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The crystal and molecular structure of hydridochlorobis( diphenylethylphosphine)platinum, PtHCl[ P( C ~ H ~ ) ~ C ~ H ~ I Z ,  has 
been determined from three-dimensional X-ray data. The material crystallizes in space group C2h6-P21/c of the monoclinic 
system, with four molecules in a cell of dimensions a = 11.80, b = 16.93, c = 14.31 8., = 108.4'. The individual mono- 
meric molecules are well separated, the closest Pt-Pt distance being greater than 9 8. The phosphorus atoms are trans 
to one another and with the chlorine lie a t  three of the four corners of an approximate square, with the platinum in the center. 
In agreement with results reported previously for a similar bromo compound, the Pt-P distances are shorter and the Pt- 
halogen distance longer than are calculated from the usual radii-sum rules. The Pt-halogen lengthening is consistent with 
the high lability of the halogen trans to a hydrogen. The platinum, phosphorus, and chlorine atoms deviate slightly, but 
significantly, from coplanarity. 

Introduction 
The nature of the metal-hydrogen bond in transi- 

tion metal hydrides has received renewed attention and 
re-interpretation in the past few years, primarily 
as the result of the discovery of new classes of stable 
transition metal hydridesa and because diffraction 
~ t u d i e s ~ - ~  have shown that in such compounds the 
hydrogen exerts an important influence on the stereo- 
chemistry. This influence was not apparent in earlier 
chemicallo, l1 and spectroscopic studies. 12-14 Of para- 
mount importance in this re-interpretation of the 
metal-hydrogen bond was the determination by Ow- 
ston, Partridge, and Rowe4 of the structure of hydrido- 
bromobis(tniethy1phosphine)platinum. They showed 
that the tra+ P and Br atoms are a t  three of the four 
corners of a square, with the Pt a t  the center. They 

(1) Research performed under the auspices of the U. S. Atomic Energy 
Commission. 
(2) (a) Partfcipant in the Brookhaven Summer Student Program; (b) De- 

partment 07 $ernistry, Northwestern University, Evanston, Ill. 60201. 
(3) See, for qample ,  J. Chat t ,  Proc. Chem. Soc., 318 (1962). 
(4) P. G. O$sston, J. M. Partridge, and J. M. Rowe, Acta Cryst.,  13, 246 

(1960). 
(5) P. L. Oridli and L. Vaska, Proc. Chrin. Soc., 333 (1962). 
(6) S. J. La Placa and J. A. Ibers, J. Am. Chem. Soc., 86,3501 (1963). 
(7) S. J. LajFlaca and J. A. Ibers, Acta Cryst., in press. 
(8) S. J. La Placa, J. A. Ibers, and W. C. Hamilton, J .  A m .  Chem. Sac., 86, 

2288 (1964). 
(9) S. J. La Placa, W. C .  Hamilton, and J. A. Ibers, Inoug. Cham., 3, 1491 

(1964). 
(10) W. Hieber, DieChamie, 66, 24 (1942). 
(11) W. Hieber and G. Wagner, 2. Naturforsch., 13b, 339 (1958). 
(12) W. E. Wilson, ibid., 18b, 349 (1958). 
(13) F. A. Cotton, J. L. Down, and G. Wilkinson, J .  Chem. Soc., 833 

(14) E. 0. Bishop, J. L. Down, P. R. Emtage, R. E. Richards, and G. 
(1959). 

Wilkinson, i b i d . ,  2484 (1959). 

found the Pt-P distances to be shorter and the Pt-Br 
distance to be longer than those predicted from radii- 
sum rules. Although they obtained no direct evidence 
for the hydrogen atom location, i t  seems clear that 
hydrogen is occupying the fourth corner of the square, 
for otherwise there would be no reason for the other 
atoms to be situated a t  three of the four corners of a 
square. Their determination of the structure was 
hampered considerably by the X-ray sensitivity of the 
crystals, and accordingly i t  was based on minimal 
zonal data. Because of this, the limits of error are very 
high, being A0.07 8. for Pt-P and h0.04 8. for Pt-Br. 
The light atoms were not located with any accuracy. 

Because of the central role played by this structure 
determination in the revision of ideas concerning the 
stereochemical influence of hydrogen in transition metal 
hydrides, a determination to much higher accuracy on a 
similar compound seems worthwhile. In  addition i t  is 
important to establish the bond distances with higher 
accuracy for use in an eventual description of the bond- 
ing and there is t$e possibility, though faint, that the 
hydride hydrogen might be located directly. In  this 
report on the structure of hydridochlorobis(dipheny1- 
ethy1phosphine)platinum we indeed do define the geo- 
metrical arrangement with much higher accuracy, but 
we fail to provide direct evidence concerning the hydro- 
gen position. 

