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In the title compound, [AusCl,(CysHp,P,),](PFg), the cation
possesses a triangular Aus core [Au— Au distances 3.1525 (4),
3.2770 (4) and 3.1922 (4) A], two sides of which are bridged by
dppm ligands [dppm = bis(diphenylphosphino)methane]. One
phenyl group is disordered over two positions in a 0.65:0.35
ratio. The structure of the cation is compared with those in
three other salts reported previously.

Related literature

For related literature, see: Lin et al. (1994); Mendizabal et al.
(2003); Pyykko (2002, 2004); Shardlow (2007); Uson et al.
(1983); Zhang et al. (2005).
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Experimental

Crystal data

[AusCly(Cy5Hp,P,), | (PFe) y = 101.6696 (8)0

M, = 1575.56 V =2559.58 (6) A’
Triclinic, P1 Z=2

a =9.6740 (1) Ao Mo Ko radiation

b =15.4549 (2) A =889 mm™"

¢ =18.9003 (3) A T=173K

o =105.9872 (8)° 0.11 x 0.09 x 0.09 mm
B =101.5928 (7)°

Data collection

23737 measured reflections
12197 independent reflections
8452 reflections with 7 > 3o(1)
Rine = 0.026

Nonius KappaCCD diffractometer
Absorption correction: multi-scan
DENZO and SCALEPACK
(Otwinowski & Minor, 1997)

Tomin = 0.38, Tpax = 0.45

Refinement

R[F? > 20(F%)] = 0.036
WwR(F?) = 0.041
S=111

8452 reflections

651 parameters

144 restraints

H-atom parameters constrained
APmax =295 ¢ A3

APmin = —4.06 ¢ A7

Table 1 .
Bond parameters (A, °) for the trigold unit of (I) in different salts.

(D) is the [AuzCl,(Cy5H,,P,),]" cation.

Compound (1)(PFq) (D[AuCI(C4Fs)s]  (I)CLEtOH  (I)(ClOy)
Aul—Au2 3.1525(4)  3.1645 3.076 (1) 3.0883 (8)
Au2—Au3 32770 (4)  3.0663 3.076 (1) 3.1738 (6)
Aul—Au3 31922 (4)  3.6784 3.729 (1) 3.4500 (8)
Au2—Aul—Au3 62190 (9) 7235 74.61 (3) 66.85 (2)
Aul—Au2—Au3  59.499 (9)  52.59 52.70 (2) 57.76 (1)
Aul—Au3—Au2  58311(9)  55.06 52.70 (2) 55.39 (1)
Reference This work Usén et al. Lin et al. Zhang et al.
(1983) (1994) (2005)
Table 2 .
Hydrogen bonds (A, °) in the title compound, involving PFs~ anions.
Interaction D—H H---A D---A D—H---A
C10—H101. - -F4' 0.96 2.43 322 (1) 140
C12—H121- - -F1" 0.96 2.42 3.35(1) 162
C13—H131. - -F1* 0.96 2.47 338 (1) 159
C15—H151- - -F6" 0.96 2.38 329 (1) 157
C49—H491. - -F1't 0.96 2.56 328 (2) 132
C48—H481.- - -F5' 0.96 2.67 3.42(2) 136
C46—H461- - -F3 0.96 2.74 3.42(2) 128
C46—H461- - -FS 0.96 2.68 3.45 (1) 137
C38—H382-- -F2 0.96 2.60 3.30 (1) 129
C31—H311---F2 0.96 2.40 3.26 (1) 149
C38—H382---FS 0.96 2.70 3.66 (1) 174
C33—H331---F4 0.96 2.68 3.46 (1) 135

Symmetry codes: (i) 1 —x,1 —y,1—z; (ii) x, 1 +y, z; (iii)) 1 — x, —y, —z.

Data collection: COLLECT (Nonius, 2001); cell refinement:
DENZO and SCALEPACK (Otwinowski & Minor, 1997); data
reduction: DENZO and SCALEPACK; program(s) used to solve
structure: STR92 (Altomare et al., 1994); program(s) used to refine
structure: CRYSTALS (Betteridge et al., 2003); molecular graphics:
ORTEP-3 (Farrugia, 1997); software used to prepare material for
publication: CRYSTALS.

The authors thank the Swiss National Science Foundation
and the University of Basel for financial support.

Supplementary data and figures for this paper are available from the
IUCr electronic archives (Reference: BT2371).
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Bis['2-bis(diphenylphosphino)methane]-1 :2:2P:P' 32:35 2p: p'-dichlorido-1¢ ClL3sCl-triangulo-
trigold(I) hexafluorophosphate

E. C. Constable, C. E. Housecroft, M. Neuburger, S. Schaffner and E. J. Shardlow

Comment

The structure of [I]Jr has been determined in several salts (Uson et al., 1983, Lin et al., 1994; Zhang et al., 2005) and exhibits
a V-shaped cluster of gold(I) centres. The structure of the cation in [I][PF¢] is shown in Fig. 1; with the exception of the

bond parameters for the Auj unit, bond distances and angles are similar to those previously reported. One phenyl ring (atoms
C89—C94 and C39—C44) is disordered over two positions with 0.65 (3) and 0.35 (3) occupancies. The three gold atoms
in [I][PF¢] form a near equilateral triangle with Au—Au—Au bond angles in the range 58.311 (9) to 62.190 (9)°. The two
shorter edges are bridged by dppm ligands, one above and one below the triangle. This ligand disposition and the orientation
of the two chloro ligands resembles those observed for [I]" in the chloro (Lin ef al., 1994), the perchlorate (Zhang, et al.,
2005) and the chlorotris(pentafluorophenyl)gold(III) (Uson et al., 1983) salts. The principal difference between the structures
arises in the aurophilic interactions (Pyykkd, 2002; Pyykko, 2004) in the trigold unit (Table 1). The atom numbering for
all structures in Table 1 is as defined in Fig. 1. No e.s.d.'s are available for atom positions in [I][AuCIl(CgF5)3]. It has
been reported that the strength of an aurophilic interaction is comparable to that of a typical hydrogen bond (Pyykkd,
2004), and the coexistence of gold--gold contacts and hydrogen-bonded interactions and their role in crystal engineering

