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ORGANIC CONDUCTORS : TCNQIGN RADICAL SALTS
WITH ALKYLCHALCCCENOURONIUM AND 1, 2~
DITHIOLIUM CATIONS

J. AMZI1, M,BRUTUS, J.M,CATEL, G, LE COUSTUMER
Y MOLLIER, M.STAVAUX

Laboratoire des Composés Thioorganiques, ISMRA
Université de Caen, 14032 Caen Cedex, France,

Abstract Some complex ion radical salts of TCNQ

with S and Se-alkylchalcogenouronium cations and 1, 2~
dithiolium cations were prepared, The optical spectra
determined by diffuse reflectance and absorption show

four bands for all conducting salts, Electrical conductivity
of compacted powders are measured at room temperature
and for some salts on single crystals,

In the field of anion radical salts of TCN( with organic cations,
we have prepared some new materials?! ? includiny alkylthio-
uronium, alkylselgnouronium and 1, 2-dithiolium as counter ions,
Tables I and II show the ion radical salts with 1/2 and 2/3

stoichiometries and their electrical conductivities on powders,

OFTICAL PRCOPERTIES

The solid state absorption spectra were measured on powders
in compressed KBr pellets, between 40000 cm™ and 200 cm ™!
by diffuse reflectance in the UV and near IR range by trans-
mission in the IR region, according to®, All spectra show the
three bands labelled B, C and D by other authors“, The D band
in the range 2600027000 cm™® can be attributed to TCNQ, For
salts 3 we also observe in this region the absorption of the 1, 2-
dithiolium cation, The C band at about 16000 cm ™" is generally
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attributed to the presence of the dimer (TCNQ-)Z 5, At low
energies the peak appearing near 10200 em ™ and noted B or CT,
band® has been assigned to transition between TCI\'Q:' radical
anions*, However for 1/2 salts exhibiting a relatively high
conductivity this absorption would be due to intramolecular tran-
siticns of TCNQ.- 567,

For all conducting salts 1 and 3 I:d 20,1 (Qcm)'ljthe absorp-
tion decreases to a minimum near 8000 cm ™ corresponding
roughly to the plasma frequency, For le, the plasma frequency
defined from specular reflectance curves is 6860 cm™? 8, In the
IR region, the optical density increases with decreasing energy
to a peak centered at about 3000 em™", This peak labelled A “or
or CT, ® is found in all organic conducting salts, We can notice
that 1e which exhibits such a peak at 3000 cm™ has a single
crystal conductivity of 70 (Qcm)"1 along the stack axis at room

temperature 8,

ELECTRICAL CONDUCTIVITIES

The electrical conductivities of ions radical salts 1 are dependent
of the substituent on the chalcogen, Thus the conductivity is
about 10® times higher with a S-ethyl than with a S-methyl ;
but a new lengthening of the S~alkyl chain decreases the conduc~-
tivity, In the N,N,N' N'-tetramethylchalcogenouronium salts
any significant change of conductivity is observed with change
in the chalcogen atom, The influence of substituents on the
conductivities of ions radical salts 3 is less typical, However
we notice an increasing of conductivity upon replacing aliphatic
substituents by groups including availablen electrons,

Some single crystals of ions radical salts have been obtained

and their electrical conductivities along stack axis measured ;

‘- . -1
le SpT = 70 (Qcm) 1 8 1i opT = 20(Qcm) 8
3d opq = 4(Qcm)”
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The crystal structure of 5-t-butyl-3-methylthio-1, 2
dithiolium (TCN(,), is quite similar to the one found in another
complex salt TMPD (TCNG), ¢
TCN(Q and cations, the latter being inclined at an angle of 40° to

. There are segregated stacks of

the stack axis, Mean spacing between TCNQ units is 3, 24 ./g. and
TCN( stacks have a zig-zag arrangement, Electrical resistivity
measurements of this salt as function of temperature in the 120
to 284 K range show a semiconducting behaviour with an energy

gap of 0,18 eV, similar to the one of TMPD (TCNQ), 19,

TABIE 1 Conductivities of TCNQ ions radical salts
with chalcogenouronium cations,

+ 1 x/y=12
R—X—C(NR'R"), TCNOQY
X
2 xty=2/3
Ref, X R R! R o (Qem)™
2
la S  CH, CH, H 4x10°
1b S CH, CH, CH, 3,2x107"
xlc S CH, CH,- H 8 x107°
1d S  C,H, CH, H 0,13
le S  C,H, CH, CH, 0,35
1f S  n-C,H, CH, CH, 5x107°
1g S  n-C,H, CH, CH, 4x107°
1h Se CH, CH, CH, 3.7x107"
1i Se  C,H, CH, CH, 0,22
2a CH, C,H;, H 5 5x10""
2b S  C,H; C,H, H 2x1073
% lc : S-Methyl N, N'ethylenethiouronium cation
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TABLE II Conductivities of TCNQ ions radical salts with
1, 2-dithiolium cations stoichiometry 1/2
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v+ TCNQ™ 3
R‘I <= 3
R2
Ref, R? R? R® o (Qem)™t
38 C4H, H H 0.4
3b H CeHy H 0.6
3c  CgH, H SCH, 0.75
3d  (CH,),c H SCH, 8 x 102
3¢ H CH, SCH, 7 x107°
3f  CgH, H CeH, 0.37
3g  p-CH,0-C4H, H pCH,0-C¢H, 5x1072
3h  CH, H CH, 8x107°
3i  CH,S CH,S CH,S 0.4
3j CH,S CeH; CH,S 4x107
REFERENCES
1, J, Amzil, G, Le Coustumer and Y, Mollier, Chemica
Scripta, 17, 65 (1981)
2, M, Brutus and M, Stavaux, Synthetic Metals, 5, 73 (1982)
3, J, Amzil, M, Brutus, G, Le Coustumer, M, Hakiki,

J,F, Hemidy, Y, Mollier, J,P, Sauvé and M, Stavaux
J, Phys, (Paris), 44, C3-1249 (1983)

. J.B, Torrance, B, A, Scott and F, B, Kaufman, Solid State
Comm,, 17, 1369 {1975)

5, H. Strzelecka, W, Schoenfelder and J, Rivory, Mol,
Crystals Liq, Crystals, 52, 307 (1979)

6, J. Tanaka, M, Tanaka, T, Kawai, T, Takabe and O, Maki
Bull, chem, Soc, Japan, 49, 2358 {1976)

7. K, Kamaras, G, Griner and G, A, Sawatzky, Solid State
Comm,, 27, 1171 (1978)

8, M, Brutus, G, Le Coustumer, Y, Mollier, M, Stavaux
D, Chasseau, C, Coulon, S, Flandrois and J, Rivory
{to be published)

9. A, W, Hanson, Acta Cryst,, B, 24, 768 (1968)

10, R, Somoano, V,Hadek, S, P, Yen, A, Rembaum and R, Deck

J, chem, Phys,, 62, 1061 (1975)