Collection and Reduction of the X-Ray Rata 
The white crystals of PtHCl [ P ( C B H & C ~ H ~ ] ~  were 

prepared by H. B. Gray using the method described 
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by Chatt, Duncanson, and Shaw.15 The crystals are 
air stable; of more importance, we observed none of 
the signs of decomposition in the X-ray beam found by 
Owston, et al.,4 for the related Br compound. On the 
basis of an optical examination and of precession and 
Weissenberg photographs the crystals mere found to 
belong to the monoclinic system. The cell has the 
dimensions a = 11.80 i 0.02, b = 16.93 =k 0.03, c = 
14.31 i: 0.02 A., p = 108.4 2 0.3’, V = 2713 A.3.  
An experimental density of 1.60 g . / ~ m . ~ ,  obtained by 
flotation in zinc bromide solution, is in good agreement 
with a density of 1.616 g . / ~ m . ~  calculated for four 
molecules in the unit cell. The systematic extinctions 
OkO for k odd and h0Z for 1 odd strongly favor the space 
group Czh5-P21/c. Thus all atoms are in general posi- 
tions and no symmetry need be imposed on the mole- 
cule. 

Intensity data were collected at room temperature 
by the equi-inclination Weissenberg technique, using 
Zr-filtered Mo Ka: radiation. The crystal was mounted 
with b as the rotation axis, and the layers h01 to h14Z 
were recorded. The intensities of 1711 independent 
reflections accessible within the angular range O B I o  

5 20’ were estimated visually. After the usual Lor- 
entz-polarization factor had been applied, the resultant 
Fo2 values (where F ,  is the observed structure ampli- 
tude) were corrected for absorption. For this purpose 
the six faces of the crystal were identified by a com- 
bination of Weissenberg photography and optical 
goniometry and were carefully measured. Even 
though the calculated volume of the crystal is only 
0.00715 m m 3  and the calculated weight 11.6 pg., the 
resultant transmission coefficients for a linear absorp- 
tion coefficient of 56.95 cm.-l range from about 0.17 to 
0.59.1G Thus the obvious fact is re-emphasized that 
absorption corrections are essential if one is going to 
achieve high accuracy in problems of this sort. The 
Fo values were subsequently brought to an approxi- 
mate common scale through a modification of Wilson’s 
procedure. 

Solution and Refinement of the Structure 
The position of the P t  atom was readily determined 

from a three-dimensional Patterson function. Al- 
though the positions of the C1 and P atoms undoubt- 
edly could have been determined from the same func- 
tion, i t  was deemed more economical in time to phase a 
difference Fourier with the P t  contributions. In this 
difference Fourier the positions of the P and C1 atoms 
were readily apparent. The positions of all of the car- 
bon atoms were located in a second difference Fourier 
based on phases obtained from the refined positions of 
the heavy atoms. 

The structure was refined by the least-squares pro- 
cedure. The function minimized was Zw(F,  - F J 2 ,  
where the weights ‘w were assigned in the following way : 

(15) J. Chatt, L. A. Duncanson, and €3. L. Shaw, P?*oc. C h m .  SOC., 343 
(1 967). 

(16) Programs for the I B M  7090 used in this work were local modifications 
of Burnham’s GSABS absorption program, Zalkin’s F O R D A P  Fourier 
program, and the Busing-T.evy 0RFT.S least-squares program, together with 
various local programs. 

F < 30e, w = ( F / 3 0 ) 2 ;  30 < F < 8 0 e ,  w = 1; F > 80 
e, w = (80/F)2. The atomic scattering factors for the 
neutral atoms tabulated by IbersI7 were used. The 
anomalous parts of the Pt,  P, and C1 scattering factors 
were obtained from Tcrnpleton’s t abu la t i~n ’~  and were 
included in the calculated structure factors.1g Con- 
tributions of the hydrogen atoms to the structure fac- 
tors were ignored. Initially the refinement was carried 
out with the phenyl rings constrained to their normal 
geometry (D6h symmetry, C-C = 1.392 A,) ,  using the 
group-refinement procedure described p r e v i o ~ s l y . ~ , ~  
Each ring wa5 assigned a single, variable isotropic 
thermal parameter and six variable positional parame- 
ters These are the fractional coordinates xc, yo, zc 
of the ring center and three angles 8, e ,  and 17 which are 
successive counterclockwise rotations about the inter- 
nal axes aa’, al’, and a3’ which bring about the align- 
ment (except for translation) of this orthogonal inter- 
nal coordinate system a‘ with an external orthogonal 
coordinate system A. The origin of the internal sys- 
tem is taken a t  the ring center, with a3’ normal to the 
ring and al’ intersecting a vertex. The external co- 
ordinate system has A2 parallel to a%, A1 parallel to az X 
a3, and A3 parallel to AI x Az, where a is the original 
monoclinic coordinate system. This initial refine- 
ment of the rings together with the other atoms, each 
of which was assigned a variable isotropic thermal 
parameter, converged rapidly to a conventional R 
factor (R = 211Fo, - IFci l /ZiFoi)  of 0.11 for the 60 
positional and thermal parameters. A difference 
Fourier based on this refinement provided evidence 
for anisotropic thermal motion of the heavy atoms. 
After correction of several indexing errors, a further 
group refinement was carried out in which the Pt, P, 
and C1 atoms were assigned anisotropic thermal 
parameters, but the ethyl carbon atoms were assigned 
isotropic thermal parameters. This refinement of SO 
positional and thermal parameters converged to an R 
factor of 0.077 and to a weighted R factor R’ [X’ = 