has been discussed (Mendizabal et al., 2003). Hydrogen bonding involving [PF¢] anions in [I][PF¢] is extensive (Fig. 2

and Table 2) and we conclude that the geometry of the Aus cluster in salts containing [I]Jr responds to the influence of the

hydrogen-bonded interactions in the lattice.

Experimental

ClAu(p-dppm)AuCl was prepared by a literature method (Lin ef al., 1994). Crystals of [I][PF¢] were obtained serendip-
idously from a crude reaction mixture (CH»Cly) containing ClAu(pu-dppm)AuCl to which an excess of NH4PFg had been
added (Shardlow, 2007).

Refinement

All H atoms were treated as riding models, with C—H = 0.96 A and Ujso(H) = 1.2 Ueq(C). Restraints have been used to
control the behaviour of the disordered phenyl ring and the PFg. C—C and P—F distances have been restrained to their

common means respectively. Moreover U-values of bonded atoms in these two structural fragments have been restrained

to be similar.
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Figures
¥
_l'
T J'H 1-._‘ Fig. 1. The molecular structure of [I]Jr in [I][PF¢] with displacement ellipsoids drawn at the
Lge [0 N\ F . ) . S
" __.-'.;J’ - 20% probability level. H atoms are omitted for clarity. One phenyl ring is disordered and only
T ._—\- = | o . .
/71 —"___i|the major occupancies C89—C94 are shown.

Fig. 2. Hydrogen-bonds in [I][PFg] involving [PFg] anions. Symmetry codes: i=1—x, 1 —
vl—zii=x,1+yzii=1-x, -y —=z

Bis[p2-bis(diphenylphosphino)methane]- 1:2k2P:P';2:3>P:P'- dichlorido-1 KCl,3kCl-trigold(l) hexafluorophos-

phate

Crystal data
[AuzCly(CasH22P2)2](PFe)
M, = 1575.56

Triclinic, PT

Hall symbol: -P 1

a=9.6740 (1) A
b=15.4549 (2) A
c=18.9003 (3) A
a=105.9872 (8)°
B=101.5928 (7)°
y=101.6696 (8)°
¥V =2559.58 (6) A

Data collection

Nonius KappaCCD
diffractometer
Monochromator: graphite
T=173K

¢ and © scans

Absorption correction: multi-scan
DENZO and SCALEPACK (Otwinowski & Minor,
1997)

Tinin = 0.38, Trnax = 0.45

7=2
Fooo = 1488
Dy=2.044 Mgm >

Mo Ka radiation
L=0.71073 A

Cell parameters from 12197 reflections
0=1-28°

=889 mm '

=173 K

Plate, colourless

0.11 x 0.09 x 0.09 mm

8452 reflections with /> 30(/)

Rint = 0.026
Omax = 27.9°
Omin = 1.2°

h=-12—-12

k=-20—-20
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23737 measured reflections
12197 independent reflections

Refinement

Refinement on F'

Least-squares matrix: full

R[F* > 20(F*)] = 0.036

WR(F?) = 0.041
S=1.11
8452 reflections

651 parameters

I=-24—24

Hydrogen site location: inferred from neighbouring
sites
H-atom parameters constrained

Method, part 1, Chebychev polynomial, (Watkin,
1994, Prince, 1982) [weight] = 1.0/[Ag*To(x) +
APFTI(X) =+ Ap [* T (X)]
where A; are the Chebychev coefficients listed be-
low and x = F'/Fmax Method = Robust Weighting
(Prince, 1982) W = [weight] * [1-(deltaF/6*sig-
maF)’]* A; are: 0.371 0.154 0.134
Prince, E. (1982). Mathematical Techniques in
Crystallography and Materials Science. New York:
Springer-Verlag.
Watkin, D. (1994). Acta Cryst. A50, 411-437.
(A/6)max = 0.002

Apmax =2.95 ¢ A3
APmin=—4.06 ¢ A~

Extinction correction: Larson (1970), Equation 22

144 restraints Extinction coefficient: 25 (4)

Primary atom site location: structure-invariant direct
methods

Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (ffz )

