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Synthesis and Crystal and Molecular Structure of molecule and because [M{§0,)2]"~ complexes of transition
(BEDT-TTF) 5[Pt(S,C405),]: A Radical-Cation metals other than first row exhibit reversible redox behavVior.

Salt of the Platinum(ll) Dithiosquarate Complex Here we wish to report on the synthesis and crystal structure of
a new salt of formula (BEDT-TTR)Pt(SC40).], obtained by

. . . combination of BEDT-TTF with the Pt(ll) dithiosquarate anion.
C. Bellitto,* M. Bonamico, V. Fares, and P. Serino

Istituto di Chimica dei Materiali del CNR, Area della Experimental Section

Ricerca di Roma, CP 10, Via Salaria Km 29.5, 1-00016 Synthesis. Elemental analyses were performed by the Laboratorio
Monterotondo Staz., Roma, Italy  di Microanalisi del CNR, Area della Ricerca di Roma. All solvents
were reagent grade and freshly distilled over gaBis(ethylenedithio)-
Receied October 30, 1995 tetrathiafulvalene, BEDT-TTF, was prepared according to literature
method$ The product was recrystallized twice from chloroform.
. Potassium 3,4-dimercapto-1,2-cyclobutenedione (potassium dithiosquarate,
Introduction K2[S:C40,]) was prepared according to Krause and MatteShe

Bis(ethylenedithio)tetrathiafulvalene, BEDT-TTF, is an elec- Synthesis of KIP{(S,C.0,);]-2H,0 was done as described elsewhere.
tron donor molecule, which in combination with several anions (BUN)PUSC402)z] was obtained by adding solid [BN]Br to an
has provided more than 30 air-stable superconductors, althougta-°4s solution of HPH(SC.O)z]-2H:0. The yellow solid was

.. iltered out, washed with ethanol and ether, and dried under vacuum.
the observed critical temperaturds, are below 13 K. (BEDT- The compound was recrystallized from acetonitrile, and the purity of

TTF)Xx salts, where X is an inorganic anion, are Very the complex was checked by elemental analyses and infrared spec-
interesting solids owing to their broad range of structures, troscopy.
o, 3, and« phases, and their differing BEDT-TTF's degree of  Crystals of (BEDT-TTRIP(S:C40);] were obtained by the elec-
charge,p.? The size, shape, and charge of the anion play an trocrystallization technique performed in an H-shaped cell with platinum
important role in the crystal structure packing and in the physical electrodes under an argon atmosphere. Good quality single crystals
properties of this kind of derivativeé.Several anions have been were obtained by starting from (BN)J[Pt(S,C.0z)o] (0.25 g, 0.26
used, from the simple lineag1 to the bulky inorganic clusters ~ mmol) in the cathodic compartment and BEDT-TTF (0.030 g, 0.08
of the a-Keggin anion type, and many salts, whose behavior mmol) in the anodic one and then adding 170 mL of PhCN. Black
- hexagonal crystals were collected at the anode after 4 weeks, using a
spans from superconductors to magnetic insulators, were . A K .
isolated. In some cases radical-ion salts having formula (BEDT- current density of gAjc. Anal. Caled for GatieS0PtQ: C, 26.85;

. H, 1.29; S, 51.18. Found: C, 26.67; H, 1.13; S, 50.87.
n— —
TTF)[X™], with n = 1or 2, where the donor molecule has a Physical Measurements. Electrochemical measurements were

degree of ionicityp = +1, have been isolated and characterized. performed with an Amel electrochemistry system with two platinum
The latter is the simplest possible system for CT organic electrodes and an Ag/AgCI reference electrode in dried and deoxy-
materials,i.e. a dimer of two open shell conjugated molecules genated acetonitrile solution. Tetrabutylammonium hexafluorophos-
interacting through theirr-electron systems, and therefore, it phate was used as a supporting electrolyte. Infrared spectra were
represents a simple model for studying the coupling of electrons recorded, at room temperature, with a Perkin-Elmer 621 spectropho-
with molecular motions in these organic conducting matefials. tometer on powdered samples as KBr pellets. A Cary 5 spectropho-
A few square planar transition metal complexes are known to tometer was used to record diffuse reflectance spectra on diluted samples
form radical-ion salts with BEDT-TTF, but only two were found in MgO. EPR spectra at room temperature were done by a Varian E9

to be superconductofs. In this regard transition metal spectrometer. Magnetization measurements were done by using a