(2w(Fo  - F c ) 2 / Z w F o z ) 1 ~ 2 ]  of 0.098. 
The obvious advantages of the group refinement are 

rapid convergence and minimization of computer time 
through the reduction of the number of variables. We 
have contended7 that an additional important advan- 
tage is that physically reasonable information can be 
included in the refinement, and we believe this to be 
preferable to imposing, for example, no constraints on 
the phenyl ring geometries, especially since elucidation 
of an unknown aspect of the structure may suffer less 
from correlation with errors of assumption than it would 
from correlation with experimental errors of measure- 
ment for the alternative full determination. In pre- 
vious  problem^,^^^^^^^ because of their size, it  has not 
been possible to compare the unrestricted and group 
refinements. In the present case, however, the un- 

(17) J. -4. Ibers, “International Tables for X-ray Crystallography,” 

(18) D. H .  Templeton, ibid., Table 3 . 3 3 2 .  
(19) J. A.  Ibers and W. C. Hamilton, Acta Cvyst., 17, 781 (1964). 
(20) J. A. Ibers and S. J. La Placa, Science, 146, 920 (1964). 
(21) S. J. La Placa and J .  A. Ibers, I n o v g .  Chen?., 4 ,  778 (1966). 

Kynoch Press, Birmingham, England, 1962, Vol. 3, Table 3.3.1. 
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Atom 
Pi 
C1 
PI 

Pz 
PiECi' 
PiECz 
PzECi 
PzECz 

x 

0.17910 (9)* 
0,2588 (7) 

-0 0015 (6) 
0.3438 ( 5 )  

0,060 (3) 
0.485 (2) 
0.527 (3) 

-0.010 (2) 

TABLE I 
POSITIONAL, THERMAL, AND GROUP PARAMETERS FOR PtHCl [P( CoH5)~GH5] 2 

Ona or 
Y 2 B (b.2) 022 Pas 012 Pis 823 

0.41664 (7) 0.28903 (8) 0.00423 (8) 0.00262 (5) 0.00544 (6) -0.00045 (6) 0.00164 (6) -0.00007 (6) 
0,4506 (6) 0.4619 (5) 0.0094 (7) 0.0067 (5) 0.0052 (5) -0.0030 (5) 0,0019 (5) -0.0010 (4) 
0.3837 (5) 0.3022 (5) 0.0059 ( 0 )  0.0026 (4) 0.0049 (4) -0.0003 (4) 0.0010 (4) -0,0002 (3) 
0.4567 (5) 0.2526 (5) 0.0040 (6) 0.0025 (4) 0.0059 (4) 0,0000 (3) 0.0014 (4) 
0.362 (2) 0.427 (2) 3.9 (6) 
0.281 (3) 0.459 (3) 7.0(9) 
0.467 (2) 0.354 (2) 3.5 (5) 
0.389 (2) 0.406 (2) 6.3 (8 )  

0.0000 (3) 

Group X e d  YO 20 6 e v B (b.2) 

PiRie -0,1251 (12) 0.2284(10) 0.1840(9) 4.32 (1) 6.09 (1 )  3.48 (1) 4.5 (3) 
PlRz -0.1870 (12) 0.5261 (9) 0.2273 (10) 4.39 (7) 4.87 ( 1 )  5.28 (7) 4.8 (3) 
PzRi 0.4306 (11) 0.3515 (10) 0.0985 (9) 2.45 (1) 0.31 (1) 5.34 (1) 4.6 (3) 
PzRz 0.3063 (14) 0.6263 (11) 0.1468 (11) 1.90 (1) 5.93 (1) 3.62 (1) 5.8 (4) 

rentheses here and in succeeding tables are estimated standard deviations in the least significant digits. 
number one on P1, etc. 
e PIRl is ring 1 on PI, etc 

a The form of the anisotropic thermal ellipsoid is exp[-(pLlha + &kZ + p83L2 f 2p12hk f 2pi3hZ f 2&kZ)]. Numbers in pa- 
PIECl refers to ethyl carbon 

The angles 6, E, 7 (in radians) are defined in the text. d xe, yc, zo are fractional coordinates of the ring centers. 

