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The crystal and molecular structure of hydridochlorobis(diphenylethylphosphine)platinum, PtHCI[P(CsH;).CoH;ls, has
been determined from three-dimensional X-ray data. The material crystallizes in space group Cu5-P2;/c of the monoclinic
system, with four molecules in a cell of dimensions ¢ = 11.80, b = 16.93, ¢ = 14.31 A, 8 = 108.4°, The individual mono-
meric molecules are well separated, the closest Pt~Pt distance being greater than 9 A, The phosphorus atoms are frans
to one another and with the chlorine lie at three of the four cornérs 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 #rans to a hydrogen.
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 hydrides® and because diffraction
studies*~% have shown that in such compounds the
hydrogen exerts an important influence on the stereo-
chemistry. This influence was not apparent in earlier
chemical®®!! and spectroscopic studies.!?~* Of para-
mount importénce in this re-interpretation of the
metal-hydrogen bond was the determination by Ow-

The platinum, phosphorus, and chlorine atoms deviate slightly, but

ston, Partridge, and Rowe* of the structure of hydrido-

bromobis(tiiethylphosphine)platinum. They showed
that the tm;’%s P and Br atoms are at three of the four
corners of a square, with the Pt at the center. They
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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, it 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 at 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 it was based on minimal
zonal data. Because of this, the limits of error are very
high, being #0.07 A. for Pt-P and +0.04 A. 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 it is
important to establish the bond distances with higher
accuracy for use in an eventual description of the bond-
ing and there is the possibility, though faint, that the
hydride hydrogen might be located directly. In this
report on the structure of hydridochlorobis(diphenyl-
ethylphosphine)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 Data

The white crystals of PtHCI[P(CsH;),C:Hs), were
prepared by H. B. Gray using the method described
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by Chatt, Duncanson, and Shaw.’® 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.,* for the related Br compound. On the
basis of an optical examination and of precession and
Weissenberg photographs the crystals were found to
belong to the monoclinic system. The cell has the
dimensions ¢ = 11.80 = 0.02, 5 = 16.93 = 0.03, ¢ =
1431 = 002 A, 8 = 1084 =+ 03° V = 2713 A%
An experimental density of 1.60 g./cm.?, obtained by
flotation in zine bromide solution, is in good agreement
with a density of 1.616 g./em.? calculated for four
molecules in the unit cell. The systematic extinctions
0k0 for k odd and 0! for [ odd strongly favor the space
group Can’-P2;/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 Ke radiation. The crystal was mounted
with b as the rotation axis, and the layers 10! to 7147
were recorded. The intensities of 1711 independent
reflections accessible within the angular range 6,
< 20° were estimated visually. After the usual Lor-
entz-polarization factor had been applied, the resultant
F,? 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 mm.® and the calculated weight 11.6 ug., the
resultant transmission coefficients for a linear absorp-
tion coefficient of 56.95 cm.~! range from about 0.17 to
0.59.' 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
F, 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 Pt atom was readily determined
from a three-dimensional Patterson function. Al-
though the positions of the Cl and P atoms undoubt-
edly could have been determined from the same func-
tion, it was deemed more economical in time to phase a
difference Fourier with the Pt contributions. In this
difference Fourier the positions of the P and Cl 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, — Fo)?
where the weights w were assigned in the following way:

(15) J. Chatt, L. A, Duncanson, and B. L. Shaw, Proc. Chem. Soc., 343
(13:1,8 Programs for the IBM 7090 used in this work were local modifications
of Burnham’s GNABS absorption program, Zalkin’s FORDAP Iourier

