
1008 [Sb(C6Hs) 4] [C 2H6NO482 ].CHCI 3 

lengths can be attributed to increased (p-d) zcS-N 
bonding effected by the high electron density of the 
deprotonated negative nitrogen atom. 

The mean S=O bond length of 1.432 (6)A is not 
significantly different from the values found in (I) [mean 
1.422 (2)A] and (II) [mean 1.427 (1)A]. However, a 
comparison of the -vSO 2 values of [Ph4SbN][(SO 2- 
CH3)2].CHC13 (1194 cm -~) and of (I) and (II) (ca 
1250 cm -~) infers a decrease of the S=O bond order. A 
very weak H bond is indicated by the short N. . .  
H-CC13 distance [2.306 (9)A]. The orientation of the 
chloroform molecule agrees w i t h  this assumption 
(Fig. 2). 

Financial support from Fonds der Chemischen 
Industrie is gratefully acknowledged. 
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Structure of Nitrato(triphenylphosphine)gold(I), Au(PPh3)(NO3) 
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Abstract. [AuNO3(C~sH~sP)], M r =  2081.1, mono- 
clinic, P21/c, a = 8 . 9 2 2 ( 6 ) ,  b = 1 0 . 1 3 1 ( 8 ) ,  c =  
19.592 (15)A, # =  97.33 (6) ° , V =  1756.4 (22)A 3, 
Z = 4 ,  D x = l . 9 7 g c m  -3, 2 ( M o K a ) = 0 . 7 1 0 7 3 A ,  g 
= 84-1 cm -~, F(000) = 992, T=.295 K. Final R = 
0.0336 for 1603 observed reflections [Fo2> 3O(Fo2)]. 
The coordination of Au ~ is linear [ P - A u - O =  
179.2 (2)°]. The short A u - P  bond, 2.208 (3)A, is 
attributed to the trans influence of the covalently 
bonded oxygen atom from the nitrate ligand with 
Au-O(1 )  = 2.074 (8) A. Short, identical Au. . .O(3) 
and Au. . .N intramolecular distances [2.84 (1) A] are 
observed. 

* To whom correspondence should be addressed. 
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Introduction. Au(PPh3)(NO3) has been widely used as 
a starting material for the synthesis of binuclear and 
polynuclear gold compounds (Khan, Wang, Heinrich & 
Fackler, 1988; Heinrich, Khan, Fackler & Porter, 
1988; Steggerda, Bour & van der Velden, 1982). Only a 
few gold(I)-oxygen compounds have been structurally 
characterized (Jones, 1984, 1985; Hohbein, Jones, 
Meyer-Base, Schwarzmann & Sheldrick, 1985). The 
structure of the title compound was reported (Barron, 
Engelhardt, Healy, Oddy & White, 1987) along with 
structures of Au(PPha)X, where X = Br, I, and SCN. 
The abstract of this paper contains a reported Au--O 
distance for the title compound of 2.02 (1) A while the 
text reports 2-199 (5)A with R = 0.077. Examination 
of the coordinates suggests textual error and gross 
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structural  features in agreement  with the present study. 
However,  we have obtained improved crystal  quali ty 
and better structural  results which clearly address the 
question of  the A u - O  and A u - P  distances. 

Experimental .  Au(PPh3)(NO3) was synthesized accord- 
ing to a literature procedure  (Khan,  Wang,  Heinrich & 
Fackler,  1988). Crysta ls  suitable for X-ray  analysis 
were obtained by crystal l izat ion from a CH2Cl2/diethyl 
ether solution. A colorless rectangular  crystal  of  
dimensions 0 .25 × 0-25 × 0 .4  mm was selected for 
study. Cell constants  were derived from least-squares 
refinement of  25 reflections having 20 < 20 < 25 °. 
Intensity data  were collected using oJ-scan technique 
w i t h 0 < 2 0 < 4 5  ° ( h = - 1 0 t o l 0 , k = 0 t o l l , l = 0 t o  
22) on a Nicolet  R 3 m / E  diffractometer  using graphite- 
monoch roma ted  Mo K a  radiation. Scan rates varied 
from 2.93 to 29 .30  ° m i n - '  with scan width 2.0 °. Three 
s tandard  reflections (111, 215, 215), measured 
every 97 reflections, showed small ( <  4 % ) r a n d o m  
variations.  Da ta  were corrected for Lorentz and 
polarizat ion effects. An empirical absorpt ion correc- 
tion was applied; Tra in=0 .428 ,  Tma×=0.927 .  The 
2541 data  collected were averaged to 1603 unique 
observed reflections [Fo2> 3a(Fo2); Ri,t(Fo)= 0.0219]  
The space group was P 2 J c  (systematic absences: hOl, 
00l, l = odd;  0k0, k = odd). Scattering factors, includ- 
ing anomalous  dispersion, were taken from Inter- 
national Tables for  X-ray Crystallography (1974). All 
computa t ions  were carreid out  using the S H E L X T L  
crystal lographic package (Sheldrick, 1986). 

