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The title compounds, chlorotris(dimethyl sul®de-�S)plati-

num(II) hexa¯uorophosphate, [PtCl(C2H6S)3]PF6, and bromo-

tris(dimethyl sul®de-�S)platinum(II) hexa¯uorophosphate,

[PtBr(C2H6S)3]PF6, are isomorphous and are composed of

[PtX(dms)3]+ complex cations (X = Cl and Br, and dms is

dimethyl sul®de) and PF6
ÿ anions. The Pt atom is coordinated

by three S atoms and one X atom in a pseudo-square-planar

coordination, with PtÐS distances in the range 2.293 (1)±

2.319 (2) AÊ . Two dms ligands have a staggered conformation

with respect to the coordination plane, while the third is

rotated by �90� compared with the orientation of the other

two. The packing can be described as consisting of

[PtX(dms)3]2(PF6)2 units with a centre of symmetry. In this

description, the PtII atom has a pseudo-octahedral coordina-

tion, with four normal bonds and two long weak interactions.

Density-functional theory calculations show that a conforma-

tion in which one dms ligand is not staggered is less favourable

than having all three dms ligands staggered.

Comment

The observed geometry of a metal complex in the solid state is

often discussed in terms of intramolecular forces alone, thus

neglecting packing effects (Belsky et al., 1990). The in¯uence

of the environment on shape and dimensions can be investi-

gated by studying a particular complex in different crystal-

lographic environments, i.e. by the study of crystal structures

with more than one molecule in the asymmetric unit (LoÈ v-

qvist, 1996), of polymorphs (Kapoor et al., 1996), of different

solvates (Johansson et al., 2000) or of a charged complex with

different counter-ions (Ericson et al., 1992). We explore here

the conformational space in the gas phase, using density-

functional theory (DFT) calculations, and compare geometry-

optimized structures (global minimum as well as local minima)

with the geometry observed in the crystal structure.

The structures of [PtX(dms)3]PF6 (X = Cl and Br, and dms

is dimethyl sul®de), (I) and (II), are isomorphous. The Pt atom

is coordinated by three dms molecules and one halide mol-

ecule in a distorted pseudo-square-planar con®guration

(Fig. 1). The S atoms bind to the metal through one of the lone

pairs, the PtÐSÐC angles being in the range 103.4 (2)±

112.0 (3)�. Two of the dms ligands are oriented in a staggered

conformation with respect to the coordination plane, while the

third is rotated by �90� and has both methyl groups on the

same side of the coordination plane (Fig. 1). The PtÐS

distances for the two staggered dms ligands are shorter than

that of the third ligand in both compounds (Tables 1 and 2).

The [PtX(dms)3]+ complex ions are packed as dimers around a

centre of symmetry, with intermolecular Pt� � �S distances of

3.643 (2) AÊ in both compounds (Fig. 2). The lone pair on this S

atom points approximately towards the Pt atom in the

neighbouring complex cation, the PtÐS� � �Pt angles being in

the range 97.7 (2)±98.6 (2)�. The anions are located in

`pockets' on the surface of the dimers, the shortest Pt� � �F
distance being 3.772 (8) AÊ for (I) and 3.781 (8) AÊ for (II). The

PtII atom thus has a pseudo-octahedral geometry, with four

normal bonds and two long bonds. In this description, the

structure is built from electrically neutral [PtX(dms)3]2(PF6)2

units, with a centre of symmetry; space group P21/c is adequate

for close packing in such specimens (Kitaigorodsky, 1973).

Similar dimers have been observed for [chlorotris(1,4-oxa-

thiane-S)platinum(II)]tri¯uoromethanesulfonate (LoÈ vqvist,

1996) and for the neutral complexes cis-bis(dimethyl sul-

foxide-S)dinitratopalladium(II) and cis-bis(1,4-oxathiane-S)-

dinitratopalladium(II) (Johansson & Oskarsson, 2001).

DFT calculations on (I) and (II) in the gas phase show two

distinct energy minima, both with the dms molecules in a

staggered conformation with respect to the coordination

plane. There is a local minimum for which all dms molecules

have a paddle-wheel-like arrangement, i.e. all dms molecules

point in the same direction, as in [Pd(dms)4]2+ (Johansson &

Oskarsson, 2002). For the global minimum, however, the two

dms molecules in cis positions with respect to the X atom both
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have their methyl groups pointing towards the halide, i.e. one

