557

Contribution from the Department of Chemisiry
University of South Carolina, Columbia, South Carolina 29208, U.S.A.

The Crystal and Molecular Structure of
Tetrakis(Thiourea)Platinum(Il) Chloride

R.L. Girling, K.K. Chatterjee, and E.L. Amma

Received December 15, 1972

The crystal structure of tetrakis(thiourea)platinum(i1l)
chloride has been determined from 1991 counter nea-
sured intensities collected at room temperature. The
structure was solved by heavy atom methods and re-
fined by full matrix least-squares including anisotropic
temperaturc factors and anomalous dispersion correc-
tions for Pt, Cl and S to a final R of 0.054. The
structure may be described in terms of Pt{SC-
{(NH) )4t fons and Cl- anions with van der Waals
interactions and N-H - - - C! hdrogen bonding beiween
icns. The shortest Pt-Cl distance is 3.773(7) A. The
PtS, Is almost square planar with an 0.1 A displace-
ment of S atoms from the least-squares plane. The
entire cation has approximately D, symmetry. The
average Pt-S distance is 2.313 A (all within 2 esd’s,
+ 0.006 A). One halogen seems to be involved in
five hvdrogen bonds (N-H---Cl, 3.5 A or less) and
the other in three hydrogen bonds. The hydrogen
bonding scheme seems to be the reason for the struc-
fural differences from the analogous Pd compounds.

Introduction

Rather extensive structural studies of thiourea (tu)
complexes'™® have been carried out in our laboratory
and elsewhere. Experimental results have les us to
speculate that the orientation of the thiourea group
may be partly explained in terms of electronic effects.

(1) D.A. Berta, W.A. Spofford,NI1, P. Bolarini, aed L. Amma, Jrorg.
Chem., 9, 136 (1970).

(2) (a) A. Lopez-Castro and M.,R. Truter, J. Chem. Soc., 1309
(1963). (b) H. Luth and M.R. Truwier, J. Chem. Soc., 1879 (1968).
(¢) W.T. Robinson, S.L. Holt, and G.B. Carpenter, Inorg. Chem., 6,
605 (1967).

(3) L. Cavalca, M, Nardelll and A. Breibentl, Gazz, Chim. tal., 86,
942 (1956).

(4) M.S. Weininger, |.E. O'Connor and E.L. Amma, Inorg. Chem., 8,
424 (1969

(9) (&) W.A. Spofford, IJI and E.L. Amma, Chem. Comm., 405 (1968).

() W.A. Spofford, H1 and E.l. Amma, Acta Cryst., B26, (414

(1970).

() W.A. Spofford, 111, L.H4. Griffith and E.L. Amma, Chem,

Comm., 533 (1970).

(d) R.L. Girling and E.L. Amma, Jnorg. Chem., 10, 33 5(1971).

(&) W.A. Spoflord, 111, P. Boldrint and E.L. Amma, Inorg. Chim.

Acta, 5, 70 (1971).

(h R.L. Girling, ).E. O'Connor and E. L. Amma, Acta Crysi., B23,

2640 (1972).

(g) T.C. Lee and E.L. Amms, J. Cryst. & Mol Struc., 2, 125 (1972).

(h) M.S. Weininger, G.W. Hunt and E.L. Amma, Chem. Cormun_,
1140 (1972).

&) R.G, Vranka and E.L. Amma, /. Amer. Chem. Soc., 88, 4270
(1966).

(7) I.E. Taylor, Jr. and E.L. Aruma, submltted for publicatlon.

(8) E.L. Amma, unpublished deta, 1968-69.

(9) W.A, Spofford, 11[, P, Boldripi, E.L. Amma, P. Carfango and
P.S. Gentlle Chem, Comm., 40 (1370).

(10) E.A. Vizzini and £.1.. Amma, [. Amer. Chem. Soc., 88, 2872

(19366).