L - : . Quantum Design MPMS5 SQUID magnetometer.
dithiosquarate anions are good candidates, mainly because the X-ray Diffraction Crystallography. Data were collected on a

molecular shape of these complexes resembles that of the donor-|uber/ItaI-Structure automated diffractometer fitted with a molybdenum

— - . . source and graphite monochromator and corrected for Lorentz and
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Table 1. Crystallographic Data

empirical formula
space group
unit cell dimens

GeH1604PtS0
P2,/c (No.14)
a=14.359(5) A
b=11.192(5) A
c=13.278(5) A
B =113.640(5)

Inorganic Chemistry, Vol. 35, No. 13, 199@071

Y 1954.8(13) A

VA 2

fw 1252.7

D(calc) 2.128 Mg/
D(obs) 2.12 Mg/r

u(Mo Ka) 4.696 mnt
radiation ) Mo Kot (0.710 69 A)
temp 20°C

R 0.0329

Ry 0.0499

2R = 3|(Fo — F)lIZFo. PRy = 2(IFo — Fc|\/W)/zFo«/W-

Table 2. Atomic Coordinates %10%) and Equivalent Isotropic
Displacement Coefficients (Ax 10%)

X y z Ueqy
Pt 0 0 0 35(1)
S(1) —1122(1) 602(2) —1729(1) 44(1)
S(2) —1247(1) 131(2) 694(1) 45(1)
S(3) —2788(1) 3619(2) 595(1) 51(1)
S(4) —3433(2) 4463(2) —2172(2) 58(1)
S(5) —743(1) 3381(2) 650(1) 41(1) Figure 1. View of the (BEDT-TTF}[Pt(SC40,),] structure showing
g(g) _1125327(11) ‘;%50%(22) _16%57(81)1 43(11)1 the mixed stack of anions and (BEDT-T'TD{Q éirzneric unit along the
(7) (1) 2 _ @) @ b axis. Thermal ellipsoids for non-hydrogen atoms are at the 30%
S(8) 956(1) 3510(2) 1407(1) 44(1) robability level
S(9) 3678(1)  2296(2) 1297(1) 54(1) P y level.
S(10 3001(1 3092(2 —1406(1 49(1
e e
C@1) —2191(5) 727(6) —1489(5) 41(2) SEl)):C%lg 1.'694§8; SEgCEzg 1:705%5%
C(2 —2252(5 542(6 —475(5 40(2 S(5-C(9 1.723(8 S(6yC(8 1.717(8
CES% —3283%5% 974&6; —2014%6; 45((2)) S(6-C(9) 1.702(5) S(7C(10) 1.730(5)
C@4) —3352(5) 801(6) —913(6) 47(3) S(8y-C(10) 1.716(7) O(LyC(3) 1.234(7)
C(5) —4243(6) 3977(9) —1535(7) 73(4) O((2;—C((4)) 1.19421)1) C((%;)CéZ; 1.398%1;))
C(6) —3952(6) 4280(10) —372(7) 75(4) C(1)-C(3 1.464(9 C(rCé 1.477(9
C(7) —2016(4) 3720(5) —121(5) 38(2) C(3)-C(4) 1.517(12) C(9yC(10) 1.381(10)
gggg —_Zggg((i? gggi((g)) __115‘15((3 gg((g)) S(1)y-Pt=S(2) 92.0(1) S(LyPt=S(2A) 88.0(1)
G mmn yme  wb g SRl g Snercs o
C(14) 4385(4)  1957(7) 457(5)  49(3) C(1-C(3-C(4)  89.3(5) O(}C(4)-C(2)  137.6(7)
aEquivalent isotropicU defined as one-third of the trace of the 0O(2)-C(4)—C(3) 136.4(6) C(»C(4)-C(3) 86.0(6)
th lizedJj t . S(5)-C(9)-S(6 116.4(4 S(5yC(9)-C(10 122.3(4
OrnogonaTzetsy Tensot SEG);CEngC((l)O) 121.2%5; SE%C&%)%S((S)) 115.424;
S(7-C(10-C(9) 123.0(5) S(8yC(10}-C(9) 121.6(4)

Crystal and Molecular Structure. The crystal structure
consists of mixed stacks of organic (BEDT-TT}; dimers and
[Pt($C40,)2]%~ anions, alternating along theaxis of the unit
cell (see Figure 1). Table 3 summarizes the bond distances
and angles. The platinum(ll) atom occupies an inversion center
and is in a square planar coordination; the-8tdistances are

aNote: the designation A in the atomic numbering signifies the
equivalent position-x, —y, —z.