program, and the Busing-T.evy ORFLS least-squares program, together with
various local programs,
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F£30ew= (F/30)% 30 < F<80e,w=1; F2 80
e, w = (80/F)2 The atomic scattering factors for the
neutral atoms tabulated by Ibers!” were used. The
anomalous parts of the Pt, P, and Cl scattering factors
were obtained from Templeton’s tabulation'® and were
included in the calculated structure factors.!* 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 (Dg, symmetry, C-C = 1.392 A)), using the
group-refinement procedure described previously.%?
Each ring was assigned a single, variable isotropic
thermal parameter and six variable positional parame-
ters. These are the fractional coordinates x,, V., 2.
of the ring center and three angles §, ¢, and 5 which are
successive counterclockwise rotations about the inter-
nal axes 2y, 8;/, and a;" 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 at the ring center, with a;’ normal to the
ring and a;” intersecting a vertex. The external co-
ordinate system has A, parallel to a,, A; parallel to a, X
a3, and A, parallel to A; X A,, 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 = Zl|F,, — |F.||/Z|Fo]) 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 Cl atoms were assigned anisotropic thermal
parameters, but the ethyl carbon atoms were assigned
isotropic thermal parameters. This refinement of 80
positional and thermal parameters converged to an R
factor of 0.077 and to a weighted R factor R’ [R' =
(Zw(F, — Fo)*/ZwlF)"] 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 contended’” 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 problems,”-%:2! hecause of their size, it has not
been possible to compare the unrestricted and group
refinements. In the present case, however, the un-

(17) J. A. Ibers, “International Tables for X.ray Crystallography,”
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(21) S.J.La Placa and J. A. Ibers, Inorg. Chem., 4, 778 (1965).
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TaBLE I
POSITIONAL, THERMAL, AND GROUP PARAMETERS FOR PtHCI[P(CeHj)oCoH;lo

Bu® or
Atom % LY z B (A
Pt 0.17910 (9)® = 0.41664 (7) 0.28903 (8) 0.00423 (8)
C1 0.2588 (7) 0.4506 (6) 0.4819 (5) 0.0094 (7}
Py —0.0015 (8) 0.3837 (5) 0.3022 (5) 0.0059 (6)
P2 0.3438 (5) 0.4587 (5) 0.2528 (5) 0.0040 (6)
P,EC/° —0.010 (2) 0.362 (2) 0.427 (2) 3.9 (6)
PiEC: 0,060 (3) 0.281 (3) 0.459 (3) 7.0(9)
P:ECy 0.485 (2) 0.467 (2) 0.354 (2) 3.5 (5)
P:EC2 0.527 (3) 0.389 (2) 0.406 (2) 6.3(8)
Group xc'i Yo %o 8
PiRs® —0.1251(12) 0.2284 (10) 0.1840 (9) 4.32(1)
PiR: —0.1870 (12) 0.5261 (9) 0.2273 (10) 4.39(7)
P:R1 0.4306 (11) 0.3515 (10) 0.0985 (9) 2.45 (1)
P:R2 0.3063 (14) 0.6263 (11) 0.1468 (11) 1.90 (1)

a The form of the anisotropic thermal ellipsoid is exp[—(B8uh? + Bk + Bul® + 281k + 28kl + 28xk1)].
rentheses here and in succeeding tables are estimated standard deviations in the least significant digits.
@ %, Ve, 2. are fractional coordinates of the ring centers.

number one on Py, etc.
°* P;R, is ring 1 on P, etc.

restricted refinement is feasible and for the sake of
comparison it 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 Cl 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,? 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 II
the carbon atom positions of the phenyl rings are listed.
These were derived from the data of Table I. The
standard deviations in Table II are meant to be used
in error analyses of functions net involved in the same
ring; obviously the intra-ring distances, for example,
are fixed. In Table III the valuesof 10F, and IOI Fc‘ (in

(22) W. C. Hamilton, 4cta Cryst., in press.

6
4
0.
5

B22 " Bss Bz Bis Brs.
00262 (5) 0.00544 (6) —0.00045 (6) 0.00164 (6) —0.00007 (6)
0067 (5) 0.0052 (5) ~0.0030 (5) 0.0019 (5) —0.0010 (4)
0026 (4) 0.0049 (4) —0.0003 (4) 0.0010 (4) —0.0002 (3)
0025 (4) 0.0059 (4) 0.0000 (3) 0.0014 (4) 0.0000 (3)

€ 7 B (A
.09 (1) 3.48 (1) 4.5(3)
.87 (1) 5.28 (T) 4.8(3)
31 (1) 5.34 (1) 4.6 (3)
.03 (1) 3.62 (1) 5.8 (4)

b Numbers in pa-
¢ PyEC,; refers to ethyl carbon
The angles §, ¢, » (in radians) are defined in the text.

