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Abstract 

Crystals of Pt(DMS0)4(TFMS)2 have been prepar- 
ed by dissolution of platinum(I1) hydroxide in a solu- 
tion of CF3S03H in DMSO and subsequent evapora- 
tion. The structure was determined by use of a 
CAD-4 diffractometer with monochromatic MO KCY 
radiation. The space group is PI with 2 = 2, a = 
8.630(2), b = 9.557(3),c = 16.659(3) A, (Y = 73.33(2), 
p = 77.38(2) and y = 79.19(3)‘. The refinement 
converged to R = 0.056. The coordination around 
platinum is distorted square-planar with two S- and 
two O-bonded DMSO ligands in a &arrangement. 
The four donor atoms and the platinum are coplanar 
within 0.03 A. There is a severe steric crowding 
between the two S-bonded DMSO molecules, which 
gives rise to a distortion of the bond angles around 
the platinum. The crowding is minimized as much 
as possible by a staggered arrangement of oxygen 
atoms and methyl groups of adjacent ligands. Pt-S 
bond lengths 2.208(3) and 2.205(4) w are signifi- 
cantly shorter than those in the corresponding 
palladium complex, in accordance with a much 
stronger bond in the case of platinum. Bond length 
comparisons also indicate that ground state trans- 
influence of S-bonded DMSO probably is about the 
same in platinum and palladium complexes. 

Introduction 

Dimethylsulfoxide coordinates to metal ions either 
via the oxygen or the sulfur atoms [l] , which was 
realized very early [2]. In palladium(H) and plati- 
num(H) complexes sulfur-bonding is predominant. 
Thus, both Ir [2, 31 and direct structure determina- 
tions [4-141 of complexes containing one or two 
DMSO ligands ail indicate S-bonding.. 

Early spectroscopic studies of solutions of the 
tetrasolvated cations M(DMS0),2+, M = Pd, Pt show- 
ed that there is probably both 0- and S-bonded 

0020-1693/87/$3.50 

DMSO ligands in those complexes, due to a balance 
between steric and electronic factors [15-171. 
When the steric crowding increases due to bulky 
substituents on the sulfoxide, oxygen bonding 
is predominant in the palladium@) complexes 

VW. A recent structure determination of 
Pd(DMS0)4(BF4)2*DMS0 verifies those early 
suggestions: there are two 0- and two S-bonded 
ligands in a c&arrangement in the solid state [ 191. 

Preparation of Pt(DMS0)4(C104)2 was reported 
in 1972 [ 161, but there seems to be no further 
studies of the structure of compounds of this 
complex since then. A recent attempt to prepare 
crystals of Pt(DMS0)4(C104)2 for a structure deter- 
mination resulted in [Pt2(DMSO),(OH),] (ClO4)2 
which contains a hydroxo-bridged dimer [20]. We 
here report a single crystal X-ray determination of the 
structure of the trifluoromethanesulfonate salt of the 
monomeric tetrakis-DMSO platinum(J) cation. 

Experimental 

Synthesis 
150 ml 1.00 M NaOH (Merck p.a.) was added to a 

stirred solution of 150 ml 9.8 mM Pt(H20),(C10,)2 
in 1.00 M HC104 prepared as described elsewhere 
[21]. The resulting solution was rapidly titrated to 
pH = 7.1 (Orion pH-electrode) with 0.100 M NaOH. 
The light yellow-green precipitate of Pt(OH)z* 
xH20 (described previously [21]) was allowed to 
settle for a few min. It was separated from the solu- 
tion on a Millipore filter (HVLP 02500) and washed 
quickly with 4 X 1 ml ice-cold water under suction. 
It was immediately dissolved on the filter by addi- 
tion of 1.25 ml of a cooled solution, obtained by 
mixing 2 ml DMSO (Merck Uvasol) and 1 ml CF3- 
S03H (Fluka, purum), and stirring with a stream of 
nitrogen. 

The resulting solution was first yellow-brown 
and changed within a few minutes to bright yellow. 
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It was passed through the filter together with 5 ml 
DMSO. To remove residual water, it was distilled 
at cu. 65 “C under reduced pressure to a volume of 
ca. 2 ml, whereafter 5 ml DMSO was added and distil- 
lation repeated twice. The solution was allowed to 
cool in an open evaporation dish. Light yellow crys- 
tals separated from the now almost colourless solu- 
tion. The crystals are stable in contact with the super- 
natant solution. 

