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The paper reports on the time-variation of oleotrical conductivity 
of the thermo-electret and magneto-electret states of oarnauba wax, 
and nitrobenzene respectively. In either case, the following results 
have been obtained
(a) An initial diminution in the values of electrical conductivity 

which is probably associated with the anisotropy in molecular 
crystals induced by superimposed electric or magnetic helds.

(b) An augmentation in the values of electrical conductivity due to 
auto-ionization of aligned dipoles.

(c) Restoration of a djmamical state of equilibrium between the 
two competing processes of spontaneous generation of carrier 
electrons and their subsequent trapping at suitable centres.

1. Introduction

Systematic studies of different aspects of thermo-electret phenomena like mani
festation of surface charge, spontaneous charge reversal associated with hotero- 
ehargo and homocharge (Gomant 1935), polarization and depolarization current 
(Gross 1949), variation of thermal conductivity (Groetzinger 1936), optical aniso- 
tro]>y (Fillipova 1958), magnetic anisotropy (Chatterjee et al 1956, Polovikov 
el al 1964), dielectric constant (Chatterjee et al 1955) etc. have been made by 
(liffcnmt workers. But, curiously enough, very little work has been reported 
so far on the measurement of electrical conductivity of the electrets. In the 
present paper, we wish to report the time-variation of the electrical conductivity 
oi‘ thermo-electret and magneto-electret states. Two typical polar dielectrics, 
viz., carnauba wax and nitrobenzene have been selected for the purpose.

2. E xperim ental  T borniques

The thormo-olocrets and magneto-electrets were prepared in the usual way 
by the simultaneous application of field and temperature (Ray Chaudhuri et al 
1973, Bhatnagar 1964, Chatterjee et al 1970). The d.c. electric field applied 
for the preparation of thermo-eleotrets was of the order of 10 KV/cm. The
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magnetic fields used for the preparation of magneto-electrets of camauba wax 
and nitrobenzene were 10 kilogauss and 28 kilogauss respectively. The fields 
were applied a t the melting point (or freezing point) of the dielectrics.

The measurement of electrical conductivity of different polarized samples 
was carried out by a Tera Ohmmeter (TESLA BM 283).

3. R esults a nd  D ioussion

(i) Thermo-electret State
Figure 1 represents the time-variation of specific conductance of thermo- 

electret of camauba wax. I t  is seen that immediately after the withdrawal of 
electric field, conductivity becomes loss than that of the untreated control 
specimen. However, with passage of time, it increases and assumes maximum 
v̂ 'aluo on the tenth day. From then on, the specific conductance decreascLS 
amidst many pulsations, having an average value substantially higher than that 
of the untreated control specimen. Figure 2 illustrates the time-variation of 
specific conductance in the case of solidified nitrobenzene (273°K) after the 
removal of the electric field. Here, also conductivity at first decreases but shows 
a rapid rise above the corresponding normal value of the specimen. However, 
this apparent rise in the value of specific conductance is not permanent. Indeed, 
soon after reaching the maximum it declines gradually till the original value of 
the untreated control specimen is attained.

Fig. 1, Dopendoiice of specific conductance (u4) of camauba wax thermo-dectret on time. 
A ' represents the value of specific conductance of the unpolarized control specimen.

To explain the results depicted in figures 1 and 2, one finds that the materia) 
under investigation, namely camauba wax and nitrobenzene are polar dielectrics. 
The chief polar constituents of camauba wax are myricil alcohol (CjoHfliOH)
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Fû . 2- Dependence of specific conductance (A) of nitrobenzene thermo-olociret on time, 
A' is the value of specific conductance t)f the unpolarizod control specimen.

and cerotic acid {C20H 52O2) (Koonec ei al 1944). The presence of cerotic acid has 
been verified by micro-combustion analysis. The results of combustion analysis 
are the following :

C =  79.25%

H -  12.88%

0  =  7.87%

'fhe dijiolar characteristic of the molecular is due to the presence of i \ .  I t has 
a. piodominantly open chain structure. Nitrobenzene is the most familiar dipolar 
licpiid being almost exclusively used in Kerr colls.