TaBLE II

DERIVED PARAMETERS FOR GROUP CARBON ATOMS®
Group atom

PiR,C —0.073(2) 0.298(1) 0.230(1)
PiR:Cs —0.001(1) 0.236 (1) 0.216(1)
PiR:Cs —0.054(2) 0.167(1) 0.171(1)
P.R:Cs —0.178(2) 0.159 (1) 0.138(1)
PiR:Cs —0.249(1) 0.221 (1) 0.152(1)
PR,Cs —0.196(2) 0.290(1) 0.197 (1)
PR.Cy —0.111(2) 0.462 (1) 0.260(1)
PiR:Ce —0.132(2) 0.491 (1) 0.165(1)
PyR.Cs —0.209 (2) 0.554(1) 0.132(1)
PiR.Cs —0.263 (2) 0.590 (1) 0.194 (1)
PiR.Cs ~0.242(2) 0.562 (1) 0.290 (1)
P{R:Cs —0.165(2) 0.498 (1) 0.323 (1)
PsR:Cy 0.393(2) 0.398 (1) 0.164 (1)
P:R,C, 0.347 (2) 0.322(1) 0.140 (1)
PR;Cs 0.384(2) 0.276 (1) 0.075(1)
P.R:Cy 0.468(2) 0.305 (1) 0.083(1)
P:R;Cs 0.514(2) 0.381(1) 0.057 (1)
PoR,Cs 0.477(2) 0.427 (1) 0.123(1)
P,R.Cy 0.324(2) 0.553 (1) 0.194 (2)
P:R,C, 0.220 (2) 0.568(1) 0.116(2)
P,R:Cs 0.202(2) 0.641 (1) 0.070 (1)
P2R,Cq 0.289 (2) 0.699 (1) 0.100(2)
PyR:Cs 0.393(2) 0.685(1) 0.177(2)
PsR.Cs 9.411(2) 0.612(1) 0.224 (1)

¢ C, is attached to P; other C atoms are numbered in succes-
sion so that C,is para to C,.

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 III.
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 III: OBSERVED AND CALCULATED STRUCTURE AMPLITUDES (IN ELECTRONS X 10) ForR PtHCI[P(CeH;).CoHs)