Simple Hiickel calculations® indicate “back-bonding”
to ligand orbitals may be more costly in energy than
back-bonding to sulfur d orbitals, thus explaining
why the tu twists and/or tilts (defined below) to avoid
overlap of the metal d and ligand =* orbitals. Struc-
tural studies of the Mn'',® Fel'>® Coll 12 Cd! 34 Nil 2
and Pd™ complexes show twisting and tilting to be
independent of these metals. Examination of Pt-
(tu)Cl; was a logical extension of the nickel and pal-
ladium. Further examination, particularly in sixth
petiod transition metals, seemed desirable especially
to sec if the softer metals had any noticeable effect
on the tu orientation. In addition, this structure is
not iscmorphous with the previously reported analo-
gous Pd compound.’-#

Experimental Section

Tetrakis(thiourea)platinum(lI) chloride, Pt[SC-
(NH:)%14Cl;, was prepared by previously reported me-
thods” and single crystals were grown by crystalliza-
tion from aqueous solution. The air-stable, yellow
needie crystals were well formed rods of satisfactory
quality for diffractometer data collection. Prelimina-
ry Weissenberg and precession data showed the cry-
stals to be monoclinic with the systematic extinctions:
for hOl, h = 2n+1, for 0kO, X = 2n+1, indicating
the unique space group? P2;/a.

From calibrated precession photographs using Mo-
Ka radiation (A = 0.71068 A) at room temperature,
the cell constants were found to be: ¢ = 18.08 A,
b=10.17A,¢c=9.05A,all 2002A; 8 =91.33%
0.05°. The density measured by flotation, 2.24(3)
g/cc, in a carbon tetrachloride-bromoform mixture is
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in good agreement with the calculated values of 2.27
g/cc based on four Pt(tu),Cl; entities per unit cell.

A single crystal 0.30X0.16X1.20 mm mounted
about the long axis (c) was aligned on a Picker auto-
mated diffractometer by variations of well known me-
thods.®* The intensities of 5000 independent reflec-
tions were recorded by the 0-20 scan technique using
Zr filtered MoKa radiation at room temperature. The
peaks were scanned for 100 seconds (3.33° in 28) and
backgrounds were estimated by stationary counting
for 40 seconds at +£1.67° in 20 of the peak maximum.
Integrated intensities were calculated assuming a li-
near variation in background from the function:
Inet = Iscan — 1.25(B;+B;) where B; and B, are the
backgrounds. Reflections were considered absent if
Inee were less than 23X 1.25(B1+B:)s. Twelve equi-
valent reflections were measured and found to be
within three times the error inherent in the counter
statistics; otherwise, only one set of independent re-
flections to 20 = 71° was measured. A standard
reflection was measured every ten reflections to en-
sure stability of operation. Due to electronic diffi-
culties with the scintillation crystal there were sub-
stantial differences in the standard peak during the
entire period of the data collection. However, peak
to peak variations were from 0.5 to 4 standard devia-
tion (o). The data were scaled to the standard peak
measured during that particular data collection in-
terval to ensure that any deviations caused by scin-
tillation crystal difficulties were minimized.

The take-off angle, source-to-crystal, and crystal-
to-counter values were 3.7°, 18cm, and 23 cm, re-
spectively; and the receiving aperture at the counter
was 6 mm wide by 8 mm high. The peak width at
half peak height for an average reflection was 0.36°
at the 3.7° take-off angle, indicating a reasonable mo-
saic width for the peaks. The counting rate nevei
exceeded 5,000 count per second during the data col-
lection, and no attenuators were used.

The linear absorption coefficient (u) for this com-
pound with MoKa radiation was calculated to be
97.7 cm™!. No corrections were made for absorp-
tion.”®  Anomalous dispersion effects were included
in the refinement. Lorentz polarization correction
were made.

Structure Solution

The structure was solved by conventional heavy
atom techniques ** Isotropic refinement™® of all atoms
resulted in R = 0.094 and wR** = 0.110. Convert-
ing to anisotropic temperature factors, a full matrix
least-squares refinement reduced R to 0.054, wR to
0.071. A final difference map revealed no pecak height
corresponding to greater than 1.5 electrons.

