422 

H          0.91075        3.54349        1.28232 

C         -1.13036       -4.39814        0.81004 

C         -2.10891       -4.29428        1.81465 

C         -1.56252       -4.83894       -0.45497 

C         -3.45789       -4.45847        1.53137 

H         -1.82809       -3.95331        2.80600 

C         -2.91682       -5.00052       -0.74112 

H         -0.83281       -5.00748       -1.24249 

C         -3.90349       -4.73051        0.22553 

H         -4.18223       -4.23512        2.30850 

H         -3.21465       -5.28328       -1.74757 

C         -5.31210       -4.40364       -0.11171 

C         -5.57847       -3.68096       -1.28759 

C         -6.34839       -4.47664        0.84000 

C         -6.70459       -2.87147       -1.39065 

H         -4.81849       -3.61444       -2.06056 

C         -7.47357       -3.66366        0.73952 

H         -6.22766       -5.10693        1.71718 

C         -7.60942       -2.74701       -0.32029 

H         -6.78369       -2.19652       -2.23770 

H         -8.20511       -3.66735        1.54367 

C         -1.22045        4.38608       -0.30176 

C         -1.87514        3.93133        0.85594 

C         -1.96016        5.20988       -1.17263 

C         -3.24189        4.12073        1.03016 

H         -1.34300        3.29951        1.56084 

C         -3.33024        5.38993       -1.00551 

H         -1.46969        5.65882       -2.03207 

C         -4.01814        4.76476        0.04979 

H         -3.73734        3.62961        1.86268 

H         -3.88703        5.96181       -1.74364 

C         -5.46670        4.44501       -0.00772 

C         -5.98449        3.97068       -1.22549 

C         -6.25712        4.24876        1.13938 

C         -7.08439        3.12163       -1.25331 

H         -5.42037        4.12348       -2.14101 

C         -7.37161        3.41518        1.10655 

H         -5.94277        4.67925        2.08688 

C         -7.72483        2.71734       -0.06695 

H         -7.33232        2.63962       -2.19334 

H         -7.90802        3.22464        2.03192 

C         -8.38194        1.38297       -0.02966 

C         -8.24133        0.59601        1.12848 

C         -8.78745        0.70743       -1.19955 

C         -8.22002       -0.79117        1.05739 

H         -7.96461        1.06056        2.06917 

C         -8.75129       -0.68236       -1.27578 

H         -9.02646        1.27294       -2.09598 

C         -8.32935       -1.45544       -0.17761 

H         -7.92764       -1.34955        1.94158 

H         -8.95005       -1.16589       -2.22900 

H          1.81266       -0.22773        3.45061 

C          2.75893       -0.02306        2.95876 

C          3.25596       -0.94387        2.00322 

C          3.45226        1.13152        3.22962 

H          3.07615        1.83807        3.96586 

C          4.45350       -0.66797        1.35609 

H          4.83632       -1.40505        0.66437 

C          4.66375        1.43226        2.56376 

C          5.18473        0.52704        1.58144 

C          5.37822        2.61650        2.91193 

H          4.93730        3.30308        3.63015 

C          6.61878        2.83516        2.40397 

C          6.44986        0.84695        0.91982 

C          7.20130        1.93101        1.46194 

H          7.20646        3.69269        2.72161 

C          7.06302        0.07136       -0.15455 

C          6.38590       -0.74984       -1.15249 

C          5.19714       -2.61741       -2.97882 

C          6.50426       -2.74465       -2.63047 

C          4.45601       -1.47422       -2.55825 

C          7.13679       -1.79042       -1.77401 

C          8.57749        2.10122        1.14061 

C          5.03693       -0.51634       -1.66488 

C          3.15211       -1.26339       -3.06362 

C          8.49225        0.11823       -0.23721 

H          4.71586       -3.34540       -3.62687 

C          8.54934       -1.86566       -1.61676 

C          2.43114       -0.14349       -2.72807 

H          2.72459       -2.01269       -3.72568 

C          9.22374        1.15850        0.40104 

H          7.10386       -3.56733       -3.01166 

C          4.27661        0.64632       -1.37863 

C          9.21217       -0.87518       -0.95843 

C          2.99343        0.84156       -1.87542 

H          9.11620        2.93884        1.57570 

H          1.41585       -0.01835       -3.09118 

H          9.08868       -2.67002       -2.10994 

H         10.29854       -0.84389       -0.93979 

H         10.30022        1.20010        0.25616 

H          4.70995        1.42458       -0.76514 

 

(P)-1-CHückel  
E = –2616.68573022 
 C     3.112141    -1.845300     2.262348 

 C     3.230369    -3.016481     1.494472 

 C     1.845829    -1.554213     2.800285 

 C     2.121526    -3.817675     1.220270 

 H     4.195712    -3.290917     1.078424 

 C     0.745156    -2.353925     2.534311 

 H     1.699828    -0.639633     3.366073 

 C     0.846890    -3.489436     1.711482 

 H     2.245191    -4.703100     0.601781 

 H    -0.229019    -2.046660     2.902361 

 C     1.458975     1.814142    -0.100298 

 C     0.506428     1.633666     0.916069 

 C     1.505495     3.066861    -0.732706 

 C    -0.463064     2.594351     1.165519 

 H     0.482106     0.691954     1.457833 

 C     0.531744     4.034045    -0.479293 
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 H     2.253352     3.247389    -1.500732 

 C    -0.526886     3.783612     0.412960 

 H    -1.252064     2.363029     1.873855 

 H     0.553444     4.964459    -1.040744 

 C    -0.413082    -4.155827     1.302454 

 C    -1.488097    -4.252360     2.202939 

 C    -0.665838    -4.500610    -0.036446 

 C    -2.781571    -4.490232     1.757351 

 H    -1.318153    -4.060511     3.258720 

 C    -1.962252    -4.754205    -0.481580 

 H     0.148760    -4.477741    -0.756046 

 C    -3.064657    -4.659287     0.389104 

 H    -3.596014    -4.433422     2.472741 

 H    -2.125895    -4.951045    -1.537551 

 C    -4.452852    -4.435360    -0.090764 

 C    -4.658651    -3.733811    -1.291950 

 C    -5.578071    -4.618614     0.737598 

 C    -5.852200    -3.066281    -1.540350 

 H    -3.828444    -3.575735    -1.973370 

 C    -6.770028    -3.940704     0.495857 

 H    -5.496205    -5.236400     1.627772 

 C    -6.893287    -3.059679    -0.594227 

 H    -5.911622    -2.409067    -2.402773 

 H    -7.586512    -4.030659     1.207984 

 C    -1.816077     4.521423     0.385470 

 C    -2.718455     4.466918     1.463699 

 C    -2.321119     5.013148    -0.833135 

 C    -4.086281     4.613278     1.261739 

 H    -2.361329     4.189196     2.451480 

 C    -3.687375     5.190325    -1.027528 

 H    -1.655896     5.127748    -1.684114 

 C    -4.613488     4.850371    -0.022683 

 H    -4.756329     4.396837     2.088304 

 H    -4.041034     5.476934    -2.014012 

 C    -5.977343     4.355982    -0.346387 

 C    -6.171415     3.716058    -1.584813 

 C    -6.972780     4.145016     0.629095 

 C    -7.125430     2.719505    -1.739046 

 H    -5.455713     3.862429    -2.386933 

 C    -7.930206     3.145366     0.474371 

 H    -6.938009     4.697174     1.564610 

 C    -7.933937     2.311714    -0.662293 

 H    -7.108095     2.134104    -2.652667 

 H    -8.614637     2.943207     1.294206 

 C    -8.367319     0.890080    -0.623105 

 C    -8.232944     0.186942     0.588394 

 C    -8.505361     0.112864    -1.791512 

 C    -7.966552    -1.177593     0.600404 

 H    -8.150957     0.734218     1.522304 

 C    -8.224311    -1.250335    -1.781996 

 H    -8.723187     0.597819    -2.739351 

 C    -7.815591    -1.895473    -0.599368 

 H    -7.691261    -1.645159     1.541303 

 H    -8.221139    -1.798467    -2.720852 

 H     3.589066    -0.190843     4.391544 

 C     4.201513     0.037112     3.524615 

 C     4.176905    -0.820009     2.396182 

 C     5.009033     1.147492     3.528634 

 H     5.046066     1.793496     4.402477 

 C     5.037529    -0.548675     1.337745 

 H     5.054720    -1.241544     0.513676 

 C     5.793401     1.492834     2.402895 

 C     5.803619     0.638786     1.251483 

 C     6.587561     2.674967     2.437322 

 H     6.545531     3.310959     3.317911 

 C     7.414129     2.967705     1.399932 

 C     6.586439     1.027188     0.074658 

 C     7.467584     2.138524     0.236279 

 H     8.067517     3.835629     1.438892 

 C     6.628805     0.313642    -1.202833 

 C     5.619111    -0.585923    -1.750349 

 C     3.900978    -2.722145    -2.568890 

 C     5.179105    -2.666661    -3.030083 

 C     3.361338    -1.626842    -1.831915 

 C     6.046157    -1.587539    -2.670199 

 C     8.480049     2.421840    -0.723476 

 C     4.185871    -0.507326    -1.491612 

 C     1.996746    -1.623398    -1.467776 

 C     7.812861     0.479421    -1.993806 

 H     3.253922    -3.562870    -2.806704 

 C     7.330478    -1.513206    -3.277492 

 C     1.433147    -0.536541    -0.850262 

 H     1.388819    -2.493347    -1.702150 

 C     8.703390     1.562164    -1.754219 

 H     5.574963    -3.449462    -3.672256 

 C     3.550893     0.633160    -0.935700 

 C     8.138673    -0.446411    -3.025207 

 C     2.200097     0.635612    -0.613649 

 H     9.124407     3.282281    -0.563206 

 H     0.379213    -0.545527    -0.593512 

 H     7.615558    -2.276805    -3.996522 

 H     9.072142    -0.310955    -3.565406 

 H     9.550576     1.695577    -2.422119 

 H     4.139958     1.521199    -0.737168 

 

(P)-1-DHückel 
E = –2616.68508398 
 C     1.486105     2.032807    -0.123843 

 C     0.594467     1.913173     0.953901 

 C     1.470004     3.226421    -0.862454 

 C    -0.382197     2.876705     1.179589 

 H     0.618446     1.012520     1.562616 

 C     0.480677     4.185507    -0.645828 

 H     2.172281     3.351956    -1.682575 

 C    -0.515933     3.986710     0.324426 

 H    -1.130549     2.704574     1.948046 

 H     0.430693     5.057832    -1.292648 

 C     3.155342    -2.089905     2.143385 

 C     1.945309    -2.012449     2.857254 

 C     3.252973    -3.093160     1.161662 

 C     0.869968    -2.836743     2.556049 

 H     1.806538    -1.240651     3.607007 

 C     2.164731    -3.902638     0.839225 

 H     4.177398    -3.218281     0.606123 

 C     0.937518    -3.768658     1.507280 

 H    -0.071422    -2.695015     3.079317 

 H     2.261665    -4.632793     0.039625 

 C    -1.835913     4.666592     0.277457 

 C    -2.480482     4.770290    -0.967000 

 C    -2.614868     4.911381     1.422330 

 C    -3.864834     4.864462    -1.051089 

 H    -1.909961     4.610100    -1.877415 

 C    -3.999451     5.029199     1.335444 

 H    -2.139279     4.926111     2.399824 

 C    -4.668652     4.874054     0.104228 

 H    -4.324891     4.766236    -2.029005 

 H    -4.571777     5.146177     2.251459 

 C    -6.057880     4.349004     0.016241 

 C    -6.552519     3.564622     1.074535 

 C    -6.760944     4.268628    -1.203777 

 C    -7.492130     2.565916     0.852074 

 H    -6.076444     3.606413     2.048674 

 C    -7.692018     3.258773    -1.432245 

 H    -6.501428     4.934005    -2.022568 

 C    -7.974190     2.298521    -0.442232 

 H    -7.707212     1.870303     1.657593 

 H    -8.124463     3.151903    -2.423985 

 C    -0.334053    -4.391666     1.062662 

 C    -0.751084    -4.264492    -0.271609 

 C    -1.267864    -4.890471     1.987439 

 C    -2.086724    -4.441564    -0.624785 

 H    -0.046841    -3.900437    -1.014652 

 C    -2.596194    -5.092736     1.628901 

 H    -0.956471    -5.066468     3.013822 

 C    -3.058049    -4.774348     0.337423 

 H    -2.396318    -4.191767    -1.635321 

 H    -3.299003    -5.439202     2.381466 

 C    -4.492515    -4.500130     0.066889 

 C    -5.280141    -3.954009     1.096117 

 C    -5.046690    -4.491251    -1.227491 

 C    -6.449282    -3.258234     0.819451 

 H    -4.903400    -3.941652     2.113900 

 C    -6.219428    -3.792345    -1.505839 

 H    -4.517984    -4.979100    -2.042180 

 C    -6.891357    -3.068002    -0.502373 

 H    -6.936610    -2.725555     1.629954 

 H    -6.574258    -3.745200    -2.532151 

 C    -7.747974    -1.887255    -0.783844 

 C    -7.419445    -1.066085    -1.877134 

 C    -8.617185    -1.340394     0.181436 

 C    -7.708561     0.293921    -1.863127 

 H    -6.775039    -1.448920    -2.662797 

 C    -8.901738     0.021966     0.199307 

 H    -8.988616    -1.967747     0.987536 

 C    -8.333023     0.890375    -0.752283 

 H    -7.277360     0.923515    -2.635726 

 H    -9.481267     0.432163     1.022551 

 H     0.360410    -0.292167    -0.644402 

 C     1.415345    -0.306324    -0.899352 

 C     2.212386     0.835810    -0.620847 

 C     1.951428    -1.380356    -1.564431 

 H     1.321359    -2.219610    -1.845732 

 C     3.565551     0.804757    -0.923958 

 H     4.177768     1.668757    -0.691457 

 C     3.316515    -1.404955    -1.926298 

 C     4.169484    -0.330671    -1.522154 

 C     3.833656    -2.471102    -2.721789 

 H     3.167328    -3.280786    -3.009081 

 C     5.115283    -2.421809    -3.176832 

 C     5.599698    -0.436622    -1.775706 

 C     6.009419    -1.388797    -2.751702 

 H     5.492671    -3.176645    -3.862194 

 C     6.621626     0.397929    -1.160845 

 C     6.572865     1.017226     0.162287 

 C     6.567475     2.479271     2.639460 

 C     7.405684     2.843042     1.633495 

 C     5.770700     1.304468     2.513799 

 C     7.466542     2.099944     0.413029 

 C     7.301934    -1.303547    -3.341128 

 C     5.777179     0.545453     1.299148 

 C     4.997663     0.859443     3.612098 

 C     7.817464     0.591042    -1.924567 

 H     6.523565     3.047449     3.565205 

 C     8.497358     2.429856    -0.512852 

 C     4.210785    -0.263074     3.529600 

 H     5.034937     1.431764     4.535950 

 C     8.131786    -0.273378    -3.012119 

 H     8.064899     3.700450     1.743404 

 C     5.015431    -0.647418     1.291606 

 C     8.723242     1.638159    -1.597384 

 C     4.178187    -1.028264     2.335812 

 H     7.578563    -2.025078    -4.105530 

 H     3.626426    -0.570041     4.390837 

 H     9.153873     3.265653    -0.285327 

 H     9.583405     1.802218    -2.241494 

 H     9.073512    -0.125405    -3.534499 

 H     5.034086    -1.263002     0.409117 

 

(P)-1-TS [A → A] 
E = –2616.68336912 
fi = –49.4972 
 C     2.019003     1.918600    -1.376612 

 C     1.980899     2.460106    -0.081374 

 C     1.138661     2.443679    -2.336081 

 C     0.993720     3.379771     0.273833 

 H     2.667005     2.088367     0.673785 

 C     0.163425     3.367776    -1.983566 

 H     1.176686     2.066566    -3.354724 

 C     0.018776     3.795196    -0.651251 

 H     0.938870     3.726236     1.302860 

 H    -0.567270     3.675298    -2.725914 

 C     2.312281    -1.491981     1.871767 

 C     2.596506    -2.770410     1.360233 

 C     0.959553    -1.159284     2.062799 

 C     1.574861    -3.672656     1.045882 

 H     3.628537    -3.070227     1.201455 

 C    -0.051372    -2.062301     1.775952 

 H     0.687376    -0.162007     2.391595 

 C     0.232266    -3.334473     1.253895 

 H     1.827940    -4.648538     0.639931 

 H    -1.088673    -1.771552     1.916041 

 C    -1.278017     4.396228    -0.249090 

 C    -2.031884     5.224824    -1.101335 

 C    -1.927748     3.895532     0.891213 

 C    -3.405740     5.376398    -0.930404 

 H    -1.547517     5.699761    -1.950680 

 C    -3.299955     4.037704     1.055536 

 H    -1.381138     3.259006     1.581066 

 C    -4.091354     4.694846     0.093785 

 H    -3.962476     5.971471    -1.649435 

 H    -3.776308     3.498919     1.867967 

 C    -5.536285     4.357471     0.016946 

 C    -6.239029     3.855715     1.128453 

 C    -6.148935     4.185324    -1.239698 

 C    -7.306028     2.979258     0.964561 

 H    -5.871780     4.048823     2.132448 

 C    -7.238428     3.336113    -1.400725 

 H    -5.685325     4.603469    -2.128193 

 C    -7.741463     2.590204    -0.317538 

 H    -7.702454     2.480218     1.843653 

 H    -7.613040     3.153316    -2.403998 

 C    -0.972475    -4.147369     0.904352 

 C    -1.506147    -4.077528    -0.389836 

 C    -1.776768    -4.697797     1.914416 

 C    -2.851924    -4.357179    -0.620602 

 H    -0.897541    -3.671280    -1.193762 

 C    -3.116416    -4.998581     1.678864 

 H    -1.370712    -4.805665     2.916851 

 C    -3.709831    -4.724214     0.432933 

 H    -3.268552    -4.143224    -1.600483 

 H    -3.730601    -5.358169     2.500127 

 C    -5.166867    -4.461518     0.296835 

 C    -5.830675    -3.838987     1.369324 

 C    -5.841532    -4.481459    -0.938757 

 C    -6.967370    -3.067821     1.162474 

 H    -5.363571    -3.813511     2.348836 

 C    -6.983382    -3.711188    -1.145731 

 H    -5.418349    -5.033884    -1.773813 

 C    -7.494674    -2.881110    -0.128137 

 H    -7.338899    -2.467330     1.986946 

 H    -7.423215    -3.678512    -2.139141 

 C    -8.202942    -1.605466    -0.409910 

 C    -7.846468    -0.901086    -1.573709 

 C    -8.886473    -0.874322     0.582564 

 C    -7.905442     0.485403    -1.618827 

 H    -7.344195    -1.419474    -2.384456 

 C    -8.946645     0.516182     0.536593 

 H    -9.282334    -1.389104     1.454231 

 C    -8.324528     1.235705    -0.503652 

 H    -7.446392     0.985372    -2.465130 

 H    -9.390461     1.049881     1.372935 

 H     0.987886    -0.271691    -2.431246 

 C     2.046051    -0.400785    -2.226005 

 C     2.781266     0.680490    -1.675611 

 C     2.658912    -1.604254    -2.468124 

 H     2.098470    -2.429636    -2.900650 

 C     4.122221     0.498738    -1.366931 

 H     4.678915     1.338934    -0.972008 

 C     4.024506    -1.801193    -2.162140 

 C     4.779956    -0.744172    -1.558957 

 C     4.648717    -3.038983    -2.496561 

 H     4.042807    -3.831737    -2.928037 

 C     5.991484    -3.184312    -2.347135 

 C     6.176818    -0.984687    -1.205088 

 C     6.784289    -2.150627    -1.757902 

 H     6.494456    -4.088970    -2.679380 

 C     7.020591    -0.087328    -0.420023 

 C     6.601133     0.847878     0.623590 

 C     5.934106     2.892547     2.537888 

 C     7.111396     2.947394     1.863036 

 C     5.079569     1.763042     2.384343 

 C     7.491472     1.914577     0.950299 

 C     8.199798    -2.291195    -1.789644 

 C     5.401987     0.720855     1.454888 

 C     3.920756     1.651685     3.187650 

 C     8.426891    -0.150680    -0.690572 

 H     5.647175     3.678496     3.231826 

 C     8.818176     1.949377     0.436659 

 C     3.065430     0.584754     3.065627 

 H     3.716632     2.435084     3.913642 

 C     8.991812    -1.267536    -1.368245 

 H     7.802618     3.771839     2.018264 

 C     4.526657    -0.392532     1.414883 

 C     9.297671     0.895593    -0.278080 

 C     3.339717    -0.452622     2.137140 

 H     8.627354    -3.186282    -2.233750 

 H     2.186269     0.528527     3.698517 

 H     9.461437     2.782692     0.706584 

 H    10.344052     0.844175    -0.567849 

 H    10.070342    -1.302546    -1.498658 

 H     4.758752    -1.211070     0.753586 

 