Structure Determination 
A single crystal with the dimensions 0.15 X 

0.263 X0.063 mm was used for the data collection 
on an Enraf-Nonius CAD-4 diffractometer employing 
graphite monochromatized MO KAY radiation (x = 
0.7107 A). Since the crystal decomposes when 
exposed to air, it was mounted in a Linde- 
mann glass capillary. Laue symmetry i give Pl and 
Pi as possible choices for the space group (2 = 2). 
Cell dimensions (Table I) were obtained by least- 
squares calculations of 25 6-values. The intensity 
of 4436 reflections in one half of the reflection 
sphere obeying 3 < 8 < 25’ were measured with the 
w-20 technique (Aw = 0.85 + 0.5 tan 19). The scan 
interval was extended 25% at both ends for the back- 
ground measurement. The ratio u(l)/(f) requested in 
a scan was 0.028 and the maximum recording time 
was 150 s. Three standard reflections were recorded 
at regular intervals. The intensity of these reflections 
decreased 10% during the data collection, most 
probably due to a slight decomposition of the crys- 
tal. The intensities were corrected according to the 
decrease of the standard reflections. I and 00 were 
corrected for Lorentz, polarization and absorption 
effects, the latter by numerical integration &= 
63.52 cm-‘, transmission factors 0.339-0.675). 
Only the 3869 reflections with I >3o(I) were consid- 
ered significantly different from the background and 
used in the calculations. 

TABLE I. Crystal Data for Pt(DMS0)4(CF,S03)2 

a (A) 
b (A) 
c (A) 

a 0 
P 0 
Y 0 
v (A3) 
D (g cmw3) 

8.630(2) 
9.557(3) 

16.659(3) 
73.33(2) 
77.38(2) 
79.19(3) 

1272.8 
2.10 

The structure was solved by Patterson and dif- 
ference Fourier methods. The parameters of the non- 
H atoms were refined in space group Pi using full- 
matrix least-squares. The function minimized was 
Cw(IF, I - lFcl)2 with weights w = [a2/41 F, I 2 t 
(0.03 IF, l)2 + 3.0)1-l. In the final refinement aniso- 

tropic temperature factors were applied to the atoms 
in the coordination sphere (Pt, Sl, S2, 03, 04). The 
total number of parameters refined was 161. Scat- 
tering factors with corrections for anomalous dis- 
persion were taken from International Tables for 
X-ray Crystallography [22]. The final agreement 
indices R = Z(lF,I - IF,I)/ZlF,I and Rw= [Cw 
(IF,1 - IFC~)2/~w~FO12]‘~2 were 0.056 and 0.080, 
respectively. A &R-plot resulted in a straight line with 
a slope of 0.93 and an intercept of -0.08. Computer 
programs compiled and amended by Lundgren [23] 
were used. The final positional and thermal param- 
eters are given in Table II. See also ‘Supplementary 
Material’. 

Results and Discussion 

The compound contains discrete ions Pt- 
(DMS0)42+ and CF,SO,-. Selected interatomic 
distances and angles within the platinum complex 
are given in Table III. The coordination geometry 
is distorted square-planar as shown by Fig. 1. As 
expected, platinum coordinates two S and two 0 
atoms from different unidentate DMSO-molecules 
in a cis-arrangement. This causes a severe steric 
crowding in the coordination sphere, as shown 
by several short van der Waals distances between 
atoms of adjacent DMSO molecules, cc Table III. 
However, this does not affect the planarity of the 
complex: Pt, Sl , S2, 03 and 04 are coplanar within 
0.03 8. Instead, the steric repulsion causes distor- 
tions of the bond angles around the central plati- 
num within the coordination plane. The largest 
distortion is observed for the Sl-Pt-S2 angle, 
95.1’, and it is the result of van der Waals repul- 
sions between 01 and C21, C22 and S2 (Table III). 
Noteworthy, the repulsions between adjacent DMSO 
molecules are minimized by a staggered arrangement 
of 01 and C21, C22 and 04 and Cll, C12. 01 and 
02 both lie very close to the coordination plane 
(Table IV), whereas the distances from Cl 1, C12, 
C21 and C22 to that plane are very similar (1.37 
to 1.43 a, Table IV). All the four distances 04/ 
Cl 1, Cl2 and Ol/C21, C22 lie in the interval 3.05 to 
3.25 8; the sum of the covalent radii of oxygen 
and methyl is 3.4 8. Similarly, the distances be- 
tween 02 and 03, S3 and C32, and between 03, 
04 and S4 are equal to or smaller than the sum of 
the van der Waals radii. 