The function minimized in the least-squares refine-
ment was EIw(| Fol—|Fc[)? where Fo and Fc were

(23) (a) T.C. Furnas, |r., « Single Crystal Orienter lnstruction Ma-
nual », General Electric Co., Milwaukee, Wis., 1957
(b) The neglect of absorption corrections probably makes our
estimate of error optimistic and imposes some uncertainty in our
reported rms displacements. However. our prime interest in this
compound is in the arrangement of ligands about Pt+2 and the
hydrogen bonding arrangement. In the light of the difficulties
during data collection, we did not feel that further correction and re-
finement was desired nor warranted.
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the observed and calculated structure factors. Scat-
tering factors for Pt**, Cl-, and neutral sulfur, car-
bon and nitrogen were from Cromer and Waber.”
The effects of anomalous dispersion were included in
the structure factor calculations by addition to F¢;*
the values for Af’ and Af” for platinum, chlorine and
sulfur were those given by Cromer.” The final tabu-
lation of observed and calculated structure factors is
listed in Table I. Unobserved data were not used
in the structure refinement, but are included in the
latter part of the Fo,Fc table. Final atomic positional
and thermal parameters are listed in Table 1I. Inter-
atomic distances and angles, dihedral angles between
normals to planes, and their errors were computed®
with the parameters and variance-covariance matrix
from the last cycle of least-squares refinement and are
listed in Tables III and IVb. RMS displacements are
listed in Table IV.

Figure 1. A perspective view of the contents of the unit cell
down the [100] direction. Dashed lines indicate possible
N-H-Cl hydrogen bonds. (For distances see Table III). Each
CI(1) seems to form five hydrogen bonds: N(6)-H-—-CI(1), N(1)-
H-CI(1), N(8)-H-CIl(1), N(3)-H—-CI(1), and N(4)-H---CI(1).
Each Cl(2) seems to be involved in three hydrogen bonds:
N(1)-H—CI(2), N(2)-H—CI{2) and N(7)-H--Cl(2). N(5) is
the only nitrogen not appearing to be involved in hydrogen
bonds. The dotted line indicates the shortest Cl-Pt distances
for une of the Pt atoms.
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First column is h followed by F(obs) and F(calc).

Observed and Calculated Structure Factors for Pt(thtourea),Cl..

10F(cale)uatue.

Table la.
F(calc)
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Table Ib, Unobserved Reflections with Caleulated Value Greater than Fuie.
SF(calc)satuie. Fuin = 172. Number of refllections fess than Famin = 2046.

First colamn is h followed by k and Flcale) =
Unobserved reflections were not included in the