restricted refinement is feasible and for the sake of 
comparison i t  was carried out. In this calculation no 
geometrical restrictions were placed on the phenyl 
rings, and each carbon of a phenyl ring was assigned 
an individual, variable thermal parameter. (Again 
the Pt, P, and C1 atoms were assigned anisotropic ther- 
mal parameters.) This refinement of 148 positional 
and thermal parameters converged to an R value of 
0.076 and an R' value of 0.094. It is not possible to 
assess directly the significance of this improvement in 
the usual way,22 for both the positional and thermal 
constraints have been removed. However, several re- 
marks of some interest can be made from the detailed 
comparisons of the results of the two refinements. 
First, and most important, no significant shifts occurred 
in the parameters of the nongroup atoms; in fact, the 
largest shift is less than a standard deviation. Second, 
as expected, the distribution of the unrestricted C-C 
distances in the phenyl rings follows essentially a nor- 
mal error curve, with C-C distances ranging from 1.30 
to 1.49 A. and averaging 1.41 * 0.01 A. Clearly this 
wide distribution, which shows no discernible trend 
with position in the rings, results from errors in the 
intensity data, rather than from forces in the crystal, 
and reinforces our view that if one knows geometries 
better than he can determine them, then this informa- 
tion should be put into the refinement. Third, the 
group refinement requires 11 min. of IBM 7094 time 
per cycle ; the unrestricted refinement requires 24 min. 
per cycle. 

Because of our feeling that the results of the group 
refinement are to be preferred on physical grounds, we 
give in Table I the parameter values obtained from it, 
together with the standard deviations of the parameters 
as estimated from the inverse matrix. In Table I1 
the carbon atom positions of the phenyl rings are listed. 
These were derived from the data of Table I. The 
standard deviations in Table I1 are meant to be used 
in error analyses of functions nat involved in the same 
ring ; obviously the intra-ring distances, for example, 
are fixed. In Table I11 the values of 10Fo and 101 F,I (in 

(22) W. C. Hamilton, Acta Cryst., in press. 

TABLE I1 
DERIVED PARAMETERS FOR GROUP CARBON ATOMS~ 

- 0.073 (2) 

-0.054 (2) 
-0.178(2) 
-0,249 (1) 
-0.196 (2) 

-0.001 (1) 

-0.111(2) 
-0.132 (2) 
-0.209 (2) 
-0.263 (2) 
- 0.242 (2) 
- 0.165 (2) 

0.393 (2) 
0.347 (2) 
0.384 (2) 
0.468 (2) 
0.514 (2) 
0,477 (2) 

0.324 (2) 
0.220 (2) 
0.202 ( 2 )  

0.393 (2) 
0.289 (2) 

9.411 (2) 

0.298 (1) 
0,236 (1) 
0,167 (1) 
0.159 (1) 

0.290 (1) 

0.462 (1) 
0.491 (1) 
0.554 (1) 
0,590 (1) 
0.562 (1) 
0.498 (1) 

0.398 (1) 
0.322 (1) 
0.276 (1) 
0.305 (1) 
0.381 (1) 
0.427(1) 

0.553 (1) 
0.568 (1) 
0.641 (1) 
0.699 (1) 
0.685 (1) 
0.612 (1) 

0.221 (1) 

0.230 (1) 
0.216 (1) 
0.171(1) 
0.138 (1) 
0.152(1) 
0.197(1) 

0.260(1) 
0.165 (1) 
0.132 (1) 
0.194 (1) 
0.290 (1) 
0.323 (1) 

0.164 (1) 
0.140(1) 
0.075 (1) 
0.033 (1) 
0,057 (1) 
0.123 (1) 

0.194(2) 
0.116 (2)  
0.070 (1) 

0.177 (2) 
0.224 (1) 

0.100 (2) 

a C1 is attached to P ;  other C atoms are numbered in succes- 
sion so that C4 is para to C1. 

electrons) are listed for the 1711 reflections used in the 
refinement. None of the unobserved reflections ac- 
cessible on the films has a calculated intensity which 
exceeds our estimate of the minimum observable, and 
hence these reflections are omitted from Table 111. 

The anisotropic thermal parameters can be inter- 
preted in terms of real amplitudes of vibration, since 
they are essentially uncorrelated with the scale factors. 
(Note that in the partial anisotropic refinement the 28 
carbon atoms, a reasonable fraction of the scattering 
power, were restricted to isotropic vibration.) In 
Table IV the principal values of the root-mean-square 
amplitudes of vibration are listed. The orientations 
of the thermal ellipsoids, which may be derived from 
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TABLE 111 : OBSERVED ATD CALCULATED STRUCTURE AVPLITUDES (IS ELECTROTS x 10) FOR PtI3C1 [P( CcI<,,)2C?ir,] 2 

H L 0BS CIL ...... I. j...... 

...... I. L...... 

H L 081 L I L  w L 0 8 s  C I L  

...... li P...... 

......I(. ,...... 