of the dms molecules in the cis position is rotated by 180�

between the local and the global minimum, and the difference

in energy between these conformers is 21.5 kJ molÿ1. The

observed geometry in the solid state is intermediate between

these conformers and is thus not at an energy minimum for a

single molecule in the gas phase. In both compounds, the

observed PtÐS distance for the non-staggered dms molecule

is longer than that for the other two molecules; the difference

is small but probably signi®cant, namely 0.024 (2) and

0.020 (3) AÊ for (I) and (II), respectively. The longer PtÐS

distance for this dms molecule may be the result of intra-

molecular forces, but it may also be due to the formation of

dimers, i.e. an interaction between the S atom in this ligand

and the Pt atom in the neighbouring complex ion. A single-

point calculation of the [PtX(dms)3]2(PF6)2 packing unit as

observed in the crystal structure shows a very small electron

density between the Pt atom and the S atom in the neigh-

bouring complex ion (�0.008 a.u. in both compounds; Fig. 2),

which is not regarded as signi®cant. Johansson & Oskarsson

(2001) calculated ROP (reduced overlap population) values at

the EH level for the Pd� � �O bonds in the similar neutral

dimers cis-bis(dimethyl sulfoxide-S)dinitratopalladium(II)

and cis-bis(1,4-oxathiane-S)dinitratopalladium(II). The re-

ported ROP values are 0.011 and 0.000 for the sulfoxide and

1,4-oxathiane complexes, respectively, and a value as small as

0.011 is hardly signi®cant enough to indicate a covalent

interaction. Another plausible explanation for the formation

of dimers is, at least in the title compounds, electrostatic

interaction between neighbouring complex ions, since the

Mulliken charges are ÿ0.54 and 0.35 for the PtII and S atoms

in (I) and are similar in (II) (±0.48 and 0.36). A fairly strong

interaction between the PtII atom and an S atom in the

neighbouring complex ion is further corroborated by the Ueq

value for this atom, viz. 0.0430 (2) and 0.0423 (4) AÊ 2 in (I) and

(II), respectively, compared with the range 0.0515 (4)±

0.0550 (3) AÊ 2 for the other S atoms.

It is thus concluded that: (i) the observed geometry of the

metal complex in the solid state is not close to an energy

minimum of the complex in the gas phase but is rather at a

higher energy between two minima; (ii) the observed

geometry is thus a consequence of the formation of dimers,

but this formation is not due to covalent but rather to elec-

trostatic interactions between two complex ions; and (iii) the

packing unit in the solid state is [PtX(dms)3]2(PF6)2, with a

centre of symmetry and Pt� � �F distances of 3.772 (8) and

3.781 (8) AÊ in (I) and (II), respectively. The coordination

geometry for the PtII atom can thus be described as octahe-

dral, with four short and two long bonds.

Experimental

For the preparation of (I), dms (5.0 ml) was added to a solution of

K2[PtCl4] (1.015 g) in water (40 ml). The resulting precipitate was

®ltered off after 24 h and HPF6 (0.40 ml, 60% in water) was added to

the ®ltrate. A white precipitate of the desired product was formed,

and recrystallization from a 1:1 mixture of acetone and toluene gave

pale-yellow crystals (yield 17%). For the preparation of (II), KBr

(1.008 g) was added to a solution of K2[PtCl4] (0.490 g) in water

(20 ml), and dms (2.5 ml) was added after 30 min. The procedure

adopted for the preparation of (I) was then followed (yield 22%).
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Figure 1
The numbering scheme for the complex cation in (I) and (II). Dis-
placement ellipsoids are drawn at the 30% probability level.

Figure 2
The [PtCl(dms)3]2(PF6)2 packing unit, showing the charge density at the
0.008 a.u. level.
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Compound (I)

Crystal data

[PtCl(C2H6S)3]PF6

Mr = 561.89
Monoclinic, P21=c
a = 8.3027 (17) AÊ

b = 24.083 (5) AÊ

c = 8.5884 (17) AÊ

� = 103.92 (3)�

V = 1666.8 (6) AÊ 3

Z = 4

Dx = 2.239 Mg mÿ3

Mo K� radiation
Cell parameters from 6410

re¯ections
� = 1.7±33.2�

� = 9.09 mmÿ1

T = 293 (2) K
Prism, pale yellow
0.35 � 0.15 � 0.08 mm

Data collection

Bruker SMART CCD
diffractometer

! scans
Absorption correction: multi-scan

(SADABS; Sheldrick, 1996)
Tmin = 0.223, Tmax = 0.483

17 196 measured re¯ections

5511 independent re¯ections
3939 re¯ections with I > 2�(I )
Rint = 0.042
�max = 33.2�

h = ÿ12! 12
k = ÿ36! 35
l = ÿ12! 11

Re®nement

Re®nement on F 2

R[F 2 > 2�(F 2)] = 0.032
wR(F 2) = 0.081
S = 1.02
5511 re¯ections
164 parameters
H-atom parameters constrained

w = 1/[�2(F 2
o) + (0.0391P)2]

where P = (F 2
o + 2F 2

c )/3
(�/�)max = 0.001
��max = 1.51 e AÊ ÿ3

��min = ÿ0.93 e AÊ ÿ3

Extinction correction: SHELXL97
Extinction coef®cient: 0.00133 (17)