Evidently since both caruauba wax and nitrobenzene are polar compounds, 
tlio strong electric field applied during the formation of thermo-electrots tends 
to orient the dipoles in the direction of the field. However, at any temi)era- 
tim̂  above absolute zero the random motion of thermal agitation works against 
orderly alignment, in  a liquid state, the jostling of neighbouring molecules 
( idminates in rajnd disorientation. In general, however, the degrees of freedom 
ofdipob  ̂molecules diminish considerably when a liquid dielectric solidifies. Thus, 
in solidified nitrobenzene or carnauba ŵ ax the dipole molecules remain aligned 
t vetx after the removal of the external field. The initial diminutions in the values 
nf conductivity as exhibited in figures 2 and 3, may j>erhapB be ascribed to 
dipolar orientation. Indeed, the lattice structure of the polarized dielectrics 
may bo so modified that the directional motion of electrons doGreases. As a 
result, the transport of electric charge through the thermo-electrets gets retarded 
and tlioir conductivity becomes lower tlian the value of untreated control speci
men as shown in figures 2 and 3. An analogous case is perhaps the diminution 
of conductivity of a strain gauge under applied stress.
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3. Depondonco of apeoifio conductance {A ) of camauba wax magneto-electret on time. 
A '  IS the value of specific conductance of unpolarized control specimen.

Figt Dependence of specific conductance (̂ 4.) of nitrobenzene magneio-elecret on time. 
A '  is the value of specific conductance of the unpolarized control spocimon.

The subsequent rises in the values of conductivity of carnauba wax and 
nitrobenzene thermo-eloctrets can be ascribed to enhanced poJarizability of 
molecules in strong electric fields. To discuss this effect in greater details let 
ns consider two polar molecules a t a distance d apart and with their dipole 
moments fi pointing in the same direction. The electric field in this case is 2iijd\ 
Again» the energy of each dipole is

- / i .  F =  (1)

where F  =  electric field.
Hence, the interaction energy for two dipoles oriented in the same direction 

along a common axis is—(2/4̂ /d®)x2 . Similarly, for the arrangement in which
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tJu‘ dipolos point at right angles to the line joining them and in opposite direction 
Iho energy is—(/4®/d®)x2 . Since the potential energy decreases with decreasing 
11 i,stance the molecules are attracted to one another for these relative orientaiioiiB 
of the dipoles. I t  may easily be seen that the electric field has a large value in 
Iho neighbourhood of an ion or a dipole. Thus, the field strength at a point 
;;A from an electronic charge is 1.6 x 10® volts/cm, while at a distance of sA from 
ii, d()ublet of — 3 Debye (SxlO"® e.s.u.) with a 2A separation, it is 0.7x10® 
\roits/om.

Usually, in the derivation of the expression jti = olF  for the dipole induced 
in a molecule of polarizability a, under a field strength the assumption is made 
that F  is small. Sutton (1946) envisaged the possibility of a hyperpolarizability 
under such a large field, while applications, assuming a law such as

a  =  0io+/3F^ (2)

wore actually made by Matossi & Mayer (1948) and by Senftleben & Gladisch 
(1917). I t has been suggested that, superimposed on the classical polarization 
is non-classical one involving electrons in 7r-type orbitals as in the case of nitro- 
b(uiZ('jio. Coulson et al (1952) investigated the dependence of molecular polariza- 
bjlity upon field strength. I t  was shown tliat the static polarizability increases 
with high fi(dd strengths. This effect does not normally become important in 
mjicroscopically attainable fields, but it may be a significant factor with fields 
.̂ ucli as those existing in the vicinity of an ion or dipole. As already pointed 
out that fields of the order of 10® v/cm do occur in the neighbomhood of an ion 
0L“ tlipolc. However, for sufficiently large values of F, as was shown by Lanezos 
(1980) and Oppenheimor (1928) for an atom the probability of a molecule becoming 
ionized is so great that the whole concept of polarizability loses its significance. 
Fjobably, the first evidence of auto-ionization of molecules in the field of aligned 
dipoles was obtained by Chatterjoo & Bhadra (1965) who detected an abnormal 
increase in the dielectric constant of carnauba wax olectret. Later on, the present 
authors (1969) also detected the phenomenon in the case of nitrobenzene thermo- 
olcotret.

To interpret the results depicted in figures 2 and 3, we find that the increase 
oi' conductivity is due to the free electrons liberated from polarized molecules 
dll ling the state of high field perturbation. I t is equally likely that the electrons 
ai o transx^orted from the valency band to the conduction band leaving requisite 
number of holes behind, which culminates in enhanced conductivity of the 
t3j3ccimen.