refinement.
an < [Fleale}| < 2.0 x Fain (66)
L= 0 =5 4250 -17 1-222 8 3329 12 4 264 -4 0-227 -1 5-246
2 0303 -7 4308 14 9-186 12 3-194 13 4-240 -2 ©0-333 =~2 7 217
b 6317 -6 4 ¥I& 213181 14 3-286 16 4-198B ~4 7-193 -3 B 319
8 13-219 -5 4-332 4 13 196 18 3174 10 6 283 9-232 -1 8 175
L= 1 -b 4237 L= 5 20 3225 12 6273 10 200 L= §
-0 0-175 L= 2 10 0196 3 4-329 16 6-175 12 9 191 -4 O 211
-4 3-206 17 1 311 4 2-2h2 4 4-322 4 7 283 -3 t1-156 L =10
-15  4-259 L= 3 6 2175 5 4-189 5 7-300 3 11 223 -10 0-249
~14 4-261 -16 1 204 7 2-320 &6 ML-217 11 7 V€3 ~212-172 -4 O 268
-11 4 242 -15 1-244 12 2-1°3 9 4 202 12 10-217 L= 8 -3 2 22
-0 § 210 Le 4 L= 6 10 & 247 L= 7 -4 0-223 -2 3 298
2.0 % Foooo< |Fleale)] < 3.0x F - LN o))
L= 1 -8 4193 5 2-478 L= 6 6 &-351 -2 0O 34k
-6 3-47 L= 5§ 11 2 456 4 3-4i§ L= 9
3.0 x Fryq < |Fleale)] (10)
L=0 1 1625 L 2 -8 0827 L= 5 2 3-560
4 0-584 L= 1 -6 0 813 -2 0-790 3 1-648
6 0-895 B 0 577 t= 3 2 0 B68 L= &
Table I, Final Atomic Positional and Thermal Parameters and Eslimated Standard Deviations (esd of last figure in paren-
theses) anisotropic temperature factors of the form: exp-[Boh’+ Bok? FByl'+28:hk -+ 23,h1+28,:kt ].
Atom x y z Atom X y z
Pt 0.4071(01) 0.4099(0!) 0.7514(0)) S(3) 0.5272(03) 0.4 10(06) 0.6719(07)
Cl¢t) 0.4169(03) 0.1112(05) 1.0730(07) C(3) 0.5767(11) 0.2746(18) 0.7334(26)
CI(2) 0.2758(04) 0.4583(06) 0.4258(08) N¢5) 0.6455(10) 02670(21) 0.7052(27)
S(1) 0.2860(03) 0.4285(06) 0.8278(08) N(6) 0.5451(14) 0.1820(18) 0.8160(27)
c 0.2901(12) 0.4576(23) 1.0183(28) S¢4) 0.4385(03) 0.6130(03) 0.8507(08)
N1 0.3466(12) 0.4041(27) 1.1024(27) C(4) 0.3835¢16) 0.7347(21) 0.7612(34)
N(2) 0.2413(11) 0.5303(21) 1.0760(24) N(7) 0.3322(13) 0.7124(22) 0.6640(32)
S(2) 0.3732(03) 0.2029(05) 0.6667(07) N(8) 0.4082(16) 0.8597(18) 0.7996(29)
C(2) 0.3931(t1) 0.1877(21) 0.4821(26) N@#) 0.4381(10) 0.2581(20) 0.4101(23)
N(3) 0.3540(13) 0.0883(23) 0.4110(25)
Bll B)Z .BJ) ﬂl} ﬂl! B.‘X
Pt 0.001 ¢01) 0.0028(01) 0.0054(01) 0.6002(01) 0.0003(01) 0.0001(01)
Cl(2) 0.0024(02) 0.0062(05) 0.0066(10) 0.0006(03) 0.0003¢04} 0.0004(05)
S(1) 0.0013(02) 0.0069(06) 0.0065(10} 0.0004(02) 0.0004(03) 0.00(4(06)
S(2) 0.0028(02) 0.0044(05) 0.0030(09} 0.00] 1(02) 0.0000¢03) 0.0002(05)
S 0.0012(01) 0,0038{04) 0.0101¢09) £.0002(03) 0.0000(03) 0.0018(06)
S(4) 0.0018(01} 0.0037(05) 0.0081( (1) 0.0001(02) 0.0017(03) 0.0005(06)
C)(t) 0.8018(01) 0.0040(05) 0.0064(05) 0.0001{02) 0.0004(03) 0.0000(04)
Ch 0.0012(06) 0.0066(20° 0.0060(39} 6.0011(08) 0.0009¢1 1) 0.0014¢22)
N(1) 0.0033(08) 0.0098(25) 0.0078(39) 0.0023(14) 0.0025(14) 0.0002(28)
N(2) 0.0016(05) 0.0078(21) 0.0063(34) 0.0001(09) 0.0005(11) 0.0003(21)
C(2) 0.0014(05) 0.0031(20) 0.0031(36) 0.0008(08) 0.0004(11) 0.0004(19)
N(3) 0.0042(09) 9.0068(20} 0,0051(32) 0.0041¢12) 0.0016(13) 0.0039(24)
N(4) 0.0017(03) 0.0072(20) 0.0067(34) 0.0014¢09) 0.0002¢11) 0.0011¢20)
C(3) 0.0016(06) 0.0028(14) 0.0028(33) 0.0002(06) 0.0016(11) 0.0005(17)
N{5) €.0015(06) 0.0060(20) 0.0158(48) 0.0014(08) 0.0001(13) 0.0019(23)
N(6) 0.0044(06) 0.0032(19) 0.0061(48) 0.0002(07) 0.0006(12) 0.0001¢(21)
C(4) 0.0035¢10) 0.0021(17) 0.0139(33) 0.0015(10) 0.0013(20) 0.00206(23)
N(7) 0.0028¢08) 0.0066(22) 0.0(60(54) 0.0013(L1) 0.0035(16) 0,0003(27)
N(8) 0.0056(12) 0.0020¢ t5) 0.0138(48) 0.0003(11) 0.0001(20) 0.0010(20)
Structure Description gure 1). The anions, ocupying non-axial positions

