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Crystal Structure of Dicarbonyl(thiocarbony1) bis(tripheny1phosphine) - 
iridium([) Hexaf luorophosphate-Acetone t 
By J. S. Field and P. J. Wheatley," Department of Physical Chemistry, Lensfield Road, Cambridge CB2 1 EP 

Crystals of the title compound are monoclinic with a = 15.1 99, b = 23.814, c = 13.383 8, p = 11 9.07", Z = 4 
space group P2,/m. 71 13 visually estimated intensities were used, and the structure refined to R 9.83%. There 
are two crystallographically independent cations each possessing a mirror plane. The iridium atoms are a t  the 
centre of a trigonal bipyramid with the PPh, ligands a t  the apices and the CO and CS groups co-planar with the 
iridium atoms in the equatorial plane. Mean thiocarbonyl bonding parameters are: Ir-C(S) 1.867, C-S 1.51 1 8 ;  
Ir-C-S = 178.2". The 0 and x bonding properties of the CO and CS groups are compared. 

THE first transition-metal complexes containing a thio- 
carbonyl ligand were reported in 1966,l and in the same 
year the structure of Rh(CS)Cl(PPh,), was published.2 
No further structure determinations of transit ion-me t a1 
complexes containing a unidentate CS ligand have been 
described, and the prime interest of this work is thus the 
mode of bonding and bonding parameters of the thio- 
carbonyl ligand. It was observed2 that the Rh-C 

t Reprints not available. 
JI. C. Baird and G. Wilkinson, Claem. Comnt., 1966, 267. 

bond length in Rh(CS)Cl(PPh,), (1-787 A) was shorter 
than those in the related compounds RhH(CO)(PPh,), 
(1.81 A) and Rh(CO)Cl(PPh,), (1.86 A). This shorten- 
ing was attributed to the increased amount of back- 
bonding possible with CS. In  the present structure i t  
is possible to compare Ir-C(S) and Ir-C(0) bond lengths 
within the same complex. Also of interest is the effect 

J. L. de Boer, D. Rogers, A. C. Skapski, and R. G. H. 

J .  A. Ibers, .J. Amev. Chesn. SOC.,  1963, 85, 3501. 
Troughton, Chem. Comm., 1966, 756. 
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of the CS group on the geometry of the ligands around 
the metal atom. 

EXPERIMENTAL 

Crystal Duta.-C,,H,,F,IrO,P,S,C,H,O, M = 1013-2, 
Monoclinic, a = 15.199(9), b = 23.814(12), c = 13.383(12) A, 

D, = 1.589 g ~ m - ~ ,  F(000) = 1992. Space group P2,/m 
or P2, (from absences). Cu-K, radiation, p(Cu-K,) 
= 81.9 cm-l. 

Yellow crystals, approximately cubic in form, were 
prepared by the method of ref. 4. The compound was 
originally formulated as having no solvent of crystallization, 
but a significant difference between observed and calcu- 
lated densities was noted (D,  > D,) . The acetone molecule 
was only revealed in the final stages of the structure solution. 
Densities were measured by flotation in carbon tetrachloride- 
ethyl iodide. 

Initial cell-dimensions were obtained from oscillation and 
Weissenberg photographs about b and c ( A  = 1.5418 A). 
More accurate values were obtained later by the a-doublet 
splitting method [A(Cu-K,,) 1.54051, and A(Cu-K,,) 
1.54433 A]. Intensities were collected from equi-inclina- 
tion Weissenberg photographs of the h0-20, I and hk0-3 
layers, using Ni-filtered Cu-K, radiation and the multiple- 
film technique. The same crystal was used for all photo- 
graphs and for the preparation of a calibration strip which 
was used to estimate the intensities. Intensities were 
brought to a common scale by the method of Rae and 
Blake.'j Absorption corrections were made by a method 
which approximates the crystal to a pseudo-ellipsoid .* 
7 1 13 independent reflexions were assigned non-zero in- 
tensity. 