x Y z Uiso*/Ueq Occ. (<1)
Aul 0.53079 (3) 0.538005 (18) 0.269126 (16) 0.0384
Au2 0.85524 (3) 0.612438 (19) 0.263223 (16) 0.0381
Au3 0.60667 (3) 0.46319 (3) 0.110429 (16) 0.0481
cR 0.9497 (2) 0.48182 (12) 0.24667 (14) 0.0622
cB3 0.67207 (17) 0.59597 (13) 0.07330 (9) 0.0404
Pl 0.47840 (18) 0.67473 (12) 0.26160 (10) 0.0343
P2 0.80771 (18) 0.75229 (12) 0.28655 (10) 0.0345
P3 0.54834 (19) 0.40221 (12) 0.29448 (10) 0.0345
P4 0.5357 (2) 0.32487 (17) 0.12760 (11) 0.0492
P5 0.6289 (3) 0.05910 (16) 0.26952 (18) 0.0699
Cl 0.3153 (7) 0.6553 (5) 0.1858 (4) 0.0389
2 0.3099 (9) 0.6066 (7) 0.1109 (5) 0.0567
c3 0.1877 (10) 0.5902 (8) 0.0515 (5) 0.0658
C4 0.0678 (9) 0.6204 (8) 0.0683 (6) 0.0633
Cs 0.0711 (11) 0.6654 (10) 0.1405 (7) 0.0874
C6 0.1937 (10) 0.6830 (8) 0.2002 (6) 0.0708
C7 0.4504 (8) 0.7439 (5) 0.3493 (4) 0.0423
C8 0.4398 (14) 0.7087 (8) 0.4077 (6) 0.0763
C9 0.4172 (17) 0.7641 (11) 0.4753 (7) 0.0966
C10 0.4015 (14) 0.8493 (9) 0.4824 (6) 0.0813
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Cl11
Cl12
Cl13
Cl14
Cl15
Cl6
C17
CI18
C19
C20
C21
C22
C23
C24
C25
C26
C27
C28
C29
C30
C31
C32
C33
C34
C35
C36
C37
C38
C45
C46
C47
C48
C49
C50
C39
C40
C41
C42
C43
C44
C89
C90
C91
C92
C93
C94
F1

F2

F3

0.4133 (10)
0.4375 (9)
0.6236 (7)
0.8397 (8)
0.8084 (8)
0.8355 (9)
0.8992 (15)
0.930 (2)
0.9010 (18)
0.9235 (8)
0.8744 (10)
0.9696 (13)
1.1131 (11)
1.1642 (9)
1.0690 (9)
0.6729 (8)
0.6617 (13)
0.7438 (16)
0.8367 (15)
0.8541 (14)
0.7710 (11)
0.3757 (8)
0.3741 (9)
0.2439 (11)
0.1145 (10)
0.1152 (10)
0.2461 (9)
0.6086 (8)
0.5879 (11)
0.6316 (12)
0.6587 (16)
0.6431 (18)
0.606 (2)
0.5781 (17)
0.344 (4)
0.299 (3)
0.149 (2)
0.045 (3)
0.090 (3)
0.240 (3)
0.3386 (16)
0.2670 (16)
0.1153 (16)
0.0366 (17)
0.1088 (13)
0.2601 (13)
0.5384 (9)
0.7181 (10)
0.6891 (10)

0.8847 (7)
0.8335 (6)
0.7503 (5)
0.8099 (5)
0.8944 (5)
0.9362 (6)
0.8984 (8)
0.8157 (10)
0.7708 (8)
0.8334 (5)
0.8529 (9)
0.9104 (10)
0.9483 (7)
0.9310 (6)
0.8736 (6)
0.4262 (5)
0.4984 (8)
0.5169 (12)
0.4635 (12)
0.3944 (10)
0.3747 (7)
0.3331 (5)
0.2537 (5)
0.1979 (6)
0.2204 (6)
0.3006 (7)
0.3584 (6)
0.3223 (5)
0.2338 (7)
0.1662 (8)
0.0918 (8)
0.0947 (9)
0.1659 (13)
0.2351 (10)
0.255 (4)
0.165 (3)
0.117 (3)
0.162 (3)
0.252 (3)
0.298 (4)
0.2954 (10)
0.2046 (11)
0.1797 (14)
0.2456 (14)
0.3366 (14)
0.3617 (13)
~0.0466 (4)
0.1628 (4)
0.0284 (6)

0.4253 (5)
0.3588 (4)
0.2395 (4)
0.3875 (4)
0.4164 (5)
0.4939 (5)
0.5447 (6)
0.5176 (7)
0.4398 (6)
0.2544 (4)
0.1886 (7)
0.1641 (8)
0.2048 (7)
0.2719 (6)
0.2964 (5)
0.3875 (4)
0.4482 (5)
0.5207 (6)
0.5355 (6)
0.4760 (7)
0.4016 (5)
0.2981 (4)
0.3186 (5)
0.3189 (6)
0.3007 (6)
0.2817 (6)
0.2815 (5)
0.2235 (4)
0.0645 (5)
0.0864 (6)
0.0301 (9)
~0.0425 (8)
~0.0636 (8)
~0.0100 (6)
0.102 (3)
0.107 (2)
0.085 (2)
0.061 (3)
0.057 (3)
0.076 (3)
0.1095 (10)
0.1045 (10)
0.0948 (11)
0.0896 (11)
0.0955 (9)
0.1047 (8)
0.2460 (5)
0.2882 (7)
0.1969 (5)

0.0635
0.0482
0.0362
0.0394
0.0474
0.0586
0.0783
0.1188
0.0928
0.0394
0.0788
0.0935
0.0700
0.0569
0.0493
0.0445
0.0743
0.1015
0.0980
0.0902
0.0657
0.0377
0.0482
0.0586
0.0607
0.0645
0.0533
0.0405
0.0639
0.0724
0.0979
0.0984
0.1303
0.0999
0.0886
0.0911
0.0986
0.1050
0.1094
0.1023
0.0497
0.0634
0.0816
0.0852
0.0733
0.0579
0.1087
0.1579
0.1189

0.35(3)
0.35(3)
0.35(3)
0.35(3)
0.35(3)
0.35(3)
0.65 (3)
0.65 (3)
0.65 (3)
0.65 (3)
0.65 (3)
0.65 (3)
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F4 0.5492 (12) 0.0834 (7) 0.3351 (4) 0.1344
F5 0.4984 (6) 0.0786 (4) 0.2162 (3) 0.0704