Structure solved by Pat terson method which pro- 
vided position for Au. All other non-hydrogen atoms 
posit ioned by Fourier  methods.  Phenyl rings refined as 
rigid groups with C - C  = 1 -395A and C - C - C  = 
120°;  hydrogen a toms placed in calculated position 
( C - H  = 0 .970  A) with fixed displacement  parameters  
(Uiso -- 0.08/~2).  ~.w(iFol _ i Fcl )2 minimized, where 
w = [a2(Fo) + 0.00052FoZ] - '; final R = 0 .0336,  wR = 
0 .0402  and S =  1.108 obtained using 181 variables. 
Largest  shift/e.s.d, in the final least-squares cycle 
0-007;  maximum and minimum residual electron 
densities in the difference Fourier  map were 0 .74  and 
- 0 - 7 5  e A -3. 

Discussion.  Final posit ional and thermal  parameters  are 
presented in Table 1.* Bond lengths and angles 
(including short  in t ramolecular  contacts)  are given in 
Table 2. The molecule and the a tomic labeling scheme 
are shown in Fig. 1. A stereoscopic view of  the unit cell 
is shown in Fig. 2. 

* Lists of structure factors, anisotropic thermal parameters, and 
hydrogen parameters have been deposited with the British Library 
Document Supply Centre as Supplementary Publication No. SUP 
51704 (18 pp.). Copies may be obtained through The Executive 
Secretary, International Union of Crystallography, 5 Abbey 
Square, Chester CH 1 2HU, England. 

Table 1. Atomic coordinates (x 10 4) and equivalent 
isotropic thermal parameters (A 2 x 10 3) with e.s.d.'s in 

parentheses 

Ueq = ~(trace of the U u tensor). 

x y z u,, 
Au 3207 (I) 639 (1) 1376 (1) 45 (1) 
N 1474 (10) -703 (11) 2281 (4) 46 (4) 
O(1) 2477 (10) -955 (7) 1911 (5) 69 (4) 
0(2) 1019 (10) -1587 (I0) 2624 (5) 83 (4) 
0(3) 926 (10) 407 (10) 2258 (5) 76 (4) 
P 4013 (3) 2333 (3) 814 (1) 34 (I) 
C(16) 2847 (6) 4046 (7) 1706 (4) 55 (5) 
C(15) 2805 (6) 5209 (7) 2084 (4) 59 (5) 
C(14) 3977 (6) 6124 (7) 2098 (4) 58 (5) 
C(13) 5191 (6) 5876 (7) 1733 (4) 56 (5) 
C(12) 5233 (6) 4713 (7) 1355 (4) 46 (4) 
C(I 1) 4061 (6) 3798 (7) 1341 (4) 36 (4) 
C(26) 6189 (7) 2368 (7) -99 (3) 47 (4) 
C(25) 7658 (6) 2238 (7) -262 (3) 56 (5) 
C(24) 8832 (6) 1901 (7) 249 (3) 62 (5) 
C(23) 8536 (6) 1694 (7) 922 (3) 54 (5) 
C(22) 7066 (6) 1824 (7) 1086 (3) 50 (4) 
C(21) 5893 (6) 2161 (7) 575 (3) 34 (4) 
C(36) 2188 (8) 3941 (6) -120 (3) 41 (4) 
C(35) 1258 (8) 4162 (6) -737 (3) 61 (5) 
C(34) 952 (8) 3136 (6) -1209 (3) 61 (5) 
C(33) 1577 (8) 1889 (6) -1064 (3) 59 (5) 
C(32) 2506 (8) 1669 (6) -446 (3) 48 (4) 
C(31) 2812 (8) 2695 (6) 26 (3) 35 (4) 