Essentially the structure of Pt(tu)Cly consists of
molecular ions of Pt(tu)s* and chioride anions (Fi-
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relative to the plane of the platinum and four sulfurs,

show long metal-halogen distances indicating only van
der Waals interactions®™ between platinum and chlor-



Table 1li. Interatomic Distances, Angles and esd’s.
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Bonded Distances CI(1)-Pt-S(3) 101.2(17) S(3)-N(4) 3.232(20)
CI(1)-Pt-5(4) 111.6(19) C(3)-Pt 3.368(19)
Pt-S(1) 2.321(06) C1(2)-Pt-S(2) 72.7(01) C(3)-S(2) 3.786(19)
S(1)-C(1) 1.747(26) CI(2)-Pt-S(1) 68.9(02) C(3)-N(4) 3.812(29)
N(D-C(1) 1.372(30) CI(2)-Pt-S(3) 109.6(01) S(3)-C(2) 3.713(23)
N(2)-C(1) 1.272(26) Pt-S(4)-C(4) 108.2(09) Pt-Cl(2) 3.773(07)
Pt-S(2) 2.318(05) Pt-S(1)-C(1) 106.8(07) S(3)-N(5) 2.603(19)
S(2)-C(2) 1.724(23) Pt-S(2)-C(2) 110.0(07) Pt-N(6) 3.445(22)
C(2)-N(3) 1.383(27) Pt-S(3)-C(3) 112.2(07) - CI(1)-N(6) 3.399(19)
C(2)-N4) 1.274(26) S(1)-Pt-S(2) 86.1(02) S(2)-N(6) 3.367(24)
S(3)-Pt 2.302(05) S(1)-Pt-S(3) 174.7(02) S(3)-N(6) 2.685(17)
S(3)-C(3) 1.736(19) S(1)-Pt-S(4) 92.0(02) N(6)-N(5) 2.264(29)
C(3)-N(5) -1.276(27) S(2)-Pt-S(3) 98.3(02) S(4)-8(1) 3.338(07)
C(3)-N(6) 1.338(26) S(2)-Pt-S(4) 176.4(02) S(4)-C(1) 3.498(23)
Pt-S(4) 2.320(05) S(3)-Pt-S(4) 83.6(02) S(4)-N(1) 3.559(27)
S(4)-C(4) 1.771(28) S(4)-S(3) 3.083(08)
N(7)-C(4) 1.289(35) Pt-C(4) 3.331(22)
N(8)-C(4) 1.386(30) In}ramolecular Non-Bonded C(4)-S(1) 3.630(22)
Distance )
llth(-;;(é)lQ 3.446(21)
Angles (de Pt-CI(1) 4.207(05) -Cl(2) 3.501(26)
S(1)-C(1)-N(1) 119.7(16) Pt-C(1) 3.284(20) N(7)-5(4) 2.729(23)
S(1)-C(1)-N(2) 119.0(20) Pt-N(1) 3.384(24) S(4)-N(8) 2.608(20)
N(1)-C(1)-N(2) 119.0(20) S(1)-N(1) 2.705(24) N(7)-N(8) 2.358(36)
gg;gggg% 113.5(}2; N(2)-S(1) 2.613(21)