F6 0.7605 (10) 0.0398 (6) 0.3212 (6) 0.1499

H21 0.3915 0.5840 0.1005 0.0717*

H31 0.1854 0.5587 ~0.0004 0.0781%

H41 -0.0182 0.6086 0.0276 0.0734*

H51 -0.0123 0.6858 0.1510 0.0966*

H61 0.1944 0.7148 0.2517 0.0782*

HS1 0.4473 0.6464 0.4026 0.1033*

HO1 0.4133 0.7400 0.5168 0.1262*

H101 0.3823 0.8854 0.5277 0.0960*

HIl1 0.4046 0.9468 0.4311 0.0695*

HI21 0.4454 0.8602 0.3191 0.0552*

H131 0.6143 0.8130 0.2550 0.0470%

H132 0.6105 0.7285 0.1852 0.0470*

HI51 0.7677 0.9235 0.3816 0.0551*

H161 0.8085 0.9933 0.5123 0.0658*

H171 0.9218 0.9300 0.5990 0.0930*

HI81 0.9746 0.7874 0.5524 0.1198*

H191 0.9218 0.7120 0.4214 0.1026*

H211 0.7735 0.8264 0.1595 0.1034*

H221 0.9342 0.9237 0.1182 0.1285*

H231 1.1790 0.9870 0.1869 0.0929%

H241 1.2648 0.9585 0.3012 0.0704*

H251 1.1041 0.8615 0.3429 0.0615*

H271 0.5956 0.5350 0.4385 0.0862*

H281 0.7372 0.5673 0.5617 0.1114%

H291 0.8896 0.4742 0.5872 0.1084*

H301 0.9237 0.3601 0.4862 0.1109*

H311 0.7811 0.3259 0.3604 0.0810%

H331 0.4640 0.2374 0.3325 0.0622*

H341 0.2438 0.1422 0.3322 0.0754*

H351 0.0245 0.1809 0.3010 0.0743*

H361 0.0249 0.3167 0.2685 0.0813*

H371 0.2466 0.4152 0.2700 0.0702*

H381 0.7138 0.3406 0.2363 0.0511*

H382 0.5750 0.2598 0.2243 0.0511*

H401 0.3690 0.1357 0.1249 0.1098* 0.3500
H411 0.1188 0.0558 0.0867 0.1190% 0.3500
H421 ~0.0570 0.1309 0.0480 0.1274* 0.3500
H431 0.0196 0.2815 0.0402 0.1340% 0.3500
H441 0.2707 0.3555 0.0685 0.1281% 0.3500
H901 0.3210 0.1603 0.1076 0.0703* 0.6500
HO11 0.0659 0.1184 0.0918 0.0888* 0.6500
H921 ~0.0671 0.2282 0.0816 0.0984* 0.6500
HO31 0.0546 0.3811 0.0930 0.0949% 0.6500
H941 0.3090 0.4226 0.1073 0.0807* 0.6500
H461 0.6447 0.1671 0.1384 0.0874*

H471 0.6869 0.0411 0.0435 0.1149%
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H481
H491
H501

0.6592
0.5998
0.5512

0.0444
0.1677
0.2859

Atomic displacement parameters (142 )

Aul
Au2
Au3
Cl2
CI3
P1
P2
P3
P4
P5
C1
C2
C3
C4
C5
C6
Cc7
C8
Cc9
C10
Cl11
Cl12
C13
Cl4
C15
Cl6
C17
C18
C19
C20
C21
C22
C23
C24
C25
C26
Cc27
C28
C29
C30
C31

Ull
0.04197 (14)
0.03584 (14)
0.04596 (16)
0.0510 (10)
0.0341 (7)
0.0354 (8)
0.0349 (8)
0.0400 (9)
0.0406 (10)
0.0814 (16)
0.034 (3)
0.049 (4)
0.054 (5)
0.036 (4)
0.047 (5)
0.042 (4)
0.042 (4)
0.113 (9)
0.137 (11)
0.096 (8)
0.055 (5)
0.051 (4)
0.039 (3)
0.044 (4)
0.044 (4)
0.051 (5)
0.122 (9)
0.25 (2)
0.180 (13)
0.038 (3)
0.049 (5)
0.066 (6)
0.059 (5)
0.050 (4)
0.048 (4)
0.049 (4)
0.089 (7)
0.096 (9)
0.088 (8)
0.084 (8)
0.067 (6)

U22
0.03611 (14)
0.03875 (15)
0.0768 (2)
0.0267 (8)
0.0638 (11)
0.0359 (9)
0.0363 (9)
0.0353 (9)
0.0726 (14)
0.0422 (12)
0.038 (4)
0.085 (6)
0.102 (8)
0.086 (7)
0.115 (9)
0.089 (7)
0.043 (4)
0.079 (7)
0.115 (10)
0.090 (8)
0.068 (6)
0.047 (4)
0.035 (3)
0.039 (4)
0.037 (4)
0.045 (4)
0.068 (6)
0.095 (9)
0.080 (7)
0.039 (4)
0.119 (9)
0.141 (11)
0.074 (6)
0.045 (4)
0.048 (4)
0.048 (4)
0.088 (7)
0.143 (12)
0.144 (12)
0.123 (10)
0.080 (6)

