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The X-ray crystal structure analysis of Lig.y5[Pt(mnt),]-2H,0 (mnt = 1,2-dicyanovinylene-1,2-dithiolato,
C,N,S,27) has revealed that the planar [Pt(mnt),]7~ anions stack face-to-face along the c-axis with an
eclipsed structure and with a Pt . .. Pt distance of 3.639 A, which indicates that the conduction pathway is
different from that in either the conducting organic salts of tetracyanoquinodimethane or the partially

oxidised platinum-atom chain compounds.

The crystal structures, syntheses, and electrical conduction
properties of compounds containing square planar[M(mnt), ]*~
(M = Nij, Pd, Pt) anions have been extensively studied.!—2
Most of the studies made previously were of the salts of bulky
cations? and these compounds were found to be semiconduc-
tors or insulators. One exception, (perylene),[Pt(mnt),],
{mnt = 1,2-dicyanovinylene-1,2-dithiolato, C,N,S,%™) exhibits
metallic properties due to conduction through the organic
cations.®

The first observation of metallic behaviour due to interact-
ing [Pt(mnt),]*~ anions was reported recently for single
crystals of Lig..s[Pt(mnt),]2H,0.% The conductivity along the
needle axis at room temperature (o)) determined by the 4-
probe direct current technique lay in the range 30—212 Q1
cm~!, The maximum values are comparable with the con-
ductivity along the stacking axis of other highly conducting
metal complexes such as K,[Pt(CN),]1Bry5-3H,0 (ca. 300 (31
cm~ 17 and K [Pt(C,04),12H,0 (ca. 100 Q! cm™2).8

Difficulties were experienced in finding single crystals
suitable for the X-ray study and the crystal used for the X-ray
structure analysis was twinned.

Crystal data: Lig,;[PtS;CsN,;1-2H,0, M = 516.70, tri-
clinic, P1, a = 15.596(4), b = 6.410(3), ¢ = 3.639Q2) A, o =
100.52(9), B = 90.75(5), y = 96.28(6) °, Z = 1. Intensities
were measured on a Rigaku automated four-circle diffracto-
meter with Mo-K|, radiation. The structure was solved by the
heavy-atom method and has been refined to a current R =
0.058, using 1686 reflections for which I > 3o(I).%

Figure 1 shows the c* axis projection of the crystal structure
of Liy,s[Pt(mnt),]-2H,0. The planar [Pt(mnt),]*~ anion has
a centre of symmetry at the Pt atom. The anion is close to
planarity with the S atoms arranged in a square around the
platinum atom and with the Pt, S(1), S(2), C(1), and C(2)
atoms making a five-membered ring. The average bond
lengths (in A) are Pt-S 2.271, S-C 1.720, and C—C in the five
membered ring, 1.355.

The planar [Pt(mnt),]*~ anions stack face-to-face along the
¢ axis with a direct overlapping. The interplanar distance
between the [Pt(mnt),]*~ anions is 3.592 A and the Pt .. .Pt
distance is 3.639 A. There are no interatomic distances shorter
than 3.639 A (the length of the ¢ axis) between adjacent anions
within the stack. The short interatomic distances between the
S atoms on adjacent molecules in adjacent stacks in the (001)
plane are 3.682 and 3.743 A.

1 The atomic co-ordinates for this work are available on request
from the Director of the Cambridge Crystallographic Data Centre,
University Chemical Laboratory, Lensfield Road, Cambridge
CB2 1EW. Any request should be accompanied by the full
literature citation for this communication.

Figure 1. The c¢* axis projection of the crystal struct - e of Lig 75
[Pt(mnt), }-2H,0.

The Li ions are disordered and the occupancy probability
of the Li site is 37.5%{. The Li ion is six-co-ordinated by oxygen
atoms of water molecules and nitrogen atoms of C=N groups.
The Li . . .N(O) distances vary from 2.1 to 2.6 A. Weak
hydrogen bonds are observed between the O atoms of water
molecules and the N atoms of the C=N groups (O ... N
distances: 2.89, 2.95 A).

