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Abs t rac t  

Values for the activation energy and pre-exponential factor from 
electrical conductivity measurements on polycrystalline isocytosine were 
found to be reproducible when evaporated electrodes were used. With 
pressure contacts a linear relationship exists between activation energ3z 
and the logarithm of the pre-exponential factor. This is shown to be an 
apparent and not a true compensation effect. 

F r o m  conduc t iv i ty  (o) measurements  on compressed  po lycrys ta l l ine  
discs of  the  py r imid ine  base i socytos ine  it was found  tha t  values 
ob ta ined  for  the  ac t iva t ion  energy (EAcT), using the equa t ion  

EACT 
O = O0 exp k T  (1) 

were ex t r eme ly  r ep roduc ib l e  when evapora ted  gold e lec t rodes  were 
emp loyed ,  b u t  varied wide ly  f rom sample to  sample and for successive 
exper imen t s  on  the  same sample wi th  pressure contacts ,  these being a 
pa l l ad ium anode  and a p l a t i num ca thode .  

Conduc t iv i ty  measurements  were carr ied out  using a d.c. v i r tual-ear th  
ampl i f ie r  [ 1 ] .  The  samples were m o u n t e d  in a cell th rough  which  d ry  
n i t rogen was passed and were he ld  in a cons tan t  t empera tu re  ba th .  
Before each expe r imen t  the  sample was dr ied b y  heat ing to abou t  440 K. 
The sample  t e m p e r a t u r e  was m o n i t o r e d  b y  means  of  a coppe r /  
cons tan tan  t h e r m o c o u p l e  m o u n t e d  inside the  cell. 

Figure 1 shows two typ ica l  Ar rhen ius  plots  ob ta ined  using evapora ted  
gold e lectrodes .  Values  for EAC T and the p re -exponen t ia l  fac tor ,  a0,  
f rom such p lo ts  were 134 + 3 k J m o l  - I  and 8 + 6 x 106 ohm -1 cm -1 
Cor respond ing  values, when  using pressure contac ts ,  varied great ly  
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Figure 1. Typical activation energy plots for samples with evaporated electrodes. 

(Fig. 2). It can be seen that four of the five lines (A, B, C and E) 
intersect at 1 / T ~ 2  x 10 .3 K -1. Similar behaviour has been observed 
and discussed by Rosenberg et al. [2].  When the activation energy 
obtained from each of the five plots in Fig. 2 is plotted against the 
logarithm of the corresponding Oo value then a very good straight line, 
with correlation coefficient 0.99, is obtained (Fig. 3). The equation of 
this line takes the form 

log o0 = aEAcT + ~ (2) 

where o~ and ~ are constants. Similar "compensation effects" have been 
observed for large numbers of different organic materials [3, 4] ,  and also 
for different experiments on the same substance [2, 5] ,  as with 
isocytosine. The plot in Fig. 3 therefore appears to b c a  good example of 
compensation. 

However, it has been pointed out [6] that deviations in EAC T arc 
reflected and magnified in the corresponding value of log a 0. Such a 
correlation could therefore arise out of error in measurement. This is 
unlikely to be so hcrc because the differences involved greatly exceed the 
possible error. Exncr [7] has shown that if the temperature range 
covered in the experiment is limited, with the ratio of the two extreme 
temperatures close to unity, then a correlation between EACT and log o 0 
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Figure 2. Activation energy plots for samples with pressure contacts. 
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Figure 3. Compensation plot from data in Fig. 2. 

will always be found.  Here the temperature ratio is approximately 0.8. A 
more reliable indication of  true compensat ion [6] is gauged from a plot 
of  log o ( T  1 ) against EACT, where T 1 is a fixed temperature within the 
range studied. The five points obtained for this plot are widely scattered, 
and the correlation coefficient now drops to 0.59.  It therefore appears 
that the results in Fig. 3 indicate an apparent and not a true 
compensation.  
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Tha t  var ia t ion  in EACr (and consequen t ly  a 0) is observed when  using 
pressure e lec t rodes  bu t  not  wi th  evapora ted  e lec t rodes  indicates  tha t  
var ia t ion  in the  na ture  of  the  e l ec t rode - semiconduc to r  in ter face  is the  
cause of  the  i r reproduc ib i l i ty .  The  suggestion tha t  surface states are the  
varying fac tor  [5] appears  to  be conf i rmed  b y  the present  data.  When 
evapora ted  e lec t rodes  are used the meta l  covers the  surface 
h o m o g e n e o u s l y  and surface vacancies wou ld  be  di f f icul t  to  fo rm by ,  say, 
evapora t ion .  Reproduc ib l e  values for  EACT are the re fore  ob ta ined .  
However ,  when pressure e lec t rodes  are used the  con tac t  be tween  
e lec t rode  and  semiconduc to r  is " r o u g h "  and gaps are no doub t  present  in 
this  in ter face  region.  Thus surface vacancy  crea t ion  is more  facile so t h a t  
var ia t ion  o f  t empe ra tu r e  m a y  a l ter  the  na ture  and concen t r a t i on  o f  
surface states and give rise to  var ia t ions in EAc:r [5 ] .  These var ia t ions in 
E t c r  are re f lec ted  in the  cor responding  values of  log a 0 and,  as in the  
p resen t  case, a fo r tu i tous  re la t ionship  be tween  these two q u a n t i t i e s -  
appa ren t  c o m p e n s a t i o n - m a y  arise. 
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