W L B8s CAL M L BBS CAL W L @BS CAL H L @S CAL W L 885 CAL K L #8S CAL W L 885 CAL M L B85 CAL W L B85 CAL W L @85 CAL WL 885 CAL
Ke 5 3 -5 1173 1100 3 3 957 1032 2 -10 303 363 4 -1 1401 1025 5 0 33 329 8 -12 040 869 L o=5 381 421 5 -2 619 564 2 -4 349 449
3 -6 624 593 1 S 208 189 2 -12 762 697 4 -2 353 353 5 1 90Uz 793 9 0 B&7 864 L =6 437 489 5 -3 383 328 2 -6 114 790
3 -7 1513 1466 ) 6 488 532 3 0 1765 1566 4 -3 2076 1955 5 2 776 7% 9 -2 1251 1092 1 -8 740 814 5 -4 367 341 2 -1 202 250
42 11663 3 -8 80% B3l 3 7 514 504 3 1 559 406 4 -4 721 762 5 5 918 926 v -4 1094 1270, 3 792 B899 | -10 1074 1C52 5 -5 420 321 2 -B 956 967
7 4 1241 1423 3 -9 1004 978 3 8 342 385 3 2 1055 1104 4 -5 1597 1638 5 71200 1234 g -6 921 895 U 4 562 589 2 0 1655 le2l 5 -5 508 533 3 0 1694 1620
3 834 3 -10 507 565 3 9 624 452 3 4 1860 1857 4 -6 674 704 5 9 844 180 1y -4 T77 829 . 5 255 206 2 2 569 622 53 -7 e4b e85 3 2 1378 1307
v 10 826 875 3 -1l 629 592 3 10 595 6le 3 5 485 463 4 -7 1782 1709 5 Iv L6 363 133 2 5 530 522 5 -8 513 394 3 3 294 207
O 12 1038 988 3 -1z 359 363 3 1l 690 687 3 6 1266 1222 4 -8 626 856 & U7 453 438 2 6 397 453 5 -9 593 604 3 4 511 508
L4 753 8il & 0 1045 962 3 -1 1946 2369 3 8 731 71l 4 -9 8§09 867 3 v B 382 225 2 T 366 414 5 -l0 500 490 3 -2 1429 1529
161948 2131 4 11246 1262 3 -2 1194 1110 3 10 362 439 4 -1 412 523 5 O 4 830 871 2 & 810 B52 6 O 499 480 3 -3 233 244
L8 0645 1424 4 2 Bl6 768 3 =3 1459 1542 3 =2 859 13 4 -1l 434 407 5 2 10 218 139 2 9 239 240 6 1 135 653 3 <4 1145 1137
L 10 1494 151K 4 31159 1197 3 -4 491 417 3 -4 Bl 895 5 O 1449 1322 5 s 11 815 770 2 -2 1811 2177 & -l 1121 970 3 -5 2387 413
112 605 612 4 4 86 789 3 -5 740 T8l 3 ~5 442 6425 5 1 1284 1230 5 12 252 287 2 -4 1716 1790 6 -2 478 403 3 -8 220 27
1 -4 2581 2840 4 5 236 291 3 -5 472 396 3 =6 1220 1334 5 2 1470 1400 5 13 25 279 2 -6 988 1053 6 ~-3 1036 LG40 4 O 435 473
1 -6 2205 2001 4 9 277 284 3 -8 199 282 3 -7 929 948 5 31852 1926 6 O 74k 60T g 3 436 536 L 4 287 304 2 -8 560 439 & -4 340 323 4 2 4Be 428
1 -8 313 227 4 10 289 251 3 -9 590 602 3 -8 1558 1817 5 4 654 678 & 11162 1129 o 4 1183 1215 1 5 854 926 1 3 420 315 & -5 701 683 4 4 818 798
1-12 286 314 4 -1 2170 2147 3 -10 317 235 3 -10 906 938 5 5 857 A7l 6 2 791 751 o 5 1831 1520 L 6 850 54 3 21319 1235 & =7 237 3L 4 & 1042 1045
22 3088 3365 4 -2 1351 1381 3 -1l 752 767 3 -12 678 S84 5 6 339 396 & 3 1361 1379 , 6 620 870 1 7 963 1027 3 4 1495 1443 7 3 471 506 4 -2 585 549
2 4 2740 2575 4 -3 1253 1216 3 =12 560 487 4 0 2047 2046 5 7 350 350 6 4 874 926 ) 7 iu95 1190 L B 282 336 3 S 588 549 7 =2 439 472. 4 -4 8lL 840
2 61750 1439 4 -6 664 631 3 =13 738 696 4 1 482 410 » -1 1442 1161 6 51213 1278 0 8 724 832 L 9 9§94 933 3 61203 1188 7 -3 574 588 4 -6 862 b4O
2 & 760 785 & ~T 279 358 & 2 Sl6 381 4 21555 1515 5 -2 598 571 6 & 343 399 9 9 &57 675 1 10 3i3 351 3 6 708 788 7 -4 38¢ 358 4 -8 559 5ls
2 12 486 368 4 -8 294 350 4 3 628 699 4 3 303 270 5 =3 270 330 & 7 703 79T , 10 225 290 L =3 153 1926 3 -3 439 439 7 -5 1115 tll4 5 0 1392 928
2 -4 1813 1418 4 =9 1252 1246 4 & 320 367 4 4 880 B50 5 -5 433 410 & =3 642 663 , 1§ 479 475 L -4 575 646 3 -4 1058 1063 7 -6 767 685 5 2 1202 1082
2 -6 1615 1594 & =10 844 740 4 5 1416 1510 4 10 545 617 5 -6 514 596 6 -4 537 584 1 2 {589 1631 L =5 1326 1335 3 -6 1482 1357 7 -7 1133 1055 5 4 855 619
