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Abstract, For the first time the C,, complex, Co(BEDT-TTF"X1,), comprising the radical
cation' of the organic donor BEDT-TTF (bis(ethylenedithio)tetrathiafulvalene} was
synthesized. Single crystals of the complex were obtained in benzonitrile, This compound

" has C-centered monoclinic lattice with the unit cell parameters: a=17.419(6), b=9.997(4),
¢=13.499(1) A, P=99.00.{1°. The bands characteristic of the BEDT-TTF" cation radical and
neutral C,, are present in IR- and optical reflectivity spectra of single crystals and optical
absorption spectra in KBr pellets. The signal with g = 2.0074 and AH,, = 23G is attributed to
BEDT-TTF* in the EPR spectrum. The position of [3ds, peak confirms the formation of the
I," anion.

INTRODUCTION

Tetrathiafulvalene derivatives are known to be widely used in the desagn of radlcal
cation salts which manifest metallic and superconducting properties. For example, a
family of BEDT-TTF based superconducting radical cation salts, namely, (BEDT-
TTF),X, X=1;, IBr,, Aul,, ReO,, Cu(NCS)," and (BEDT-TTF),Hg, ;,Hal;, Hal. =Cl,
Br has been synthesized'.

However fullerene C,, forms only neutral complexes with tetrathiafulvalene
derivatives, namely, with bis(ethylenedithio)teirathiafulvalene (BEDT-TTFY,
dibenzotetrathiafulvalene®, octamethylenctetrathiafulvalene® and others™

To change a neutral state of molecnlar complexes of C,, we intercalated the
D,C(Solv), (D is donor, Solv is a solvent) compounds by iodine in gas phase. During
intercalation the solvent is substituted by iodine and the donor is oxidized in solid state
to a radical cation or a dication to form a three-component system D,'Cgl,, n>5".
However, gas-phase intercalation is a diffusion process and homogeneity of the
resulting samples is hardly attained.

The present paper reports on the synthesis of the first three-component complex of
C,, in solution which contains the (BEDT-TTF™) radical cation, namely, C,(BEDT-
TTFL). The crystal latfice parameters are determined. IR absorption spectra and
polarized electron reflectivity spectra are measured on smgle crystals. The data on EPR
and X-ray phoioelectron spectra are presented
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BEDT-TTFI,, x~3.4 was used as a stariing compound in the synthesis of
Co(BEDT-TTFL;). CxBEDT-TIF-I}) was prepared by cocrystallization of
stoichiometric quantities of BEDT-TTF'I,, and Cy, in benzonitrile. The compound was
prepared as rhomb-like crystals up 1o 0.5 mm in size. Found, %: C 56.4; H 0.74; §
17.14; 1 26,20. 8,C,H,l,. Calcuiated, %: C 56.7; H 0.53; § 17.14; 1 25.6.

The IR transmission spectrum of the C,(BEDT-TTFI,) single crystals was
measured within the 650-4000 cm™ range on the Perkin-Elmer 1760 IR spectrometer
equipped with a microscope. Electron reflectivity spectra of single crystals were
measured on a home made double-beam microspectroreflectometer. X-ray
photoelectron spectra were excited by Mg-Ka—radlatlon (hv=1253.6 ¢V), The spectra
were calibrated as to the peak Cls (285.0 V). The data of X-ray powder diffraction
were -obtained on the DRON-3 automatic diffractometer with Cu-Kew radiation
(*=1.5418 A) and graphite monochromator.

RESULTS AND DISCUSSION

Compound C,(BEDT-TTF-1,) has the following parameters of monoclinic crystal
face-centered unit cell: =17.419(6), 5=9.997(4), ¢=13.499(1) A, B=99.00 (1)°,
V=2321,8 A°. All the observed reflections were indexed and no systematic exclusions
from  the monoclinic face-
centered lattice were observed.
Therefore, the space groups C2,
Cm or C2/m are possible for the
unit  cell.  Every fullerene
molecule can be surrounded by
8iX almost equidistant
neigbouring C,, molecules. In
this case two fullerene molecules
with the 10.00 A  distances
between the centers (iranslation
veciors are 0 £1 0) and the four
neigbouring C,, molecules with
the 10.04 A distances between the
centers (translation vectors are
+0.5 +0.5 () can be located in the