Structure Determination and Refine$nent.-The space 
group was assumed to be P2Jm and nothing emerged during 
the course of the analysis to suggest that this assumption 
is invalid. A three-dimensional Patterson synthesis re- 
vealed two crystallographically independent iridium atoms 
lying in the mirror plane at  y = Q. A Fourier synthesis 
phased on the iridium atoms showed the positions of the 
axial phosphorus atoms, and of the CO and CS groups which 
must lie in the mirror plane. Packing considerations and 
subsequent Fourier syntheses determined the positions of 
the phenyl rings and the hexafluorophosphate anion. The 
latter occupies a general position, and thus the asym- 
metric unit includes one half of each of the independent 
cations, plus the anion. At this stage, with U 0.05 A2 for 
all atoms, R was 15%. 

Anisotropic temperature factors were assigned to the 
iridium atoms, individual isotropic temperature factors to 
the phosphorus atoms and to atoms in the CO and CS 

* G. M. Sheldrick, University Chemical Laboratory, Cambridge. 
t For details see Notice to Authors No, 7 in J .  Chem. Soc. ( A ) ,  

4 RI. J. Mays and F. P. Stefanini, J. Chem. Soc. (A), 1971, 

5 N. W. Alcock and G. M. Sheldrick, Acta Cryst., 1967, 23, 35. 

7 D. T. Cromer, Acta Cryst., 1965, 18, 17; D. T. Cromer and 

8 W. H. Zachariasen, Acta Cryst., 1952, 5, 68. 

lo D. M. P. Mingos and J.  A. Ibers, Inovg. Chem., 1971, 10, 

l1 D. M. P. Mingos and J. A. Ibers, Inorg. Chem., 1971, 10, 

p = 119.07(6)", U = 4233.7 Hi3, D, = 1.61, 2 = 4, 

1970, Issue No. 20. 
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A. D. Rae and A. B. Blake, Acta Cryst., 1966, 20, 586. 
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groups, and overall isotropic temperature factors to the 
phenyl carbon atoms and to the fluorine atoms. Only 9 
variable positional parameters were included for each phenyl 
group, namely the atomic co-ordinates of 3 alternate carbon 
atoms. The position of the remaining 3 carbon atoms was 
determined from the known geometry of the benzene ring. 
Complex neutral scattering factors were employed, and the 
weighting scheme was w = 1/( 14.38 + F,  + 0-0O37Fo8) with 
the constants chosen from an analysis of the variance. 
Several cycles of least-squares refinement, with the second- 
ary extinction coefficient * as a refinable parameter, reduced 

A difference-Fourier synthesis revealed two sets of 4 
distinct peaks, lying in the mirror plane, and occupying 
holes in the structure. The peaks were attributed to two 
crystallographically independent acetone molecules. Indi- 
vidual isotropic temperature factors were assigned to the 
carbon and oxygen atoms of each acetone molecule. 
3 cycles of full-matrix least-squares refinement (71 13 re- 
flexions) yielded a final R of 9.83%. A final difference 
Fourier synthesis showed no peak greater than 1-5 eAg-3. 

R to 10.9%. 

RESULTS 

The final fractional co-ordinates and thermal factors are 
listed in Tables 1 and 2. The temperature factors of the 
anion and the acetone molecules suggest little or no disorder. 
No correction for thermal motion has been applied to the 
bond lengths and angles. A Table of observed and calcu- 
lated structure factors is published in Supplementary Publi- 
cation No. SUP 20468 (43 pp., 1 microfiche).? 