BEDT-TTF', and 1.17 for BEDT-TTFE".412 Therefore, the
observed value indicates an ionicity degreerdf The BEDT-

e . TTF molecule within the dimer is almost planar, the mean
10 '
similar to those observed in (TTHPYSC.0,)o]™ and are deviation from the plane being 0.041 A. The intradimeric

shorter than those found in the palladium dithiosquaratéhe distances between the sulfur atoms are in the range-2 &8
anion unit is almost planar, the mean deviation from the plane & 'while that between the C(9)C(9) is 3.39 A (see Figure 2).
being 0.038 A. As far as the BEDT-TTF is concerned, the ratio These values are of the same order of magnitude of the few
of the bond |engths between the sulfur atoms and the Centralexamples reported in the |iteratl_ﬁ’e]'he p|ane of the anion
carbon atoms distandg with respect to the central carben  and those of the donor molecules are almost parallel (the
carbon atom distance, is 1.24. The literaturé/a values are dihedral angle being ca. 3)7 More interesting are the contacts
1.35 for neutral BEDT-TTE 1.29 for BEDT-TTF 05, 1.25 for between neighboring chains: Figure 2 reports those having
distances lower than 3.60 A. The shortest distances are observed
between the anion and BEDT-TTF molecules on the nearby

(10) Bellitto, C.; Bonamico, M.; Fares, V.; Imperatori, P.; PatrizioJS.
Chem. Soc., Dalton Tran4989 719.

(11) Arrizabalaga, P.; Bernardinelli, G.; Geoffroy, M.; Castan]r@rg.
Chim. Actal988 154, 35.

(12) Abboud, K. A.; Clevenger, M. B.; de Oliveira, G. F.; Talham, D. R.
J. Chem. Soc., Chem. Commu®893 1560.
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Figure 2. Main interactions and packing (partial view). The designation b in the atomic numbering signifies the equivalent pesitiofls +
y, =, — z the designation c signifies the equivalent positian¥, — y, =%, + z

chain,i.e.2.98 A between the O(1) and S(3c) atoms; other short vibrational modesi,e. v3(ag) andvs(ag), respectively, involving
distances are S(#)S(8b) (3.48 A) and S(1)-S(3c) (3.51 A). the central &C bond of the molecule. These modes are
Between BEDT-TTF molecules on neighboring chains contacts infrared inactive in the neutral molecule, while in ionized
of 3.51 A for S(10y--S(7c) and 3.58 A for S(10)»S(9c) are systems they couple strongly to the charge oscillating between
observed. Contacts of 3.26.36 A between the oxygen atoms molecules of each dimer, becoming infrared acfiveThe

of the platinum dithiosquarate molecule and the terminal carbon intensity of these modes is strongly enhanced, similarly to that
atoms C(13) and C(14) of the BEDT-TTF molecules can explain found in (BEDT-TTF}MogO14],*> where dimerized (BEDT-

the higher stability of these atoms with respect to the other TTF), ions form«-phase layers, alternating with layers of the
terminal C(5) and C(6) atoms. The last two carbon atoms, in inorganic cluster along the [100] direction of the unit ¢éll.

fact, show a high thermal motion and an (apparently) short bond
distance of 1.47 A: a similar situation is observed in (BEDT-
TTF)[Pt(C,04)5].13 Magnetic susceptibility measurements A new 1:1 radical-ion salt of BEDT-TTF with a platinum-
showed a diamagnetic behavior for the compound, and the weak(!!) dithiosquarate anion has been prepared and the crystal and
single transition of Lorentzian shape (peak to peak line of 50 Molecular structure solved. This is one of a few examples
G at room temperature) observed in the EPR spectrum can beeported in the literature where BEDT-TTF isle and
ascribed to impurities or stacking faults. From stoichiometry, dimerized and where the molecular structure of the Pt(ll)
crystal structure, and magnetism, an average chaajet1 is dithiosquarate complex has been determined. The packing motif
therefore assessed for the BEDT-TTF molecule. The solid-statehas not previously been observed in similar dimerized (BEDT-
diffuse reflectance spectrum of the salt at room temperature is TTF*)z salts, and it features -8S interactions between
characterized by having the three highest energy bands at 32 470molecules residing on neighboring mixed-stacked chains. A
23350, and 17 430 cm, which can be assigned to electronic correlation between the optical and structural properties has also
excitations of the platinum(ll) dithiosquarate anion, while the been observed.
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