2 -8 1302 1217 4 =11 1116 974 4 & 627 876 4 -2 2259 2459 5 -7 1350 1353 o -5 1249 1164 1 3 L1192 1256 L -6 1262 1103 3 -7 322 296 7 -3 518 492 5 -2 426 400
2 -10 1063 995 & =12 570 504 4 7 878 927 4 =3 965 856 5 =8 685 695 6 =7 1322 1261 L 4 176 g4 L -7 ¥4 911 3 -6 1264 1231 7 -9 769 813 5 -6 442 40
2 -12 891 790 4 ~13 946 885 4 8 452 397 & -4 901 828 5 -9 1470 1458 6 -8 669 711 L 5 926 991 L =B 437 424 3 -9 211 51 4 0 63y 534 > -8 53 542
30 2265 2145 5 0 1079 50 4 9 565 597 & <5 418 365 5 =10 470 867 & =9 1151 1127 1 & 308 350 L -9 663 T22 3 -10 727 T35 8 11295 199 & 0 934 825
32 486 555 5 L 1244 1625 4 10 285 303 4 -6 251 325 5 -1l 748 Bl 6 -10 405 389 1 1D 522 592 L -1 212 271 4 0 2003 1785 4 -1 @97 759 6 1 301 44
36 726 692 5 2 531 381 4 -1 831 720 4 -8 1326 1323 5 -12 463 437 6 =11 77z 709 | 11 429 361 2 0 1596 1523 4 2 1805 18T7 g -2 326 364 b 2 443 370
3 8 469 398 5 3 285 252 4 -2 1455 1424 4 -9 292 275 5 -13 594 6 -12 309 254 1 -3 sS4l 31 2 1 1273 1288 4 4 1021 995 s -3 319 383 & -2 913 850
3 10 1018 860 5 &4 454 455 & -3 2020 2168 4 -10 1278 {189 & 0 1180 1038 7 0 876 898 1 -4 602 620 2 2 1185 1219 4 & 532 533 g -4 427 349 6 <-4 827 775
1 -2 1940 2216 5 5 822 187 4 -4 1229 1315 4 -12 1255 1175 & 1 1626 1556 7 1 1494 1436 L -6 685 716 2 3 IS8T 1731 4 -1 31l 245 g -7 42 541 & -6 539 419
3 -4 858 822 5 6 s54i 523 4 -5 lel8 1673 5 0 1150 1047 & 3 B33 763 T 2 746 8Y7T 1 -7 TI5 637 2 4 1112 1064 4 -2 1351 1189 70 310 74
3 -6 719 697 5 7 755 738 4 -6 1322 1281 5 3 349 397 6 -1 1Bl6 1864 7 3 9l& 928 | -8 596 élé 2 5 1225 1156 & -3 79l 725 7 -2 631 s61
3 -8 384 437 5 4 576 477 4 -7 2213 2078 5 4 490 450 6 -2 599 599 7 -1 1256 1184 | -9 126 747 2 6 820 653 4 ~4 827 717 7 -4 888 851
3-10 588 554 5 9 BI7T 852 4 -8 748 746 5 6 744 853 & =3 2272 2170 7 ~2 1282 1217 1 -10 542 580 2 7 878 886 & -5 251 21l 16 1185 1047
3 .12 9kl 970 5 -1 2095 1762 4 =9 977 947 5 B 1042 1078 & -4 758 T -3 1268 1090 | -1t Té4 74T 2 -1 216 196 4 -7 19 178
4 0 915 617 5 -2 1392 1390 4 =10 322 343 5 =2 2477 2461 & =5 955 976 T -4 431 532 2 0 1567 1355 2 -2 161 131 4 -8 439 433
4 4 1323 1331 5 -3 2398 2679 4 -1l 415 378 5 =3 403 416 & =7 960 926 7 =5 412 40T 2 1 479 540 2 =3 170 232 & -9 215 283
4 6 1187 1029 5 -4 B9 B9Z 4 -12 436 343 5 -4 2381 2255 6 -11 43T 346 7 -9 653 848 2 2 1150 lu30 2 =4 263 246 & -10 €68 U6 J 3 547 753
4 8 914 B30 5 51933 2152 5 O 477 452 5 -6 1842 2(46 & -12 583 519 T -1l 892 T2 2 3 369 379 2 =5 1077 1025 5 0 lu24 B66 u 4 265 286 seesesKxlleassee
4 1y 451 488 5 -6 1135 1156 5 L 1658 1510 5 -8 1247 1285 7 3 1185 1175 8 4 4lé 584 2 5 435 708 2 -6 525 460 5 1 458 2L g 5
4 -2 1970 2157 5 -7 1627 1824 5 2 834 848 5 =12 346 230 T 4 409 466 8 5 412 507 2 6 192 188 2 -7 8B4 944 5 3 500 455 U 6
4 -4 2531 2538 5 -8 514 526 3 31789 2005 6 D 1099 883 7 5 LOL8 1061 & -1 BT 782 2 7 969 987 2 -8 714 76l > 4 613 BCE L 7 U3 334 646
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TABLE IV
R00T-MEAN-SQUARE AMPLITUDES OF VIBRATIONS (IN A.)
Atom Minimum Intermediate Maximum
Pt 0.157 (2) 0.199 (2) 0.227(1)
Cl 0.20 (1) 0.23 (1) 0.34 (1)
P; 0.18 (1) 0.20 (1) 0.23 (1)
P, 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 Cl atom
shows maximum displacement along the direction
perpendicular to the Pt, P, Cl plane.