The crystal structure of [Ir(CO),(CS) (PPh,),][PF,],- 
Me,CO consists of well separated monomeric ions with 
acetone molecules occupying holes. The closest contact 
between two independent iridium atoms is 7-94i4, and 
between a fluorine atom and an iridium atom is 7.98A. 
The geometry of the cation approximates closely to a 
trigonal bipyramid, which is to be expected for five-co- 
ordinated complexes of the ds platinum metal~.~-,O The 
triphenylphosphine groups occupy the axial positions, and 
crystallographic symmetry constrains the iridium atom and 
the CO and CS groups to lie in the equatorial plane. The 
mode of bonding of the thiocarbonyl ligand is, as expected, 
through the carbon atorn.ls2 The CO and CS groups are 
staggered with respect to the phenyl rings, the latter being 
eclipsed due to the presence of the mirror plane. Figure 1 
shows a projection down b of the asymmetric unit, giving 
the labelling of the atoms. Figure 2 shows a projection of 
the structure down c, parallel to the mirror planes. Atoms 
lying in the mirror plane overlap in the projection and, 
except for the iridium atoms, are shown as a single solid 
line of appropriate length, Bond lengths and angles are 
listed in Table 3. 

l2 D. J. Hodgson and J. A. Ibers, Inorg. Chem., 1969, 8, 1282. 
l3 D. J. Hodgson and J. A. Ibers, Inorg. Chem., 1968, '7, 2345. 
l4 S. J. La Placa and J. A. Ibers, Inorg. Chem., 1966, 5, 405. 
l6 J. A. J. Jarvis, R. H. B. Mais, P. G. Owston, and K. A. 

l6 R. M. Tuggle and D. L. Weaver, J .  Amer. Chem. SOC., 1970, 

l7 D. M. P. Mingos, W. T. Robinson, and J. A. Ibers, Inorg. 

F. W. B. Einstein, A. B. Gilchrist, G. W. Rayner-Canham, 

L. M. Venanzi, R. Spagna, and L. Zambonelli, Chem. Comm., 

*O J. H. Enemarkand J. A. Ibers, Inorg. Chem., 1967, 6, 1576. 

Taylor, Chem. Comm., 1966, 906. 

92, 5523. 

Chem., 1971, 10, 1043. 

and D. Sutton, J .  Amer. Chenz. SOC., 1971, 93, 1826. 

1971, 1570. 
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TABLE 1 

Final fractional co-ordinates ( x lo4) with estimated standard 
deviations in parentheses. The two independent 
cations are denoted A and B, and the two independent 
acetone molecules I and 11. The phenyl groups are 
numbered 1-6 

xla 
1553( 1) 
15 14( 2) 
28 1 O(  18) 
361 O( 15) 
41 0 (1 7) 

1492( 18) 
1470(7) 
2 707 (1 8) 
2917( 18) 
3803(18) 
4479 ( 18) 
4268( 18) 
338 3 ( 1 8) 
1 260 ( 1 8) 
350(18) 
164(18) 
887( 18) 

1798( 18) 
1984( 18) 
553(18) 
574( 16) 

- 361 (15) 

- 190( 18) 
-976(18) 
- 995(16) 
-232(18) 

4981 (1) 
5011(2) 
3982( 15) 
3455( 12) 
4315( 14) 
3881 (13) 
6389 ( 17) 
7525(7) 
6091 (16) 
6334( 16) 
7075( 17) 
7573(16) 
7329(17) 
6588( 18) 
5030( 18) 
4438( 18) 
4487( 17) 
5129( 18) 
5 72 1 (1 8) 
5672( 17) 
3924( 18) 
4050 ( 18) 
32 19 ( 1 8) 
2264( 18) 
2 139 ( 18) 
2 969 ( 1 8) 

8 187 (3) 
8020( 10) 
8543( 10) 
9308( 10) 
709 1 ( 1 0) 
7 85 1 ( 10) 
8 3 86 (1 0) 

5 7 75 (20) 
6529(19) 
7608(26) 
6 39 9 (2 8) 

1564 ( 1 6) 
629(20) 

501(28) 
- 218( 33) 

Y lb  
2500 
1 507 (2) 
2500 
2500 
2500 
2500 
2500 
2500 
1198(10) 
638(10) 
393(10) 
707( 10) 

12 6 7 ( 10) 
15 12 ( 10) 