...... K. ,...... 
3 L 360 2 9 6  
0 5 1 8 8  7 L I  
J 8 611 616 
2 P 2 8 0  101 
2 I O  7 7 1  7 5 2  
c I 1  110 110 
J I 2  415 .Pi. 
I 1 L 2 0  3 3 1  
I 4 102 715 
I 5 1 2 9 6  1 3 1 2  
I b 7 6 1  119 
I 7 1187 1175 
1 8 9 7 1  9 5 ,  
1 9 1191 1090 
I I O  619 5 4 1  
I I 1  " 3 1  8 8 5  
I 12 341 I 8 6  
I - L  I 1 0 3  1111 
L - 5  , 7 3 1  ,909 
I - b  170 764 
I - 7  8 1 2  895 
I - 8  508 1 9 1  
i -9 2 1 1  1 3 2  
2 2 L"B1 985 
2 3 I776 1716 
2 I 1148 1 3 i 2  
2 5 1981 1 1 4 1  
2 6 6 0 9  6 3 3  
i 1 6 5 0  615 
I 8 519 118 
i 9 $1. + e 3  
2 I O  I25  1 3 9  
2 - 1  115 110 
2 - 4  725 1 0 8  
2 - 5  198 186 
I -6 5L6 I+]  
2 - 7  I 1 2 5  ,215 
2 - 8  156 4 0 1  
2 -9  164 121  
I - L o  57, 5 5 8  
2 -11 b 8 I  5 2 5  
2 - 1 2  3 2 1  321 
3 0 1130 q 5 *  
3 I l k 3 3  124b 
3 2 J I L  39B 
1 3 8 2 1  7 5 1  
3 5 175 1 6 4  , 6 , i s  3 1 9  
3 1 59Y 50k 
3 9 729 1 1 b  
3 I ,  806 7 8 6  
3 -1  2 0 9 4  2 2 1 1  
3 - 2  1 O O b  7 7 2  
1 - 3  11s. IlSB 
3 - k  1311 1316 
3 - 5  77, 801 
3 - 6  8 1 1  9 4 2  
3 -I 360 111 
I - 9  605 582 
3 -11 608  + P I  
3 - 1 2  321 171 
I - ,1  9 6 0  BBI 
4 0 555 381 
4 L 319 L I 3  
4 2 507 427 
4 , 645  665 + I L O I i  I O + *  ' t $ 7 2  8 6 0  + 1 9 0 , P I I  
4 I 314 2 9 1  
4 7 180 a b 5  

4 - I  I l O L  1 0 2 5  5 0 3 1 3  329 
I - 2  153 151  5 1 Y O 2  1 9 1  
$ - 3  2076 1 9 5 5  5 1 776 176 
L -1 1 2 1  1 6 2  5 5 918 926 
L -5 1591 I 6 1 8  5 1 1230 1214 
L -6 67, ID, 5 P 8'4 1 8 0  
i - 7  1 1 8 2  I 1 0 9  5 - 1  I b 7 4  1561  

- 8  826 8 5 b  > - 2  I085 IOL6 

L - I 1  $12 5 2 1  5 - k  I001 991  
L - I I  + 3 +  6 0 1  5 - 5  1760 I 6 0 0  
5 0 14b9 1322 5 "6 3 3 b  q 3 b  
I I 1 2 8 1  1230 5 -1 7 6 9  8 0 7  