A final difference Fourier, based on the group re-
finement, shows peaks as high as 2.2 e/A.® 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(CO)[P(CeHs)sls.%” Although the noise
in the vicinity of the Pt diminished considerably as the
angular range was reduced, it 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/A.37 some 309, of the
noise level on the difference Fourier with terms limited
to the angular range (\~! sin 6) < 0.35 A.-%. The
reasons for the noise level here are probably related to
the white radiation problem always inherent with Mo
Ko radiation, to errors in the published values of u/p
used in the absorption correction,??® 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 values?
and by some 1 to 2 electrons from the new Hartree-
Fock-Slater values?; 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 pliosphorus are vibrating less
than those further away. This effect is also evident
in the unrestricted refinement: the thermal parameters
average on C; (attached to P), Co and Cs (ortho), Cs
and Cs (meta), and C; (para) 3.6, 4.6, 5.5, and 5.5 A2
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 PtHCI[P(C¢H;).C:Hsle. The closest Pt-Pt ap-
proach is greater than 9 A. The P atoms are frans

(23) 8. C. Abrahams, Acta Cryst., 17, 1327 (1964).

(24) D.T.Cromer, A. C. Larson, and J. T. Waber, ¢bid., 17, 1044 (1964).

(25) H. P, Hanson, F., Herman, J. D. Lea, and 8. Skillman ,2bid., 17, 1040
(1964},

HyYDRIDOCHLOROBIS (DIPHENYLETHYLPHOSPHINE)PLATINUM 777

Figure 1.—A perspective drawing of one molecule of PtHCI-

[P(Ce¢H5):CsHsle. Positions of the hydrogen atoms were not
determined and are not shown.

to one another and together with the Cl atom lie at
three of the four corners of a distorted square. The Pt
atom is at 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.,* 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 = 0.04 A., and Br-
Pt-P angles of 94.1 and 93.7° (£2.0°). The Pt-P
distances of 2.267 and 2.269 = 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)[PCsH;)s]s*7;
Ir-P = 236, 2.37 A. in IrO,C1(CO)[P(CsHs):]:%;
Ru-P = 237, 241, 2.23 A. in RuClL[P(CsHs)sls).2!
The Pt-Cl distance of 2.422 % 0.009 A. is consistent
with the Pt-Br distance found by Owston, et al.,*
since the covalent radius of Cl is generally considered
to be some 0.12 A. less than that of Br. The Pt-Cl
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-Cl distance is 2.39 A. in RuCl,[P(CeHs)s 52!
and the Ir-Cl distance is approximately 2.40 A. in
IrO,C1(CO) [P(CeHs)s)a.  Owston, et al.,* 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 DISTANCES AND ANGLES

—~Intramolecular distance, A.— —~—————Angles, deg.—

Pt-Cl 2.,422(9) P,-Pt—Cl 92.6(4)
Pt-P,; 2.267 (8) P—Pt-Cl 94.5(4)
Pt-P. 2.269 (8) P~-Pt-P. 188.8(3)
Cl-p, 3.39(1) P,-P,EC—P,EC, 105 (2)
Cl-P, 3.45(1) P,~P,EC,~-P,EC, 113(2)
P-PEC, 1.86(3) P\R,C-P-P,EC, 103 (1)
P~P,EC; 1.84(3) P\ R;C-Pi-P1R,Cy 104 (1)
P,EC~P,EC, 1.59(5) P,R.C-P-P,EC, 102 (1)
P,EC~P;EC:; 1.52(5) P.R;C—-P-P,EC, 101 (1)
P-P1R;Cy 1.83(2) P,R1C~P-PaRyCy 101 (1)
P-PiR.Cy 1.82(2) P,R.C;—P-P:EC; 104 (1)
P:-P;R,C; 1.85(2)