969( 10) 
775(10) 
82 3 ( 10) 

1064( 10) 
12 5 8 ( 10) 
12 18( 10) 
673(10) 
450(10) 
7 72 ( 1 0) 

13 17f 10) 
1540( 10) 

2500 
1505( 1) 
2500 
2500 
2500 
2500 
2500 
2500 
1171( 10) 
13 14( 10) 
1015( 10) 
571 (10) 
428( 10) 
728(10) 

1266 ( 10) 
824( 10) 
635( 10) 
8 8 7 ( 10) 

13 29 ( 10) 
15 18 ( 10) 
1164( 10) 
650( 10) 
3 78 ( 10) 
622(10) 

1 137 ( 10) 
1408( 10) 

953(2) 
1409 (6) 
1390(6) 
811(6) 

lOOl(6) 
479(6) 
492 (6) 

12 11 (10) 

2500 
2500 
2500 
2500 

2500 
2500 
2500 
2500 

zlc 
2837( 1) 
2875 (3) 
2785(20) 
2900( 16) 
1 345 ( 1 9) 
430(17) 

4194(21) 
53 12( 8) 
39 15 (20) 
38 13 (20) 
4638(20) 
5563 (20) 
5666(20) 
4841(20) 
1501(20) 
76 8 (20) 

-304(20) 
- 642(20) 

91(20) 
1 1 63 (2 0) 
3 1 64 (20) 
3445( 18) 
3642(20) 
3557 (20) 
32 76 ( 1 9) 
3080(20) 

- 425( 1) 
-310(2) 

l l l (17)  
547(14) 

-2074( 17) 
- 3067( 15) 

407(19) 
1034(8) 
- 307(20) 
- 1145(20) 
- 1249(18) 
- 514(20) 

32 4 (20) 
42 7 ( 1 8) 
984(20) 
9 7 3 ( 20) 

1 97 8 (20) 
2993(20) 
3004(20) 
2000 (20) 

- 1483(20) 
- 1913(20) 
- 2800(20) 
- 3257(20) 
-2827(20) 
- 1940(20) 

6 176 (4) 
5274(11) 
7169( 11) 
6407( 11) 
5918(ll) 
5205( 11) 
7085( 11) 

6954(23) 
6829 (22) 
7848(30) 
5 6 4 7 ( 3 3) 

7 795 ( 18) 
756 9 (23) 
6371 (37) 
8620(33) 

2271 
The P-IrP' angles for the two independent cations are 

similar (175.8 and 173.2') and close to the ideal value. 
Ideally the angles in the mirror plane should be 120" for a 
trigonal bipyramidal iridium atom. This is not the case, the 

TABLE 2 
(a) Anisotropic vibrational amplitudes (A2 x lo4) * 

Atom Ull u22 u33 UlS 
Ir(A) 448(4) 446(5) 443 (4) 194(3) 
Ir(B) 370(4) 430(4) 307 (3) 105(3) 

Atom U Atom U 
(b)  Isotropic vibrational amplitudes (A2 x lo4) 

Atom U 
531(8) P(B) 456(7) P(3) 803(12) 

587(44) O(I) 1366(84) 
769(61) 

7 19(56) 

677(52) 552(42) 1109(98) 

748(59) 668(5l) 1093(63) 
:{$) 1127(25) $:?) 1091(24) C(1r1) 798(64) 
F(1).-(6) 1209(17) C(112) 1423(139) 
C(Ph) 735(7) c(113) 1239(114) 

* I n  the form exp[- 2x2(h2a*2U1, + . . . + 2hRa*b* UII + . . . )] 

gg\ 940(51) :{:\ 777(41) 

"0)) 936(51) gE\ 851(45) 1222( 122) 

(Uiz = U23 = 0). 