(P)-1-TS [A → B] 
E = –2616.69166316  
fi = – 40.8185 
 C     3.195031    -1.763826     2.350870 

 C     3.335346    -2.966489     1.636124 

 C     1.927281    -1.478700     2.886192 

 C     2.241416    -3.795043     1.391342 

 H     4.305931    -3.241489     1.233021 

 C     0.839218    -2.305139     2.647559 

 H     1.766411    -0.548323     3.422088 

 C     0.958828    -3.463497     1.859847 

 H     2.381284    -4.701232     0.807400 

 H    -0.140479    -1.997367     2.999881 

 C     1.498868     2.109033    -0.113307 

 C     0.929699     2.243018     1.161305 

 C     1.154860     3.063400    -1.079936 

 C    -0.062223     3.187512     1.406022 

 H     1.221485     1.549855     1.946232 

 C     0.139992     3.987460    -0.841775 

 H     1.602696     3.003045    -2.068416 

 C    -0.566297     4.008998     0.376427 

 H    -0.505242     3.216528     2.395978 

 H    -0.175091     4.617318    -1.666872 

 C    -0.287008    -4.148843     1.439033 

 C    -1.392991    -4.217085     2.303646 

 C    -0.491125    -4.543899     0.105013 

 C    -2.668766    -4.479335     1.820977 

 H    -1.262054    -3.985194     3.356945 

 C    -1.769625    -4.817879    -0.377560 

 H     0.348754    -4.547402    -0.585134 

 C    -2.901456    -4.699358     0.450516 

 H    -3.510073    -4.402009     2.502855 

 H    -1.896470    -5.052092    -1.431072 

 C    -4.273095    -4.502856    -0.084129 

 C    -4.441099    -3.802401    -1.291706 

 C    -5.427200    -4.711450     0.696286 

 C    -5.636358    -3.158061    -1.589198 

 H    -3.584655    -3.626215    -1.935409 

 C    -6.622517    -4.060769     0.402671 

 H    -5.367954    -5.328035     1.589241 

 C    -6.717436    -3.177891    -0.689330 

 H    -5.671554    -2.498509    -2.451134 

 H    -7.467583    -4.172683     1.077272 

 C    -1.928836     4.610370     0.459439 

 C    -2.814246     4.227329     1.484772 
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 C    -2.500931     5.326676    -0.612857 

 C    -4.191361     4.319871     1.328510 

 H    -2.444246     3.716273     2.366477 

 C    -3.880718     5.411955    -0.777273 

 H    -1.867649     5.747531    -1.387434 

 C    -4.759105     4.799119     0.134486 

 H    -4.829908     3.862240     2.078304 

 H    -4.277574     5.879783    -1.674793 

 C    -6.098113     4.282771    -0.245852 

 C    -6.232289     3.701703    -1.519566 

 C    -7.099302     3.980363     0.697123 

 C    -7.132304     2.666423    -1.741927 

 H    -5.501650     3.927741    -2.290506 

 C    -8.009660     2.952282     0.468499 

 H    -7.098694     4.483043     1.661067 

 C    -7.944118     2.171784    -0.704107 

 H    -7.065170     2.124873    -2.680025 

 H    -8.705216     2.682891     1.258816 

 C    -8.313546     0.731177    -0.724926 

 C    -8.224817     0.003143     0.476331 

 C    -8.351929    -0.023279    -1.915542 

 C    -7.912531    -1.351002     0.475640 

 H    -8.219328     0.527785     1.426318 

 C    -8.025327    -1.376632    -1.917949 

 H    -8.530836     0.474234    -2.864926 

 C    -7.667500    -2.036984    -0.727122 

 H    -7.679304    -1.829753     1.422115 

 H    -7.949405    -1.901835    -2.866767 

 H     3.683555     0.046786     4.365394 

 C     4.281095     0.218721     3.475144 

 C     4.239538    -0.710947     2.405405 

 C     5.096008     1.323104     3.399157 

 H     5.154027     2.017216     4.234201 

 C     5.070286    -0.497171     1.311708 

 H     5.066869    -1.232077     0.524291 

 C     5.867920     1.593676     2.243635 

 C     5.833366     0.681055     1.141104 

 C     6.701706     2.749200     2.194981 

 H     6.701664     3.433240     3.039902 

 C     7.520584     2.954024     1.128716 

 C     6.580078     0.995514    -0.077361 

 C     7.511468     2.070970     0.003169 

 H     8.208155     3.795958     1.112025 

 C     6.529051     0.235280    -1.323076 

 C     5.446633    -0.627093    -1.773668 

 C     3.583956    -2.714020    -2.331379 

 C     4.821680    -2.743027    -2.897131 

 C     3.147104    -1.553673    -1.623126 

 C     5.764342    -1.691627    -2.663065 

 C     8.498147     2.258272    -1.006938 

 C     4.042849    -0.457062    -1.427018 

 C     1.820890    -1.462062    -1.143383 

 C     7.677564     0.305987    -2.174477 

 H     2.887113    -3.537862    -2.465266 

 C     7.012951    -1.706594    -3.346231 

 C     1.358710    -0.302490    -0.571460 

 H     1.161664    -2.319508    -1.246625 

 C     8.633354     1.347786    -2.011311 

 H     5.129621    -3.578239    -3.521352 

 C     3.504662     0.758071    -0.929241 

 C     7.891578    -0.676318    -3.183652 

 C     2.185609     0.850466    -0.516983 

 H     9.191759     3.089546    -0.910300 

 H     0.336485    -0.236371    -0.212512 

 H     7.217632    -2.512437    -4.046462 

 H     8.798487    -0.616328    -3.779982 

 H     9.457402     1.412304    -2.717392 

 H     4.142093     1.632722    -0.865958 

 

(P)-1-TS [A → C]  
E = –2616.68246040  
fi = – 24.5290 
 C     3.195031    -1.763826     2.350870 

 C     3.335346    -2.966489     1.636124 

 C     1.927281    -1.478700     2.886192 

 C     2.241416    -3.795043     1.391342 

 H     4.305931    -3.241489     1.233021 

 C     0.839218    -2.305139     2.647559 

 H     1.766411    -0.548323     3.422088 

 C     0.958828    -3.463497     1.859847 

 H     2.381284    -4.701232     0.807400 

 H    -0.140479    -1.997367     2.999881 

 C     1.498868     2.109033    -0.113307 

 C     0.929699     2.243018     1.161305 

 C     1.154860     3.063400    -1.079936 

 C    -0.062223     3.187512     1.406022 

 H     1.221485     1.549855     1.946232 

 C     0.139992     3.987460    -0.841775 

 H     1.602696     3.003045    -2.068416 

 C    -0.566297     4.008998     0.376427 

 H    -0.505242     3.216528     2.395978 

 H    -0.175091     4.617318    -1.666872 

 C    -0.287008    -4.148843     1.439033 

 C    -1.392991    -4.217085     2.303646 

 C    -0.491125    -4.543899     0.105013 

 C    -2.668766    -4.479335     1.820977 

 H    -1.262054    -3.985194     3.356945 

 C    -1.769625    -4.817879    -0.377560 

 H     0.348754    -4.547402    -0.585134 

 C    -2.901456    -4.699358     0.450516 

 H    -3.510073    -4.402009     2.502855 

 H    -1.896470    -5.052092    -1.431072 

 C    -4.273095    -4.502856    -0.084129 

 C    -4.441099    -3.802401    -1.291706 

 C    -5.427200    -4.711450     0.696286 

 C    -5.636358    -3.158061    -1.589198 

 H    -3.584655    -3.626215    -1.935409 

 C    -6.622517    -4.060769     0.402671 

 H    -5.367954    -5.328035     1.589241 

 C    -6.717436    -3.177891    -0.689330 

 H    -5.671554    -2.498509    -2.451134 

 H    -7.467583    -4.172683     1.077272 

 C    -1.928836     4.610370     0.459439 

 C    -2.814246     4.227329     1.484772 

 C    -2.500931     5.326676    -0.612857 

 C    -4.191361     4.319871     1.328510 

 H    -2.444246     3.716273     2.366477 

 C    -3.880718     5.411955    -0.777273 

 H    -1.867649     5.747531    -1.387434 

 C    -4.759105     4.799119     0.134486 

 H    -4.829908     3.862240     2.078304 

 H    -4.277574     5.879783    -1.674793 

 C    -6.098113     4.282771    -0.245852 

 C    -6.232289     3.701703    -1.519566 

 C    -7.099302     3.980363     0.697123 

 C    -7.132304     2.666423    -1.741927 

 H    -5.501650     3.927741    -2.290506 

 C    -8.009660     2.952282     0.468499 

 H    -7.098694     4.483043     1.661067 

 C    -7.944118     2.171784    -0.704107 

 H    -7.065170     2.124873    -2.680025 

 H    -8.705216     2.682891     1.258816 

 C    -8.313546     0.731177    -0.724926 

 C    -8.224817     0.003143     0.476331 

 C    -8.351929    -0.023279    -1.915542 

 C    -7.912531    -1.351002     0.475640 

 H    -8.219328     0.527785     1.426318 

 C    -8.025327    -1.376632    -1.917949 

 H    -8.530836     0.474234    -2.864926 

 C    -7.667500    -2.036984    -0.727122 

 H    -7.679304    -1.829753     1.422115 

 H    -7.949405    -1.901835    -2.866767 

 H     3.683555     0.046786     4.365394 

 C     4.281095     0.218721     3.475144 

 C     4.239538    -0.710947     2.405405 

 C     5.096008     1.323104     3.399157 

 H     5.154027     2.017216     4.234201 

 C     5.070286    -0.497171     1.311708 

 H     5.066869    -1.232077     0.524291 

 C     5.867920     1.593676     2.243635 

 C     5.833366     0.681055     1.141104 

 C     6.701706     2.749200     2.194981 

 H     6.701664     3.433240     3.039902 

 C     7.520584     2.954024     1.128716 

 C     6.580078     0.995514    -0.077361 

 C     7.511468     2.070970     0.003169 

 H     8.208155     3.795958     1.112025 

 C     6.529051     0.235280    -1.323076 

 C     5.446633    -0.627093    -1.773668 

 C     3.583956    -2.714020    -2.331379 

 C     4.821680    -2.743027    -2.897131 

 C     3.147104    -1.553673    -1.623126 

 C     5.764342    -1.691627    -2.663065 

 C     8.498147     2.258272    -1.006938 

 C     4.042849    -0.457062    -1.427018 

 C     1.820890    -1.462062    -1.143383 

 C     7.677564     0.305987    -2.174477 

 H     2.887113    -3.537862    -2.465266 

 C     7.012951    -1.706594    -3.346231 

 C     1.358710    -0.302490    -0.571460 

 H     1.161664    -2.319508    -1.246625 

 C     8.633354     1.347786    -2.011311 

 H     5.129621    -3.578239    -3.521352 

 C     3.504662     0.758071    -0.929241 

 C     7.891578    -0.676318    -3.183652 

 C     2.185609     0.850466    -0.516983 

 H     9.191759     3.089546    -0.910300 

 H     0.336485    -0.236371    -0.212512 

 H     7.217632    -2.512437    -4.046462 

 H     8.798487    -0.616328    -3.779982 

 H     9.457402     1.412304    -2.717392 

 H     4.142093     1.632722    -0.865958 

 

(P)-1-TS [B → D] 
E = –2616.68467694 
fi = – 24.5290 
 C     1.588007     2.017925    -0.397334 

 C     0.723399     1.888223     0.700410 

 C     1.533241     3.202582    -1.146560 

 C    -0.259789     2.840493     0.946686 

 H     0.776506     0.990961     1.312144 

 C     0.536289     4.149611    -0.909399 

 H     2.214849     3.334015    -1.983041 

 C    -0.427681     3.945841     0.091926 

 H    -0.985473     2.663758     1.735581 

 H     0.457324     5.018048    -1.558582 

 C     2.989252    -2.024210     2.144879 

 C     1.856616    -2.149678     2.972483 

 C     3.059954    -2.905976     1.048636 

 C     0.809320    -3.004567     2.655952 

 H     1.738743    -1.518477     3.845337 

 C     2.003288    -3.749921     0.718642 

 H     3.922299    -2.896173     0.392245 

 C     0.827564    -3.779465     1.484996 

 H    -0.082554    -2.997727     3.276063 

 H     2.076768    -4.364833    -0.174710 

 C    -1.749189     4.624563     0.091810 

 C    -2.443296     4.722649    -1.125908 

 C    -2.478393     4.882588     1.265958 

 C    -3.829060     4.830248    -1.153963 

 H    -1.911238     4.551077    -2.057368 

 C    -3.864102     5.014202     1.235036 

 H    -1.962561     4.899589     2.222774 

 C    -4.584580     4.859887     0.033199 

 H    -4.330331     4.729730    -2.111210 

 H    -4.397362     5.143983     2.172644 

 C    -5.985491     4.360193     0.005873 

 C    -6.450186     3.589345     1.087379 

 C    -6.742097     4.292256    -1.182331 

 C    -7.421351     2.611976     0.909871 

 H    -5.930735     3.622776     2.039447 

 C    -7.705228     3.303594    -1.366193 

 H    -6.503415     4.949655    -2.013821 

 C    -7.966126     2.353148    -0.361030 

 H    -7.616740     1.922997     1.726076 

 H    -8.182852     3.203697    -2.337729 

 C    -0.443803    -4.386200     1.023042 

 C    -0.884587    -4.155601    -0.290574 

 C    -1.354596    -4.976721     1.917119 

 C    -2.219715    -4.336107    -0.640664 

 H    -0.203102    -3.704628    -1.007250 

 C    -2.685768    -5.170450     1.562737 

 H    -1.024858    -5.234186     2.920309 

 C    -3.169514    -4.765099     0.304552 

 H    -2.551538    -4.013183    -1.623144 

 H    -3.374779    -5.582651     2.295063 

 C    -4.609276    -4.493725     0.064448 

 C    -5.377615    -3.967274     1.117740 

 C    -5.183223    -4.458465    -1.220386 

 C    -6.545032    -3.255982     0.872442 

 H    -4.982686    -3.980195     2.128953 

 C    -6.357114    -3.749934    -1.465708 

 H    -4.667012    -4.931245    -2.051948 

 C    -7.004926    -3.035655    -0.438832 

 H    -7.014071    -2.734770     1.700932 

 H    -6.728982    -3.683828    -2.484812 

 C    -7.846634    -1.837626    -0.692569 

 C    -7.542549    -1.026408    -1.800555 

 C    -8.668237    -1.268629     0.301467 

 C    -7.802121     0.339179    -1.781685 

 H    -6.936558    -1.423767    -2.609005 

 C    -8.921047     0.100012     0.325433 

 H    -9.024762    -1.884532     1.122897 

 C    -8.370132     0.952885    -0.650259 

 H    -7.387520     0.956558    -2.572995 

 H    -9.459298     0.525300     1.168823 

 H     0.459006    -0.238398    -1.125247 

 C     1.534427    -0.286679    -1.265771 

 C     2.331097     0.824788    -0.885537 

 C     2.110471    -1.378288    -1.865907 

 H     1.493208    -2.201231    -2.218199 

 C     3.706413     0.757745    -1.041239 

 H     4.308769     1.607514    -0.743546 

 C     3.509250    -1.451798    -2.052333 

 C     4.344374    -0.399762    -1.558819 

 C     4.081239    -2.555056    -2.753947 

 H     3.425962    -3.346726    -3.108952 

 C     5.412145    -2.567415    -3.035034 

 C     5.792043    -0.549260    -1.644122 

 C     6.282898    -1.551172    -2.529863 

 H     5.844954    -3.356470    -3.644873 

 C     6.764159     0.293332    -0.959304 

 C     6.580647     0.999899     0.306041 

 C     6.279709     2.660457     2.632475 

 C     7.251047     2.932472     1.721565 

 C     5.494525     1.478424     2.503386 

 C     7.455761     2.091260     0.583035 

 C     7.638926    -1.533124    -2.961706 

 C     5.651520     0.616984     1.371698 

 C     4.581183     1.123004     3.521715 

 C     8.044966     0.417449    -1.588006 

 H     6.120444     3.305994     3.492484 

 C     8.598930     2.337262    -0.229449 

 C     3.820327    -0.016717     3.441006 

 H     4.485800     1.778972     4.383715 

 C     8.458965    -0.512872    -2.583467 

 H     7.904644     3.792104     1.846410 

 C     4.905989    -0.585924     1.372923 

 C     8.933742     1.466006    -1.220906 

 C     3.949487    -0.900115     2.336730 

 H     7.978087    -2.297871    -3.655597 

 H     3.125005    -0.230896     4.243794 

 H     9.242237     3.178074     0.016543 

 H     9.868284     1.569999    -1.766278 

 H     9.460019    -0.417473    -2.996247 

 H     5.063233    -1.273174     0.558745 

 

