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LElTER TO THE EDITOR 

Electrical resistivity of a quasi-one-dimensional organic 
system under high pressure 

Yadunath Singh, D P Goswami, M Bala and M L Kalra 
Department of Physics, College of Science, M L S W d i a  Universily, Udaipur-313 001, 
Iodia 

Received 16 March 1592 

AbsbmA We report on the electrical resistivity of a quasi-onedimensional organic system 
having asymmevic donor molecules Like quinolinium under high p m  up to 8 GPa at 
m m  temperame, A lowtemperature mistirity study at uormal pressure has also been 
made. The single aystaals were gmwu by an eleclmehemical pimess. The prasure studies 
reveal thal there is a stmng negative pressure derivative of mistMly in the low-prersure 
region, but at high pressures there is a marked tenderv towards saturation. 

Organic materials have been primarily regarded as electric insulators. The mobility 
of electrons and its underlying mechanism as well as the synthesis of materials of 
higher conductivity in organic crystals began to draw the attention of scientists during 
the last decade, and became a ‘hot’ subject. A bigh concentration of current carriers 
observed in TCNQ (7,7,8,S-tetracyano-pquinodi1nethane) salts and the extraordinarily 
high electrical conductivity found in m-TmQ strengthened the interest in organic 
conductors-along with the possibility of fluctuating superconductivity at higher criti- 
cal temperatures. This can be investigated by noting the consequences of modifying 
the structure, either chemically or physically, by applying pressure to affect the inter- 
molecular spacings [l-q. In the present paper we report a study of the resistivity of 
quinOhiUm-TCNQ at pressures up to 8 GF’a. Achieving an understanding of the basic 
conduction mechanism under high pressure in the system, on the basis of experimental 
results, is our aim. 

There are three methods generally used for growing the crystals. The most 
commonly used one is the recrystallization of the final complex in a solvent medium 
[6,7]. The second is the slow diffusion technique [S] and the third one, used by us, 
is the electrochemical technique [9]. Needle-& bluish qstals of dimensions 10 x 
0.01 x 0.01 nun3 were obtained by this process. Initially both donor and acceptor 
compounds are purified by recrystallization in acetonitrile. Warm solutions of both 
are poured into separate arms of an H-type tube. The middle arm of the tube is 
separated by a sintered glass disc, number 2 One platinum electrode is dipped into 
each arm, and connected to the terminals of a battery, acting like an anode and 
like a cathode in the donor and acceptor solutions, respectively. A current of % 
4 mA was passed through the solution for three days. Good pure crystals appear 
after washing with chloroform The product is characterized using elemental analysis, 
atomic Spectra, infrared spectra and x-ray dif&action patterns. 
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In tables 1 and 2 we give the data on the microanalysis and the main infrared 
peaks of the charge-transfer compounds, respectively. The absorption spectrum of 
Qn-(TCNQ), in acetone exhibits major maxima at 844 and 822 and minor bands at 
762,744,680 and 665 flm, which indicate complete transfer of electrons from Qn and 
"TO2- ion formation. The infrared spectra of the complex, shown in figures l(a) 
and I@), show the G N  band at 2180 (ms, sp) cm-I with 40 an-' negative shift and 
the C=C band at 1510 (m, sp) an-' with 30 an-' negative shift. The skeletal bands 
of the quinoid ring almost disappear. The appearance of new bands at 1650 (m, br), 
1620 (m, br) and 1100 (s, v, br) cm-I indicates the presence of a benzenoid ring 
smcture [IO]. 

Tpbk 1. Data on the minoanalysis of the charge-transfer compound. 

Complex % o f C  % o f H  W N  

m a  Calculated 7058 1.96 27.45 
Found 7056 1.95 21.48 

QO(mQ)z  Calculated 73.70 2.79 3246 
Found 73.70 273 3248 

Tpbk 2. The main inhared peab of the organic charge-transfer compound, in an-'. 

Complex CkN c=c Quinoid Benzenoid 
skeletal bands skeletal bands 

m a  2220 (s, sp) 1540 (s, sp) 1350 (a sp) - 
1130 (m, sp) - 

960 (m, SP) - 
860 (vs, sp) - 

Qn(TcNo)z 2180 (ms, sp) 1510 (m, sp) - 1650 (m, br) 

- 1103 (s, vbr) 
- 1620 (m, W 

The x-ray powder dfiaction pattern was taken to verify the structure of the 
complex The essential idea is to index the dfiaction peab  with the help of known 
cell parameters and then compare the systematic absence of different planes with 
reported data [Ill. The segregated structure of Qn(TcNQ), is confirmed by the above 
studies. 