FIGURE 1 Projection down b of the asymmetric unit giving 
the labelling of the atoms and the phenyl groups. Symmetry 
related atoms are primed. Important intermolecular contacts 
between atoms lying in the mirror plane are shown by dotted 
lines 

C( l)-IrC(2) angles (1 11.9 and 110.3") being considerably 
smaller for both cations. Moreover cations A and B have 
significantly different values for the remaining C( l)-IrC(S) 
(123-4 and 130.1') and C(Z)-IrC(S) (124.7 and 119.5") 
angles. The Ir-P bond lengths (2.367 and 2.372A) com- 
pare well with values found in related complexes, e.g. 2-34 
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TABLE 3 

( a )  Bond lengths (A) and angles (") around the two crystallo- 
P(A') and P(B') are graphically independent iridium atoms. 

the mirror images of P(A) and P(B) 
Cation A Cation B 

I r (  A)-P( A) 2.3 6 7 (5) Ir  (B)-P( B) 2.372(4) 

I r  (A)-c (A 1) 1.945 (25) Ir(  B)-c( B 1) 1*969(21) 
I r  (A)-c (-42) 1.907 (25) I r  (B)-c (B2) 1.930( 2 1) 

Mean Ir-CO 1.926 Mean Ir-CO 1.949 

Ir  (A)-c (AS) 1.863 (27) Ir(B)-c.( B s )  1 -8 7 1 (24) 

C ( A 1)-0 (A I) 1.150( 28) C(B~)-O(B 1) 1.198(25) 
c (A2)-0 (A2) 1 - 2  1 5 (2 7) c (B2)-0 (B2) 1.161 (24) 

Mean C-0 1.182 Mean C-0 1.179 

C ( AS)-S (A) 1.5 1 2 (26) C( BS)-S( B) 1*509(24) 

P(A)-h(A)-C(Al) 92.1(1) P(B)-Ir(B)-c(B1) 88*3( 1) 
P(A)-Ir(A)-C(AS) 90.2( 1) P(B)-Ir(B)-c(B2) 93*3( 1) 
P(A)-Ir(A)-c(AS) 88*0( 1) P(B)-Ir(B)-c(BS) 88.9( 1) 

P(A)-Ir( A)-P( A') 175.8 (2)  l?(B)-Ir(B)-p(B') 173.2(2) 

C(A1)-Ir(A)-c(A2) 11 1*9( 10) c( Bl)-Ir( B)-c(B2) 1 10*3(9) 
C(Al)-Ir(A)-c(AS) 123.4( 11) C(Bl)-Ir(B)-C(BS) 130.1 (10) 
c( A2)-11-( A)-C( A S )  124.7 (1 1) C(BS)-Ir(B)-C(BS) 119.5(10) 

Ir(A)-C(A1)-0(Al) 17 I .4(2 1) Ir(B)-c(B 1)-0(B 1) 173.4( 17) 
Ir(A)-c(A2)-0(A2) l75.4( 19) Ir(B)-c(B2)-(l(B2) 177.q 17) 

I~(A)-C( AS)-S (A)  178.6( 16) Ir(B)-c (Bs)-s (€3) 177.8 ( 15) 

(b) Selected bond lengths (A) and angles (") for the triphenyl- 
phosphine ligands, the acetone molecules, and the hexa- 
fluorophosphate anion 

Cation A Cation B 

P(A)-c( 11) 1.821 (25)  P( B)-C (4 1) 1*823(25) 
P (A)-c (2 1) 1*827(25) P( B)-c( 6 1) 1 * 8 1 O( 25) 
P(A) -c (  3 1) 1 * 825 ( 25)  1 * 8 19( 25) P(B)-c( 6 1) 

Mean P-C 1.822 Mean P-C 1.810 

Ir(A)-P(A)-C( 11) 1 13-2 (8) Ir(  B)-P( B)-c( 41) 1 15.2 (8) 
h(A)--P(A)--C(21) 111.1(8) Ir(B)-P(B)-c(51) 111-6(8) 
I r  (A)-P( A)-C (3 1) 1 14.5 (8) Ir(B)-P(B)-C( 6 1) 114.1 (8) 