1-TSenant 
E = –2616.62694778  
fi = – 40.9539 
 C    -2.398152     1.907007    -0.929393 

 C    -2.457486    -1.945585    -0.929401 

 C    -1.483135     1.617098    -1.953788 

 C    -1.884317     2.369363     0.293753 

 C    -0.121653     1.835782    -1.783200 

 C    -0.520846     2.591834     0.463527 

 C     0.387670     2.358409    -0.581671 

 C    -1.572249    -1.895840    -2.019515 

 C    -1.902533    -2.155447     0.344419 

 C    -0.540473    -2.373821     0.511529 

 C    -0.206967    -2.107143    -1.851158 

 C     0.338054    -2.387283    -0.585517 

 H    -1.847733     1.227222    -2.899871 

 H    -2.569524     2.609126     1.102339 

 H    -0.154271     2.962424     1.417041 

 C     1.828783     2.674634    -0.449000 

 H     0.555183     1.638743    -2.609519 

 C     1.770032    -2.724897    -0.404944 

 H     0.449310    -2.050319    -2.715360 

 H    -1.960423    -1.689718    -3.013493 

 H    -2.559273    -2.228891     1.206437 

 H    -0.163621    -2.606404     1.503152 

 C     2.797538     1.847153    -1.039143 

 C     2.278862     3.812176     0.246038 

 C     3.637488     4.107133     0.355442 

 C     4.149229     2.145135    -0.938056 

 C     4.604025     3.279605    -0.236826 

 C     2.494448    -3.425040    -1.387708 

 C     2.452708    -2.375120     0.772618 

 C     3.795333    -2.686400     0.947093 

 C     3.844409    -3.725417    -1.219367 

 C     4.530388    -3.349938    -0.052656 

 C     6.067044     3.423055    -0.046389 

 C     6.004358    -3.422463     0.089049 

 C     6.949577     3.049556    -1.074224 

 C     6.628921     3.651940     1.222098 

 C     8.243234     2.636684    -0.787150 

 C     7.934050     3.254619     1.507069 

 C     8.711095     2.581388     0.541836 

 C     6.626260    -3.633879     1.334216 

 C     6.823443    -2.998392    -0.969183 

 C     7.928931    -3.205054     1.568213 

 C     8.117171    -2.547663    -0.730132 

 C     8.647975    -2.508892     0.575008 

 C     9.559944    -1.379534     0.904669 

 C     9.272981    -0.655865     2.078338 

 C    10.280483    -0.679461    -0.087014 

 C     9.294113     0.732758     2.074536 

 C    10.305004     0.711729    -0.088790 

 C     9.601718     1.440353     0.896219 

 H     2.489814     0.931351    -1.536321 

 H     1.550880     4.488785     0.685504 

 H     3.951465     4.997874     0.894049 

 H     4.874745     1.451468    -1.351740 

 H     6.577996     2.961024    -2.091483 

 H     5.997052     4.010527     2.030810 

 H     8.289031     3.331178     2.531210 

 H     8.825851     2.187944    -1.584896 

 H     8.831200     1.244512     2.911841 

 H    10.720592     1.224505    -0.952317 

 H     8.795302    -1.150042     2.918152 

 H    10.676455    -1.211188    -0.948544 

 H     8.642269    -2.048384    -1.537998 

 H     8.341452    -3.299534     2.569242 

 H     6.050713    -4.060312     2.151823 

 H     6.392715    -2.859396    -1.957121 
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 H     4.307697    -2.342312     1.840754 

 H     4.374791    -4.261397    -2.002491 

 H     1.987159    -3.755064    -2.290025 

 H     1.939884    -1.803038     1.540244 

 H    -6.060367     3.326463    -3.327969 

 H    -3.676900     2.728667    -3.155164 

 C    -5.701191     2.760613    -2.471629 

 H    -6.211956    -3.784635    -2.842644 

 C    -4.366629     2.434684    -2.369708 

 H    -3.848855    -3.103527    -2.941839 

 H    -8.142380     3.865571    -2.103019 

 C    -5.817817    -3.080680    -2.113523 

 C    -4.493198    -2.705391    -2.163736 

 C    -7.812807     3.237479    -1.279553 

 C    -6.592086     2.503877    -1.404512 

 H    -8.152774    -4.221845    -1.386000 

 C    -6.640651    -2.694564    -1.030248 

 C    -3.860007     1.877801    -1.168995 

 C    -7.802952    -3.457366    -0.697234 

 C    -3.929894    -1.955096    -1.102529 

 C    -8.428886     3.278682    -0.065614 

 C    -6.156412     1.676944    -0.321374 

 C    -4.766897     1.466935    -0.197308 

 C    -6.172013    -1.691695    -0.122901 

 H    -9.255203     3.960675     0.119001 

 C    -4.789279    -1.416131    -0.147673 

 C    -8.325090    -3.337596     0.554206 

 C    -7.101832     1.349241     0.740765 

 H    -9.095806    -4.019042     0.905701 

 C    -8.069325     2.364677     0.979968 

 C    -7.060612    -1.240337     0.950420 

 C    -7.953772    -2.248760     1.411541 

 H    -4.391652     1.067528     0.736102 

 C    -7.234952     0.106172     1.508692 

 H    -4.366322    -0.861677     0.676925 

 C    -8.722484     2.443414     2.240984 

 C    -8.555032    -2.141404     2.695979 

 H    -9.342100     3.309768     2.458519 

 C    -8.006530     0.197351     2.716803 

 C    -8.584204     1.430479     3.141508 

 H    -9.102330    -2.993304     3.091712 

 C    -8.484771    -0.968133     3.384000 

 H    -9.081583     1.470008     4.106992 

 H    -8.967263    -0.858180     4.351614 

 

(P)-1-BMöbius  
1st excited state  
E = –2615.01570070 
 

C         -2.29467       -2.00063       -1.63405 

C         -2.13339       -2.42966       -0.31207 

C         -1.44785       -2.55884       -2.59935 

C         -1.08478       -3.26388        0.04441 

H         -2.78376       -2.03752        0.46272 

C         -0.39836       -3.38564       -2.24262 

H         -1.57923       -2.29364       -3.64387 

C         -0.14217       -3.69954       -0.89945 

H         -0.96408       -3.52910        1.08983 

H          0.29066       -3.71355       -3.01324 

C         -2.29481        2.00075        1.63410 

C         -2.13353        2.42972        0.31210 

C         -1.44804        2.55908        2.59938 

C         -1.08494        3.26395       -0.04442 

H         -2.78387        2.03752       -0.46268 

C         -0.39856        3.38589        2.24262 

H         -1.57943        2.29395        3.64392 

C         -0.14235        3.69970        0.89942 

H         -0.96423        3.52910       -1.08986 

H          0.29041        3.71388        3.01323 

C          1.17263       -4.24686       -0.51431 

C          1.99881       -4.93457       -1.42228 

C          1.75130       -3.89121        0.71407 

C          3.35321       -5.07941       -1.19858 

H          1.57717       -5.32118       -2.34479 

C          3.10286       -4.04432        0.94685 

H          1.15654       -3.36943        1.45571 

C          3.96882       -4.54776       -0.04512 

H          3.95805       -5.57361       -1.95218 

H          3.51674       -3.63396        1.86085 

C          5.39559       -4.26386        0.03328 

C          6.02846       -3.90758        1.24958 

C          6.15240       -4.04864       -1.14335 

C          7.16984       -3.14822        1.26871 

H          5.56893       -4.18509        2.19283 

C          7.28875       -3.27955       -1.13328 

H          5.76359       -4.38306       -2.09913 

C          7.75070       -2.65483        0.06220 

H          7.56473       -2.83339        2.22770 

H          7.76715       -3.05556       -2.07960 

C          1.17245        4.24699        0.51427 

C          1.75112        3.89129       -0.71410 

C          1.99863        4.93470        1.42223 

C          3.10268        4.04436       -0.94687 

H          1.15636        3.36951       -1.45573 

C          3.35304        5.07951        1.19854 

H          1.57700        5.32133        2.34473 

C          3.96865        4.54781        0.04510 

H          3.51657        3.63396       -1.86084 

H          3.95789        5.57372        1.95212 

C          5.39542        4.26386       -0.03329 

C          6.15217        4.04857        1.14335 

C          6.02831        3.90762       -1.24958 

C          7.28852        3.27947        1.13327 

H          5.76332        4.38290        2.09914 

C          7.16969        3.14825       -1.26872 

H          5.56880        4.18516       -2.19284 

C          7.75053        2.65483       -0.06222 

H          7.76684        3.05536        2.07961 

H          7.56459        2.83347       -2.22772 

C          8.47266        1.41956       -0.03594 

C          8.69774        0.65111       -1.22339 

C          8.70285        0.71322        1.18901 

C          8.70288       -0.71315       -1.18899 

H          8.77070        1.14837       -2.18444 

C          8.69781       -0.65105        1.22341 

H          8.77432        1.25647        2.12453 

C          8.47276       -1.41951        0.03597 

H          8.77432       -1.25641       -2.12451 

H          8.77086       -1.14831        2.18445 

H         -1.68575       -0.04630       -3.32178 

C         -2.66600        0.10104       -2.88254 

C         -3.17485       -0.85959       -1.97820 

C         -3.38636        1.22362       -3.17554 

H         -3.00152        1.95573       -3.88012 

C         -4.40837       -0.63394       -1.38951 

H         -4.81055       -1.39435       -0.73455 

C         -4.63788        1.46552       -2.57358 

C         -5.16527        0.53877       -1.63134 

C         -5.37551        2.62248       -2.95529 

H         -4.92333        3.32547       -3.64857 

C         -6.63868        2.78953       -2.51149 

C         -6.47281        0.80738       -1.03142 

C         -7.22771        1.85848       -1.60302 

H         -7.24520        3.62401       -2.85055 

C         -7.11561       -0.00011       -0.00001 

C         -6.47276       -0.80754        1.03142 

C         -5.37535       -2.62257        2.95530 

C         -6.63850       -2.78972        2.51147 

C         -4.63780       -1.46555        2.57361 

C         -7.22759       -1.85870        1.60300 

C         -8.62174        1.98165       -1.35964 

C         -5.16525       -0.53882        1.63137 

C         -3.38632       -1.22355        3.17560 

C         -8.53693       -0.00017       -0.00002 

H         -4.92312       -3.32553        3.64857 

C         -8.62159       -1.98199        1.35958 

C         -2.66604       -0.10092        2.88262 

H         -3.00144       -1.95564        3.88018 

C         -9.26980        1.01585       -0.66914 

H         -7.24496       -3.62425        2.85051 

C         -4.40843        0.63394        1.38956 

C         -9.26972       -1.01624        0.66907 

C         -3.17494        0.85968        1.97827 

H         -9.16054        2.80343       -1.82119 

H         -1.68580        0.04648        3.32188 

H         -9.16033       -2.80382        1.82112 

H        -10.35185       -1.01640        0.57918 

H        -10.35192        1.01591       -0.57927 

H         -4.81065        1.39433        0.73460  

         

(P)-1-BMöbius  
2nd excited state 
E = –2615.02781455 
C         -2.25360        2.19450        1.55278 

C         -2.12921        2.58741        0.21627 

C         -1.40918        2.80671        2.48624 

C         -1.10802        3.43751       -0.18440 

H         -2.78103        2.15245       -0.53443 

C         -0.38770        3.65039        2.08485 

H         -1.51510        2.56855        3.54008 

C         -0.16444        3.92405        0.72965 

H         -1.00479        3.67034       -1.23975 

H          0.30923        4.02135        2.82906 

C         -2.27805       -2.14569       -1.61511 

C         -2.13051       -2.59425       -0.29855 

C         -1.44155       -2.71120       -2.58427 

C         -1.10097       -3.45825        0.04975 

H         -2.77313       -2.19647        0.48057 

C         -0.40884       -3.56284       -2.23378 

H         -1.56487       -2.43246       -3.62603 

C         -0.16737       -3.90043       -0.89643 

H         -0.98670       -3.73903        1.09206 

H          0.27791       -3.89402       -3.00517 

C          1.14780        4.46560        0.30500 

C          1.94449        5.27089        1.13273 

C          1.74874        3.96208       -0.85440 

C          3.30609        5.40592        0.91175 

H          1.50220        5.75316        1.99931 

C          3.10686        4.09645       -1.07640 

H          1.17255        3.33793       -1.52885 

C          3.94087        4.73885       -0.14874 

H          3.89574        5.98906        1.61264 

H          3.54445        3.56759       -1.91533 

C          5.38377        4.42415       -0.16022 

C          6.02499        3.93876       -1.31240 

C          6.08250        4.27631        1.04991 

C          7.12678        3.11014       -1.22084 

H          5.59025        4.12269       -2.28962 

C          7.19572        3.46211        1.14059 

H          5.67077        4.69303        1.96320 

C          7.65432        2.73087        0.02823 

H          7.49195        2.63912       -2.12679 

H          7.64116        3.30108        2.11657 

C          1.14807       -4.47177       -0.51622 

C          1.74333       -4.09345        0.69245 

C          1.94939       -5.18164       -1.42286 

C          3.10245       -4.24982        0.90424 

H          1.16427       -3.54694        1.42883 

C          3.31276       -5.32687       -1.21874 

H          1.51143       -5.57315       -2.33575 

C          3.93683       -4.78003       -0.08863 

H          3.54435       -3.81906        1.79652 

H          3.91302       -5.81767       -1.97933 

C          5.37599       -4.44457       -0.04120 

C          5.99208       -3.95819       -1.20247 

C          6.07218       -4.26706        1.16524 

C          7.09083       -3.12094       -1.13131 

H          5.50804       -4.10125       -2.16310 

C          7.17870       -3.44053        1.23548 

H          5.68980       -4.71793        2.07639 

C          7.62997       -2.72980        0.10595 

H          7.42431       -2.63629       -2.04189 

H          7.64133       -3.27084        2.20235 

C          8.29797       -1.42042        0.21951 

C          8.13862       -0.67213        1.39889 

C          8.76905       -0.70929       -0.90305 

C          8.14586        0.70758        1.37884 

H          7.83433       -1.16537        2.31479 

C          8.77352        0.67200       -0.92450 

H          9.04416       -1.24452       -1.80643 

C          8.30921        1.42040        0.17671 

H          7.84775        1.22894        2.28072 

H          9.05102        1.17705       -1.84440 

H         -1.54683        0.30232        3.27424 

C         -2.53289        0.11613        2.86416 

C         -3.08995        1.03557        1.94624 

C         -3.21257       -1.02319        3.20201 

H         -2.78682       -1.72488        3.91398 

C         -4.33002        0.75738        1.38840 

H         -4.76806        1.48427        0.71739 

C         -4.47061       -1.31762        2.64232 

C         -5.05085       -0.42415        1.68401 

C         -5.16655       -2.48107        3.06215 

H         -4.68286       -3.15569        3.76211 

C         -6.44462       -2.69946        2.64902 

C         -6.35348       -0.74528        1.12172 

C         -7.08480       -1.81541        1.74689 

H         -7.01120       -3.54554        3.02677 

C         -7.01648       -0.01906        0.06241 

C         -6.40637        0.72305       -1.01712 

C         -5.31869        2.49366       -2.98340 

C         -6.58889        2.68057       -2.53128 

C         -4.58525        1.34371       -2.59203 

C         -7.18094        1.77878       -1.61434 

C         -8.47024       -1.97361        1.52154 

C         -5.11736        0.43148       -1.62360 

C         -3.33692        1.08094       -3.18818 

C         -8.47047       -0.03550        0.08652 

H         -4.87119        3.18305       -3.69294 

C         -8.56166        1.90401       -1.34432 

C         -2.62508       -0.04694       -2.87943 

H         -2.94531        1.79754       -3.90488 

C         -9.15901       -1.04747        0.78640 

H         -7.18555        3.51524       -2.88753 

C         -4.36652       -0.73909       -1.36114 

C         -9.20451        0.96080       -0.58938 

C         -3.13880       -0.98893       -1.95851 

H         -8.98786       -2.79068        2.01453 

H         -1.64709       -0.20749       -3.31836 

H         -9.11383        2.70994       -1.81782 

H        -10.28431        0.97506       -0.47804 

H        -10.24127       -1.08675        0.71052 

H         -4.77280       -1.48061       -0.68589 

 
 
 

(P)-1-CHückel 

1st excited state 
E = –2615.01698929 
C          3.02205       -2.10815        2.09827 

C          3.08866       -3.12622        1.13581 

C          1.81177       -1.97314        2.79430 

C          1.98424       -3.91817        0.84221 

H          4.01384       -3.29554        0.59415 

C          0.71563       -2.75811        2.50030 

H          1.69615       -1.18047        3.52422 

C          0.75990       -3.73102        1.49352 

H          2.07466       -4.68536        0.07849 

H         -0.22177       -2.55574        3.00641 

C          1.52387        1.99696       -0.29924 

C          0.55897        1.73067        0.67727 

C          1.55136        3.28057       -0.85232 

C         -0.42544        2.65386        0.97543 

H          0.54131        0.75411        1.15220 

C          0.55410        4.20625       -0.55776 

H          2.30594        3.52595       -1.59401 

C         -0.49755        3.88303        0.30641 

H         -1.21929        2.36889        1.65686 

H          0.55923        5.16744       -1.06377 

C         -0.51819       -4.35728        1.07896 

C         -1.55183       -4.54368        2.00401 

C         -0.82800       -4.57035       -0.26870 

C         -2.86027       -4.72802        1.59135 

H         -1.34166       -4.46332        3.06571 

C         -2.13755       -4.77766       -0.68084 

H         -0.04893       -4.47306       -1.01904 

C         -3.19903       -4.75856        0.23315 

H         -3.64244       -4.74064        2.34245 

H         -2.34054       -4.87103       -1.74293 

C         -4.59956       -4.47141       -0.17648 

C         -4.83179       -3.73543       -1.34300 

C         -5.68831       -4.63760        0.69151 

C         -6.00923       -3.02887       -1.52432 

H         -4.02925       -3.58669       -2.05666 

C         -6.86340       -3.91885        0.51831 

H         -5.59068       -5.27525        1.56460 

C         -7.00474       -3.01566       -0.54169 

H         -6.08606       -2.35147       -2.36831 

H         -7.64803       -3.99888        1.26531 

C         -1.79893        4.59970        0.34129 

C         -2.65096        4.50195        1.44682 

C         -2.35330        5.10434       -0.84100 

C         -4.02278        4.63685        1.30293 

H         -2.25076        4.19829        2.40920 

C         -3.72498        5.26406       -0.97802 

H         -1.72082        5.24469       -1.71209 

C         -4.59894        4.89850        0.05338 

H         -4.65854        4.39222        2.14730 

H         -4.12203        5.55967       -1.94420 

C         -5.97497        4.40194       -0.21873 

C         -6.21193        3.77710       -1.44791 

C         -6.92337        4.18024        0.78973 

C         -7.17147        2.78765       -1.57640 

H         -5.52505        3.93211       -2.27216 

C         -7.88579        3.18736        0.66104 

H         -6.84741        4.71623        1.73121 

C         -7.93830        2.37629       -0.48130 

H         -7.19238        2.21095       -2.49440 

H         -8.53333        2.97334        1.50632 

C         -8.38644        0.95745       -0.44909 

C         -8.21016        0.23808        0.73777 

C         -8.58382        0.20790       -1.61785 

C         -7.97235       -1.12755        0.71785 

H         -8.07726        0.77047        1.67340 

C         -8.33298       -1.15675       -1.64075 

H         -8.82556        0.71229       -2.54862 

C         -7.89382       -1.82568       -0.49111 

H         -7.66641       -1.61641        1.63717 

H         -8.37816       -1.68739       -2.58756 

H          3.52990       -0.74731        4.39048 

C          4.13185       -0.41145        3.55410 

C          4.08228       -1.10280        2.32239 

C          4.94710        0.67575        3.70081 

H          4.98922        1.20521        4.64815 

C          4.94535       -0.70470        1.30133 

H          4.93926       -1.27351        0.38720 

C          5.74464        1.14874        2.63680 

C          5.76247        0.44173        1.38288 

C          6.53125        2.30462        2.83197 

H          6.46740        2.82826        3.78074 

C          7.39092        2.72356        1.85524 

C          6.61692        0.93628        0.30631 

C          7.50199        2.03321        0.63306 

H          8.03508        3.58217        2.02149 

C          6.73058        0.37526       -1.01901 
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C          5.75717       -0.40921       -1.73774 