—0.0801
—0.1146
—0.0238

U33
0.04576 (15)
0.04292 (15)
0.03611 (15)
0.0873 (15)
0.0259 (7)
0.0400 (9)
0.0409 (9)
0.0338 (8)
0.0350 (9)
0.0975 (19)
0.048 (4)
0.045 (4)
0.039 (4)
0.061 (5)
0.080 (7)
0.065 (6)
0.045 (4)
0.066 (6)
0.063 (7)
0.054 (6)
0.050 (5)
0.039 (4)
0.043 (4)
0.045 (4)
0.055 (5)
0.065 (6)
0.047 (5)
0.051 (6)
0.043 (5)
0.048 (4)
0.088 (7)
0.113 (9)
0.099 (8)
0.081 (6)
0.058 (5)
0.036 (4)
0.039 (5)
0.040 (5)
0.040 (5)
0.070 (7)
0.056 (5)

U12
0.01282 (11)
0.01733 (11)
0.02721 (14)
0.0177 (7)
0.0151 (7)
0.0127 (7)
0.0138 (7)
0.0126 (7)
0.0115 (9)
0.0271 (11)
0.008 (3)
0.036 (4)
0.024 (5)
0.016 (4)
0.032 (6)
0.022 (5)
0.009 (3)
0.038 (6)
0.035 (9)
0.025 (7)
0.013 (4)
0.011 (3)
0.014 (3)
0.016 (3)
0.008 (3)
0.006 (4)
0.021 (6)
0.098 (11)
0.079 (8)
0.014 (3)
0.011 (5)
0.023 (7)
0.012 (5)
0.011 (4)
0.017 (3)
0.006 (3)
0.026 (6)
0.009 (9)
~0.008 (8)
0.034 (7)
0.023 (5)

0.1092*
0.1489*
0.1136*

U13
0.01474 (11)
0.00944 (11)
0.01776 (12)
~0.0229 (10)
0.0100 (6)
0.0165 (7)
0.0151 (7)
0.0107 (7)
0.0119 (8)
0.0226 (14)
0.014 (3)
0.017 (4)
0.012 (4)
~0.001 (4)
0.012 (5)
0.011 (4)
0.020 (3)
0.056 (6)
0.063 (7)
0.035 (6)
0.015 (4)
0.012 (3)
0.017 3)
0.021 (3)
0.010 (3)
0.020 (4)
0.041 (6)
0.052 (9)
0.032 (7)
0.018 (3)
0.017 (5)
0.039 (6)
0.046 (5)
0.031 (4)
0.021 (4)
0.009 (3)
0.009 (5)
0.008 (6)
~0.006 (5)
~0.003 (6)
0.005 (4)

U23
0.02356 (12)
0.01406 (11)
0.02902 (14)
0.0101 (9)
0.0163 (7)
0.0189 (7)
0.0195 (7)
0.0178 (7)
0.0203 (9)
0.0346 (12)
0.018 (3)
0.021 (4)
0.019 (5)
0.025 (5)
~0.004 (7)
~0.001 (5)
0.015 (3)
0.039 (5)
0.043 (7)
0.008 (6)
~0.004 (4)
0.005 (3)
0.020 (3)
0.020 (3)
0.010 (3)
~0.003 (4)
0.014 (5)
0.034 (6)
0.027 (5)
0.018 (3)
0.076 (7)
0.095 (9)
0.050 (6)
0.020 (4)
0.019 (4)
0.022 (3)
0.015 (5)
0.016 (7)
0.041 (7)
0.053 (7)
0.036 (5)
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C32 0.047 (4) 0.030 (3) 0.040 (4) 0.009 (3) 0.016 (3) 0.016 (3)
C33 0.058 (5) 0.036 (4) 0.061 (5) 0.018 (3) 0.024 (4) 0.024 (3)
C34 0.080 (6) 0.037 (4) 0.072 (6) 0.016 (4) 0.032 (5) 0.028 (4)
C35 0.060 (5) 0.056 (5) 0.070 (6) 0.005 (4) 0.029 (4) 0.026 (4)
C36 0.048 (5) 0.063 (6) 0.092 (7) 0.019 (4) 0.025 (5) 0.034 (5)
C37 0.047 (4) 0.053 (5) 0.075 (6) 0.020 (4) 0.025 (4) 0.034 (4)
C38 0.042 (4) 0.045 (4) 0.040 (4) 0.015 (3) 0.014 (3) 0.019 (3)
C45 0.070 (6) 0.051 (5) 0.055 (5) ~0.007 (4) 0.028 (4) 0.002 (4)
C46 0.082 (7) 0.069 (6) 0.067 (6) 0.006 (5) 0.047 (5) 0.015 (5)
c47 0.121 (10) 0.050 (6) 0.116 (10) ~0.002 (6) 0.071 (9) 0.007 (6)
C48 0.141 (12) 0.061 (7) 0.073 (8) 0.003 (7) 0.054 (8) ~0.012 (6)
C49 0.204 (19) 0.107 (12) 0.061 (8) 0.023 (12) 0.049 (10) 0.002 (8)
C50 0.139 (12) 0.105 (10) 0.040 (5) 0.023 (8) 0.029 (6) 0.004 (6)
C39 0.048 (13) 0.15(3) 0.086 (16) 0.002 (14) 0.012 (11) 0.094 (19)
C40 0.045 (12) 0.15 (3) 0.094 (16) ~0.002 (13) 0.012 (11) 0.085 (18)
c41 0.047 (11) 0.16 (3) 0.103 (17) ~0.001 (13) 0.017 (12) 0.082 (19)
c42 0.052 (12) 0.17 (3) 0.109 (18) 0.001 (13) 0.011 (12) 0.091 (19)
C43 0.058 (12) 0.17 (3) 0.114 (19) 0.004 (14) 0.005 (13) 0.10 (2)
C44 0.058 (12) 0.16 (3) 0.106 (18) 0.010 (14) 0.010 (13) 0.10 (2)
C89 0.039 (6) 0.082 (8) 0.037 (6) 0.016 (6) 0.009 (5) 0.034 (7)
C90 0.050 (7) 0.076 (9) 0.048 (7) ~0.002 (7) 0.004 (6) 0.016 (7)
91 0.055 (8) 0.099 (11) 0.067 (9) ~0.011 (7) 0.012 (7) 0.016 (8)
92 0.050 (8) 0.132 (13) 0.063 (8) 0.006 (7) 0.013 (7) 0.031 (9)
93 0.049 (6) 0.132 (13) 0.055 (8) 0.035 (7) 0.013 (6) 0.051 (8)
94 0.041 (6) 0.123 (11) 0.039 (6) 0.044 (7) 0.019 (5) 0.049 (7)
F1 0.137 (6) 0.053 (3) 0.144 (6) 0.016 (4) 0.046 (5) 0.047 (4)
2 0.123 (6) 0.054 (4) 0.228 (10) ~0.007 (4) ~0.063 (6) 0.043 (5)
F3 0.121 (6) 0.136 (6) 0.161 (7) 0.074 (5) 0.087 (5) 0.081 (6)
F4 0.206 (9) 0.155 (7) 0.073 (4) 0.103 (7) 0.045 (5) 0.041 (5)
F5 0.076 (3) 0.065 (3) 0.079 (4) 0.023 (3) 0.025 (3) 0.032 (3)
F6 0.141 (7) 0.109 (6) 0.187 (8) 0.051 (5) ~0.030 (6) 0.071 (6)