The sulfur atoms S3 and S4 in the two O-bonded 
DMSO ligands have a free electron pair. The orienta- 
tion of those two ligands in the coordination sphere 
is such that both the interatomic repulsions and the 
interaction between the free electron pair and the 
other atoms in adjacent DMSO molecules is mini- 
mized (Fig. 1). 
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TABLE II. Atomic Coordinates and Isotropic Temperature Factors with Standard Deviation? 
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Atom xl0 y/b 

Pt 
Sl 
01 
Cl1 
Cl2 
s2 
02 

c21 
c22 
s3 
03 
C31 
C32 
s4 
04 

c41 
C42 
S5 
051 
052 

053 
c51 
F51 
F.52 

F.53 
S6 
061 
062 
063 
C61 
F61 
F62 
F63 

0.3291(l) 
0.4360(4) 
0.3548(13) 
0.4576(21) 
0.6398(22) 
0.1207(4) 
0.0120(13) 
0.1774(19) 
0.0146(18) 
0.0921(4) 
0.2588(10) 
0.1471(22) 
0.0125(22) 
0.5299(4) 

0.524X12) 
0.6434(23) 
0.6751(24) 
0.6703(6) 
0.5762(18) 
0.7560(24) 

0.7603(27) 
0.5311(33) 
0.4328(23) 
0.4239(26) 
0.4163(21) 
0.1587(6) 
0.0689(20) 
0.2561(23) 
0.2441(26) 
0.0192(24) 
0.9136(16) 
0.0848(18) 
0.9301(21) 

0.1574(l) 
0.0881(4) 

-0.0084(13) 
0.2482(20) 
0.0078(21) 
0.0371(4) 
0.0604(12) 

-0.1545(18) 
0.0846(17) 
0.3212(4) 
0.2279(10) 
3.4808(21) 
0.2383(21) 
0.3882(4) 
0.2638(12) 
0.5062(22) 
0.3123(23) 
0.7293(6) 
0.7037(18) 
0.6026(24) 

O-8461(26) 
0.790X33) 
0.9067(23) 
0.6956(25) 
0.1872(21) 
0X56(6) 
0.4382(20) 
0.5903(23) 
0.5626(26) 
0.7152(22) 
0.7086(15) 
0.8361(18) 
0.7362(21) 

0.2343(l) 
0.1164(2) 
0.0912(7) 
0.0306(11) 
0.1211(12) 
0.2646(2) 
0.3411(7) 
0.2767(10) 
0.1794(9) 
0.3618(2) 
0.3436(5) 
0.3768(12) 
0.4706(12) 

0.2514(2) 
0.211X6) 
0.1671(12) 
0.3186(13) 
0.3543(3) 
0.3028(10) 
0.3988(13) 
0.3163(14) 
0.433X17) 
0.4085(12) 
0.4717(13) 
0.5042(12) 
0.1087(3) 
0.1430(11) 
0.1536(12) 
0.0223(14) 
0.0838(13) 
0.0411(9) 
0.0485(10) 
0.1592(12) 

0.0313(2) 
0.0379(12) 
0.0583(27) 
0.0598(41) 
0.0652(45) 
0.0413(12) 
0.0557(26) 
0.0565(40) 
0.0476(34) 
0.0446(8) 
0.0370(32) 
0.0661(46) 
0.0676(47) 

0.0399(8) 
0.0524(42) 
0.0699(48) 
0.0742(51) 

0.0676(12) 
0.0933(44) 
0.1305(65) 
0.1449(75) 
0.1028(75) 
0.1553(67) 
0.1712(76) 
0.1387(57) 
0.0712(12) 
0.1038(49) 
0.1211(59) 
0.1457(75) 

0.0702(48) 
0.1011(39) 
0.1155(45) 
0.1415(59) 

aUes is given for the anisotropic atoms (Pt, Sl, S2,03,04) under the heading of Q,,. Ues is the equivalent isotropic temperature 
factor coefficient calculated from the average of the anisotropic temperature factor over all directions. 

Fig. 3. Stereoscopic view of the cation Pt(DMS0)42+. 

A comparison with the previously studied Pd- 
(DMSO),(BF,)*DMSO structure [ 191 shows that the 
arrangement of the DMSO molecules around the two 
metal ions is very similar, as may be seen from Table 
IV. In the palladium compound also, there are several 
short distances between atoms of adjacent DMSO 

molecules, which give rise to steric crowding. The 
palladium complex is also planar, with a very similar 
distortion of the bond angles [ 191. 

The M-S bond lengths in the platinum com- 
pound (2.208 and 2.205 A), however, are signifi- 
cantly shorter than those in the palladium analog 
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TABLE III. Selected Interatomic Distances (A) and Angles 

(“) with Standard Deviations 

Pt-Sl 
Pt-S2 
Pt-03 
Pt-04 

Sl-01 
Sl-Cl1 
Sl-Cl2 

s2-02 
s2-c21 
s2-c22 

s3-03 
s3-c3 1 

S3-C32 

s4-04 
s4-c41 

S4-C42 

Ol-c21 

Ol-c22 
Ol-s2 

02-C32 
02-S3 

02-03 

03%s4 
03-04 

04-Cl1 
04-Cl2 

o&s1 

2.208(3) 
2.205(4) 
2.051(9) 