C          4.06777       -2.39228       -2.89512 

C          5.39810       -2.36914       -3.20952 

C          3.49324       -1.33844       -2.14121 

C          6.25063       -1.36458       -2.70458 

C          8.55213        2.40673       -0.23386 

C          4.31916       -0.28783       -1.61673 

C          2.10201       -1.29953       -1.93204 

C          7.99886        0.59295       -1.71892 

H          3.41986       -3.17688       -3.27423 

C          7.57465       -1.28463       -3.17843 

C          1.51428       -0.24026       -1.29389 

H          1.49563       -2.11706       -2.31142 

C          8.84004        1.65884       -1.34399 

H          5.82252       -3.12399       -3.86548 

C          3.67017        0.81839       -1.02340 

C          8.39516       -0.26475       -2.76396 

C          2.29215        0.85860       -0.86185 

H          9.17904        3.24837        0.04480 

H          0.43892       -0.21172       -1.15916 

H          7.90872       -2.00123       -3.92273 

H          9.37750       -0.12433       -3.20356 

H          9.71652        1.86886       -1.94887 

H          4.26823        1.65176       -0.67308 

 

(M)-5  
E = –2616.69431404 
H         -0.36059       -2.63916        3.06567 

C         -0.16126       -1.63804        2.69499 

C         -1.10052       -1.00966        1.83937 

C          0.99537       -0.98527        3.05399 

H          1.69894       -1.45539        3.73720 

C         -0.80060        0.24889        1.33211 

H         -1.54083        0.74340        0.71760 

C          1.29699        0.30594        2.55686 

C          0.40829        0.92320        1.62084 

C          2.45029        1.01017        3.01796 

H          3.12769        0.51297        3.70789 

C          2.64617        2.30843        2.65930 

C          0.73964        2.23642        1.07880 

C          1.77200        2.96327        1.73412 

H          3.47206        2.87991        3.07557 

C          0.01950        2.89577       -0.00072 

C         -0.70993        2.24578       -1.07969 

C         -2.43806        1.04208       -3.01747 

C         -2.61556        2.34330       -2.65991 

C         -1.29467        0.32208       -2.55602 

C         -1.73205        2.98654       -1.73547 

C          1.91152        4.36501        1.52220 

C         -0.39715        0.92760       -1.62072 

C         -1.01141       -0.97369       -3.05203 

C          0.02956        4.32529       -0.00129 

H         -3.12253        0.55389       -3.70684 

C         -1.85178        4.39028       -1.52469 

C          0.13611       -1.64230       -2.69289 

H         -1.72180       -1.43453       -3.73451 

C          1.00030        5.03619        0.76095 

H         -3.43339        2.92600       -3.07650 

C          0.80217        0.23659       -1.33169 

C         -0.93111        5.04918       -0.76406 

C          1.08438       -1.02635       -1.83824 

H          2.70117        4.89693        2.04662 

H          0.32109       -2.64648       -3.06270 

H         -2.63393        4.93287       -2.04944 

H         -0.93732        6.13407       -0.69517 

H          1.02179        6.12083        0.69119 

H          1.54935        0.72092       -0.71746 

H          2.36167       -1.06062        0.56191 

C          2.89302       -1.61915       -0.20071 

C          4.08101       -2.26687        0.12590 

H          4.47030       -2.18356        1.13862 

C          4.77498       -3.03452       -0.81859 

C          4.23045       -3.13536       -2.10513 

H          4.74825       -3.72363       -2.85984 

C          3.04214       -2.48890       -2.43851 

H          2.65742       -2.56749       -3.45191 

C          2.35081       -1.71463       -1.49288 

C         -4.82014       -2.96529        0.82311 

C         -4.27822       -3.06977        2.11053 

H         -4.80841       -3.64260        2.86850 

C         -3.07878       -2.44309        2.44162 

H         -2.69838       -2.51987        3.45679 

C         -2.37562       -1.68172        1.49408 

C         -2.91900       -1.57671        0.20323 

H         -2.38438       -1.01978       -0.55829 

C         -4.11824       -2.20463       -0.12108 

H         -4.51206       -2.10841       -1.13091 

C          6.08051       -3.70830       -0.46806 

H          6.10643       -4.00956        0.58503 

H          6.25004       -4.60094       -1.07997 

H          6.93152       -3.03369       -0.63339 

C         -6.10239       -3.67393        0.45578 

H         -6.75421       -3.80300        1.32670 

H         -6.66198       -3.12166       -0.30725 

H         -5.90026       -4.67435        0.04958 

 

(P)-5 
E = –2616.69431404 
H          0.36058       -2.63916        3.06567 

C          0.16126       -1.63804        2.69499 

C          1.10052       -1.00966        1.83937 

C         -0.99537       -0.98527        3.05399 

H         -1.69894       -1.45539        3.73720 

C          0.80060        0.24889        1.33211 

H          1.54083        0.74340        0.71760 

C         -1.29699        0.30594        2.55686 

C         -0.40829        0.92320        1.62084 

C         -2.45029        1.01017        3.01796 

H         -3.12769        0.51298        3.70789 

C         -2.64617        2.30844        2.65930 

C         -0.73963        2.23642        1.07880 

C         -1.77199        2.96327        1.73412 

H         -3.47205        2.87992        3.07557 

C         -0.01949        2.89577       -0.00072 

C          0.70993        2.24578       -1.07969 

C          2.43806        1.04207       -3.01747 

C          2.61556        2.34329       -2.65991 

C          1.29467        0.32208       -2.55602 

C          1.73205        2.98654       -1.73547 

C         -1.91151        4.36501        1.52220 

C          0.39715        0.92760       -1.62072 

C          1.01141       -0.97369       -3.05203 

C         -0.02955        4.32529       -0.00129 

H          3.12253        0.55388       -3.70684 

C          1.85179        4.39028       -1.52469 

C         -0.13611       -1.64230       -2.69289 

H          1.72180       -1.43453       -3.73451 

C         -1.00029        5.03619        0.76095 

H          3.43340        2.92599       -3.07650 

C         -0.80217        0.23659       -1.33169 

C          0.93112        5.04918       -0.76406 

C         -1.08438       -1.02635       -1.83824 

H         -2.70116        4.89694        2.04662 

H         -0.32110       -2.64648       -3.06270 

H          2.63394        4.93286       -2.04944 

H          0.93733        6.13407       -0.69517 

H         -1.02178        6.12083        0.69119 

H         -1.54935        0.72092       -0.71746 

H         -2.36167       -1.06062        0.56191 

C         -2.89302       -1.61914       -0.20071 

C         -4.08101       -2.26686        0.12590 

H         -4.47031       -2.18355        1.13862 

C         -4.77499       -3.03451       -0.81859 

C         -4.23046       -3.13535       -2.10513 

H         -4.74826       -3.72362       -2.85984 

C         -3.04215       -2.48890       -2.43851 

H         -2.65743       -2.56748       -3.45191 

C         -2.35081       -1.71462       -1.49288 

C          4.82013       -2.96530        0.82311 

C          4.27821       -3.06978        2.11053 

H          4.80840       -3.64261        2.86850 

C          3.07878       -2.44310        2.44162 

H          2.69837       -2.51988        3.45679 

C          2.37562       -1.68173        1.49408 

C          2.91900       -1.57672        0.20323 

H          2.38438       -1.01979       -0.55829 

C          4.11823       -2.20464       -0.12108 

H          4.51206       -2.10842       -1.13091 

C         -6.08052       -3.70829       -0.46806 

H         -6.10644       -4.00955        0.58503 

H         -6.25005       -4.60093       -1.07997 

H         -6.93153       -3.03368       -0.63339 

C          6.10238       -3.67394        0.45578 

H          6.75420       -3.80301        1.32670 

H          6.66197       -3.12167       -0.30725 

H          5.90025       -4.67436        0.04958 

 

(P)-5  
1st excited state  
E = –1540.28278227 
H          0.81609       -2.63685        3.07670 

C          0.55541       -1.65044        2.70832 

C          1.39874       -1.00853        1.77327 

C         -0.59219       -1.03609        3.14354 

H         -1.22430       -1.52102        3.88233 

C          1.01356        0.22454        1.26774 

H          1.67779        0.73317        0.58153 

C         -0.96963        0.23744        2.66891 

C         -0.17607        0.87125        1.65718 

C         -2.08914        0.91578        3.21617 

H         -2.69170        0.41191        3.96607 

C         -2.34890        2.21577        2.87188 

C         -0.57929        2.16464        1.14811 

C         -1.57515        2.88958        1.90094 

H         -3.15190        2.76113        3.35974 

C         -0.00888        2.80952       -0.00084 

C          0.56595        2.16765       -1.14928 

C          2.08450        0.92761       -3.21632 

C          2.33544        2.22954       -2.87287 

C          0.96950        0.24211       -2.66876 

C          1.55696        2.89878       -1.90253 

C         -1.74600        4.27463        1.69106 

C          0.17159        0.87115       -1.65747 

C          0.60075       -1.03421       -3.14269 

C         -0.01385        4.27134       -0.00139 

H          2.69050        0.42732       -3.96584 

C          1.71841        4.28511       -1.69366 

C         -0.54269       -1.65613       -2.70724 

H          1.23625       -1.51526       -3.88111 

C         -0.92381        4.96002        0.82395 

H          3.13480        2.78000       -3.36096 

C         -1.01353        0.21647       -1.26764 

C          0.89147        4.96558       -0.82719 

C         -1.39036       -1.01943       -1.77260 

H         -2.48946        4.80346        2.27986 

H         -0.79649       -2.64454       -3.07504 

H          2.45837        4.81851       -2.28274 

H          0.94098        6.04752       -0.75107 

H         -0.98064        6.04155        0.74705 

H         -1.68123        0.72076       -0.58156 

H         -2.57010       -0.95825        0.68075 

C         -3.14476       -1.51801       -0.04953 

C         -4.33401       -2.11935        0.33552 

H         -4.68171       -2.00219        1.35876 

C         -5.08578       -2.87979       -0.56005 

C         -4.59799       -3.02351       -1.85870 

H         -5.16279       -3.60916       -2.57945 

C         -3.40877       -2.42557       -2.24956 

H         -3.06954       -2.53751       -3.27471 

C         -2.65729       -1.65834       -1.35325 

C          5.10795       -2.84403        0.56499 

C          4.62203       -2.98658        1.86453 

H          5.19498       -3.55981        2.58882 

C          3.42662       -2.39955        2.25283 

H          3.09064       -2.50700        3.27953 

C          2.66941       -1.64028        1.35443 

C          3.15906       -1.49444        0.05221 

H          2.58528       -0.93256       -0.67714 

C          4.35467       -2.08482       -0.33028 

H          4.70796       -1.95698       -1.35034 

C         -6.39243       -3.50338       -0.14534 

H         -6.38478       -3.78064        0.91282 

H         -6.61008       -4.40236       -0.72909 

H         -7.22772       -2.80854       -0.29320 

C          6.39001       -3.50771        0.13596 

H          7.07541       -3.63517        0.97872 

H          6.90432       -2.92433       -0.63328 

H          6.20017       -4.50305       -0.28316 

 

(P)-H6(H)2 

E = –1152.78428740 
C         -3.31292        0.00028       -0.00003 

C         -4.02522        1.20324        0.27481 

C         -3.35520        2.36655        0.52257 

C         -1.94839        2.44430        0.30925 

C         -1.22385        1.29012       -0.09177 

C         -1.88459        0.00016       -0.00005 

C          0.10358        1.50113       -0.65513 

C          0.75311        2.76008       -0.46540 

C          0.04325        3.83687        0.14839 

C         -1.27554        3.69902        0.46068 

C          0.76434        0.53707       -1.44794 

C          2.05039        0.74137       -1.93772 

C          2.72320        1.95873       -1.65050 

C          2.07296        2.94449       -0.94664 

H         -5.11054        1.16441        0.32291 

H         -3.89072        3.26789        0.80951 

H          0.55495        4.78426        0.29746 

H         -1.84501        4.54313        0.84170 

H          0.26425       -0.38905       -1.69571 

H          3.73391        2.10737       -2.01661 

H          2.56248        3.89826       -0.76589 

C          2.05025       -0.74170        1.93770 

C          2.72281       -1.95921        1.65059 

C          2.07240       -2.94488        0.94676 

C          0.75259       -2.76024        0.46547 

C          0.10331       -1.50116        0.65512 

C          0.76424       -0.53718        1.44789 

C         -1.22406       -1.28992        0.09171 

C         -1.94882       -2.44398       -0.30926 

C         -1.27620       -3.69883       -0.46062 

C          0.04256       -3.83692       -0.14829 

C         -3.35562       -2.36598       -0.52260 

H          3.73348       -2.10803        2.01673 

H          2.56173       -3.89876        0.76609 

H          0.26434        0.38905        1.69559 

H         -1.84583       -4.54285       -0.84162 

H          0.55408       -4.78441       -0.29730 

C         -4.02543       -1.20256       -0.27485 

H         -3.89130       -3.26724       -0.80950 

H         -5.11075       -1.16354       -0.32292 

C          2.68745        0.26534        2.72461 

C          3.23444        1.11609        3.38892 

H          3.71236        1.86849        3.97384 

C          2.68742       -0.26574       -2.72468 

C          3.23430       -1.11651       -3.38904 

H          3.71205       -1.86900       -3.97400 

 

(P)-H6(H)2  
1st excited state  
E = –1152.05232652 
C          3.31292        0.00028        0.00003 

C          4.02522        1.20324       -0.27481 

C          3.35520        2.36655       -0.52257 

C          1.94839        2.44430       -0.30925 

C          1.22385        1.29012        0.09177 

C          1.88459        0.00016        0.00005 

C         -0.10358        1.50113        0.65513 

C         -0.75311        2.76008        0.46540 

C         -0.04325        3.83687       -0.14839 

C          1.27554        3.69902       -0.46068 

C         -0.76434        0.53707        1.44794 

C         -2.05039        0.74137        1.93772 

C         -2.72320        1.95873        1.65050 

C         -2.07296        2.94449        0.94664 

H          5.11054        1.16441       -0.32291 

H          3.89072        3.26789       -0.80951 

H         -0.55495        4.78426       -0.29746 

H          1.84501        4.54313       -0.84170 

H         -0.26425       -0.38905        1.69571 

H         -3.73391        2.10737        2.01661 

H         -2.56248        3.89826        0.76589 

C         -2.05025       -0.74170       -1.93770 

C         -2.72281       -1.95921       -1.65059 

C         -2.07240       -2.94488       -0.94676 

C         -0.75259       -2.76024       -0.46547 

C         -0.10331       -1.50116       -0.65512 

C         -0.76424       -0.53718       -1.44789 

C          1.22406       -1.28992       -0.09171 

C          1.94882       -2.44398        0.30926 

C          1.27620       -3.69883        0.46062 

C         -0.04256       -3.83692        0.14829 

C          3.35562       -2.36598        0.52260 

H         -3.73348       -2.10803       -2.01673 

H         -2.56173       -3.89876       -0.76609 

H         -0.26434        0.38905       -1.69559 

H          1.84583       -4.54285        0.84162 

H         -0.55408       -4.78441        0.29730 

C          4.02543       -1.20256        0.27485 

H          3.89130       -3.26724        0.80950 

H          5.11075       -1.16354        0.32292 

C         -2.68745        0.26534       -2.72461 

C         -3.23444        1.11608       -3.38892 

H         -3.71236        1.86849       -3.97384 

C         -2.68741       -0.26574        2.72468 

C         -3.23430       -1.11651        3.38904 

H         -3.71205       -1.86900        3.97400 

 

[6]helicene-TSenant,  
E = –1000.42758061  
fi = – 40.9539 
 C    -2.311179     3.035766    -0.160265 

 C    -1.201489     3.547836    -0.758448 

 C    -2.338816     1.667828     0.223800 

 C     0.000197     2.780309    -0.770477 

 C    -1.316010     0.775079    -0.208109 

 C     0.000104     1.363488    -0.522828 

 C    -3.387255     1.212309     1.091675 

 C    -3.474775    -0.089707     1.474697 

 C    -2.704884    -1.066126     0.767703 

 C    -1.727105    -0.628761    -0.184616 

 H    -3.176074     3.659138     0.052181 

 H    -1.155964     4.593999    -1.049135 

 H    -4.073677     1.957273     1.486638 

 H    -4.213922    -0.417979     2.200798 
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 C    -3.043624    -2.437165     0.846055 

 C    -1.409147    -1.543048    -1.209463 

 C    -1.816013    -2.864910    -1.173483 

 C    -2.580898    -3.338428    -0.093609 

 H    -3.742615    -2.754876     1.616224 

 H    -0.910777    -1.165758    -2.088864 

 H    -1.555241    -3.530366    -1.991732 

 H    -2.870195    -4.384461    -0.041648 

 C     2.311609     3.035466    -0.160275 

 C     1.201987     3.547680    -0.758455 

 C     2.339066     1.667509     0.223799 

 C     1.316143     0.774898    -0.208122 

 C     3.387451     1.211857     1.091650 

 C     3.474797    -0.090170     1.474668 

 C     2.704745    -1.066481     0.767691 

 C     1.727022    -0.628975    -0.184619 

 H     3.176590     3.658718     0.052166 

 H     1.156600     4.593839    -1.049143 

 H     4.073983     1.956723     1.486602 

 H     4.213898    -0.418553     2.200769 

 C     3.043270    -2.437585     0.846057 

 C     1.408902    -1.543235    -1.209449 

 C     1.815566    -2.865153    -1.173463 

 C     2.580399    -3.338782    -0.093595 

 H     3.742222    -2.755395     1.616223 

 H     0.910595    -1.165864    -2.088855 

 H     1.554679    -3.530579    -1.991699 

 H     2.869531    -4.384853    -0.041630 

 

