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Samples prepared from pure meta dinitrobenzene are treated thermally in
dark in the presence of steady magnetic field and time variation of dielec-
tric constant of the samples are subsequently studied over a period of three
weeks. Also an analogous experiment is performed by replacing the thermal
treatment of the material with photo-irradiation againin the presence of a
steady magnetic field and time variation of dielectric constant is studied subse-
quently. These after-effects are mutually compared and attempts are made to
provide explanations for the observed results mostly on the basis of a gene-
ralized theory due to Rose! and Fowler.? Subsequent observations concerning
the process of photo-depolarization of the thermally and optically activated
samples are also done and tentative explanation for the results is provided.
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INTRODUCTION

THE effect of thermal treatment of meta dinitrobenzene, a polar molecular crystal,
when the material placed within a dark cover was taken through a course of mel-
ting, resolidification and slow return to the ambient temperature in the presence
of a steady magnetic field and was subsequently studied in terms of time variation
in the value of electrical capagcitance of the condenser which contained the experi-
mental material as madium. The capacitance was measured with an universal
L-C-R bridge (Simpson model 901-I) powered with a source of IkHz signal follow-
ing a method due to Chatterjee and Bhadra.® The method for activation of the
experimental material was basically similar to that followed by Agarwal and
Bhatnagar.® The samples and the controls were kept in total darkness throughout
the course of the experiment. Four to five different sets of experiments were
usually performed to establish the typical behaviour of these samples. Each set
of experiments was of about three to four weeks’ duration at the end of which
the samples were found to attain practically a steady state. Subsequently, the
photo-depolarisation of these samples were also studied.

The influence of photo-irradiation on solid polycrystalline metadinitrobenzene
regarding its electrical polarization under the simultaneous action of steady
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magnetic field was also studied, which also involved the time variation of the
dielectric constant of the activated material. Subsequently, these activated samples
were re-exposed to light only, and their photo-depolarisation were studied.

EXPERIMENTAL

Experimental material was prepared by dissolving reagent quality of meta dinitro-
benzene in pure ethyl alcohol. The solute was filtered through glass wool fibres
and allowed to crystallise by slow evaporation. Large needle-shaped crystals were
selected from the crystallized material. These were again dissolved in absolute
alcohol and the whole process was repeated twice to have pure experimental
material.

(A) Study of Thermo-Magnetic Effect

The electrical capacitor used for this experiment was specially prepared. A
nichrome wire resistor (nearly 50ohms) closely wound over a porcelain pipe was
inserted in to a thin brass pipe, closed at one end, and having a diameter slightly
larger than the oufer diameter of the resistor. These two were placed co-axially
by introducing a long brass screw through the bore of the porcelain and a previ-
ously made central hole at the closed face of the brasspipe, where the screw was
soldered. This formed a cylindrical condenser about 3.5cm in length. Initially,
the condenser was thoroughly washed with carbon tetrachloride and then treated
with pure absolute alcohol before storing it in a desiccator for a period of twen-
ty four hours. Then the condenser was placed inside molten meta dinitrobenzene
where it was throughly stirred with a clean glass rod in order to drive out trapped
air bubbles and to ensure proper filling up of the space between the condenser
plates with meta dinitrobenzene. Finally, it was taken out of the molten liquid,
kecping the open end upwards and held vertically. Next, the material inside
the condenser was remelted under dark cover by connecting the leads from the
ends of the nichrome resistor to a 24V d c supply for a suitable period. Subse-
quently, the power supply was switched off and the molten material was allowed
to cooi down slowly to the ambient temperature. The capacitance was then
measured with a universal L-C-R bridge after short-circuiting the two leads of
the nichrome resistor. The dielectric medium of the condenser was again taken
through a course of melting and subsequent solidification and the value of the
electrical capacitance was remeasured after the system cooled down. The process
was repeated in order to ensure that the value of the capacitance remained practi-
cally unchanged.