Geometric parameters (4, °)

Aul—Au2 3.1525 (4) C21—H211 0.960
Aul—Au3 3.1922 (4) C22—C23 1.363 (16)
Aul—P1 2.3047 (16) C22—H221 0.959
Aul—P3 2.3083 (16) C23—C24 1.382 (14)
Au2—Au3 3.2770 (4) C23—H231 0.961
Au2—CI2 2.3496 (17) C24—C25 1.385 (11)
Au2—P2 2.2441 (17) C24—H241 0.960
Au3—ClI3 2.3560 (18) C25—H251 0.960
Au3—P4 2.241(2) C26—C27 1.403 (13)
PI—CI 1.815 (7) C26—C31 1.387 (12)
P1—C7 1.812 (7) C27—C28 1.357 (15)
PI—CI3 1.831(7) C27—H271 0.959
P2—CI3 1.814 (7) C28—C29 138 (2)
P2—Cl4 1.802 (7) C28—H281 0.960
P2—C20 1.823 (7) C29—C30 139 (2)
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P3—C26
P3—C32
P3—C38
P4—C38
P4—C45
P4—C39
P4—C89
P5—F1
P5—F2
P5—F3
P5—F4
P5—F5
P5—F6
Cl—C2
C1—Cé6
C2—C3
C2—H21
C3—C4
C3—H31
C4—Cs
C4—H41
C5—C6
C5—HS51
C6—Ho61
C7—C8
C7—Cl12
C8—C9
C8—HS81
C9—C10
C9—H91
C10—Cl11
C10—H101
Cl11—C12
Cl1—HI111
Cl12—H121
C13—H131
CI13—H132
C14—CI15
C14—C19
C15—Cl16
C15—H151
C16—C17
Cl6—H161
C17—CI18
C17—H171
C18—C19
C18—H181
C19—H191
C20—C21

1.814 (7)
1.817 (7)
1.832(7)
1.822 (7)
1.806 (10)
1.84 (4)
1.806 (15)
1.579 (6)
1.563 (6)
1.588 (7)
1.586 (7)
1.584 (5)
1.574 (6)
1.393 (11)
1.382 (11)
1.383 (12)
0.959
1.395 (13)
0.960
1.342 (15)
0.960
1.383 (14)
0.960
0.960
1.372 (12)
1.380 (11)
1.414 (15)
0.960
1.329 (18)
0.961
1.350 (16)
0.960
1.381 (11)
0.959
0.960
0.960
0.960
1.389 (10)
1.390 (12)
1.374 (12)
0.959
1.363 (15)
0.964
1.356 (16)
0.965
1.383 (14)
0.964
0.957
1.373 (12)

C29—H291
C30—C31
C30—H301
C31—H311
C32—C33
C32—C37
C33—C34
C33—H331
C34—C35
C34—H341
C35—C36
C35—H351
C36—C37
C36—H361
C37—H371
C38—H381
C38—H382
C45—C46
C45—C50
C46—C47
C46—H461
C47—C48
C47—HA471
C48—C49
C48—H481
C49—C50
C49—H491
C50—H501
C39—C40
C39—C44
C40—C41
C40—H401
C41—C42
C41—H411
C42—C43
C42—H421
C43—C44
C43—H431
C44—H441
C89—C90
C89—C9%4
C90—C91
C90—H901
C91—C92
C91—H911
C92—C93
C92—H921
C93—C9%4
C93—H931

0.960
1.387 (14)
0.960
0.960
1.382 (9)
1.390 (10)
1.378 (12)
0.960
1.369 (13)
0.960
1.381 (13)
0.960
1.396 (12)
0.960
0.960
0.960
0.960
1.338 (16)
1.398 (15)
1.443 (15)
0.960
1.36 (2)
0.960
1.36 (2)
0.960

137 2)
0.961
0.960
1.403 (10)
1.402 (10)
1.401 (10)
0.944
1.401 (10)
0.946
1.401 (10)
0.958
1.403 (10)
0.946
0.937
1.401 (9)
1.404 (9)
1.400 (9)
0.949
1.402 (10)
0.951
1.400 (9)
0.953
1.399 (9)
0.951
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C20—C25
C21—C22

