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Single crystals of the complex tetrathiotetracene (TTT) with iodine have positive
magnetoresistance that reaches 45% at 1.43 K in a field 55 kOe. The effect is
isotropic, proportional to the square of the external field, and inversely
proportional to the square of the temperature.

PACS numbers: 72.15.Gd, 72.80.Le

The complex TTT,l;, which has a high conductivity at 1010 Hz (o~ 103
-1 cm=l) was recently described inf!l, A characteristic feature of the structure
of this complex is the disordered arrangement of the iodine atoms. Different
iodine chains situated between the conducting stacks of TTT do not correlate
with one another, 1 The structural disorder can lead to localization of elec-
tronic state of the quasi-one-dimensional conducting system. £21 To obtain
additional information on the conduction mechanism we investigated in this
study the dc conductivity and the magnetoresistance of TTT,I; single crystals,

The TTT,I; crystals were obtained by slow cooling of the reaction solution in
nitrobenzene from 1000 °C to room temperature in the dewar vessel, The ratio
of the initial reagents was I/TTT=1.7. The largest crystals measured 10x0, 2
x0,1 mm. The smaple resistance was measured by a four-contact method.

The contacts between the copper conductors and the crystal were produced
with conducting graphite paste, and the junction resistance was usually 10—~15 Q
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FIG. 1. Temperature dependence of the conductivity of TTT,l;,

and depended little on the temperature. A magnetic field up to 55 kOe was pro-
duced with a superconducting solenoid.

The conductivity of the crystals along the long axis at room temperature is
1050 £100 ©! em=!, With decreasing temperature, the conductivity increases
and passes through a broad maximum in the region of 60 K, so that 0.,/ 0300
=3.0—3.7 for different crystals (Fig. 1). Below 50 K, an abrupt decrease of
conductivity begins. If the temperature dependence of the conductivity is
described by the usual activation process o~ exp(~ W/kT), then the activation
energy W depends on the temperature, It decreases from W/k=95K at 30 K to
W/k=TK at 2K. The best agreement is observed for the relation W~ T?/3_ in
which case o ~exp(— TO/T)1/3. This law is well satisfied in the temperature
interval 1.4—25K, the characteristic temperature being T(=1980K,

At temperatures below 10K the resistance of the samples increases when an
external magnetic field is applied. The effect increases at low temperatures
(Fig. 2), so that at 1,43 K value of Ap/p=(p(H) —p(0))/p(0) reaches 45% in a
field 55 kOe. The single crystals were disposed both across and along the
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FIG. 3. Field dependence of the magneto-

resistance of two TTT,l; crystals, T=1,43
K (circles—crystal with o, s =21 Q-lem™!;
crosses—oy,x = 31 ©-lem-l),

magnetic field, the magnetoresistance being independent of the sample orienta-
tion, The observed difference was much less than the scatter in the values of
the magnetoresistance for different single crystals.

Figure 3 shows the dependence of the magnetoresistance on the magnetic field
at the lowest temperature, Fields up to 30 kOe, a quadratic dependence
Ap~HY is observed, and in stronger fields Ap becomes a linear function of the
field. At temperatures T> 2 K, where the magnitude of the effect in a 50-kOe
field is less than 20%, the Ap ~H? dependence is preseved in the entire field
interval.

Different TTT,l; crystals obtained under identical conditions exhibit different
values of the effect, the maximum difference reaching 40%. These crystals have
also different conductivities at low temperatures, so that o, ¢k lies in the
interval 10—30 £ 'cm~!. The lower the conductivity, the higher the magneto-
resistance of the samples.

The decrease of the conductivity at low temperatures is due in all probability
to localization of the conducting electrons and not to the Peierls metal~-insulator
transitions, as is the case for the well known complex TTF-TCNQ, [31 This
localization can result from the structural disorder inherent in the TTTzlg.
It should also be noted that TTF-TCNQ has negative magnetoresistance[ Tand
its conductivity at 4, 2K is lower by 4 orders of magnitude than that of the
complex TTT,I;. All this demonstrates that the character of the electronic
states in TTT,I; and TTF-TCNQ is different.

If the electronic states are localized, then the conduction can be of the hopping
type, as is the case in most one-dimensional systems. '8 The temperature
dependence of the conductivity confirms this assumption. The energy W is the
average scatter of the energy levels of the centers over which the electron
moves., ' The experimental results can be described by assuming that the
magnetic field increases the scatter of the energy levels of the centers:

W(H) =W0) +qp 3H?/ET, where o is a constant. The magnetoresistance at
W>au§iH?/RT is Ap/p=a(pkH/ET)?. This dependence describes our results
well: the curve drawn in Fig. 2 corresponds to o =0.094, However, it is quite
difficult to justify our assumption within the framework of the theory of hopping
conduction,
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In conclusion, we are deeply grateful to I, F. Shchegolev and E. I, Rashba
for a useful discussion.
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