I 3 I S 5 2  1 9 2 b  b 0 14k b o 1  
I + 654 6 1 8  L I I 1 6 2  1129 
5 I 811 $ 7 1  6 2 7 9 1  7 5 ,  
I 6 119 IYI b 3 1 3 8 1  1179 
I I 350 310 b 1 8 7 k  9 2 6  
5 -1  1662 l l b l  6 5 I 2 1 3  1 2 1 8  
5 - 2  198 571 b b 3 6 3  399 
> - 1  270 300 b I 1 0 3  7 9 7  
5 - 5  4 3 8  $10 b - 1  h b 2  b b l  
5 -6 5 1 1  596 6 - k  5 3 1  584 
5 -7 I150 I 1 5 1  I -5 I2,P 116, 
> - 8  6 8 5  bY5 6 - 1  1322 I 2 h l  
5 -9 1k10 1.58 6 - 8  669 111  
5 -10 b l 0  667 6 -9  LI51 I 1 2 7  
5 -11 1.8 8 1 8  6 -10 k05 309 
5 - 1 2  461  + I 7  6 - 1 1  7 1 2  199 
5 - 1 1  591 601 L - 1 2  3 0 P  2 5 4  
6 0 1180 I C 3 8  1 0 8 7 6  8 9 8  
6 1 1626 l55b 1 I I b S k  1416  
b 3 811 161 7 2 7 k 8  h17 
b -1  181) Lab+ 1 I Y l I  928 
h - 2  599 199 7 -1 1256 I l a k  
b - 1  2 2 1 2  2 1 1 0  1 - 2  1282 1 2 1 1  
b - I  758 149 7 -1 1268 1090 
b - 5  9 5 5  916 7 - 4  b 3 1  5 3 2  
b - 7  * b o  916 7 -5 + I 2  ' 0 1  
0 -1, * , I  I.6 I -9  e,, 6.8 
6 - 1 2  5 8 1  519 1 -11 ( 1 2  724 
7 3 1185 1 1 7 5  8 4 411 584  
7 4 '3'1 q b l  1 5 1 1 2  501 
7 5 IO18 I O b l  D -I 8 1 3  1 8 2  
1 (I 1 1 2  5 1 9  Li - 2  532 5 5 5  
I 1 839 8 5 8  8 - 3  I 154  1090 
7 - 2  111 1 1 0  8 - 6  820 913 
7 - I  1074 PPO 8 - 5  I l l 8  l l ' i b  
7 - 4  1073 1029 d - 6  3 1 5  1 3 8  
1 - 5  1k19 I l b 5  8 -1 I03 197 
1 -6 851 8.1 I - 8  109 119 
1 -I 9 7 1  917 8 - 9  b 2 3  616 
1 - 8  312 162 9 I V 2 8  Y b 3  
1 -9  1 5 8  169 9 2 5 b 4  586 
8 0 5 b b  LO1 P 3 58h 759 
8 I I016 I 0 4 1  Y - 1  9 9 1  801  
B 2 198 61, , - b  1 7 1  7 8 ,  
I I 181 937 9 -1 1 1 3  899 
d 4 4 5 4  +2b 9 - e  335 4 7 1  
d 5 LSG 526 9 - S  9 8 2  985 
8 -1  1 9 1  8 4 1  9  -10 + I 1  + P I  
8 - 3  ,6, 6 2 8  1" 0 556 6 6 2  
d - I  2 8 1  501 l u  -1  1018 I C 6 5  
8 - 9  991 1 0 2 8  l u  - 2  396 356 
I - , I  716 ?$I l i  - 3  1 9 6 5  1 1 5 5  
Y 0 4 1 5  1 2 1  10 - 5  794 7k9 
9 I 7 1 1  7 9 8  

4 -9  809 8 6 1  5 - 3  1617 1674 

I 2 i + i o  1.00 i -n 5 0 5  5 1 3  

. .. 
9 - 1  7 1 1  B L O  
9 - 2  8 k I  8 2 6  
9 - 3  993 B Y 8  
Y -, 810 1 5 5  e..... K. b...... 

...... I. 5...... 

,..X. 1. ..... 

..I ,...I. e... ... 

...... I. q...... 

3 3 317 360 
il L 12.53 ,*?I 
I 5 2 2 3  i 2  
> b I 2 2 4  1215 
i 8 105, L O B 5  
I) 9 307 1 2 5  
3 10  5 8 1  4 9 2  
i 2 1632 1780 
1 4 1218 ,283 
L d 367 3 8 ,  
L 1 198 316 
I LO 241 2'1 
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TABLE IV 
ROOT-MEAN-SQUARE AMPLITUDES OF VIBRATIOXS (IN X.) 

P t  0.157 (2) 0.199 (2) 0.227 (1) 
c1 0.20 (1) 0 .23 (1) 0.34 (1) 

Atom Minimum Intermediate Maximum 

PI 0 .18 (1) 0.20 (1) 0 .23  (1) 
Pz 0.16 (1) 0.19 (1) 0.24 (1) 

the data of Table I, are not given. A rigid-body 
analysis has not been attempted, largely because it 
seems inapplicable. For example, only the C1 atom 
shows maximum displacement along the direction 
perpendicular to the Pt, PI C1 plane. 

A final difference Fourier, based on the group re- 
finement, shows peaks as high as 2.2 e/8.3 in the 
vicinity of the Pt atom. Considerable effort was made 
to locate the hydride H atom, using the method of 
successively limiting the angular range of terms in the 
Fourier, a method which worked with success in our 
study of RhH(C0) [P(C6Hs)3]3.6t7 Although the noise 
in the vicinity of the Pt diminished considerably as the 
angular range was reduced, i t  never decreased suf- 
ficiently to enable us to discern with certainty the 
electron density of the hydrogen. This density is cal- 
culated to be about 0.3 to 0.5 e/B.3,7 some 30% of the 
noise level on the difference Fourier with terms limited 
to the angular range (A-l sin 0) 5 0.35 A.-l. The 
reasons for the noise level here are probably related to 
the white radiation problem always inherent with Mo 
Ka: radiation, to errors in the published values of p / p  

used in the absorption c ~ r r e c t i o n , ~ ~  and to an improper 
treatment of the platinum scattering. (The Thomas- 
Fermi-Dirac scattering factor for Pt used in this study 
differs in the range of interest by only a few tenths 
of an electron from the new Hartree-Fock valuesz4 
and by some 1 to 2 electrons from the new Hartree- 
Fock-Slater values25 ; nevertheless, the differences are 
smooth and should be compensated for in part by 
changes in the thermal parameters.) The one dis- 
cernible feature on this difference map is that  the phenyl 
carbon atoms nearest to phosphorus are vibrating less 
than those further away. This effect is also evident 
in the unrestricted refinement : the thermal parameters 
average on C1 (attached to P), Cz and Cg (ortho), C3 
and Cg (meta), and Cd (para) 3.6, 4.6, 5.5, and 5.5 8.,2 
respectively. Obviously one could improve the group 
refinement, with consequent increase in computing 
time, by assigning individual thermal parameters to 
the group atoms; this does not seem worthwhile, since 
the differences from the group average can always be 
derived from a difference Fourier. 