Au2—Aul—Au3
Au2—Aul—P1
Au3—Aul—P1
Au2—Aul—P3
Au3—Aul—P3
P1—Aul—P3
Aul—Au2—Au3
Aul—Au2—CI2
Au3—Au2—CI2
Aul—Au2—P2
Au3—Au2—P2
CI2—Au2—P2
Aul—Au3—Au2
Aul—Au3—Cl13
Au2—Au3—Cl13
Aul—Au3—P4
Au2—Au3—P4
CI3—Au3—P4
Aul—P1—Cl1
Aul—P1—C7
C1—P1—C7
Aul—P1—Cl13
C1—P1—C13
C7—P1—C13
Au2—P2—Cl13
Au2—P2—Cl4
C13—P2—Cl14
Au2—P2—C20
C13—P2—C20
C14—P2—C20
Aul—P3—C26
Aul—P3—C32
C26—P3—C32
Aul—P3—C38
C26—P3—C38
C32—P3—C38
Au3—P4—C38
Au3—P4—C45
C38—P4—C45
Au3—P4—C39
C38—P4—C39
C45—P4—C39
Au3—P4—C89
C38—P4—C89
C45—P4—C89
F1—P5—F2
F1—P5—F3

1.387 (11)
1.386 (13)

62.191 (9)
91.42 (4)
101.01 (4)
99.15 (4)
90.65 (4)
167.01 (6)
59.499 (9)
104.90 (6)
79.66 (5)
84.86 (4)
108.81 (5)
169.64 (7)
58.311 (9)
105.39 (4)
77.12 (4)
82.19 (5)
110.30 (5)
171.67 (7)
113.1 (2)
112.9 (2)
106.5 (3)
112.6 (2)
104.1 (3)
106.9 (3)
115.4 (2)
111.4 (2)
107.5 (3)
1132 (2)
103.1 (3)
105.5 (3)
111.9 (3)
113.3 (2)
104.4 (3)
113.9 (2)
107.6 (4)
105.1 (3)
115.6 (3)
112.1 (3)
105.3 (4)
124.8 (11)
102.2 (12)
93.3 (18)
107.3 (5)
106.4 (6)
110.0 (6)
176.9 (6)
87.3 (5)

C94—H941

C14—C19—C18
C14—C19—H191
C18—C19—H191
P2—C20—C21
P2—C20—C25
C21—C20—C25
C20—C21—C22
C20—C21—H211
C22—C21—H211
C21—C22—C23
C21—C22—H221
C23—C22—H221
C22—C23—C24
C22—C23—H231
C24—C23—H231
C23—C24—C25
C23—C24—H241
C25—C24—H241
C20—C25—C24
C20—C25—H251
C24—C25—H251
P3—C26—C27
P3—C26—C31
C27—C26—C31
C26—C27—C28
C26—C27—H271
C28—C27—H271
C27—C28—C29
C27—C28—H281
C29—C28—H281
C28—C29—C30
C28—C29—H291
C30—C29—H291
C29—C30—C31
C29—C30—H301
C31—C30—H301
C30—C31—C26
C30—C31—H311
C26—C31—H311
P3—C32—C33
P3—C32—C37
C33—C32—C37
C32—C33—C34
C32—C33—H331
C34—C33—H331
C33—C34—C35
C33—C34—H341

0.948

120.5 (9)
119.2
120.3
122.8 (6)
118.3 (6)
118.9 (7)
120.4 (9)
119.8
119.8
120.4 (10)
119.8
119.8
120.1 (8)
120.0
119.9
119.4 (8)
120.3
120.3
120.7 (8)
119.7
119.6
116.6 (7)
123.8(7)
119.5 (8)
120.5 (11)
119.8
119.7
120.2 (13)
120.0
119.8
120.2 (10)
119.8
120.0
120.1 (11)
119.9
119.9
119.3 (10)
120.4
120.3
118.9 (6)
121.7 (5)
119.4 (7)
120.2 (7)
119.9
119.9
121.1(7)
119.5
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F2—P5—F3
F1—P5—F4
F2—P5—F4
F3—P5—F4
F1—P5—F5
F2—P5—F5
F3—P5—F5
F4—P5—F5
F1—P5—F6
F2—P5—F6
F3—P5—F6
F4—P5—F6
F5—P5—F6
P1—C1—C2
P1—C1—C6
C2—C1—C6
C1—C2—C3
Cl1—C2—H21
C3—C2—H21
C2—C3—C4
C2—C3—H31
C4—C3—H31
C3—C4—C5
C3—C4—H41
C5—C4—H41
C4—C5—C6
C4—C5—HS51
C6—C5—HS51
C5—Co6—C1
C5—C6—H61
Cl1—C6—H61
P1—C7—C8
P1—C7—C12
C8—C7—C12
C7—C8—C9
C7—C8—HS1
C9—C8—HS1
C8—C9—C10
C8—C9—HO91
C10—C9—H91
Co—C10—C11
C9—C10—H101
C11—C10—H101
C10—C11—C12
C10—C11—HI11
Cl12—CIl11—HI11
Cl11—C12—C7
Cl11—C12—H]121
C7—Cl12—H121

90.0 (7)
88.3 (5)
94.3 (7)
173.0 (6)
90.2 (4)
88.3 (4)
87.7 (4)
86.9 (4)
90.2 (5)
91.3 (5)
91.1 (6)
94.3 (6)
178.8 (6)
118.7 (5)
122.4 (6)
118.8 (7)
120.6 (7)
119.7
119.7
118.7 (8)
120.6
120.7
120.9 (8)
119.5
119.6
120.6 (9)
119.7
119.6
120.2 (9)
119.9
119.8
121.1(7)
120.8 (6)
118.0 (8)
119.9 (10)
120.0
120.1
120.9 (10)
119.6
119.5
119.4 (9)
120.3
120.3
121.6 (10)
119.2
119.2
120.2 (8)
120.0
119.9