Table 2. Bond lengths (A) and angles (0) with e.s.d. 's in 
parentheses 

Au-O(l) 2.074 (8) Au-P 2.208 (3) 
N-O(1) 1.248 (14) N-O(2) 1.220 (14) 
N-O(3) 1.225 (15) P-C(I 1) 1.805 (8) 
P-C(21) 1.806 (6) P-C(31) 1.802 (7) 

O(I)-Au-P 179-2 (2) O(I)-N-O(2) 119.0 (11) 
O(I)-N-O(3) 118.6 (10) O(2)-N--O(3) 122.3 (10) 
Au--O(1)-N 115-4 (7) Au-P-C(l 1) 109.9 (3) 
Au-P-C(21) 115.2 (3) C(l I)-P-C(21) 105-8 (3) 
Au-P-C(31) 112.9 (2) C(l I)-P-C(31) 106.9 (3) 
C(21)-P-C(31) 105.5 (3) P-C(I l)-C(16) 118.5 (2) 
P-C(I l)-C(12) 121.3 (2) P-C(21)-C(26) 121.7 (2) 
P-C(21)-C(22) 118.3 (2) P-C(31)-C(36) 122.5 (2) 
P-C(31)-C(32) 117.5 (2) 

°'3' c,34, c,3s, 

2 c,1,, 

c, c,26, c,12, 

c  c25c 3 c2, ' 
Fig. 1. A perspective view of Au(PPh3)(NO3). Thermal ellipsoids 

have been drawn at the 50% probability level. 
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Fig. 2. A stereoview packing diagram viewed down the a axis. 

The coordination of Au is essentially linear with 
O(1)--Au-P = 179.2 (2) °. The A u - P  bond distance, 
2.208 (3)A, is short compared to other AuPPh3X 
compounds (Jones, 1984, and references therein). 
However, this short distance is quite common in Au I 
compounds with oxygen trans to the A u - P  bond 
(Jones, 1984, 1985; Hohbein, Jones, Meyer-Base, 
Schwarzmann & Sheldrick, 1985; Jones & Schelbach, 
1988). 

The nitrate is covalently bonded to gold through one 
oxygen atom. The Au-O(1)  bond distance, 
2.074 (8)A, is comparable to other AuLoxygen bond 
distances in AuPPh3X compounds. The distortion of 
the Au-O(1)--N angle [115.4 (7) °] from trigonal is 
small but significant. The Au.. .O(3) [2.84 (1)A] and 
Au. . .N [2.84(1)A] distances are short but non- 
bonding. The monodentate coordination mode of Au to 
the nitrate ligand in the present compound [one bonding 
interaction, Au-O(1),  and two nonbonding inter- 

actions, Au. . .0(3)  and Au. . .N] is different from that 
observed in the metal cluster compound [Aulr3(NO3)- 
(dppe)3]BF 4 (Casalnuovo, Pignolet, van der Velden, 
Bour & Steggerda, 1983), wherein the nitrate ligand 
chelates to the gold with two long A u - O  distances 
(2.36, 2.55 A). 

These studies have been supported by the National 
Science Foundation NSF-8708625, the Welch Founda- 
tion, and the Texas A&M University Center for Energy 
and Mineral Resources. 
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Structure of Tetramethyltin, Sn(CH3)  4 
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(Received 22 November 1988; accepted 3 January 1989) 

Abstract. [Sn(CH3)4], Mr = 178.84, cubic, Pa3, a 
= 11.198 (3)/~, V =  1404.2/~3, Z = 8, D x = 
1.69 Mg m -3, Mo Ka, 2 = 0.71069 ,/k, g(Mo Ka) = 
3.54 mm -1, F(000) = 688, T =  158 K, R = 0.050, wR 
=0 .058  for 505 unique observed reflections [ I >  
1.96tr(I)]. The compound crystallizes in the SnI 4 
structure type with the tetrahedral molecule on a 

* To whom correspondence should be addressed. 
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threefold axis with three equivalent S n - C  bond lengths 
of 2.138 (6) A, and the fourth of 2.102 (8) A. No 
significant angular distortion is observed. The slight 
nonequivalence of the bond lengths is in accordance 
with inelastic neutron scattering and NMR data. 

Introduction. The molecular structures of the tetra- 
methyl derivatives of the heavy elements of the fourth 
main group are well documented. Electron diffraction 
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