In previously reported highly conducting partially oxidised
platinum complexes, the metallic state is due to the formation
of a partially filled band by the overlapping of the 5d,
orbitals of the central platinum atoms along the chain. In
these compounds, a short Pt . . . Pt distance is an essential
requirement for the metallic properties: Rb,[Pt(CN), J(FHF),..,
2.80 A;® K,.s[Pt(CN)]-1.5H,0, 2.97 A;1° Rb,, [PH(C,0,),]
1.5H,0, 2.86 A (averaged value);11 Mg, ¢, [Pt(C,0,),]-5.3H,0,
2.85 A2 However, the Pt . . . Pt distance in Li,.;[Pt(mnt),]-
2H,O (3.639 A) is larger than that in the PtII complex, K,[Pt
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(CN),13H,0 (3.50 A)®* which has a conductivity of only
108 Q) 1cm™! at room temperature.!* Therefore, the con-
duction pathway cannot be formed solely by the overlap of the
5d, orbitals in the Pt atoms. On the other hand, the eclipsed
structure observed for the planar complexes within the stack
will facilitate 7r-orbital overlap between adjacent molecules
particularly those involving the S atoms. A similar mode of
overlap with comparable inter-stack distances and room
temperature conductivities has been found in some metallic
tetrathiafulvalene (TTF) complexes such as TTF.X, (x =
0.7— 0.5; X =1, Br, SCN, or SeCN).1®»

The large intermolecular separation (3.592 A) and eclipsed
structure found in Lig. .5 [Pt(mnt),]-:2H,O shows that the con-
duction pathway is formed by 7r-orbital overlap of ligands or
mixed metal-ligand orbitals in which the S atoms play an
important role, and not principally through the Pt orbitals.

Received, 11th January 1982; Com. 028

References

1 J. S. Miller and A. J. Epstein, Prog. Inorg. Chem., 1976, 20, 1.

2 J. S. Miller and A. J. Epstein, J. Coord. Chem., 1979, 8, 191.

3 J. W. Bray, H. R. Hart, Jr., L. V. Interrante, 1. S. Jacobs,
J. S. Kasper, P. A. Piacente, and G. D. Watkins, Phys. Rev. B,
1977, 16, 1359.

10

11

12

14

15

391

D. R. Rosseinsky and R. E. Malpas, J. Chem. Soc., Dalton
Trans., 1979, 749.

L. Alcicer, H. Novais, F. Pedroso, S. Flandrois, C. Coulon,
D. Chasseau, and J. Gaultier, Solid State Commun., 1980, 35,
945,

A. E. Underhill and M. M. Ahmad, J. Chem. Soc., Chem.
Commun., 1981, 67; Proceedings of the International Confer-
ence on Low Dimensional Materials, Boulder, 1981, to
appear in J. Mol. Cryst. Liquid Cryst.

H. R. Zeller and A. Beck, J. Phys. Chem. Solids, 1974, 35, 77.
A. Kobayashi, Y. Sasaki, I. Shirotani, and H. Kobayashi,
Solid State Commun., 1978, 26, 653.

A. J. Schultz, C. C. Coffey, G. C. Lee, and J. M. Williams,
Inorg. Chem., 1977, 16, 2129.

J. M. Williams, K. D. Keefer, D. M. Washecheck, and N. P.
Enright, Inorg. Chem., 1976, 15, 2446; A. H. Reis, Jr., S. W.
Peterson, D. M. Washecheck, and J. S. Miller, ibid., p. 2455.
A. Kobayashi, Y. Sasaki, and H. Kobayashi, Bull. Chem. Soc.
Jpn., 1979, 52, 3682.

K. Krogmann, Z. Anorg. Allg. Chem., 1968, 358, 97.

M. L. Moreau-Colin, Bull. Soc. R. Sci. Liege, 1965, 34, 778.
J. H. O’Neill, A. E. Underhill, and G. A, Toombs, Solid State
Commun., 1979, 29, 557.

S. J. LaPlaca, P. W. R, Corfield, R. Thomas, and B. A. Scott,
Solid State Commun., 1975, 17, 635; C. K. Johnson and C. R.
Watson, Jr., J. Chem. Phys., 1976, 64, 2271.