11,15-diphenyl[6]helicene 
E = –1462.6332933 
H          2.88343        0.14144        3.08529 

C          1.88166       -0.02714        2.70141 

C          1.25917        0.97011        1.90985 

C          1.22178       -1.20135        2.98208 

H          1.68714       -1.95158        3.61716 

C         -0.00021        0.71243        1.38243 

H         -0.48928        1.49476        0.81770 

C         -0.07110       -1.46104        2.46597 

C         -0.68251       -0.50855        1.59088 

C         -0.78286       -2.63783        2.84998 

H         -0.29023       -3.36268        3.49331 

C         -2.08241       -2.80076        2.47982 

C         -1.99795       -0.79451        1.02884 

C         -2.73163       -1.86290        1.61498 

H         -2.65929       -3.64859        2.84080 

C         -2.65265        0.00001       -0.00001 

C         -1.99793        0.79453       -1.02886 

C         -0.78280        2.63784       -2.84997 

C         -2.08235        2.80079       -2.47983 

C         -0.07105        1.46105       -2.46596 

C         -2.73159        1.86293       -1.61501 

C         -4.13436       -1.97851        1.39539 

C         -0.68248        0.50856       -1.59088 

C          1.22183        1.20135       -2.98205 

C         -4.08215        0.00002       -0.00002 

H         -0.29014        3.36270       -3.49329 

C         -4.13432        1.97856       -1.39542 

C          1.88170        0.02713       -2.70138 

H          1.68721        1.95158       -3.61712 

C         -4.79949       -1.01417        0.69683 

H         -2.65921        3.64863       -2.84081 

C         -0.00020       -0.71243       -1.38243 

C         -4.79947        1.01422       -0.69688 

C          1.25918       -0.97012       -1.90983 

H         -4.67154       -2.79754        1.86665 

H          2.88347       -0.14146       -3.08525 

H         -4.67149        2.79760       -1.86669 

H         -5.88425        1.02357       -0.62682 

H         -5.88427       -1.02351        0.62676 

H         -0.48929       -1.49476       -0.81771 

H          1.29768       -2.39041        0.40301 

C          1.84621       -2.88114       -0.39327 

C          2.48172       -4.09673       -0.14762 

H          2.40249       -4.55276        0.83600 

C          3.22573       -4.71918       -1.15228 

C          3.32825       -4.11382       -2.40663 

H          3.89869       -4.59293       -3.19818 

C          2.69145       -2.89823       -2.65345 

H          2.75590       -2.44801       -3.64042 

C          1.93808       -2.26318       -1.65175 

C          3.22578        4.71913        1.15228 

C          3.32826        4.11380        2.40665 

H          3.89869        4.59291        3.19821 

C          2.69144        2.89821        2.65347 

H          2.75587        2.44800        3.64044 

C          1.93809        2.26315        1.65176 

C          1.84624        2.88111        0.39328 

H          1.29773        2.39037       -0.40301 

C          2.48177        4.09668        0.14763 

H          2.40256        4.55270       -0.83601 

H          3.72251       -5.66641       -0.95986 

H          3.72257        5.66636        0.95986 

 

Biphenyl 
E = –463.321368667 
H          0.74791        2.01451       -0.92498 

C          0.40532        1.13541       -1.46389 

C          0.40469        1.13617       -2.85807 

H          0.72982        2.02314       -3.39565 

C          0.00000        0.00000       -3.56176 

H          0.00000        0.00000       -4.64842 

C         -0.40469       -1.13617       -2.85807 

H         -0.72982       -2.02314       -3.39565 

C         -0.40532       -1.13541       -1.46389 

H         -0.74791       -2.01451       -0.92498 

C          0.00000        0.00000       -0.74229 

H         -0.72982        2.02314        3.39565 

C         -0.40469        1.13617        2.85807 

C         -0.40532        1.13541        1.46389 

H         -0.74791        2.01451        0.92498 

C          0.00000        0.00000        0.74229 

C          0.40532       -1.13541        1.46389 

H          0.74791       -2.01451        0.92498 

C          0.40469       -1.13617        2.85807 

H          0.72982       -2.02314        3.39565 

C          0.00000        0.00000        3.56176 

H          0.00000        0.00000        4.64842 

 

Terphenyl 
E = –694.389341890 
H         -3.08959       -2.09888        0.46248 

C         -3.62799       -1.18069        0.24428 

C         -5.02204       -1.18128        0.24343 

H         -5.55962       -2.10471        0.44261 

C         -5.72580        0.00000        0.00000 

H         -6.81243        0.00000        0.00000 

C         -5.02204        1.18128       -0.24343 

H         -5.55962        2.10471       -0.44261 

C         -3.62799        1.18069       -0.24428 

H         -3.08958        2.09888       -0.46248 

C         -2.90600        0.00000        0.00000 

H          1.22845       -1.90502       -0.99315 

C          0.69562       -1.07508       -0.53735 

C         -0.69562       -1.07508       -0.53735 

H         -1.22845       -1.90502       -0.99315 

C         -1.42297        0.00000        0.00000 

C         -0.69562        1.07508        0.53735 

H         -1.22845        1.90502        0.99315 

C          0.69562        1.07508        0.53735 

H          1.22845        1.90502        0.99315 

C          1.42297        0.00000        0.00000 

H          5.55962       -2.10471        0.44261 

H          3.08959       -2.09888        0.46248 

C          5.02204       -1.18128        0.24343 

C          3.62799       -1.18069        0.24428 

C          5.72580        0.00000        0.00000 

H          6.81243        0.00000        0.00000 

C          2.90600        0.00000        0.00000 

C          5.02204        1.18128       -0.24343 

C          3.62799        1.18069       -0.24428 

H          5.55962        2.10471       -0.44261 

H          3.08958        2.09888       -0.46248 
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A.3. SI [5,n]Helicene para-phenylenes 

A.3.1. Experimental part 

General remarks 
All commercially available chemicals were purchased from Acros, Alfa Aesar, Apollo Scientific, 
Fluorochem and Sigma-Aldrich and used without further purification. KOAc was dried in an oven at 130 
°C overnight prior to use. Anhydrous solvents were purchased from Acros and stored over molecular sieves 
(4 Å). Column chromatography was performed on silica gel P60 (40–63 μm) from SilicycleTM. Celite® 
545 (0.02–0.1 mm) from Supelco was used. Automated flash chromatography was performed using Biotage 
Isolera One. TLC was performed with silica gel 60 F254 aluminium plates purchased from Merck. High 
resolution mass spectra (HRMS) were measured on a maX-isTM4G instrument from Bruker for HR-ESI-
ToF MS. UV-Vis absorption were measured using Jasco V-770 with Jasco ETCR-762 Peltier thermostatted 
cell holder at 25 °C in 1 cm cuvette. Excitation and emission spectra and quantum yield (using nitrogen 
purged integrating sphere and 0.5 cm cuvette) were recorded using Jasco FP-8600 with Jasco ETC-815 
Peltier thermostatted cell holder at 25 °C in 1 cm cuvette. Circular dichroism was measured using Jasco J-
1500 with Jasco PTC-517 Peltier thermostatted cell holder at 25 °C in 1 cm cuvette. Time-correlated single 
photon counting (TCSPC)-based emission lifetime measurements were performed on a LifeSpec II 
spectrometer (Edinburgh Instruments) employing a picosecond pulsed diode laser (ca. 60 ps pulse width). 
Circularly polarized luminescence (CPL) was recorded in an Olis DSM172 spectrophotometer equipped 
with a xenon lamp of 150 W. NMR experiments were performed on Bruker Avance III NMR spectrometers 
operating at 400, 500 or 600 MHz proton frequencies. The instruments were equipped with a direct-observe 
5 mm BBFO smart probe (400 and 500 MHz), an indirect-detection 5 mm BBI probe (600 MHz). All probes 
were equipped with actively shielded z-gradients (10 A). The chemical shifts are reported in ppm relative 
to tetramethylsilane or referenced to residual solvent peak and the J values are given in Hz (±0.1 Hz). 
Standard Bruker pulse sequences were used, and the data was processed on Topspin 3.6 (Bruker) using 
twofold zero-filling in the indirect dimension.  

Synthetic procedures 
9,12-Dibromo-[5]helicene 9a was prepared according to a modified procedure by Moorthy et al.[18] 
Compounds 10b–d were kindly provided to me by my colleague Remigiusz Kręcijasz. 10b was prepared 
according to a procedure by Jasti et al.[19] 10c and 10d were prepared according to a procedure by Jasti et 
al.[1]  

6 

Terephthaldehyde (804 mg; 5.87 mmol; 1 eq.) and (4-bromobenzyl)-
triphenylphosphonium bromide (3.0 g; 5.87 mmol; 1 eq.) were dissolved in DCM 
(100 mL) and cooled to 0 °C. NaOH (5 g) was dissolved in H2O (5 mL) and 
approximately 4 mL of the resulting viscous NaOH solution was added. The 
reaction immediately changed color to orange. The bath was removed and the 

reaction was stirred at r.t. for 3 h upon which the orange color had disappeared. H2O (100 mL) was added, 
the phases were separated and the aqueous phase was extracted with DCM (3 times 30 mL) and dried with 
Na2SO4. The crude product was purified using automated flash chromatography (SiO2, 25% EtOAc in 
cyclohexane) affording a mixture of two diastereomers of 6 as a slightly yellow solid (878 mg; 96%). 
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Figure A11. 1H-NMR (500 MHz, CDCl3, 298 K) spectrum of a mixture of (E)-7 and (Z)-7. 

7 

Alkene 6 (582 mg; 2.03 mmol; 1 eq.) was dissolved in toluene (500 mL) and degassed 
by bubbling with Ar for 1 h. Iodine (514 mg; 2.02 mmol; 1 eq.) and propylene oxide 
(14.1 mL; 202 mmol; 100 eq.) were added and the reaction was vigorously stirred and 
irradiated (370 nm LED) for 16 h. The reaction mixture was concentrated under reduced 
pressure to around ¼ of volume and washed with sat. aq. Na2S2O3 (50 mL), H2O (50 

mL) and dried with Na2SO4. Volatiles were evaporated and the crude product was purified by 
recrystallization from dioxane. Crystals were filtered off and washed with cold dioxane and cyclohexane 
affording 7 as yellowish fluffy needles (316 mg; 55%).  

1H-NMR (500 MHz, CDCl3, 298 K, δ/ppm): 10.29 (s, 1H), 9.11 (s, 1H), 8.92 (s, 1H), 8.12 (dd, J = 8.3, 1.5, 
1H), 8.02 (d, J = 8.2, 1H), 7.87 (d, J = 8.8, 1H), 7.82 (d, J = 8.0, 2H), 7.77 (dd, J = 8.5, 1.8, 1H). 
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FigureA 12. 1H-NMR (500 MHz, CDCl3, 298 K) spectrum of 7. 

8 

Aldehyde 7 (599 mg; 2.1 mmol; 1 eq.) and (4-bromobenzyl)-
triphenylphosphonium bromide (1.18 g; 2.3 mmol; 1.1 eq.) were dissolved in 
DCM (60 mL) and cooled to 0 °C. NaOH (5 g) was dissolved in H2O (5 mL) 
and approximately 3.3 mL of the resulting viscous NaOH solution was added. 
The reaction immediately changed color to orange. The reaction was stirred 

for 16 h while warming up to r.t. upon which the orange color had disappeared. H2O (50 mL) was added, 
the phases were separated and the aqueous phase was extracted with DCM (3 times 25 mL) and dried with 
Na2SO4. The crude product was purified using automated flash chromatography (SiO2, 0 to 100% DCM in 
cyclohexane) affording a mixture of two diastereomers of 8 as a white solid (878 mg; 96%). 

Analytically pure samples of (E)- and (Z)-diastereomers were obtained during flash chromatography: 

(E)-8 

1H-NMR (500 MHz, CDCl3, 298 K, δ/ppm): 8.85 (d, J = 1.8, 1H), 8.62 (s, 1H), 7.88 (d, J = 8.3, 1H), 7.86 
– 7.82 (m, 1H), 7.78 – 7.65 (m, 4H), 7.53 (d, J = 8.6, 2H), 7.47 (d, J = 8.6, 2H), 7.37 (d, J = 16.3, 1H), 7.25 
(d, J = 16.3, 1H). 
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(Z)-8 

1H-NMR (500 MHz, CDCl3, 298 K, δ/ppm): 8.54 (d, J = 1.9, 1H), 8.45 (s, 1H), 7.75 – 7.63 (m, 5H), 7.46 
(dd, J = 8.3, 1.6, 1H), 7.38 (d, J = 8.5, 2H), 7.17 (d, J = 8.4, 2H), 6.87 (d, J = 12.1, 1H), 6.68 (d, J = 12.1, 
1H). 

 

Figure A13. 1H-NMR (500 MHz, CDCl3, 298 K) spectrum of (E)-8. 

 



Appendix 

203 
 

 

Figure A14. 1H-NMR (500 MHz, CDCl3, 298 K) spectrum of (Z)-8. 

9a 

Alkene 8 (879 mg; 2.01 mmol; 1 eq.) was dissolved in toluene (500 mL) and degassed by 
bubbling with Ar for 1 h. Iodine (509 mg; 2.01 mmol; 1 eq.) and propylene oxide (11.6 mL; 
200 mmol; 100 eq.) were added and the reaction was vigorously stirred and irradiated (370 
nm LED) for 3 h. The reaction mixture was concentrated under reduced pressure to around 
¼ of volume and washed with sat. aq. Na2S2O3 (50 mL), H2O (50 mL) and dried with 

Na2SO4. Volatiles were evaporated and the crude product was purified using automated flash 
chromatography (SiO2, 10% DCM in cyclohexane) affording 9a as a white solid (825 mg; 95%).  

1H-NMR (500 MHz, CDCl3, 298 K, δ/ppm): 8.69 (d, J = 1.9, 2H), 7.89 (s, 6H), 7.84 (d, J = 8.5, 2H), 7.65 
(dd, J = 8.6, 1.9 Hz, 2H). 
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Figure A15. 1H-NMR (500 MHz, CDCl3, 298 K) spectrum of 9a. 

9b 

 9a (488 mg; 1.12 mmol; 1 eq.) was dissolved in THF (35 mL) and cooled to –78 °C. n-
BuLi (1 mL; 2.46 mmol; 2.2 eq.) was added and the reaction was stirred at –78 °C for 1 
h. i-PrOBin (0.6 mL; 2.8 mmol; 2.5 eq.) was added and stirring was continued at –78 °C 
for 1 h after which the bath was removed and the reaction was allowed to warm up to r.t. 
over 3 h. The reaction was poured into H2O (50 mL), extracted with EtOAc (3 times 20 

mL) and dried with Na2SO4. Volatiles were evaporated and the crude product was recrystallized from 
dioxane. Crystals were filtered off, washed with cold dioxane and dried in vacuo affording 9b as a white 
crystalline solid (300 mg; 51%).  

1H-NMR (500 MHz, CDCl3, 298 K, δ/ppm): 8.89 (s, 1H), 7.95 – 7.88 (m, 3H), 7.86 (s, 1H), 7.82 (dd, J = 
8.0, 1.0 Hz, 1H), 1.23 (s, 7H), 1.21 (s, 7H). 

HRMS (ESI, +): m/z calcd. for C34H41B2NO4 [M+NH4]+: 548.3149, found: 548.3138; C34H36B2NaO4 
[M+Na]+: 553.2703, found: 553.2691. 
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Figure A16. 1H-NMR (500 MHz, CDCl3, 298 K) spectrum of 9b. 
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Figure A17. HR-MS (ESI, +) spectrum of 9b [M+NH4]+ and [M+Na]+. 
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10a 

A round-bottom flask was charged with 1,4-diiodobenzene (522 mg; 1.55 mmol; 1.1 eq.) and 
dry THF (40 mL) was added. The solution was cooled down to –78 °C. n-BuLi (2.4 M; 
0.65 mL; 1.55 mmol; 1.1 eq.) was added dropwise and the reaction was stirred at –78 °C for 
1 h. A solution of 1b (535 mg; 1.41 mmol; 1.00 eq.) in dry THF (5 mL) was added via cannula 
and the reaction was stirred and left to warm to r.t. over 16 h. H2O (25 mL) and brine (20 mL) 
were added and the resulting mixture was extracted with EtOAc (3 times 25 mL). Combined 
organic phases were washed with brine (20 mL) and dried with Na2SO4. Volatiles were 
evaporated. Resulting solid was dissolved in MeOH (100 ml) and K2CO3 (1.95 g; 14.1 mmol; 

10 eq.) was added and the reaction was stirred at 70 °C for 16 h. Reaction was quenched with sat. aq. NH4Cl 
(50 mL) and the resulting mixture was concentrated under reduced pressure until a precipitation was 
observed. EtOAc (50 mL) was added to dissolve the precipitate, the phases were separated and the organic 
phase  was extracted with EtOAc (3 times 25 mL), washed with brine (40 mL) and dried with Na2SO4. 
Volatiles were evaporated and the afforded solid was dried in vacuo. Dried solid was dissolved in THF (40 
mL) and cooled to 0 °C. NaH (226 mg; 60% in oil; 5.64 mmol; 4 eq.) was added, stirred for 30 min and MeI 
(0.88 mL; 14.1 mmol; 10 eq.) was added and the reaction was stirred while warming to r.t. for 16 h. The 
reaction was quenched with H2O (50 mL). Brine (50 mL) was added and the resulting mixture was extracted 
with EtOAc (3 times 30 ml). Combined organic phases were washed with brine (30 ml) and dried with 
Na2SO4. Volatiles evaporated. The crude product was purified using column chromatography (50% DCM 
in cyclohexane). The product was isolated as a white solid (495 mg; 71%)  

1H-NMR (400 MHz, CDCl3, 298 K, δ/ppm): 7.64 (d, J = 8.6, 2H), 7.44 (d, J = 8.7, 2H), 7.24 (d, J = 8.6, 
2H), 7.11 (d, J = 8.6, 2H), 6.07 (s, 4H), 3.41 (s, 6H). 
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Figure A18. 1H-NMR (500 MHz, CDCl3, 298 K) spectrum of 10a. 