Next the condenser was placed vertically between the pole pieces of an electro-
magnet within dark cover and meta dinitrobenzene located between the plates of
the cylindrical condenser was remelted in the presence of 6.8 K oersted magnetic
field and then allowed to cool down to the room temperature (=290 °K) with
magnetic field constantly on. The field was removed subsequently and the electri-
cal capacitance of the sample was measured at regular intervals of time for the next
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three weeks. The results of the experiment are shown graphically in Fig. 1. This
figure also includes the curve showing the time variations of capacitance of a con-
trol sample treated similarly as before but without exposure to any magnetic field.

After studying the time variation of capacitance for three weeks the activated
sample was reexposed to light from a 200 Watt lamp held at a distance of 100cm
above the open end of the cylindrical condenser for a period of 10 hours. A
prolonged exposure was given because of the low transmission of light through the
thick medium of metadinitrobenzene. The exposed sample was then placed once
again within dark cover and its capacitance was measured at regular intervals of
time for the next 72 hours.’ A nearly complete depolarization was observed.

(B) Study of the influence of Photo-irradiation of Solid Sample in the Presence of
Magnetic Field

Experimental samples were prepared by melting pure meta dinitrobenzene in a
clean small petri dish and then slowly cooled between two brass electrodes in the
form of thin wafers. Small mica spacers of thickness about 0.5mm were used at
the opposite edges of the rectangular electrodes (2cm x I.5cm) to ensure a more or
less uniform thickness. Excess material from the outer surfaces was removed.
The plates had presoldered colour codified lead wires at the outer faces. Two
such samples were then stored in a desiccator with electrodes short circuited for a
period of twenty four hours and finally stored inside a metal container. The
capacitances of these samples were then successively measured after a lapse of 24
hours by connecting the colour codified leads coming out through light-tight small
holes on the surface of the metal container, to the L-C-R bridge. These measure-
ments were repeated at the end of further periods of 24 and 48 hours to ensure that
the values remained unchanged.

Next, one of the condensers was taken out of the dark container and photo-
irradiated in the presence of a steady magnetic field with its electrodes short circuited.
It was illuminated for a specified length of time by means of a 6.3V, 0.3amp mini-
ature lamp run at 10 per cent over voltage placed at distance of about 10cm. This
sample had one of its electrode surfaces perforated with small holes (1 mm) about
30 in number. The sample was placed between the pole pieces so that the perfo-
rated electrode faced the light source. The sample was so placed that its thickness
was oriented at an angle of 45° to the direction of the applied magnetic field. The
sample was retransferred to the dark container after cessation of irradiation and
its c-value was then measured after a rest period of ten minutes when it was pre-
sumed that the sample had returned to the room temperature. Furthermore any
substantial rise in temperature of the sample was prevented by circulation of air
current during rhe irradiation process. The c-value of the other condenser (control)
unexposed to light and without application of magnetic field was also measured.
Actually, the capacitances of these two condensers were measured at regular inter-
vals of time for a period of about three weeks.

Finally the activated sample was taken out of the dark container and was
exposed to light from a 100 watt lamp placed at a distance of 1 metre for a period
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of 100 minutes, with electrodes short-circuited. Air was circulated during photo
irradiation to prevent any rise in temperature of the sample. The sample was then
transferred into the dark container and the C-value was again measured after a rest
period of 10 minutes at regular intervals of time for the next 72 hours.

RESULTS
Typical results of the experiments are shown in Fig. 1.

Cn

Co
value of electrical capacitances of the experimental samples with time plotted as
abscissa.

x 100 values, plotted as ordinates represent the percentage changes in the

Cwm denotes the modified c-value while C, represents that prior to activation of
the experimental sample.

DiscussioN

The change in permittivity of the samples on activation is not explainable in terms
of reorientation of permanent dipoles of meta dinitrobenzene since no electric field
was used for poling. However, trapping of mobile charges in the conduction and
valence bands generated due to thermal effect or action of light may lead to subse-
quent formation of charge layers that might after the permittivity of the material.
Rose! and Fowler? introduced concepts like carrier excitation and carrier
trapping in the defect levels located in the band gap. When a polycrystalline
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dielectric material is allowed to return to the temperature of the ambiént following its
melting or if it is irradiated non-uniformly for a prolonged period, in the presence
of an external magnetic field, the trap levels in the band gap are filled up more and
more with electrons from the valence band. Some of these elevated electrons located
closer to the conduction band edge may jump further into the conduction band
giving rise to the generation of free electrons. These together with the holes in the
valence band constitute the non-equilibrium carriers of the material. Consequently,
some diffusion current may appear, which interacting with external magnetic field
causes a drift of these charge carriers along the third perpendicular direction.