-C(2)- 126.5( N(2)-N(1) 2.303(29) Possible Intermolecular
N(3)-C(2)-N(4) 119.8(21) S(2)-CI(1) 3.858(09) Hydroge i «
S(3)-C(3)-N(5) 118.7(17) S(2)-C1(2) 3.796(09) ydrogen Bonded Distances
S(3)-C(3)-N(6) 121.1(16) $(2)-5(1) 3.167(08) N(1)-CI(1) 3.242(25)
N(5)-C(3)-N(6) 119.9(20) Pt-C(2) 3.328(22) N(6)-CI(1) 3.399(19)
S(4)C-(4)-N(7) 125.4(18) Cl(2)-C(2) 3.503(23) N(8)-CK(1") 3.560(23)
S(4)-C(4)-N(8) 110.7(22) S(2)-N(3) 2.606(20) N(4)-CI(1") 3.410(21)
N(7)-C(4)-N(8) 123.5(25) Pt-N(4) 3.509(20) N(3)-CI(1") 3.296(20)
CI(1)-Pt-CI(2) 130.5(01) N(4)-S(2) 2.685(21) N(7)-Cl(2) 3.502(26)
CI(1)-Pt-S(2) 65.1(01) N(#)-N(3) 2.300(26) N(17)-Cl(2) 3.269(25)
CI(1)-Pt-S(1) 83.1(01) S(3)-5(2) 3.497(08) N(27)-CI(2) 3.295(23)

* Single prime is related to tabulated coordinates by transformation x,y,z; Double prime is related to tabulated coordinates

by x, vy, z-1.

Table IV, RMS Component of Thermal Displacement Along

Principal Axes (A) (esd in parentheses).

Atom ’ 1 2 3 . Atom 1 2 3

Pt 0.115(01) 0.136(01) 0.155(01) C4) 0.067(60) 0.233(37) 0.262(45)
CI(D) 0.144(09) 0.155(13) 0.184(07) N(1) 0.124(56) 0.205(36) 0.286(34)
CK(2) 0.162(14) 0.172(08) 0.212(08) N(2) 0.161(37) 0.165(32) 0.202(27)
S(1) 0.131(11) 0.168(08) 0.200(09) N(3) -0.070(70) 0.147(35) 0.315(32)
S(2) 0.112(17) 0.139(08) 0.224(08) N(4) 0.129(36) 0.173(33) 0.218(28)
S(3) 0.126(10) 0.150(08) 0.212(10) N(5) 0.117(35) 0.201(29) 0.261(39)
S(4) 0.125(11) 0.146(09) 0.219(07) N(6) 0.128(38) 0.158(30) 0.272(35)
C(1) 0.092(45) 0.173(50) 0.202(29) N 0.135(40) 0.204(34) 0.300(34)
C(2) 0.104(51) 0.141(39) 0.182(30) N(8) 0.100(40) 0.240(42) 0.306(32)

0.120(31) 0.190(32)

C(3) 0.055(129)

ine. The platinum and four sulfur atoms in the cation
show essentially square planar coordination (Figure
2). However, the sulfur-platinum-sulfur angles are
significantly distorted from the ideal value of 90°,
and there is also a slight tetrahedral distortion about
the platinum, with the sulfur atoms displaced about
0.1 A from coplanarity. The Pttus?* cation approaches
approximate D, molecular symmetry. The thlomea
groups are planar within two standard deviations * and
arc roughly related to each other by the pseudorota-
tion axes. Two of the groups are twisted and tilted
up and the other two down. The dihedral angles
between the planes of tu groups 1,2,3 and 4 (tu

(29) W.A. Spofford, « A Fortran Least-Square Plane Program for
the IBM 1620», unpublished results (1968).