11a 

Helicene 9a (10 mg; 18.9 μmol; 1.00 eq.) and 10a (20 mg; 39.7 μmol; 2.10 
eq.) were added to a Schlenk flask followed by THF (15 mL) and water (1 
mL). The solution was degassed by bubbling with Ar for 1 h. KOH (17 mg; 
0.3 mmol; 16 eq.) and Pd(PPh3)3Cl2 (1 mg; 1.9 μmol; 0.1 eq.) were added 
and the degassing was further continued for 15 min. The Schlenk flask was 
sealed and stirred at room temperature for 16 h. The reaction mixture was 
filtered through celite, the flask and celite were rinsed with EtOAc and the 
volatiles were evaporated. The crude product was purified using column 
chromatography (SiO2, 10% EtOAc in cyclohexane). The product was 
isolated as a white solid (5 mg; 26%).  

1H-NMR (400 MHz, CDCl3, 298 K, δ/ppm): 8.86 (d, J = 1.7, 2H), 8.09 (d, 
J = 8.4, 2H), 7.96 (d, J = 8.4, 2H), 7.91 – 7.85 (m, 4H), 7.81 (dd, J = 8.4, 

1.8, 2H), 7.30 (t, J = 8.6, 8H), 7.22 (d, J = 8.4, 4H), 7.18 (d, J = 8.6, 4H), 6.08 – 5.92 (m, 8H), 3.39 (s, 6H), 
3.38 (s, 6H). 

HRMS (ESI, +): m/z calcd. for C62H48Br2NaO4 [M+Na]+: 1037.1812, found: 1037.1797. 
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Figure A19. 1H-NMR (500 MHz, CDCl3, 298 K) spectrum of 11a. 
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Figure A20. HR-MS (ESI, +) spectrum of 11a [M+Na]+. 
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11b 

Helicene 9a (100 mg; 0.23 mmol; 1.00 eq.) and 10c (207 mg; 0.46 mmol; 
2.00 eq.) were added to a Schlenk flask followed by dioxane (100 mL) and 
water (10 mL). The solution was degassed by bubbling with Ar for 1 h. 
K3PO4 (389 mg; 1.83 mmol; 8.00 eq.) and SPhos Pd G3 (18 mg; 22.9 
μmol; 0.1 eq.) were added and the degassing was further continued for 
20 min. The Schlenk flask was sealed and stirred at room temperature for 
24 h. The reaction mixture was filtered through celite, the flask and celite 
were rinsed with EtOAc and the volatiles were evaporated. The crude 
product was purified using column chromatography (10% EtOAc in 
cyclohexane). The product was isolated as a white solid (170 mg; 80%).  

1H-NMR (400 MHz, CDCl3, 298 K, δ/ppm): 7.70 (d, 3JHH = 8.2 Hz, 4H), 
7.33 (d, 3JHH = 8.2 Hz, 4H), 7.33-7.25 (m, 8H), 6.12 (d, 3JHH = 10.2 Hz, 

4H), 5.97 (s, 4H), 5.94 (d, 3JHH = 10.2 Hz, 4H), 3.34 (s, 6H), 1.32 (s, 24H), 1.00-0.90 (m, 36H), 0.71-0.55 
(m, 24H). 

HRMS (ESI, +): m/z calcd. for C62H48Cl2NaO4 [M+Na]+: 949.2822, found: 949.2819; C62H48Cl2KO4 
[M+K]+: 965.2561, found: 965.2552. 

 

Figure A21. 1H-NMR (500 MHz, CDCl3, 298 K) spectrum of 11b. 
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Figure A22. HR-MS (ESI, +) spectrum of 11b [M+Na]+ and [M+K]+. 
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11c 

KOAc (7 mg; 0.713 mmol; 6.6 eq.) was weighed while still hot into a dry 
Schlenk flask, the flask was evacuated and placed into an oil bath at 130 
°C for 1 h after which it was cooled down to r.t. under Ar. Afterwards, 11b 
(10 mg; 10.8 μmol; 1.00 eq.), (Bpin)2 (12 mg; 43 μmol; 4 eq.), XPhos (1 
mg; 2 μmol; 0.2 eq.) and Pd2dba3 (1 mg; 2 μmol; 0.2 eq.) were added. The 
flask was evacuated and filled with Ar 3 times. In a separate dry flask, 
dioxane was degassed by bubbling with Ar for 1 h. Degassed dioxane (1 
mL) was added to dissolve all components. The Schlenk flask was sealed 
with a glass stopper and placed into an oil bath pre-heated to 100 °C. The 
reaction was stirred for 16 h at 100 °C. and The reaction mixture was 
filtered through celite, the flask and celite were rinsed with EtOAc and the 
volatiles were evaporated. The crude product was precipitated with EtOH, 

filtered off and washed with EtOH. Crude product was used without further purification.  

 

 

Figure A23. 1H-NMR (500 MHz, CDCl3, 298 K) spectrum of crude 11c.  
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12 

To a crude 11c, Pd(PPh3)2Cl2 (1 mg; ~0.2 eq.) and B(OH)3 (3 mg, ~5 eq.) 
were added. The solids were dissolved in THF (18 mL) and stirred 
vigorously for 10 min. KF (1 mg; ~2 eq.) was dissolved in H2O (1 mL) 
and added. The reaction was stirred at 40 °C open to air for 16 h. The next 
day, the mixture was filtered through celite, flask and celite were washed 
with EtOAc and concentrated to give a yellow-orange solid which was 
analyzed using MALDI-MS (see Section 4).  

 

[5,7]HPP 

9a (56 mg; 0.13 mmol; 1.00 eq.) and 3b (193 mg; 0.14 mmol; 1.10 eq.) 
were weighed in a Schlenk flask and dissolved in dioxane (100 mL) and 
H2O (10 mL). The resulting solution was degassed by bubbling with Ar 
for 1 h. K3PO4 (217 mg; 1.02 mmol; 8.00 eq.) and SPhos Pd G3 (20 mg; 

25.6 μmol; 0.2 eq.) were added and the degassing was further continued for 30 min. The Schlenk flask was 
sealed and placed into an oil bath pre-heated to 80 °C. The reaction was stirred for 16 h at 80 °C. The 
reaction mixture was filtered through celite, the flask and celite were rinsed with EtOAc and the volatiles 
were evaporated and crude product dried in high vacuum. The residue was dissolved in dry THF (3 mL) 
and TBAF (1 M in THF; 0.77 mL; 768 μmol; 6.00 eq.) was added and the reaction was stirred for 1 h at 
room temperature and quenched with H2O (5 mL). The resulting mixture was concentrated on rotavap 
(40 °C; 160 mbar). Formed precipitate was filtered off, washed with DCM (2 times 5 mL) and dried in high 
vacuum. The residue was dissolved in THF (10 mL) and H2SnCl4 (127 mM in THF; 3.3 mL; 420 μmol; 
3.3 eq.) was added. The reaction was stirred for 4 h at room temperature and quenched with 10% aqueous 
NaOH (2.5 mL). The resulting mixture was diluted with H2O (50 mL) and extracted with DCM (4 times 
25 mL). The combined organic phases were washed with brine (25 mL) and dried with Na2SO4. Volatiles 
were evaporated. The crude product was purified by column chromatography (50% toluene in n-heptane). 
The product was isolated as yellow solid (7.2 mg; 7%). 

1H-NMR (500 MHz, CDCl3, 298 K, δ/ppm): 8.97 (s, 2H), 8.07 (d, J = 8.4 Hz, 1H), 7.97 (d, J = 8.5 Hz, 1H), 
7.91 – 7.85 (m, 3H), 7.70 (dd, J = 8.4, 1.8 Hz, 1H), 7.56 (dd, J = 9.0, 2.1 Hz, 1H), 7.52 (d, J = 8.1 Hz, 3H), 
7.49 – 7.46 (m, 5H), 7.46 – 7.42 (m, 1H), 7.41 – 7.34 (m, 5H). 

HRMS (ESI, +): m/z calcd. for C58H42Ag [M+Ag]+: 915.2175, found: 915.2161. 
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Figure A24. 1H-NMR (500 MHz, CD2Cl2, 298 K) spectrum of [5,7]HPP. 
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Figure A25. HR-MS (ESI, +) spectrum of [5,7]HPP [M+Ag]+. 
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[5,9]HPP 

11b (57 mg; 61.4 μmol; 1.00 eq.) and 10d (33 mg; 61.4 mmol; 
1.10 eq.) were weighed in a Schlenk flask and dissolved in 
dioxane (50 mL) and H2O (5 mL). The resulting solution was 
degassed by bubbling with Ar for 1 h. K3PO4 (104 mg; 

0.491 mmol; 8.00 eq.), XPhos (6 mg; 0.12 mmol; 0.2 eq.) and Pd2dba3 (3 mg; 3 μmol; 0.05 eq.) were added 
and the degassing was further continued for 15 min. The Schlenk flask was sealed and placed into an oil 
bath pre-heated to 100 °C. The reaction was stirred for 16 h at 100 °C. The reaction mixture was filtered 
through celite, the flask and celite were rinsed with EtOAc and the volatiles were evaporated and crude 
product dried in high vacuum. The residue was dissolved in THF (10 mL) and H2SnCl4 (127 mM in THF; 
1.6 mL; 0.203 mmol; 3.3 eq.) was added. The reaction was stirred for 16 h at room temperature and 
quenched with 10% aqueous NaOH (0.5 mL). The resulting mixture was diluted with H2O (25 mL) and 
extracted with DCM (3 times 25 mL). The combined organic phases were washed with brine (25 mL) and 
dried with Na2SO4. Volatiles were evaporated. Crude product was partially purified by column 
chromatography (SiO2, 50% toluene in n-heptane) and using GPC (CHCl3).  

 

Figure A26. 1H-NMR (500 MHz, CD2Cl2, 298 K) spectrum of partially-purified [5,9]HPP. 
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Figure A27. ESI-MS spectrum of macrocycle 13 [M]+.  
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Figure A28. HPLC chromatogram of [5,7]HPP  with (M)-enantiomers (grey) eluting first followed by (P)-
enantiomers (red). 
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Optical properties 
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Figure A29. Absorption dilution series of [5,7]HPP. 
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Figure A30. Circular dichroism dilution series of [5,7]HPP. 
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A.4.2. DFT calculations 

Calculations were performed with Gaussian 09[7] (release D.01) software. Molecular geometries were 
optimized at D3-B3LYP/6-31g(d) level of theory. Stationary points were confirmed by a subsequent 
vibrational frequencies calculations. All vibrational frequencies were real. UltraFine integration grid was 
used in all calculations. The single point energies were then calculated at D3-B3LYP/cc-pVTZ level of 
theory. We used StrainViz software developed by Jasti group[15] to visualize local strain of [5,n]HPPs (n = 
6,7,9). NICS values were calculated using GIAO at B3LYP/6-31G(d)/gas phase level of theory. AICD plots 
were obtained by first calculating NMR shielding tensor using CSGT at B3LYP/6-31G(d) level of theory 
and then using AICD program developed by Herges et al. on the Gaussian output file.[20] 

 

Figure A31. Frontier molecular (canonical) orbitals of [5,7]HPP with their energies in eV in brackets 
calculated at D3-B3LYP/6-31G(d) level of theory.  
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TD-DFT 
The CD spectra were obtained calculating first 50 singlet excitations on ground state geometries at CAM-
B3LYP/6-31g(d) level of theory.  
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Figure A32. Experimental (red) and calculated (blue) CD spectra of (M)-[5.7]HPP with excitation 
transitions (grey lines) in DCM. 
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Figure A33. Experimental (black) and calculated (blue) CD spectra of (P)-[5.7]HPP with excitation 
transitions (grey lines) in DCM. 
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Figure A34. Electric (blue) and magnetic (red) transition dipole moments of the S0→S1 transitions for 
[5,7]HPP (top) and [6,7]HPP (bottom). The vectors were scaled up by a factor of 2 due to the small length 
of μ. 
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A.4.3. XYZ atomic coordinates

[5.6]HPP 
neutral 
E = –2232.69950871 
C         -1.79278       -2.51316       -0.63204 

C         -1.19506       -1.85743        0.45700 

C         -1.19037       -3.69929       -1.08999 

C          0.01033       -2.31108        0.98966 

H         -1.63420       -0.93941        0.83870 

C          0.00758       -4.15469       -0.55345 

H         -1.66619       -4.26571       -1.88573 

C          0.66484       -3.43946        0.46237 

H          0.49836       -1.72636        1.76438 

H          0.45532       -5.06493       -0.94326 

C         -1.79260        2.51323        0.63172 

C         -1.19029        3.69936        1.08974 

C         -1.19487        1.85751       -0.45731 

C          0.00768        4.15481        0.55324 

H         -1.66620        4.26569        1.88548 

C          0.01051        2.31120       -0.98993 

H         -1.63401        0.93948       -0.83898 

C          0.66495        3.43961       -0.46259 

H          0.45541        5.06506        0.94302 

H          0.49857        1.72656       -1.76467 

C          2.07870       -3.71565        0.81349 

C          2.98580       -4.02027       -0.21544 

C          2.61723       -3.48446        2.09179 

C          4.35631       -3.90158       -0.02540 

H          2.61313       -4.21755       -1.21629 

C          3.99261       -3.38555        2.28661 

H          1.94771       -3.32482        2.93311 

C          4.89312       -3.48082        1.20611 

H          5.00249       -3.99525       -0.89186 

H          4.36291       -3.14859        3.28015 

C          6.22002       -2.80918        1.20566 

C          6.40964       -1.68804        2.03401 

C          7.13724       -2.96063        0.14359 

C          7.21176       -0.62884        1.62795 

H          5.77579       -1.54002        2.90235 

C          7.93193       -1.89611       -0.27188 

H          7.13600       -3.87259       -0.44717 

C          7.84589       -0.64510        0.37060 

H          7.15884        0.29906        2.18904 

H          8.51205       -1.99484       -1.18615 

C          2.07892        3.71575       -0.81358 

C          2.61757        3.48459       -2.09183 

C          2.98586        4.02024        0.21549 

C          3.99295        3.38563       -2.28649 

H          1.94815        3.32511       -2.93326 

C          4.35642        3.90145        0.02562 

H          2.61305        4.21736        1.21632 

C          4.89335        3.48083       -1.20587 

H          4.36341        3.14866       -3.27995 

H          5.00248        3.99498        0.89216 

C          6.22026        2.80909       -1.20548 

C          7.13755        2.96032       -0.14338 

C          6.40988        1.68813       -2.03402 

C          7.93218        1.89573        0.27186 

H          7.13649        3.87230        0.44733 

C          7.21186        0.62873       -1.62807 

H          5.77611        1.54031       -2.90245 

C          7.84596        0.64476       -0.37075 

H          8.51245        1.99425        1.18606 

H          7.15877       -0.29906       -2.18932 

H         -2.15981       -2.44917       -3.30042 

C         -3.00476       -2.02692       -2.76502 

C         -2.96268       -1.94737       -1.34735 

C         -4.10680       -1.58431       -3.45637 

H         -4.15260       -1.68941       -4.53782 

C         -4.01912       -1.33443       -0.68451 

H         -3.99942       -1.29765        0.39772 

C         -5.21775       -1.02336       -2.78265 

C         -5.14959       -0.81787       -1.36914 

C         -6.43069       -0.75752       -3.48788 

H         -6.45115       -0.89585       -4.56596 

C         -7.56407       -0.44574       -2.80102 

C         -6.29971       -0.23778       -0.68334 

C         -7.53726       -0.23485       -1.38629 

H         -8.51661       -0.35027       -3.31639 

C         -6.29961        0.23794        0.68350 

C         -5.14935        0.81789        1.36918 

C         -3.00423        2.02674        2.76481 

C         -4.10616        1.58408        3.45631 

C         -2.96242        1.94731        1.34713 

C         -5.21725        1.02326        2.78271 

C         -8.76105       -0.06187       -0.67955 

C         -4.01897        1.33447        0.68439 

C         -7.53706        0.23509        1.38661 

H         -2.15916        2.44894        3.30007 

C         -6.43013        0.75748        3.48809 

C         -8.76096        0.06226        0.68002 

H         -4.15179        1.68906        4.53778 

C         -7.56365        0.44588        2.80136 

H         -9.69419       -0.09681       -1.23609 

H         -6.45042        0.89574        4.56618 

H         -8.51613        0.35051        3.31686 

H         -9.69403        0.09730        1.23668 

H         -3.99946        1.29780       -0.39785 

 

[5.6]HPP 
2+ 
E = –2231.33922131 
C         -1.78679        2.49204        0.56144 

C         -1.25167        1.82290       -0.56249 

C         -1.11090        3.65047        1.01373 

C         -0.05191        2.22196       -1.12271 

H         -1.74841        0.93701       -0.94538 

C          0.07703        4.05787        0.44555 

H         -1.54376        4.24019        1.81395 

C          0.68078        3.32081       -0.60380 

H          0.36583        1.62356       -1.92393 

H          0.54511        4.96171        0.81754 

C         -1.78680       -2.49204       -0.56145 

C         -1.11090       -3.65046       -1.01375 

C         -1.25168       -1.82291        0.56248 

C          0.07703       -4.05786       -0.44557 

H         -1.54376       -4.24019       -1.81397 

C         -0.05192       -2.22197        1.12270 

H         -1.74842       -0.93702        0.94538 

C          0.68078       -3.32082        0.60379 

H          0.54511       -4.96170       -0.81757 

H          0.36582       -1.62357        1.92393 

C          2.05944        3.55980       -1.00504 

C          2.94641        4.29310       -0.16985 

C          2.63196        2.94417       -2.14986 

C          4.31036        4.19974       -0.31713 

H          2.55948        4.86187        0.66637 

C          3.99639        2.85770       -2.30655 

H          1.99147        2.48759       -2.89538 

C          4.88697        3.36866       -1.31826 

H          4.94388        4.71866        0.39250 

H          4.38363        2.30120       -3.15147 

C          6.19920        2.79083       -1.15912 

C          6.73198        1.85762       -2.10109 

C          6.87652        2.86245        0.09796 

C          7.52858        0.82417       -1.68127 

H          6.42656        1.89789       -3.14020 

C          7.66157        1.82276        0.52418 

H          6.66476        3.66950        0.78849 

C          7.82049        0.65666       -0.28918 

H          7.81356        0.06065       -2.39528 

H          8.05707        1.84278        1.53311 

C          2.05943       -3.55980        1.00503 

C          2.63195       -2.94418        2.14985 

C          2.94641       -4.29309        0.16984 

C          3.99638       -2.85771        2.30655 

H          1.99146       -2.48760        2.89538 

C          4.31036       -4.19973        0.31712 

H          2.55948       -4.86186       -0.66638 

C          4.88697       -3.36867        1.31826 

H          4.38361       -2.30121        3.15147 

H          4.94388       -4.71865       -0.39251 

C          6.19919       -2.79083        1.15912 

C          6.87652       -2.86245       -0.09795 

C          6.73197       -1.85762        2.10110 

C          7.66157       -1.82277       -0.52417 

H          6.66477       -3.66951       -0.78849 

C          7.52857       -0.82417        1.68128 

H          6.42654       -1.89789        3.14021 

C          7.82048       -0.65666        0.28919 

H          8.05708       -1.84278       -1.53309 

H          7.81355       -0.06065        2.39529 

H         -2.19681        2.65057        3.21942 

C         -3.02699        2.18785        2.69742 

C         -2.95666        1.99229        1.28611 

C         -4.13243        1.78254        3.39414 

H         -4.20036        1.95512        4.46408 

C         -4.00289        1.32792        0.64356 

H         -3.96958        1.22809       -0.43318 

C         -5.23451        1.17654        2.73562 

C         -5.14751        0.87354        1.33567 

C         -6.44776        0.96169        3.44699 

H         -6.47980        1.16996        4.51175 

C         -7.57358        0.60885        2.76610 

C         -6.29308        0.26839        0.67012 

C         -7.53392        0.31245        1.36497 

H         -8.53137        0.54912        3.27429 

C         -6.29308       -0.26839       -0.67011 

C         -5.14752       -0.87354       -1.33567 

C         -3.02701       -2.18785       -2.69743 

C         -4.13245       -1.78254       -3.39414 

C         -2.95667       -1.99229       -1.28612 

C         -5.23453       -1.17653       -2.73561 

C         -8.75588        0.10240        0.67733 

C         -4.00289       -1.32792       -0.64356 

C         -7.53393       -0.31245       -1.36495 

H         -2.19682       -2.65057       -3.21943 

C         -6.44777       -0.96169       -3.44698 

C         -8.75588       -0.10240       -0.67732 

H         -4.20038       -1.95511       -4.46408 

C         -7.57360       -0.60884       -2.76608 

H         -9.68774        0.16699        1.23039 

H         -6.47982       -1.16996       -4.51174 

H         -8.53139       -0.54911       -3.27427 

H         -9.68775       -0.16698       -1.23037 

H         -3.96958       -1.22809        0.43317 

 