< ab plane (see Fig.1). Therefore,
FIGURE 1. The dmgram of the position of Cy, moleculesm one can assume that fullerene

the crystal lattice of C,(BEDT-TTFL). Cy, molecules are molecules form Sllght]}" distorted

marked by spheres, crystallographic directions and the
shortest distances between the centers of C,, molecules are close-packed layers parallet to the

marked by thin lines.
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ab plane. The distances between these layers are 13.5 A. The BEDT-TTF" radical
cations and the I,” anions can occupy cavities  in the interlayer space. Such layered
structures are characteristic of C,, complexes with substituied tetrathiafulvalenes, in
which donor and solvent molecules are located between close-packed fullerene
layers*®. o o . .
The IR transmission spectrum of the C(BEDT-TTF-1,} single crystals represents
- the absorption bands at 1429 and 1182 cm™ characteristic of Cy. Their position
remains unchanged as compared with that in the spectrum of initial C,,, indicating the
absence of noticeable charge transfer to the fullerene molecule. The spectrum also
demonstrates the absorption bands characteristic of the BEDT-TTF" radical cation:
1384, 1289, 1021, 927, 899, 882, and 808 cm™. Their positions are close to those of
absorption bands observed earlier for the BEDT-TTF™ radical cation in the
transmission spectrum of the BEDT-TTFI, radical cation salt®,

£ .
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FIGURE 2. Electronic reflectivity speciré of the Co(BEDT-TTF'L) single crystals measured from the
developed plane for three polarizations (1, 2, 3) and the reflectivity spectrum of the initial Cg, crystal
(). o - .. . .

Electron polarized reflectivity spectra of the C4(BEDT-TTF-I,) single: crystals were
measured from the larger crystal face for three polarizations (see Fig.2). This spectrum
exhibits the peaks at 4.2, 3.6,-2.5, and L.1. eV and a relatively weak peak at 1.96 eV.
The positions of peaks of €, at 4.2 and 3.6 €V in the complex are close to those of
pure Ce, -however the peaks are essentially broadened. Such a broadening was
observed earlier at intercalation of fullerene complexes by iodine’. The. reflectivity
band at 2.5 eV can be aftributed mainly to intermolecular charge transfer between
HOMO-LUMO of the neigbouring C, molecules’. This band has approximately equal
intensity in the spectrum of C,( BEDT-TTF-L) and the crystals of pure Cg,.
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A reflectivity band at 1.1 eV can be attributed to BEDT-TTF". This band is weakly
polarized, the highest intensity is observed in the polarization «1». The similar band
was observed in polarized spectra of the (BEDT-TTF),l, single crystals™.

Table 1 shows half-

Table 1. Binding energies (E,, and half-widths (A) of XP lines. All widths and positions of

he valus are in ¢V a“?’.m@'l‘?{r?‘“i;f‘f‘j%z?;;?‘iC‘.s53_“.?;’1;&;, the peaks Cls, S2p, and
L VT T e L 13ds, in XP ospectra of
2.1 164.1 2.6 6194 23 CW(BEDT-TTF'I:.;).

(BEDT-TTF), 1, 20 (1638 24 {6190 21 A positive shift of the
BEDT-TTF 19 | 1636 | 24 - . S2p binding energy - is
(1:>h'l))2 CGD' 12 2.1 R . 6177 39 Observed at changmg fl‘()m

BEDT-TTF to Ci(BEDT-
TTF-L;). This corresponds to-the decrease of electron density on sulfur atoms. at
changing from neutral BEDT-TTF to the radical cation state in C,(BEDT-TTF-1,).

The position of the peak I3d;, with E;=619.4 ¢V in this compound is close to its
position in (BEDT-TTF),I,". This indicates that the sample under study contains
iodine as the I; anion since for I' anion essentially lower binding energy is
characteristic, for example, in (Ph,P"),Ceo(I) E, is equal to 617.7 eV 12

EPR studies of the spectra of Ce(BEDT-TTF L) at room temperature showed the
presence of an intense EPR signal with g=2.0074 and AH,=23 G corresponding to the
BEDT-TTF" radical cation. With the temperature decrease the position of g-factor and
the width of the EPR signal remain almost unchanged and g=2.0074, AH,,=20 G (77
K). Such a behaviour is different from that of (BEDT-TTF),I, which is characterized
by a noticeable narrowing of the EPR signal with the temperature decrease’. The
integral intensity of the signal in Cy(BEDT-TTFL;) increases 2.2 times with the
temperature decrease from 300 down to 77 K. Such a hehaviour of the EPR signal is
the most probably associated with electron localization over the BEDT-TTF ™.

Conductivity of Co(BEDT-TTF-I;) measured on a pressed pellet amounts to 2-107
Ohm’em™. This value is two orders of magnitude higher than conductivity of the
(BEDT-TTF),C, complex (10 Ohm™'cm™) measured under the same conditions, The
low value of conductivity is assumed to be due to integer-valued charge on the BEDT-
TTF molecule (+1) and is characteristic of other BEDT-TTF radical cation salts with
full charge transfer'.
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