Description of the Structure 
The structure described by the cell constants, the 

symmetry operations of the space group, and the atomic 
parameters consists of the packing of discrete molecules 
of P ~ H C ~ [ P ( C ~ H ~ ) ~ C Z H ~ ] Z .  The closest Pt-Pt ap- 
proach is greater than 9 A. The P atoms are trans 

(23) S. C. Abrahams, Acta Cuysl . ,  17, 1327 (1964). 
(24) D. T. Cromer, A. C. Larson, and J. T. Waber, zbzd., 17, 1044 (1964) 
(25) H. P. Hanson, F. Heiman, J. D. Lea, and S. Sklllman , ibzd. .  17, 1040 

(1964). 

Figure 1.-A perspective drawing of one molecule of PtHCl- 
[P( C&,)~CZHF,]Z. Positions of the hydrogen atoms were not 
determined and are not shown. 

to one another and together with the C1 atom lie a t  
three of the four corners of a distorted square. The Pt 
atom is a t  the center of the square. This arrangement 
is shown in perspective in Figure 1. The important 
intramolecular distances are listed in Table V. The 
general agreement with the much less precise results of 
Owston, et al.,4 on the related bromine compound is 
exceedingly good: they found Pt-P distances of 2.26 * 
0.07 A., a Pt-Br distance of 2.56 =k 0.04 A., and Br- 
Pt-P angles of 94.1 and 93.7" (h2.0'). The Pt-P 
distances of 2.267 and 2.269 f 0.008 A. found here are 
toward the low end of the range found recently be- 
tween P and other second or third row transition ele- 
ments (Rh-P = 2.32 A. in RhH(CO)[PC6H5)3]36,7; 
Ir-P = 2.36, 2.37 8. in Ir02C1(CO) [P(CCHB)~]Z~"; 
Ru-P = 2.37, 2.41, 2.23 8. in R U C ~ ~ [ P ( C ~ H ~ ) ~ ] ~ ) . ~ ~  
The Pt-C1 distance of 2.422 f 0.009 A. is consistent 
with the Pt-Br distance found by Owston, et aLI4 
since the covalent radius of C1 is generally considered 
to be some 0.12 8. less than that of Br. The Pt-C1 
distance is longer than is predicted from radii-sum rules 
(2.30 A,), and this lengthening is consistent with the 
high chemical lability of the chlorine in this compound. 
Yet the Ru-C1 distance is 2.39 8. in R U C & [ P ( C & ) ~ ] ~ ~ ~  
and the Ir-Cl distance is approximately 2.40 A. in 
IrOZC1(CO) [P(C6H5)3]2. Owston, et U Z . , ~  discuss the 
Pt-P shortening and Pt-Br lengthening in terms of 
possible trans influence of the hydrogen atom and/or 
as a result of d-orbital contributions to Pt-P bonding. 

TABLE V 
SELECTED INTRAMOLECULAR DISTAXCES AND ANGLES 

-1ntiamolecular distance, A - ---- Angles, deg - 
Pt-Cl 2 422(9) Pi-Pt-C1 92 6(4)  

Pt-Pz 2 269(8) Pi-Pt-Pz 188 8(3)  
Pt-P1 2 267(8) P2-Pt-Cl 94 5(4)  

Cl-P1 3 39 (1) Pi-PiECi-PiEC2 105 ( 2 )  
CI-PL 3 45 (1) Pz-PZECI-P2ECL 113 (2) 
Pi-PiECi 1 86 (3) PiRiCi-Pi-PiECi 103 (1) 
P2-PZECi 1 84 (3) PiRiCi-Pi-PiRzCi 104 (1) 
PiEC1-PiECz 1 59 (5) PiRzCi-Pi-PiECi 102 (1) 
P~ECL-P~ECZ 1 52 (5) PzRiCi-Pz-PzECi 101 (1) 
Pl-PiRiCi 1 83 (2) PPRICI-PZ-PLRLC~ 101 (1) 
Pi-PiRzCi 1 82 (2) P&Ci-P,-PzECi 104 (1) 
Pz-PzRiCi 1 85(2)  
Pz-PzR2Ci 1 82(2)  
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Such d-orbital contributions have recently been put 
forthZ6 as the explanation for the short Pt-As bond 
lengths of 2.38 A. in P t ( d i a r ~ i n e ) & ~ ~  and in Pt(di- 