The pressure experiment was carried out in the clamp-type cell shown in figure 2. 
The cell consists of a pair of Bndgman anvils made of tungsten carbide with 3% cobalt 
binder, and has a tip of diameter 4 mm. The details of the high-pressure arrangement 
and its calibration are given in [12]. The cell is pressurized in a hydraulic press to any 
desired pressure up to 80 kbar. The cell is calibrated at room temperature for pressure 
measurement against the polymorphine phase transition of bismuth and ytterbium 
[13,14]. The usual four-probe method shown in figure 3 was used for electrical 
resistivity measurements with a Keithley constant-current source, digital electrometer 
and Keithley null detector microvoltmeter. Measurements of the resistivity versus 
temperature were also performed on the sample at norma1 pressure. The behaviour 
is shown in figure 4. Prior to measurement, the flat surfaces of the sample at the 
probes were covered with silver paste to ensure good electrical contacts. To Guimise 
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the adsorption of gases on the sample, the complete measuring device was connected 
to a high-vacuum cryostat Care was taken to avoid the undesirable temperature 
gradient. The measurements were performed in such a way that the temperature 
of the sample was held uniform. There are two main difficulties in measuring the 
conductivity of organic charge-transfer salts. Fint, the crystals are ememely fragile 
and also one has to avoid large contact resistance. This means that great care must be 
taken in sample mounting, and the four-probe method must be used. Secondly, the 
available crystals are small and Joule heating of the sample may occur at relatively 
low power, hence large currents should not be allowed to flow through the crystal. 

Figure 5 shows the normalized resistivity as a function of pressure. The resistivity 
is normalized with respect to that at normal atmospheric pressure. It is clear that 
there is a sudden drop of resistivity in the lower pressure region. However, as the 
pressure increases the rate of change of resistivity with pressure decreases. This means 
that as the pressure increases, non-linear higher-order terms come into play. This is 
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PRESSURE (GPO! 
+ THEORETICAL V EXPERIMENTAL 

P@m 5. PrSsLlrr-depeadent normalized rsistivity of Qs- (m~)2  at 300 K. 

wcause as the pressure hcreass steric hindrance stam dominating and prevents a 
funher decrease of the interatomic distance and, obviously, there will be some effect 
of stiffening in the lattice, 'Ib explain the results obtained theoretimUy the electronic 
conductivity is expressed in the ti&ht-binding approximation: 

-J = a , e x p ( - V d / k T )  ( 2 )  

whcre. V, is cbe e&&e band gap and the other symbols have their usual meanings. 
lh the presence of pressure at a particular temperature the resistivity can be given 

(151 

p= ] / U  = p , e x p ( a P  -+ pP2 -I- yP3) (2) 

where po = [ e x p ( 2 q a ,  -+ K%/kT) ] /A t& witb a = 2 q q  - X/kT, ,O = 2qa2 and 
7 = 2qcu3. Here a , P  and y are constants related to the elastic constants of the 
system. Knowing a, p and 7, one can obtain orl,a2 and Q,. An attempt has been 
made to 6t ow data using equation (2). The values of the constants obtained from a 
leastsquares curve-fitting method [16,17] are given below. 

Table 3. 

Y 
(cw-3) Sample 01 B 

(GPa-') (GPa-a) 

Q n p 0 ) 2  -0.9605041 1.13302 x 10" -4.25206 x tOp3 

The orders of the constants obtained by us are in agreement with those ob- 
tained for other compounds having asymmetric donor molecules like py(TcNa), and 
Ad(TcNQ)2 [IS]. It is found that the theoretical curve fits quite satisfactorily with the 
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experimental results. The resistivity of a single crystal as a function of temperature 
and at normal pressure is observed, and is shown in Egure 3. The electrical resistiv- 
ity study with pressure on the system clearly indicates that the resistivity decreases 
drastically within a very short pressure range. This tremendous decrease in resistivity 
is due to a large increase of charge-transfer forces within this pressure region, which 
may be due to a decrease in the interatomic distance and more overlap of orbitals 
along the chain. As the system studied is a disordered one-dimensional structure, all 
electronic states must be localized, justifying the use of the tight-binding approxima- 
tioa However, wavefunctions are extended over several lattice sites along the chain 
[19]. As the pressure increases, the overlap of orbitals increases along the chain, 
and hence the probability of hopping of electrons between two adjacent sites also 
increases, decreasing the resistivity. An optical study of the system with pressure may 
throw more light on the discussion of the results given above. 

The high-pressure study in this work was camed out at the Department of Physics, 
Indian Institute of Science, Bangalore. We would like to acknowledge the help of and 
fruitful discussions with Professor S V Subramanyam. One of the authors is grateful 
to Dr R Menon, Dr T R Ravindran and MI R S Vaidyanathan for their cooperation 
in performing the experiment The work was financially supported by the DST, New 
Delhi 
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