Pr-PaRoCy 1.82(2)
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Such d-orbital contributions have recently been put
forth® as the explanation for the short Pt—As bond
lengths of 2.38 A. in Pt(diarsine),I,¥ and in Pt(di-
arsine)sCls.? 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 M-P and M-CIl 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 frans 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-Cl angles from the presumably ideal value of
90° to 92.6 and 94.5° there is the indication of some
steric interaction between Cland P. (A similar devia-
tion of the angles from 90° was observed in the bromo
compound.) Hence any factor that tends to shorten
the Pt-P bond distance will, through steric effects,
lengthen the Pt—Cl distance and wice versa.

(26) N. C. Stephenson, Acta Cryst., 17, 1517 (1964).
(27) N. C. Stephenson, J. Inorg. Nucl. Chem., 24, 791 (1963).

Inorganic Chemistry

Of some interest in this regard is that the Pt, P, Cl
portion of the molecule is significantly nonplanar.
The best least-squares plane® through these four atoms
has the equation 3.528x — 13.805y + 1.336z = 5.572
(monoclinic coordinates). The deviations from this
plane are Pt, 0.005 + 0.001; Cl, —0.021 =+ 0.010; Py,
—0.095 % 0.008; and P;, —0.096 = 0.008A. 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 Cl.

The geometry of the diphenylethylphosphine ligand
closely resembles that found previously for the tri-
phenylphosphine ligand.”%2!

Acknowledgment.—We are indebted to H. B. Gray,
who kindly supplied the crystals, for his diligent labora-
tory work.

(28) W, C. Hamilton, Acta Cryst., 14, 185 (1961).
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Structure of Dichlorotris(triphenylphosphine)ruthenium(II)!
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A complete X-ray structure determination of dichlorotris(triphenylphosphine)ruthenium(II), RuCly[P{CsH;)sls, has been
carried out in order to ascertain if in this compound the Ru(II) (d?) is five-coordinated, The compound crystallizes i1 space
group Can5-P2,/c of the monoclinic system in a cell of dimensions ¢ = 18.01, b = 20.22, ¢ = 12.36 A., 8 = 90.5°. The ob-
served density is 1.43 g./cm.?, and the density calculated for four molecules in the cell is 1.415 g./cm.®. There are no crys-
tallographic symmetry conditions imposed on the molecule. The structute 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 ¢rans Cl atoms
and frans P atoms in the base and an apical P atom. The apical Ru-P distance of 2.23 A. 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 d®complex, and
it 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 d® complex.? This is
not surprising, for it has frequently been noted?® that
the spin-paired d® configuration is an especially favor-
able one for the formation of octahedral complexes.
Of the relatively few d® complexes thought to be five-
coordinated that are reported in the literature, the
case for five-coordinated Os(II) in dibromotris(tri-

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

(2) J. A. Ibers, Ann. Rev. Phys. Chem., in press.

(3} For example, see R. S. Nyholm, Proc. Chem, Soc., 273 (1961).

phenylphosphine)osmium (IT) seems one of the most con-
vincing. This compound was prepared by Vaska* in
909, yield from the reaction of (NH,),OsBrs with tri-
phenylphosphine in 2-methoxyethanolat 25°. In a simi-
lar manner Vaska® has prepared dichlorotris(triphenyl-
phosphine)ruthenium(II). From magnetic, molecula
weight, conductivity, and spectroscopic measurements
Vaska concludes that these compounds are diamagnetic,
monomeric, and are not hydrides. A preliminary
X-ray examination by Pollack® indicated that the

(4) L. Vaska, Chem. Ind. (London), 1402 (1963).
(5) L. Vaska, private communication,
(8) S. S. Pollack, as quoted by Vaska.s