The increase of conductivity of carnauba wax persists for a longer time, which 
may be attributed to the fact that the storage temperature is sufficiently lower 
ihan the melting point of carnauba wax. The rises and falls in the values of 
imnductivity are due to the simultaneity of the processes of the release and



3t)G K. D. Ray Chaudhuri and S- D. Chatterjee

trapping (>r (ilectroiiH at Huitable sites within the volume of the material. Indeed, 
trapjiing of carriers in an organic crystal is a well-ostablislied phenomenon while 
dctraj)j)iiig is a source of gonoration of carriers. The traps are depicted by field 
emission and subsequently refilled. Trapping has been substantiated by Kall- 
iriann & Rosenberg (1955).

In the case of nitrobenzene, however, the operating tcmi)crature is 273°K 
AvliicJi is very near its freezing point (278.7°K). And so, the influence of thermal 
agitat ion preponderates and forces the aligned molecules more easily into a state 
of disorder. During this j)rocess, the i>reviously released electrons and holes 
l ecombine or are trapped at suitable sites. Thus, the initial value of conductivity 
of untreated control specimen of solidified nitrobenzene is quickly restored.

(ii) Magneto-electret State

FigUT'c .3 shows the time-variation of conductivity of the magnetically treated 
s[)ocimen of carnauba wax. I t may b(̂  iiotjcd that specific conductance exhibits 
an initial decrease followed by a rapid rise above the value of the untreated 
control specimen. Unlike the case of carnauba wax thcrmoclectret where the 
pulsating varialions art̂  rather frequent, the specific conductance in this cas(5 
soon attains a saturation level. Figui'c 4 illustrates the time-variation of con
ductivity in the case of solidified nitrobenzene after the removal of magnetic field. 
I t  should be noted tliat a preliminary diminution in tlu  ̂ value of conductivity 
IS observed soon after the withdrawal of the magnetic field. However, with the 
passage of time, the equivalent value of conductivity of the untreated control 
specimen is gradually resumed which appears to persist for a while even after- 
wai'd. Next, it begins to rise to higher positive values. However, this apparent 
rise is not permanent. As a matter of fact, after reaching maximum, it declines 
till the original value of the untreated control specimen is again attained. It is 
intiu’csting to note that such variation is analogous to that obtained as the after
effect of electric field on the conductivity of solidified nitrobenzene. To explain 
magneto-electret state of solid dielectrics, Khare Bhatnagar (1909) postulated 
the existence of two types of charges (a) a distribution of polarization called 
idiocharge arising due to dipole orientation, and (b) a distribution of polarization 
called iHocharge. originating due to the trapping of ions in macroscopic inhonio- 
gencitios. Evidences of the orientations of dipole molecules in liquids due to 
magnoti({ fields were obtained by Chatterjee (1936). He founds that aromatic 
compounds like nitrobenzene, toluene etc, showed an increase in the coefficient 
oJ vi.s(Josity, while straight chain aliphatic compounds like normal propyl alcohol, 
noniial butyl alcohol etc. showed a diminution of viscosity in a magnetic field. 
IMcMahou (1956) also detected an anisotropic increase of dielectric constant of 
nitro-wax under magnetic field. Ho attributed this to the diamagnetic aiiiso- 
troi>y molecules in nitro-wax. The present authors (1970) also observed a
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o r ia tio n  of d ielectric constant o f  nitrobenzene m agneto-electrcl. I t  m ay rea
sonably be assum ed th a t th e strong m agnetic field applied during the form ation  
of m agneto-electrets o f carnauba w ax and nitrobenzene produces orientations 
of the moloculos com prising th e dielectrics and consequently their lattice structure 
Ix^comes altered. The initial dim inutions in the values o f conductivity as exliibited  
m figures 3 and 4 are ascribed to th e slowing down o f the directional m otion o f  
olocti'ons due to  the enhanced scattering by th e new ly formed lattice structure 
of the dielectrics. The m anifestation  o f subsequent conductivity of carnauba 
wax jnagneto-electrets can be satisfactorily  explained as in the case of corros- 
j>onrling t.hermo-electrets by th e so-called electron omission mechanism.
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