Mean Ir-P-C 112.9 Mean Ir-P-C 113.6 

c( 1 l)-P( A)-C(2 1) 1 0 4 q  12) c( 41)-P( B)-c( 5 1) 1 0 5 3  10) 
c( 1 l)-P( A)-C( 3 1) 106.8 ( 12) c( 41)-P(B)-c( 61) 104.2( 12) 
c (2 l)-P( A)-C( 3 1) 105.7 ( 12) c( 51)-P( B)-c( 61) 105*6( 12) 

Mean C-P-C 105.8 Mean C-P-C 105.0 

Acetone I Acetone 11 

C(11)-0(1) 1.2 36 ( 33) C( I1 1)-O( 11) 1-301(31) 
c (I 1)-C( 12) 1.541 (42) c (I1 1)-c (112) 1*491(49) 
c( Il)-C( 13) 1 * 49 5 (44) C(II1)-C(II3) 1.5 1 1 (45) 

c (12)-C( I1 )-0 (I) 

C( I2)-C (I 1 )-c (13) 
c( I3)-c( I1)-0( I) 

2 2.5 (2 7) 

18.3( 27) 

C(II2)-C(II 1)-O(I1) 

c (II2)-C( I I 1)-c (113) 
19.2 ( 28) ~ ( 1 1 ~ ) - ~ ( 1 1 ~ ) - - ~ ( 1 1 )  

,Anion 
-551 (15) F( 4)-P (3)-F (2) 
.563(15) F( 4)-P( 3)-F( 3) 
+85( 15) F(5)-P(3)-F( 1) 
632( 15) F( 5)-P( 3)-F( 2) 
-605( 15) F (5)-P (3)-F (3) 

2 1.7 (28) 
1 3.8 (26) 
24*5(20) 

9 1*7( 8) 
77*6(8) 
89-7(8) 
77.0(8) 
88-4( 8) 
89.2181 P (3 j-F(6 j .556(i5j ~ ( 5  j-p@ j - ~ j i j  

F(2)-P(3)-F( 1) 93.1(9) F(6)-P(3)--F(3) S9*4(7) 

F( 3)-P (3)-F (2) 90.6 ( 8) F(6)-P( 3)-F( 5) 90.1 (9) 

Mean P-I; 1.565 F(6)-P(3)-F(l) 178*3(8j 

F( 3)-P( 3)-F ( 1) 88.9 (7) F( 6)-P (3)-F( 4) 90.4( 7) 

F (4)-P( 3)-F( 1) 9 1 -3 ( 7) 

in [IrH(NO)(PPh,),][ClO,] l1 and 2.36 A in [IrI(CO)(NO)- 
(PPh3)2][BFJ,C,H,.12 The I r C ( 0 )  lengths (mean 1.926 
and 1.949 A) fall within the range (1-81-2.08 A) quoted 

for M-C distances of second- and third-row transition-metal 
carbonyls.12 These IrC(S) bond lengths (1-863 and 
1.871 A) are the first to be reported. 

The mean C-0 bond lengths (1.182 and 1-179A) are 
similar to those found in carbonyl derivatives of transition 
i n e t a l ~ . l ~ * ~ ~  The IrC(1)-O(1) angles (171.4 and 173.4') are 
significantly less than 180'. The values of the C-S bond 
lengths (1.512 and 1.509 %.) and Ir-C-S angles (178-6 and 
177.8') agree closely with those found in Rh(CS)Cl(PPh,)2.2 
Mean bond lengths and angles for the triphenylphosphine 
ligands are: P-C 1.822 and 1.819A; I r P - C  112.9 and 
113.6'; C-P-C 105.8 and 105.0". Thus the Ir-P-C angles 