[5.6]HPP 
2+  
reoptimized with UB3LYP 
E = –2231.34097901 
C         -1.83146        2.75584        0.38097 

C         -1.20464        1.99964       -0.62713 

C         -1.23840        3.98701        0.73571 

C          0.02108        2.38935       -1.15247 

H         -1.63446        1.05256       -0.94061 

C         -0.02420        4.38416        0.19808 

H         -1.73888        4.63943        1.44433 

C          0.67310        3.56125       -0.71136 

H          0.51945        1.72643       -1.85177 

H          0.39472        5.33888        0.49952 

C         -1.83153       -2.75590       -0.38037 

C         -1.23861       -3.98732       -0.73447 

C         -1.20462       -1.99923        0.62733 

C         -0.02447       -4.38433       -0.19661 

H         -1.73916       -4.64000       -1.44280 

C          0.02108       -2.38878        1.15282 

H         -1.63435       -1.05195        0.94031 

C          0.67297       -3.56101        0.71235 

H          0.39432       -5.33927       -0.49754 

H          0.51954       -1.72549        1.85169 

C          2.09306        3.78926       -1.04367 

C          2.94561        4.44746       -0.12728 

C          2.70304        3.20022       -2.17265 

C          4.32116        4.32302       -0.20844 

H          2.52464        4.97561        0.72145 

C          4.07879        3.07460       -2.25738 

H          2.08947        2.78389       -2.96509 

C          4.92555        3.52668       -1.21275 

H          4.92733        4.78773        0.56165 

H          4.49248        2.52579       -3.09582 

C          6.23307        2.90159       -1.01848 

C          6.81751        2.04914       -1.99935 

C          6.81749        2.84512        0.27872 

C          7.58709        0.97223       -1.62371 

H          6.57853        2.18137       -3.04909 

C          7.58563        1.76787        0.65799 

H          6.54337        3.57197        1.03435 

C          7.80922        0.68333       -0.24152 

H          7.91881        0.27934       -2.38886 

H          7.89666        1.69393        1.69382 

C          2.09294       -3.78895        1.04475 

C          2.70311       -3.19864        2.17295 

C          2.94531       -4.44844        0.12909 

C          4.07888       -3.07301        2.25731 

H          2.08971       -2.78127        2.96497 

C          4.32089       -4.32408        0.20993 

H          2.52417       -4.97767       -0.71889 

C          4.92544       -3.52652        1.21316 

H          4.49279       -2.52303        3.09488 

H          4.92702       -4.78995       -0.55951 

C          6.23294       -2.90159        1.01815 

C          6.81629       -2.84522       -0.27950 

C          6.81825       -2.04932        1.99863 

C          7.58452       -1.76821       -0.65932 

H          6.54110       -3.57181       -1.03498 

C          7.58785       -0.97260        1.62242 

H          6.57999       -2.18158        3.04854 

C          7.80914       -0.68380        0.24008 

H          7.89473       -1.69432       -1.69539 

H          7.92029       -0.27975        2.38731 

H         -2.27727        3.06384        3.00791 

C         -3.07935        2.52178        2.51919 

C         -2.99736        2.24727        1.13172 

C         -4.16405        2.09921        3.25033 

H         -4.23769        2.33633        4.30794 

C         -4.01391        1.47874        0.53353 

H         -3.96186        1.29599       -0.53358 

C         -5.22766        1.39485        2.63563 

C         -5.13094        1.01624        1.25524 

C         -6.43114        1.18741        3.35308 

H         -6.47141        1.45009        4.40634 

C         -7.57050        0.77806        2.69470 

C         -6.27864        0.33740        0.62921 

C         -7.53845        0.42366        1.32864 

H         -8.51921        0.73369        3.22128 

C         -6.27852       -0.33727       -0.62982 

C         -5.13072       -1.01626       -1.25554 

C         -3.07905       -2.52228       -2.51884 

C         -4.16352       -2.09967       -3.25027 

C         -2.99730       -2.24748       -1.13140 

C         -5.22718       -1.39505       -2.63591 

C         -8.77224        0.15409        0.66094 

C         -4.01389       -1.47873       -0.53354 

C         -7.53817       -0.42348       -1.32955 

H         -2.27694       -3.06458       -3.00724 

C         -6.43044       -1.18755       -3.35365 

C         -8.77210       -0.15377       -0.66214 

H         -4.23699       -2.33691       -4.30787 

C         -7.56993       -0.77798       -2.69557 

H         -9.69920        0.26132        1.21569 

H         -6.47055       -1.45032       -4.40689 

H         -8.51849       -0.73358       -3.22240 

H         -9.69894       -0.26093       -1.21710 

H         -3.96195       -1.29579        0.53354 

 

[5.6]HPP 
2– 
E = –2231.84104593 
C         -1.79734        2.47874        0.40772 

C         -1.12988        1.65804       -0.51603 

C         -1.23612        3.73908        0.67792 

C          0.09020        2.04532       -1.06194 

H         -1.52433        0.67074       -0.74017 

C         -0.02988        4.13441        0.11442 

H         -1.75827        4.41384        1.35298 

C          0.70476        3.27250       -0.72718 

H          0.62794        1.33438       -1.68084 

H          0.37000        5.11640        0.35331 

C         -1.85543       -2.50967       -0.64275 

C         -1.07540       -3.54851       -1.21916 

C         -1.35862       -1.98622        0.58025 

C          0.12373       -3.96127       -0.68118 

H         -1.44686       -4.05587       -2.10622 

C         -0.14598       -2.38741        1.10961 

H         -1.90306       -1.18508        1.07461 

C          0.68649       -3.35993        0.48085 

H          0.65680       -4.76637       -1.17861 

H          0.21568       -1.87227        1.99409 

C          2.10284        3.54381       -1.09671 

C          2.95072        4.28392       -0.24227 

C          2.73993        2.89815       -2.17924 

C          4.33028        4.22320       -0.34430 

H          2.51903        4.83157        0.59189 

C          4.11810        2.83359       -2.28517 

H          2.13550        2.37569       -2.91696 

C          4.97590        3.38123       -1.29079 

H          4.92451        4.74390        0.40160 

H          4.54174        2.22147       -3.07491 

C          6.31900        2.86155       -1.09109 

C          6.90847        1.92761       -1.99382 

C          6.92044        2.88108        0.20196 

C          7.70465        0.89356       -1.55420 

H          6.64358        1.96083       -3.04892 

C          7.71074        1.84501        0.64841 

H          6.63994        3.65073        0.91685 

C          7.92938        0.67908       -0.15493 

H          8.01192        0.13863       -2.27307 

H          8.02295        1.84759        1.68975 

C          2.05218       -3.60688        0.89394 

C          2.62314       -3.03820        2.06940 

C          2.98770       -4.28278        0.05667 

C          3.98465       -2.94839        2.26172 

H          1.97068       -2.59803        2.81889 

C          4.34905       -4.18922        0.24238 

H          2.63370       -4.81659       -0.82076 

C          4.92417       -3.39726        1.28265 

H          4.34121       -2.40518        3.13219 

H          4.99857       -4.65966       -0.49148 

C          6.24550       -2.83449        1.18688 

C          6.98696       -2.86010       -0.03886 

C          6.75347       -1.90128        2.14778 

C          7.79211       -1.80990       -0.41217 

H          6.80379       -3.64832       -0.76465 

C          7.56817       -0.85707        1.77964 

H          6.39801       -1.94191        3.17495 

C          7.93182       -0.64333        0.40899 

H          8.21232       -1.81515       -1.41573 

H          7.80341       -0.10191        2.52574 

H         -2.11853        2.69146        3.05049 

C         -2.98213        2.22836        2.58264 

C         -2.96876        2.00454        1.18296 

C         -4.07368        1.86091        3.33454 

H         -4.09864        2.06729        4.40317 

C         -4.04679        1.34355        0.60477 

H         -4.03823        1.18179       -0.46498 
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C         -5.19971        1.24395        2.74514 

C         -5.17024        0.91066        1.35450 

C         -6.39183        1.05048        3.51281 

H         -6.37667        1.28800        4.57400 

C         -7.54541        0.69334        2.87948 

C         -6.34910        0.29244        0.73761 

C         -7.56661        0.36861        1.49347 

H         -8.48743        0.65028        3.42447 

C         -6.39766       -0.27981       -0.58024 

C         -5.26342       -0.89989       -1.28294 

C         -3.16396       -2.12420       -2.72675 

C         -4.29034       -1.71880       -3.38855 

C         -3.04276       -2.00372       -1.30803 

C         -5.40193       -1.15741       -2.69702 

C         -8.81396        0.13835        0.85062 

C         -4.11008       -1.36920       -0.63426 

C         -7.67351       -0.33305       -1.24197 

H         -2.33016       -2.53036       -3.29129 

C         -6.63399       -0.95684       -3.34687 

C         -8.86725       -0.11434       -0.48769 

H         -4.36755       -1.84630       -4.46765 

C         -7.76323       -0.62337       -2.62288 

H         -9.72476        0.22174        1.44167 

H         -6.69947       -1.16152       -4.41435 

H         -8.74144       -0.58601       -3.09811 

H         -9.82285       -0.21429       -0.99965 

H         -4.05040       -1.27644        0.44321 

 

[5.7]HPP 
neutral 
E = –2463.85180194 

C          2.79758        2.14141       -1.30712 

C          2.21787        1.80252       -0.07275 

C          2.18647        3.16057       -2.05849 

C          1.04045        2.41022        0.35546 

H          2.65604        1.00985        0.52706 

C          1.01538        3.77193       -1.62571 

H          2.64190        3.48235       -2.99110 

C          0.39410        3.38525       -0.42542 

H          0.57493        2.06814        1.27545 

H          0.57159        4.55921       -2.22895 

C          2.59281       -2.07393        1.19549 

C          1.76885       -2.89104        1.98858 

C          2.24206       -1.92855       -0.15905 

C          0.61702       -3.47398        1.47598 

H          2.02609       -3.06539        3.02916 

C          1.09949       -2.53211       -0.67645 

H          2.84573       -1.30051       -0.80851 

C          0.23479       -3.29054        0.13503 

H         -0.02264       -4.03949        2.14632 

H          0.86487       -2.38750       -1.72693 

C         -0.96207        3.86488       -0.06625 

C         -1.92887        4.03358       -1.07184 

C         -1.38477        4.02348        1.26577 

C         -3.27026        4.21542       -0.75932 

H         -1.64474        3.91176       -2.11301 

C         -2.72831        4.21366        1.57909 

H         -0.65402        3.96608        2.06816 

C         -3.71443        4.24190        0.57534 

H         -3.99754        4.21698       -1.56536 

H         -3.02147        4.29489        2.62244 

C         -5.15344        4.00277        0.84963 

C         -5.51307        3.11642        1.87941 

C         -6.16589        4.36285       -0.06173 

C         -6.72278        2.43286        1.84543 

H         -4.77611        2.82700        2.62252 

C         -7.37698        3.67765       -0.09775 

H         -5.96776        5.12539       -0.81037 

C         -7.62339        2.60173        0.77683 

H         -6.88173        1.62769        2.55615 

H         -8.09373        3.90910       -0.88169 

C         -1.09697       -3.75216       -0.32995 

C         -1.79612       -3.03450       -1.31602 

C         -1.78631       -4.80558        0.30260 

C         -3.14709       -3.26104       -1.55143 

H         -1.31146       -2.21024       -1.83006 

C         -3.14438       -5.01976        0.08315 

H         -1.26309       -5.44189        1.01054 

C         -3.87144       -4.20364       -0.79949 

H         -3.67955       -2.60755       -2.23641 

H         -3.65992       -5.79813        0.64017 

C         -5.34709       -4.05670       -0.75018 

C         -5.95508       -3.90481        0.50721 

C         -6.11710       -3.71449       -1.87634 

C         -7.14000       -3.19058        0.64413 

H         -5.40899       -4.19092        1.40183 

C         -7.31736       -3.02403       -1.73851 

H         -5.72401       -3.90630       -2.87161 

C         -7.77504       -2.60900       -0.47023 

H         -7.46771       -2.93837        1.64720 

H         -7.83829       -2.70256       -2.63587 

C         -8.51562       -1.33101       -0.28170 

C         -8.40567       -0.34210       -1.27770 

C         -8.93369       -0.88557        0.99046 

C         -8.37305        1.00673       -0.94792 

H         -8.14184       -0.61911       -2.29281 

C         -8.88897        0.46480        1.32531 

H         -9.16831       -1.60665        1.76857 

C         -8.44363        1.42328        0.39399 

H         -8.08198        1.71655       -1.71622 

H         -9.07747        0.76011        2.35448 

H          3.23229        1.35715       -3.87069 

C          4.06023        1.10227       -3.21575 

C          3.97939        1.41678       -1.83334 

C          5.18142        0.49034       -3.72592 

H          5.25867        0.29360       -4.79270 

C          5.02135        1.02558       -1.00216 

H          4.97637        1.30300        0.04286 

C          6.26819        0.13227       -2.89131 

C          6.15999        0.32977       -1.47998 

C          7.49560       -0.33488       -3.45326 

H          7.55165       -0.49874       -4.52652 

C          8.60009       -0.47037       -2.66758 

C          7.27386       -0.05824       -0.62083 

C          8.52890       -0.28751       -1.25001 

H          9.56273       -0.72397       -3.10474 

C          7.21904       -0.12752        0.82278 

C          6.02195       -0.42893        1.59746 

C          3.72588       -0.96793        3.15242 

C          4.83585       -0.40982        3.74166 

C          3.75526       -1.37069        1.78919 

C          6.02099       -0.17577        3.00295 

C          9.72380       -0.29740       -0.47502 

C          4.89553       -1.08769        1.04664 

C          8.43263        0.03422        1.54641 

H          2.82290       -1.11512        3.73653 

C          7.22807        0.22278        3.65401 

C          9.68137       -0.04267        0.86642 

H          4.82374       -0.15876        4.79972 

C          8.40138        0.24822        2.96134 

H         10.67333       -0.44599       -0.98303 

H          7.20653        0.42238        4.72244 

H          9.34112        0.44569        3.47124 

H         10.59727        0.04766        1.44500 

H          4.94215       -1.41713        0.01651 

 

[5.7]HPP 
2+ 
E = –2462.41068627 
C          2.73855        2.10557       -1.29309 

C          2.21043        1.82635       -0.01578 

C          2.06466        3.05823       -2.08654 

C          1.03461        2.41996        0.41594 

H          2.69964        1.09310        0.61731 

C          0.89273        3.65160       -1.65613 

H          2.48505        3.34810       -3.04344 

C          0.32187        3.32171       -0.40655 

H          0.62155        2.12423        1.37442 

H          0.42134        4.39683       -2.28742 

C          2.63657       -2.06730        1.21733 

C          1.78688       -2.87307        2.01028 

C          2.30346       -1.92339       -0.15153 

C          0.65045       -3.45301        1.48635 

H          2.03578       -3.05382        3.04956 

C          1.15700       -2.49279       -0.67199 

H          2.92914       -1.31565       -0.79675 

C          0.27395       -3.25125        0.13650 

H          0.01507       -4.03127        2.14654 

H          0.93799       -2.34547       -1.72358 

C         -1.01607        3.78409       -0.03581 

C         -1.95710        4.12886       -1.03386 

C         -1.47038        3.79602        1.30597 

C         -3.29002        4.31378       -0.73179 

H         -1.65389        4.15586       -2.07374 

C         -2.80382        3.98043        1.61069 

H         -0.76202        3.64522        2.11324 

C         -3.77553        4.16209        0.59146 

H         -3.98201        4.47710       -1.54888 

H         -3.10454        3.96329        2.65216 

C         -5.19421        3.94087        0.82078 

C         -5.64610        3.26518        1.98546 

C         -6.16515        4.15490       -0.19977 

C         -6.83814        2.57796        1.98760 

H         -4.99447        3.16684        2.84500 

C         -7.35304        3.46368       -0.20388 

H         -5.94548        4.82105       -1.02588 

C         -7.65026        2.51652        0.81954 

H         -7.07531        1.96368        2.84752 

H         -8.03223        3.59504       -1.03875 

C         -1.03307       -3.69460       -0.33470 

C         -1.65204       -3.08795       -1.45482 

C         -1.80333       -4.65033        0.38101 

C         -2.98904       -3.28321       -1.72802 

H         -1.10120       -2.37616       -2.05785 

C         -3.14324       -4.83570        0.11958 

H         -1.34052       -5.23799        1.16513 

C         -3.80418       -4.08806       -0.89005 

H         -3.44015       -2.71256       -2.53100 

H         -3.69796       -5.55589        0.71114 

C         -5.24444       -3.92045       -0.92231 

C         -6.02034       -4.12212        0.25242 

C         -5.90535       -3.30504       -2.02123 

C         -7.21352       -3.46099        0.43097 

H         -5.61276       -4.69071        1.08013 

C         -7.10542       -2.65830       -1.85031 

H         -5.42865       -3.28289       -2.99479 

C         -7.70815       -2.56480       -0.56030 

H         -7.71818       -3.55057        1.38566 

H         -7.52629       -2.11849       -2.68982 

C         -8.46472       -1.38802       -0.20169 

C         -8.74611       -0.36563       -1.15700 

C         -8.61321       -1.01523        1.16950 

C         -8.73352        0.95673       -0.78764 

H         -8.85364       -0.61296       -2.20657 

C         -8.59177        0.30635        1.53822 

H         -8.60730       -1.77074        1.94588 

C         -8.42930        1.32956        0.55617 

H         -8.80857        1.71274       -1.56012 

H         -8.58932        0.55733        2.59267 

H          3.18147        1.35994       -3.85818 

C          4.01164        1.11486       -3.20424 

C          3.92631        1.40934       -1.81399 

C          5.14014        0.52814       -3.71931 

H          5.22179        0.34186       -4.78615 

C          4.97520        1.02970       -0.98368 

H          4.93318        1.30557        0.06126 

C          6.23624        0.19191       -2.88739 

C          6.12873        0.37193       -1.47316 

C          7.47000       -0.23986       -3.46721 

H          7.51961       -0.39068       -4.54122 

C          8.58087       -0.35280       -2.69281 

C          7.25612        0.00799       -0.62721 

C          8.51315       -0.18505       -1.26982 

H          9.54677       -0.57508       -3.13619 

C          7.21772       -0.08259        0.81015 

C          6.03683       -0.41294        1.59546 

C          3.78993       -1.07195        3.20395 

C          4.89799       -0.51517        3.78139 

C          3.78790       -1.39187        1.81270 

C          6.06352       -0.22691        3.01795 

C          9.71411       -0.18414       -0.51538 

C          4.90745       -1.04819        1.04635 

C          8.43832        0.06835        1.52311 

H          2.91023       -1.26728        3.80624 

C          7.26563        0.15670        3.66246 

C          9.68174        0.03615        0.83566 

H          4.91507       -0.30823        4.84733 

C          8.42799        0.22900        2.94137 

H         10.65926       -0.30404       -1.03579 

H          7.26754        0.30808        4.73732 

H          9.37282        0.41766        3.44264 

H         10.60011        0.13198        1.40667 

H          4.93252       -1.33577        0.00469 

 