2.040(10) 

1.453(12) 
1.776(18) 
1.791(19) 

1.454(11) 
1.769(17) 
1.761(15) 

1.561(9) 
1.777(19) 

1.794(19) 

1.532(11) 

1.763(20) 
1.777(20) 

3.178(19) 

3.074(19) 
3.233(12) 

3.107(22) 

2.838(12) 

2.908( 14) 

2.933(9) 
2.807(3) 

3.238(20) 
3.129(22) 

2.906(11) 

Sl-Pt-S2 
S2-Pt-03 
03-Pt-04 

04-Pt-S 1 
Sl-Pt-03 

S2-Pt-04 

Ol-Sl-Cl1 
Ol-Sl-Cl2 
Cll-Sl-Cl2 
Ol-Sl-Pt 

02-s2-c21 
02-s2-c22 

c21-s2-c22 
02-S2-Pt 

03-s3-c31 
03-S3-C32 

C31-S3-C32 
S3-03-Pt 

04-s4-c41 
04-S4-C42 

C41-S4-C42 
S4-04-Pt 

95.1(l) 

91.9(3) 
86.6(4) 

86.2(3) 
172.6(3) 

177.5(3) 

107.6(7) 
109.4(8) 
102.3(8) 

118.5(S) 

108.8(7) 
109.5(7) 
101.7(7) 

112.1(5) 

101.9(7) 
104.7(7) 

98.3(9) 
121.1(S) 

101.6(8) 

103.8(8) 
99.6(9) 

123.5(6) 

TABLE IV. Selected Distances (A) from the Coordination 
Plane through the Metal Ion and the Donor Atoms Sl, S2, 
03, 04 for M(DMS0)42+, M = Pd, Pt. Values for M = Pd 

Calculated from Ref. 19. 

01 02 Cl1 Cl2 c21 c22 

Pt 0.06 -0.06 -1.42 1.36 1.44 -1.29 
Pd 0.07 -0.17 -1.47 1.24 1.43 -1.35 

(2.249 and 2.240 A) [19]. This reflects a stronger 
a-interaction and more extensive back-bonding from 
filled metal d-orbitals to empty sulfur orbitals of 
suitable symmetry in the case of platinum. In agree- 
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ment with this observation platinum complexes of 
DMSO in solution have been found to be much more 
stable than those of palladium. For instance, the 
stability constant of Pt(DMSO)(H20)32+ is >lO’ 
M-l [24], whereas that of the corresponding pal- 
ladium complex is only 9 M-’ [25]. 

The two Pt-S distances trans to oxygen-bonded 
DMSO are somewhat shorter than the observed 
Pt-DMSO distances frans to nitrogen (2.21 to 2.22 
A) [8-l I], trans to chlorine (2.23 to 2.25 A) [14, 
191 and tram of phenyl-carbon (2.32 A) [ 131, which 
gives a trans-influence order for platinum of 0 < N < 
Cl < c 

The M-O bond lengths trans to the sulfur-bonded 
DMSO in the two compounds, on the other hand, are 
very similar, 2.05 and 2.06 A or M = Pt and Pd, res- 
pectively. This is very similar to the Pd-0 distance 
of 2.066 A observed in cis-Pd(DMS0)2(NO& [4]. 
For comparison, the M-O distances in M(N03)42- 
are 2.01 for M = Pt [26] and 2.00 for M = Pd [27]. 
Similarly, Pt-0 bond lengths trans to oxygen in 
other square-planar oxalato and squarato complexes 
also lie in the interval 1.99 to 2.01 A [28,29]. Thus, 
there is a slight lengthening of the M-O bonds trans 
to sulfur-bonded DMSO, reflecting a ground-state 
trans-influence which seems to be of similar magni- 
tude in the palladium and platinum complexes. 

As observed and discussed previously [5. 13, 19, 
301, the structures of the DMSO ligands are changed 
slightly on coordination. Bonding to the metal via 
the sulfur results in significantly shorter S-O dis- 
tances (here 1.45 A) as compared to coordination 
via 0 (1.55 a). The coordination mode also has a 
slight effect on the bond angles around the sulfur; 
the O-S-C angles are larger in the S-coordinated 
DMSO molecules, cfi Table III. 

Bond distances and angles within the trifluoro- 
methanesulfonate ions are normal [31, 321. and 
there are no short distances between the atoms of the 
anions and the platinum complex. The nature of 
the anion does not seem to have any importance for 
the coordination geometry around the metal ion: the 
two compounds Pt(DMS0)4(CF,S03)2 and Pd- 
(DMS0)4(BF&*DMS0 have almost identical coordi- 
nation geometries around the metal ions. 

Supplementary Material 

Tables of 1 F, 1, a(/ F, I), IF,1 are available on 
request from the authors. 
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