Since the covalent radius of As is some 
0.10 A. longer than that of P, the contraction of the 
Pt-As bonds is similar to that of the Pt-P bonds found 
here. Nevertheless, there is sufficiently little informa- 
tion on &/I-P and M-C1 distances (where M is a second 
or third row transition element) so that very little can 
be said with certainty about the bonding in this plati- 
num compound. It is not possible to assess the rela- 
tive importance of the trans effect or of d-orbital con- 
tributions, or in fact of any other effects that  one 
might fancy. Yet, on the basis of the spreading of the 
P-Pt-C1 angles from the presumably ideal value of 
90' to 92.6 and 94.5' there is the indication of some 
steric interaction between C1 and P. (A similar devia- 
tion of the angles from 90' was observed in the bromo 
compo~nd .~ )  Hence any factor that tends to shorten 
the Pt-P bond distance will, through steric effects, 
lengthen the Pt-C1 distance and vice versa. 

(26) N. C. Stephenson, Acta C ~ y s t . ,  17, I517 (1964). 
(27) N. C. Stephenson, J .  Inovg. Nucl .  Chem., 24, 791 (1063). 

Of some interest in this regard is that the Pt, P, C1 
portion of the molecule is significantly nonplanar. 
The best least-squares planez8 through these four atoms 
has the equation 3 . 5 2 8 ~  - 15.805y + 1.3362 = 5.572 
(monoclinic coordinates). The deviations from this 
plane are Pt, 0.005 =t 0.001; C1, -0.021 =t 0.010; PI, 
-0.095 f 0.008; and Pz, -0.096 =k 0.008 A. A care- 
ful examination of the intermolecular distances suggests 
no explanation for a lack of planarity in terms of pack- 
ing distortions. (In fact all intermolecular contacts 
appear to be normal, and hence are not tabulated here.) 
The only explanation for this lack of planarity that we 
can suggest involves the intramolecular steric repul- 
sions of P and C1. 

The geometry of the diphenylethylphosphine ligand 
closely resembles that found previously for the tri- 
phenylphosphine ligand.7~Z0~Z1 
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A complete X-ray structure determination of dichlorotris( triphenylphosphine)ruthenium( 11), RuCL [P( C G H S ) ~ ] ~ ,  has been 
carried out in order to  ascertain if in this compouud the Ru( 11) (d6) is five-coordinated, The compound crystallizes iii space 
group C~h~-P2,/c of the monoclinic system in a cell of dimensions a = 18.01, b = 20.22, c = 12.36 b., /3 = 90.5'. The ob- 
served density is 1.43 g . / ~ m . ~ ,  and the density calculated for four molecules in the cell is 1.415 g . / ~ m . ~ .  There are no crys- 
tallographic symmetry conditions imposed on the molecule. The structure consists of the packing of individual monomeric 
molecules. In these molecules the Ru lies toward the center of a distorted square pyramid which consists of trans C1 atoms 
and trans P atom2 in the base and an apical P atom. The apical Ru-P distance of 2.23 b. is about 0.16 A. shorter than 
the basal Ru-P distances. This is the only known example from X-ray structural studies of a five-coordinated d6complex, and 
i t  probably occurs not because of an inherent tendency toward five-coordination, but rather because the unused octahedral 
site about the square-pyramidal configuration is effectively blocked by a phenyl ring. 

Introduction 
Of the two dozen or so five-coordinated transition 

metal complexes that have been established by X-ray 
diffraction studies, none is a d6 complex.2 This is 
not surprising, for i t  has frequently been noted8 that 
the spin-paired d6 configuration is an especially favor- 
able one for the formation of octahedral complexes. 
Of the relatively few d6 complexes thought to be five- 
coordinated that are reported in the literature, the 
case for five-coordinated Os(1I) in dibromotris(tri- 

phenylphosphine)osmium(II) seems one of the most con- 
vincing. This compound was prepared by Vaska4 in 
90y0 yield from the reaction of (NH4)*0sBr6 with tri- 
phenylphosphine in 2-methoxyethanol a t  25". In a simi- 
lar manner Vaskaj has prepared dichlorotris(tripheny1- 
phosphine)ruthenium(II). From magnetic, molecular 
weight, conductivity, and spectroscopic measurements 
Vaska concludes that these compounds are diamagnetic, 
monomeric, and are not hydrides. A preliminary 
X-ray examination by Pollack6 indicated that the 

(1) Research performed under the auspices of the U. S.  Atomic Energy 

(2) J. A. Ibers, A m .  Rev. Pizys. Chem., in press. (5) L. Vaska, private communication. 
(3) For example, see R. S. Nyholm, PYOC. Chew%. Soc., 273 (1961). 

Commission. (4) L. Vaska, Chenz. I n d .  (London), 1402 (1963). 

(6) S. S. Pollack, as  quoted by Vaska.6 