Compound (II)

Crystal data

[PtBr(C2H6S)3]PF6

Mr = 606.35
Monoclinic, P21=c
a = 8.5981 (4) AÊ

b = 23.9384 (10) AÊ

c = 8.3852 (3) AÊ

� = 104.235 (1)�

V = 1672.89 (12) AÊ 3

Z = 4

Dx = 2.408 Mg mÿ3

Mo K� radiation
Cell parameters from 4313

re¯ections
� = 1.7±31.7�

� = 11.29 mmÿ1

T = 293 (2) K
Needle, yellow
0.30 � 0.09 � 0.03 mm

Data collection

Bruker SMART CCD
diffractometer

! scans
Absorption correction: multi-scan

(SADABS; Sheldrick, 1996)
Tmin = 0.336, Tmax = 0.713

16 670 measured re¯ections

5170 independent re¯ections
3275 re¯ections with I > 2�(I )
Rint = 0.064
�max = 31.7�

h = ÿ12! 10
k = ÿ35! 34
l = ÿ11! 12

Re®nement

Re®nement on F 2

R[F 2 > 2�(F 2)] = 0.045
wR(F 2) = 0.096
S = 1.01
5170 re¯ections
163 parameters

H-atom parameters constrained
w = 1/[�2(F2

o) + (0.04P)2]
where P = (F2

o + 2F2
c )/3

(�/�)max = 0.002
��max = 1.34 e AÊ ÿ3

��min = ÿ1.20 e AÊ ÿ3

In both compounds, the maximum and minimum electron densities

are within 1 AÊ of the PtII atom. H atoms were placed geometrically

after each cycle.

For both compounds, data collection: SMART (Bruker, 1995); cell

re®nement: SAINT-Plus (Bruker, 1998); data reduction: SAINT-

Plus; program(s) used to solve structure: SHELXS97 (Sheldrick,

1990); program(s) used to re®ne structure: SHELXL97 (Sheldrick,

1997); molecular graphics: DIAMOND (Brandenburg, 2000).
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Table 2
Selected geometric parameters (AÊ , �) for (II).

Pt1ÐS2 2.2937 (17)
Pt1ÐS1 2.3030 (18)
Pt1ÐS3 2.3186 (17)
Pt1ÐBr1 2.4265 (8)
S3ÐC5 1.798 (7)

S3ÐC6 1.815 (7)
S2ÐC3 1.773 (8)
S2ÐC4 1.797 (8)
S1ÐC2 1.787 (8)
S1ÐC1 1.804 (10)

S2ÐPt1ÐS1 90.24 (7)
S2ÐPt1ÐS3 93.50 (6)
S1ÐPt1ÐS3 175.83 (7)
S2ÐPt1ÐBr1 176.16 (6)
S1ÐPt1ÐBr1 91.74 (6)
S3ÐPt1ÐBr1 84.63 (5)
C5ÐS3ÐC6 99.3 (4)
C5ÐS3ÐPt1 112.0 (3)

C6ÐS3ÐPt1 104.6 (3)
C3ÐS2ÐC4 100.5 (4)
C3ÐS2ÐPt1 110.6 (3)
C4ÐS2ÐPt1 106.5 (3)
C2ÐS1ÐC1 99.8 (5)
C2ÐS1ÐPt1 111.4 (3)
C1ÐS1ÐPt1 103.8 (3)

Table 1
Selected geometric parameters (AÊ , �) for (I).

Pt1ÐS2 2.2934 (13)
Pt1ÐS1 2.2945 (12)
Pt1ÐCl1 2.3133 (13)
Pt1ÐS3 2.3175 (12)
S3ÐC5 1.750 (5)

S3ÐC6 1.862 (5)
S2ÐC4 1.802 (6)
S2ÐC3 1.839 (6)
S1ÐC2 1.727 (5)
S1ÐC1 1.867 (8)

S2ÐPt1ÐS1 89.22 (5)
S2ÐPt1ÐCl1 176.12 (5)
S1ÐPt1ÐCl1 93.26 (5)
S2ÐPt1ÐS3 95.39 (4)
S1ÐPt1ÐS3 174.93 (5)
Cl1ÐPt1ÐS3 82.25 (5)
C5ÐS3ÐC6 102.3 (3)
C5ÐS3ÐPt1 110.82 (18)

C6ÐS3ÐPt1 104.6 (2)
C4ÐS2ÐC3 99.4 (3)
C4ÐS2ÐPt1 109.5 (2)
C3ÐS2ÐPt1 109.66 (19)
C2ÐS1ÐC1 98.5 (3)
C2ÐS1ÐPt1 109.4 (2)
C1ÐS1ÐPt1 103.4 (2)