[5.7]HPP 
2– 
E = –2462.91527923 
C          2.76926        2.19092       -1.14959 

C          2.14705        1.74406        0.02760 

C          2.19192        3.28447       -1.81652 

C          0.96247        2.32489        0.47263 

H          2.55375        0.88697        0.55687 

C          1.01818        3.87248       -1.36283 

H          2.68004        3.67824       -2.70499 

C          0.34445        3.38128       -0.22724 

H          0.45981        1.89402        1.33317 

H          0.60515        4.72144       -1.90086 

C          2.69635       -2.15204        1.21613 

C          1.81949       -2.91406        2.02958 

C          2.34082       -2.06845       -0.15469 

C          0.66654       -3.48966        1.53646 

H          2.06170       -3.05948        3.07896 

C          1.18081       -2.64030       -0.64633 

H          2.96539       -1.49259       -0.83276 

C          0.26933       -3.35282        0.17995 

H          0.01845       -4.01617        2.23024 

H          0.95657       -2.51441       -1.70155 

C         -1.00503        3.85247        0.13158 

C         -1.91413        4.24941       -0.87052 

C         -1.51847        3.78501        1.44260 

C         -3.26194        4.42760       -0.60813 

H         -1.57374        4.30926       -1.90090 

C         -2.86519        3.97816        1.71134 

H         -0.84614        3.54875        2.26419 

C         -3.81261        4.21505        0.68087 

H         -3.92488        4.61048       -1.44729 

H         -3.20345        3.87884        2.73838 

C         -5.24838        4.01443        0.86228 

C         -5.75888        3.30206        1.97897 

C         -6.18231        4.21459       -0.19060 

C         -6.95665        2.61790        1.92711 

H         -5.13771        3.16508        2.85947 

C         -7.37800        3.52735       -0.24986 

H         -5.92674        4.87283       -1.01771 

C         -7.73280        2.55612        0.73313 

H         -7.20760        1.96893        2.76032 

H         -8.00749        3.65789       -1.12675 

C         -1.03621       -3.80506       -0.27477 

C         -1.64603       -3.29905       -1.45294 

C         -1.86121       -4.66291        0.50392 

C         -2.98682       -3.48269       -1.72631 

H         -1.07649       -2.64956       -2.11123 

C         -3.20246       -4.84532        0.23403 

H         -1.43412       -5.17931        1.35968 

C         -3.85560       -4.18207       -0.84220 

H         -3.40982       -2.95826       -2.57765 

H         -3.78127       -5.48599        0.89518 

C         -5.29188       -4.00318       -0.90678 

C         -6.11294       -4.13479        0.24954 

C         -5.93917       -3.39957       -2.02369 

C         -7.30553       -3.45464        0.37749 

H         -5.73248       -4.66765        1.11705 

C         -7.13441       -2.72554       -1.90041 

H         -5.44019       -3.39570       -2.98986 

C         -7.78304       -2.57002       -0.63716 

H         -7.81582       -3.49597        1.33618 

H         -7.51151       -2.19183       -2.76834 

C         -8.54356       -1.38309       -0.32371 

C         -8.75606       -0.34476       -1.28411 

C         -8.76939       -0.97531        1.02868 

C         -8.74513        0.98450       -0.92326 

H         -8.77895       -0.58755       -2.34339 

C         -8.75325        0.35348        1.38864 

H         -8.80877       -1.72015        1.81909 

C         -8.53130        1.38842        0.42939 

H         -8.73856        1.72913       -1.71523 

H         -8.79687        0.60222        2.44685 

H          3.13551        1.54983       -3.73913 

C          3.98938        1.27068       -3.12893 

C          3.94412        1.49927       -1.73115 

C          5.10498        0.70514       -3.70381 

H          5.15616        0.56956       -4.78261 

C          5.01252        1.06942       -0.95331 

H          4.98247        1.25883        0.11120 

C          6.22001        0.31767       -2.92580 

C          6.15052        0.42907       -1.50232 

C          7.43746       -0.08902       -3.55805 

H          7.45966       -0.18485       -4.64104 

C          8.56963       -0.23170       -2.80844 

C          7.30176        0.02498       -0.69031 

C          8.54453       -0.12945       -1.38893 

H          9.52787       -0.43152       -3.28578 

C          7.29445       -0.13051        0.73682 

C          6.12113       -0.49622        1.54083 

C          3.90454       -1.14710        3.16411 

C          5.01807       -0.58823        3.73289 

C          3.86219       -1.48390        1.77706 

C          6.18501       -0.30246        2.96777 

C          9.76366       -0.16538       -0.65619 

C          4.98875       -1.13031        1.00739 

C          8.54088        0.00432        1.43777 

H          3.02781       -1.32885        3.77820 

C          7.39823        0.06337        3.58388 

C          9.76457       -0.01662        0.69951 

H          5.03691       -0.37295        4.80033 

C          8.56490        0.13867        2.84589 

H         10.69717       -0.26310       -1.20812 

H          7.41581        0.19681        4.66417 

H          9.52320        0.30438        3.33398 

H         10.69994        0.03305        1.25421 

H          4.99168       -1.38660       -0.04438 

 

[5.9]HPP 
neutral 
E = –2926.15433621 

C         -4.64392       -1.82439       -1.67224 

C         -4.07422       -1.74658       -0.38987 

C         -4.03968       -2.68449       -2.60503 

C         -2.92479       -2.46458       -0.07207 

H         -4.50476       -1.07782        0.34965 

C         -2.89860       -3.40977       -2.28206 

H         -4.48458       -2.80191       -3.58942 

C         -2.29890       -3.29882       -1.01525 

H         -2.47316       -2.32960        0.90662 

H         -2.47159       -4.08310       -3.01996 

C         -4.42187        1.80274        1.55285 

C         -3.60965        2.49439        2.46761 

C         -4.08573        1.89456        0.18995 

C         -2.49556        3.21035        2.04767 

H         -3.85416        2.47360        3.52566 

C         -2.97717        2.62387       -0.23025 

H         -4.67979        1.36408       -0.54904 

C         -2.14224        3.28432        0.68887 

H         -1.86721        3.68918        2.79265 

H         -2.75322        2.67387       -1.29204 

C         -1.00861       -3.96411       -0.71506 

C         -0.02839       -4.09073       -1.71428 

C         -0.67762       -4.41444        0.57544 

C          1.24018       -4.57759       -1.42384 

H         -0.23708       -3.73103       -2.71757 

C          0.59469       -4.89925        0.86768 

H         -1.42705       -4.38085        1.36149 
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C          1.59501       -4.95897       -0.11805 

H          1.99538       -4.58242       -2.20439 

H          0.82004       -5.22794        1.87883 

C          7.24281       -4.61129        0.49705 

C          7.97086       -4.32817        1.66759 

C          7.76806       -4.12856       -0.71388 

C          9.03769       -3.43370        1.65113 

H          7.65066       -4.75537        2.61442 

C          8.82628       -3.22859       -0.72889 

H          7.24676       -4.33451       -1.64397 

C          9.41306       -2.77221        0.46561 

H          9.52867       -3.18155        2.58733 

H          9.08896       -2.75790       -1.67098 

C         -0.88496        3.95579        0.27978 

C         -0.12132        3.46595       -0.79371 

C         -0.35196        5.03281        1.01259 

C          1.14855        3.96616       -1.06247 

H         -0.48858        2.62480       -1.37434 

C          0.92414        5.52318        0.75404 

H         -0.94002        5.48358        1.80694 

C          1.72049        4.97030       -0.26240 

H          1.74574        3.50676       -1.84519 

H          1.31900        6.33507        1.35938 

C          7.38688        4.54013       -0.59413 

C          8.27448        4.62560        0.49662 

C          7.73708        3.65381       -1.62803 

C          9.31277        3.71137        0.65388 

H          8.10269        5.36519        1.27392 

C          8.78018        2.74871       -1.47770 

H          7.09582        3.55953       -2.49867 

C          9.51600        2.67985       -0.28110 

H          9.91916        3.74577        1.55551 

H          8.91406        1.97885       -2.23169 

C         10.12802        1.37363        0.07024 

C         10.66188        0.49811       -0.89400 

C          9.81727        0.82495        1.32697 

C         10.63745       -0.87977       -0.69877 

H         11.00645        0.89394       -1.84605 

C          9.78305       -0.55144        1.51732 

H          9.42441        1.46820        2.10884 

C         10.06537       -1.43745        0.46197 

H         10.97256       -1.53194       -1.50093 

H          9.36321       -0.93264        2.44298 

H         -5.08608       -0.53771       -4.03219 

C         -5.91300       -0.42530       -3.33709 

C         -5.82410       -1.00873       -2.04565 

C         -7.04275        0.26455       -3.71214 

H         -7.12712        0.66826       -4.71842 

C         -6.86649       -0.80209       -1.15156 

H         -6.81649       -1.28507       -0.18459 

C         -8.12886        0.43947       -2.81959 

C         -8.01099       -0.03283       -1.47625 

C         -9.36451        0.99662       -3.27089 

H         -9.43063        1.36793       -4.29052 

C        -10.46376        0.96584       -2.46648 

C         -9.11886        0.17164       -0.54952 

C        -10.38024        0.51108       -1.11193 

H        -11.43146        1.29239       -2.83937 

C         -9.04941       -0.03966        0.87950 

C         -7.84425        0.11000        1.68495 

C         -5.52741        0.34412        3.28619 

C         -6.63234       -0.31535        3.77222 

C         -5.57260        0.99528        2.02359 

C         -7.82651       -0.40659        3.01605 

C        -11.56734        0.36402       -0.33868 

C         -6.72344        0.86175        1.25673 

C        -10.25479       -0.34213        1.57047 

H         -4.61730        0.38125        3.87697 

C         -9.02684       -0.92458        3.59153 

C        -11.51042       -0.14269        0.92889 

H         -6.60903       -0.76139        4.76378 

C        -10.20748       -0.82183        2.91838 

H        -12.52264        0.60197       -0.79976 

H         -8.99418       -1.32411        4.60206 

H        -11.14124       -1.11656        3.39097 

H        -12.42031       -0.34680        1.48767 

H         -6.78122        1.38413        0.31055 

H          5.38159       -4.09841        2.37134 

H          2.95690       -4.21793        2.10243 

C          4.97368       -4.63346        1.51881 

C          3.59292       -4.69695        1.36342 

C          5.84240       -5.10071        0.51629 

C          3.01817       -5.22936        0.19743 

C          5.26474       -5.77939       -0.57206 

C          3.88355       -5.83990       -0.72876 

H          5.90619       -6.21702       -1.33253 

H          3.46796       -6.32916       -1.60565 

H          5.91471        5.06787        1.61313 

H          3.48735        5.24537        1.74882 

C          5.34978        5.18799        0.69403 

C          3.96492        5.28124        0.77361 

C          6.00636        5.08525       -0.54604 

C          3.16923        5.25970       -0.38349 

C          5.21709        5.24121       -1.70178 

C          3.82935        5.31233       -1.62318 

H          5.68959        5.24780       -2.68008 

H          3.24363        5.36585       -2.53727 

 

 

 





Appendix 

227 
 

A.4. References 

[1] E. R. Darzi, T. J. Sisto, R. Jasti, J. Org. Chem. 2012, 77, 6624–6628. 
[2] V. K. Patel, E. Kayahara, S. Yamago, Chem. – Eur. J. 2015, 21, 5742–5749. 
[3] T. C. Lovell, C. E. Colwell, L. N. Zakharov, R. Jasti, Chem Sci 2019, 10, 3786–3790. 
[4] L. Bondarenko, I. Dix, H. Hinrichs, H. Hopf, Synthesis 2004, 2004, 2751–2759. 
[5] G. Meyer-Eppler, E. Vogelsang, C. Benkhäuser, A. Schneider, G. Schnakenburg, A. Lützen, Eur. J. Org. 

Chem. 2013, 2013, 4523–4532. 
[6] Y. Wu, G. Zhuang, S. Cui, Y. Zhou, J. Wang, Q. Huang, P. Du, Chem. Commun. 2019, 55, 14617–14620. 
[7] M. J. Frisch, G. W. Trucks, H. B. Schlegel, G. E. Scuseria, M. A. Robb, J. R. Cheeseman, G. Scalmani, V. 

Barone, B. Mennucci, G. A. Petersson, H. Nakatsuji, M. Caricato, X. Li, H. P. Hratchian, A. F. Izmaylov, J. 
Bloino, G. Zheng, J. L. Sonnenberg, M. Hada, M. Ehara, K. Toyota, R. Fukuda, J. Hasegawa, M. Ishida, T. 
Nakajima, Y. Honda, O. Kitao, H. Nakai, T. Vreven, J. A. Montgomery, J. E. Peralta, F. Ogliaro, M. 
Bearpark, J. J. Heyd, E. Brothers, K. N. Kudin, V. N. Staroverov, R. Kobayashi, J. Normand, K. 
Raghavachari, A. Rendell, J. C. Burant, S. S. Iyengar, J. Tomasi, M. Cossi, N. Rega, J. M. Millam, M. Klene, 
J. E. Knox, J. B. Cross, V. Bakken, C. Adamo, J. Jaramillo, R. Gomperts, R. E. Stratmann, O. Yazyev, A. J. 
Austin, R. Cammi, C. Pomelli, J. W. Ochterski, R. L. Martin, K. Morokuma, V. G. Zakrzewski, G. A. Voth, 
P. Salvador, J. J. Dannenberg, S. Dapprich, A. D. Daniels, Ö. Farkas, J. B. Foresman, J. V. Ortiz, J. 
Cioslowski, D. J. Fox, Gaussian 09 Revision D.01, 2009. 

[8] M. D. Hanwell, D. E. Curtis, D. C. Lonie, T. Vandermeersch, E. Zurek, G. R. Hutchison, J. Cheminformatics 
2012, 4, 17. 

[9] J. M. Fox, D. Lin, Y. Itagaki, T. Fujita, J. Org. Chem. 1998, 63, 2031–2038. 
[10] A. Granzhan, E. Largy, N. Saettel, M.-P. Teulade‐Fichou, Chem. – Eur. J. 2010, 16, 878–889. 
[11] R. Balasaravanan, K. Duraimurugan, J. Sivamani, V. Thiagarajan, A. Siva, New J. Chem. 2015, 39, 7472–

7480. 
[12] G. M. Sheldrick, Acta Crystallogr. Sect. Found. Adv. 2015, 71, 3–8. 
[13] O. V. Dolomanov, L. J. Bourhis, R. J. Gildea, J. a. K. Howard, H. Puschmann, J. Appl. Crystallogr. 2009, 42, 

339–341. 
[14] G. M. Sheldrick, Acta Crystallogr. Sect. C Struct. Chem. 2015, 71, 3–8. 
[15] C. E. Colwell, T. W. Price, T. Stauch, R. Jasti, Chem. Sci. 2020, 11, 3923–3930. 
[16] T. Bruhn, A. Schaumlöffel, Y. Hemberger, G. Bringmann, Chirality 2013, 25, 243–249. 
[17] K. Dhbaibi, L. Abella, S. Meunier-Della-Gatta, T. Roisnel, N. Vanthuyne, B. Jamoussi, G. Pieters, B. Racine, 

E. Quesnel, J. Autschbach, J. Crassous, L. Favereau, Chem. Sci. 2021, 12, 5522–5533. 
[18] S. Jhulki, A. K. Mishra, T. J. Chow, J. N. Moorthy, Chem. – Eur. J. 2016, 22, 9375–9386. 
[19] T. J. Sisto, M. R. Golder, E. S. Hirst, R. Jasti, J. Am. Chem. Soc. 2011, 133, 15800–15802. 
[20] D. Geuenich, K. Hess, F. Köhler, R. Herges, Chem. Rev. 2005, 105, 3758–3772. 
 

 

 





Appendix 

229 
 

A.5. List of abbreviations 

AFM Atomic force microscopy 

AICD Anisotropy of induced current density 

BET Brunauer-Emmet-Teller surface area 

CNS Carbon nanoscroll 

CNT Carbon nanotube 

CPP Cycloparaphenylene 

CVD Chemical vapor deposition  

ECD Electronic circular dichroism 

HOMO Highest occupied molecular orbital 

HPLC High-performance liquid chromatography 

HPP Helicene para-phenylene 

LUMO Lowest unoccupied molecular orbital 

MWCNT Multi-walled carbon nanotubes 

NICS Nucleus-independent chemical shift 

NIR Near-infrared 

NMR Nuclear magnetic resonance 

OPP Oligo-para-phenylene 

PMMA Poly(methyl methacrylate) 

SFC Supercritical fluid chromatography 

SPP Spiral para-phenylene 

STM Scanning tunneling microscopy 

STM-BJ Scanning tunneling microscope–break junction 

SWCNT Single-walled carbon nanotube 

TEM Transmission electron microscopy 

TES Triethylsilyl 

TGA Thermo-gravimetric analysis 
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