1 I 

FIGURE 2 Projection of the contents of the unit cell dawn c 

are larger than tetrahedral and the C-P-C angles corre- 
spondingly smaller. The values of all these parameters are 
consistent with those found in the co-ordinated ligand and 
in triphenylphosphine itself .21 Bond lengths for the two 
acetone molecules have high standard deviations (c > 
0.03 A), but are in agreement with the values normally 
quoted.22 The carbon and oxygen atoms of acetone I 

approximate more closely to the ideal wzm symmetry 
[C(13)-c(11)-0(1) 119.2' and C(12)-C(11)-0(1) 122.5'1 than in 
acetone 11 [ ~ ( I I ~ ) ~ ~ ( I I ~ ) - - ~ ( I I )  113.8" and C(112)-C(111)-0(11) 
124.5'1. The geometry of the hexafluorophosphate anion 
is typically octahedral with P-F lengths (mean 1.565 A) 
in agreement with the standard value (1.58 A).23 

It can be seen from Figure 2 that the ions are arranged in 
layers normal to b, containing the sequence cation A, 

cation B, anion, cation A, cation B, anion . . . . An interest- 
ing feature is the closely parallel couples formed by over- 
lapping phenyl rings [rings (1) and (6')] within each layer. 
Packing within the mirror plane at  y = & is illustrated in 
Figure 1, dotted lines showing significant intermolecular 
contacts (Table 4). All other intermolecular contacts are 

21 J. J. Daly, J. Chem. Soc., 1964, 3799. 
22 Chem. SOC. Special Publ., No. 18, 1965. 
23 H. Bode and H. Clausen, 2. aPzorg. Chem., 1951, 265, 229. 
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TABLE 4 

Values for intermolecular contacts (A) shown in Figure 1 

Contact 
3.041 
3.676 
3-482 
3.267 
3.226 
3.397 
2.866 

Sum of 
van der Waals radii 

2.80 
3.25 
3.42 
3-25 
3.25 
2.80 
2.80 

at  least 0.4 
radii for the two atoms.24 

greater than the sum of the van der Waals 

Z)ISCUSSION 

In both cations the Ir-C(S) is shorter than the Ir-C(O) 
bond length. For A the shortening is significant a t  the 
95% confidence level and for B a t  the 99% confidence 
level. This observation provides support for the original 
conclusion that the CS ligand is both a better o donor 
and x acceptor than CO. The C-S bond length (mean 
1.511 A) appears to be longer than the sum of the 
triple-bond covalent radii (1.47 A) 24 but shorter than 
the value in carbon disulphide (1.554 A) .25 The Ir-C-S 
angles are close to 180" consistent with the formulation 
of the CS ligand as a (r donor. 

Recent work l1 has shown that electron-pair repulsions 

*4 L. Pauling, ' Nature of the Chemical Bond,' 2nd edn., 
Cornell University Press, Ithaca, New York, 1948. 

between M-X bonds in five-co-ordinated transition-metal 
complexes, MH(X)(PPh& (M = Co, X = N,; M = Rh, 
X = CO; and M = Ir, X = NO+) are responsible for 
deviations from ideal trigonal bipyramidal geometry. 
Certainly, in the present structure the S 0 and 
0 0 non-bonded contacts within each cation (5.20- 
6.53 A) are too large to account for distortion from the 
ideal C-Ir-C angle of 120". Moreover the small C(1)- 
Ir-C(2) angle found in the cations (111.9 and 110.3") is 
consistent with the increased electron density associated 
with the Ir-C(S) bond. Remaining angular distortions 
such as the opening of the C(sl)-Ir(B)-C(BS) angle 
(130-1 "), the bent Ir-C( 1)-O( 1) linkages, and the small 
~ ( 1 1 ~ ) - ~ ( 1 1 ~ ) - ~ ( 1 1 )  angle (11343") in the acetone 11 mole- 
cule are probably the result of packing forces. The 
dotted lines in Figure 1 show intermolecular contacts 
which could be responsible for these distortions. Their 
values are given in Table 4, and it can be seen that some 
are close to the limit of the sum of the van der Waals 
radii. 
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