groups arc assigned the same number as the sulfur
atom in that group) and the plane calculated from
the platinum and four sulfur atoms are 71.1°, 48.6°,
54.5° and 61.5°, respectively. These angles show the
combined twist and tilt values of the tu group rela-
tive to the plane through the platinum and four sul-
furs. Tilt values (rotation around the platinum-sul-
fur axis) can be estimated by the dihedral angle be-
tween the Pt-S(1)-S(2)-S(3)-S(4) plane and each pla-
tinum-sulfur-carbon plane (Figure 3). One method
of finding the twist (rotation around the sulfur-car-
bon bond) is from the dihedral angles between the
appropriate platinum-sulfur-carbon and tu planes (Fi-
gure 3). The four independent platinum-sulfur di-
stances do not differ significantly from each other,
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but their average value of 2.313 A is somewhat shor-
ter than the sum of the covalent radii® which is 2.36
A. Intramolecular sulfur-sulfur distances are rather
short, ranging from 0.62 to 0.20 A shorter than the
sum of the van der Waals radii (3.70 A).® The dif-
ferences among the platinum-sulfur-carbon angles arc
significant, the highest being 112.2(7)°, the lowest
106.8(7)°. In the tu groups the average values of the
sulfur-carbon and carbon-nitrogen distances corre-
spond within one standard deviation to the distances

Figure 2. A perspective view of the Pt[SC(NH.).]. cation
showing relevant distances and angles. The molecular ion
has approximate D, symmetry.

Figure 3 .Dihedral angles between relevant planes. Shown
are the «twist» and «tilt» angles as defined in the text which
completely specify the orientation of the tu ligand.

(30) L. Pauling, «The Nature of the Chemical Bond», 3rd ed., Cornell
University Press, Ithaca, N.Y., 1960 Chapt. 7, p. 260.
(31) M.R. Truter, Acta Cryst., 22, 556 (1967).
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found in free thiourea by Truter.” The angles in
two of the tu groups show no real distortion from
120°. However in groups 2 and 4 there is signifi-
cant distortion from 120° in both the sulfur-carbon-
nitrogen angles. Both show the same sort of distor-
tion; the sulfur-carbon-nitrogen angle nearest the pla-
tinum being opened up about 5° and the other closed
down approximately 9°. A number of short intra-
molecular and intermolecular chlorine-nitrogen and
sulfur-nitrogen distances which indicate probable hy-
drogen bonding can be found in Table III.

Discussion

Bonding in the Pt(tu),* unit appears to be what we
have come to expect in transition metal tu comple-
xes 4217323 The platinum-sulfur distances are slight-
ly shorter than the sum of the normal single bond
covalent radii. The metal-sulfur-carbon angles are
somewhat less than one would predict on the basis
of simple sp? hybridization of the sulfur atom. Idea-
lized sp® hybridization would also call for a twist di-
hedral angle of zero, the angle averages 15°. Hence,
some other interaction must be affecting the tu groups.

In general, complexes of Pt** and Pd** with the
same ligands are structurally so similar that they are
crystallographically isomorphous. In the case of the
present structure PttusCl, and Pdtu,Cl? this is not
the case. There are actually two striking differences
between these structures: 1) The Pd** site defines an
approximate center of symmetry for the complex as
a whole whereas the Pt** site defines a site of appro-
ximate Dz(222) symmetry; 2) The CI-Pd-Cl angle is
179.2(1y and is approximately perpendicular to the
PdS, plane while the CI-Pt-Cl angle is 130.5(1)° and
the CI-Pt bond is nowhere near perpendicular to the
PtS, plane. A minor difference is that in Pdtu,Cls
each halogen is involved with four hydrogen bonds
and in the present structure CI(1) seems to be involv-
ed in five and CI(2) in three hydrogen bonds. Three
forces which could affect the orientation of the four
tu groups are: molecular packing forces, hydrogen
bonding and electronic effects in the M-S bonds. Al-
though it is clear that the crystal structures of Pttus-
Cl, and Pdtu,Cl; are different, how the interplay of
these forces bring this about is not obvious at this
time. Subtle differences in hydrogen bonding and
packing have been used to account for the fact that
Cotu,CI:%2 and Zntu,Cl;*® are not isomorphous, whe-
reas Co(s-DEtu),Cl; and Zn(s-DEtu),Cl;* are isomor-
phous (s-DEtu = NN’-diethylthiourea).
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