C35—C34—H341
C34—C35—C36
C34—C35—H351
C36—C35—H351
C35—C36—C37
C35—C36—H361
C37—C36—H361
C36—C37—C32
C36—C37—H371
C32—C37—H371
P3—C38—P4
P3—C38—H381
P4—C38—H381
P3—C38—H382
P4—C38—H382

H381—C38—H382

P4—C45—C46
P4—C45—C50
C46—C45—C50
C45—C46—C47
C45—C46—H461
C47—C46—H461
C46—C47—C48
C46—C47—HA471
C48—C47—HA471
C47—C48—C49
C47—C48—HA481
C49—C48—H481
C48—C49—C50
C48—C49—H491
C50—C49—H491
C45—C50—C49
C45—C50—H501
C49—C50—H501
P4—C39—C40
P4—C39—C44
C40—C39—C44
C39—C40—C41
C39—C40—H401
C41—C40—H401
C40—C41—C42
C40—C41—H411
C42—C41—H411
C41—C42—C43
C41—C42—H421
C43—C42—H421
C42—C43—C44
C42—C43—H431
C44—C43—H431

119.4
119.2 (8)
120.4
120.4
120.6 (8)
119.8
119.7
119.4 (7)
120.3
120.3
111.3 (4)
109.0
109.0
109.0
109.0
109.5
122.4(7)
117.2 (10)
120.4 (10)
118.4 (11)
120.8
120.8
118.8 (13)
120.6
120.6
122.7 (11)
118.6
118.7
117.8 (13)
121.1
121.1
121.8 (15)
119.1
119.1

125 (2)
114 (2)
120 (3)
120 (3)
120.0
119.6

119 (3)
120.3
120.5

121 (3)
119.7
119.8

120 (3)
120.0
119.7
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P1—C13—P2 114.0 (3) C43—C44—C39 119 (3)
P1—C13—HI131 108.4 C43—C44—H441 120.4
P2—C13—HI131 108.3 C39—C44—H441 120.2
P1—C13—H132 108.4 P4—C89—C90 117.3 (9)
P2—C13—H132 108.3 P4—C89—C9%4 121.7 (10)
H131—C13—H132 109.5 C90—C89—C9%4 120.9 (13)
P2—C14—C15 122.5 (6) C89—C90—C91 119.7 (14)
P2—C14—C19 119.9 (6) C89—C90—H901 120.2
C15—C14—C19 117.6 (7) C91—C90—H901 120.2
C14—C15—C16 120.5 (8) C90—C91—C92 119.6 (15)
Cl14—C15—H151 119.3 C90—C91—H911 120.2
Cl16—C15—H151 120.2 C92—C91—H911 120.2
C15—C16—C17 121.3 (8) C91—C92—C93 120.6 (15)
Cl15—Cl16—H161 118.8 C91—C92—H921 119.7
C17—Cl16—H161 119.8 C93—C92—H921 119.7
C16—C17—CI18 119.0 (9) C92—C93—C9% 120.0 (14)
Cl16—C17—H171 120.4 C92—C93—H931 119.9
C18—C17—H171 120.6 C94—C93—H931 120.1
C17—C18—C19 121.0 (11) C89—C94—C93 119.2 (14)
C17—C18—H181 120.4 C89—C94—H941 120.5
C19—C18—H181 118.5 C93—C94—H941 120.3

Bond parameters (4, °) for the trigold unit of " in different salts

Compound (D[PF¢] (D[AuCI(CgF5)3] (DCI-EtOH (D[C1O4]
Aul-Au2 3.1525 (4) 3.1645 3.076 (1) 3.0883 (8)
Au2-Au3 3.2770 (4) 3.0663 3.076 (1) 3.1738 (6)
Aul-Au3 3.1922 (4) 3.6784 3.729 (1) 3.4500 (8)
Au2-Aul-Au3 62.190 (9) 72.35 74.61 (3) 66.85 (2)
Aul-Au2-Au3 59.499 (9) 52.59 52.70 (2) 57.76 (1)
Aul-Au3-Au2 58.311 (9) 55.06 52.70 (2) 55.39 (1)
Reference This work Usén et al., 1983 Lin et al., 1994 Zhang et al., 2005

Hydrogen bonds (4, °) in (I)[PFg] involving [PFs]~ anions. Symmetry codes are defined in Fig. 2

Interaction D—H H-A DA D—H-A
C10-H101---F4! 0.96 2.43 3.22 (1) 140
CI12-H121-F11 0.96 2.42 3.35(1) 162
C13-H131--F1' 0.96 247 3.38 (1) 159
C15-H151--F6" 0.96 238 3.29 (1) 157
C49-H491---F1i 0.96 2.56 3.28 (2) 132
C48-H481-F5' 0.96 2.67 3.42(2) 136
C46-H461-F3 0.96 2.74 3.42 (2) 128
C46-H461-F5 0.96 2.68 3.45 (1) 137
C38-H382F2 0.96 2.60 3.30 (1) 129
C31-H311-F2 0.96 2.40 3.26 (1) 149
C38-H382-F5 0.96 2.70 3.66 (1) 174
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C33-H331--F4 0.96 2.68 3.46 (1) 135

Fig. 1
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Fig. 2
" F5iii
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F1iii \481., 370\).\*
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