The cylindrical condenser of the thermo-magnetic experiment, however when
allowed to cool down slowly after molten state of the material, a temperature gra-
dient most probably is formed along radial and other directions inclined to the
radial. Thus charge carriers are non-uniformly generated along these . directions
due to unequal phonon interactions with the lattice. Consequently, diffusion
currents are generated along these directions which have non-zero components in
general along the central axis. These components of diffusion currents interact
with external magnetic field causing drifts of the charge carriers along the third
perpendicular directions along which they are likely to be trapped at grain bounda-
ries and at defect centres. Similar trappings of migrating charge carriers are also
expected in the bulk of a non uniformly illuminated polycrystalline sample simul-
taneously exposed to a magnetic field. Thus the mechanism of charge separation
may be understood to some extent.

The pattern and effects of charge separation in a solid homogeneous dielectric
medium bounded by two parallel metal electrodes of thickness ‘s” may now be
theoretically examined. Let us consider a monopolar charge layer of density 6
which develops at a distance x from the left hand side electrode. This layer should
induce an equal amount of charge of opposite sign on the parallel electrodes (appe-
arance of isocharge) located at x = 0 an x = s having surface densities g, and o,
respectively. Considering the electrode cross sections to be the same and to be
externally short-circuited and applying laws of parallel combination of conden-
sers, it can be shown that

6s = — oz(x[5) (1)

Lts-» 0,
where

gy + 65 = — aa - (2)
whence

a.,———-——a.,s:x. ..(3)
If there be 2 number of monocharge layers of the same or different kind at
X1s X2 Xgseeeees xn having charge densities a,, o;. 63.....- on respectively, then oy + o,

' x=n

=— % q e (4)

Xx==3
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Equations (1) to (4) are applicable only to a simple model just considered, of
course trapped charges may not necessarily confine themselves around plane layers.
It is, however, apparent from the above equations that unless the built up trapped
charges are of such a magnitude that opposite kinds can completely neutralise the
fields due to them, there would always remain some residual charge on the elec-
trodes (iso-charge).

Now, in course of time, a charge layer may have its ¢ changed after its forma-
tion largely through phonon interactions between quantum states of the trapped
carriers and those of the lattice vibrations. A quick change of these charge densi-
ties may however result from a fresh exposure of the activated sample stored under
dark cover, to light, as the result of a process known as radiation induced depolari-
zation of the activated sample.

The study of time variation of dielectric constant of the activated samples is
meaningful which may reveal valuable informations about the carriers and the
nature of traps within the dielectric. The results of the present set of experiments
indicate that the thermo-magnetic treatment of the experimental sample is some-
what less potent in producing change in the permittivity as compared to the photo-
magnetic action. Moreover, in the thermally treated sample, the permittivity shows
a slow and steady decay after reaching a peak in course of about two weeks’ time.
Such a rate of decay is rather slower than in an optically activated sample. On
heating a dielectric or irradiating it with light or radioactive rays the charge carriers
tend to diffuse themselves if they are generated nonuniformly within the bulk mate-
rial. Although the mobilities of such excess carriers are hampered by the presence
of large number of traps and defects present in the polycrystalline materials, their
motions, in the presence of external magnetic field may be expressed by the equation.

_g:; —evxB-L, (9
where e, v, p and r are the charge, diffusion velocity, momentum and relaxation time
of the carrier respectively, while B is the magnetic induction.®

The presence of the magnetic field along a specified direction would bring some
definite pattern in the trapping of the migrating charges at the defects and grain
boundaries of the crystallities, resulting in non homogeneous separation of mono-
polar charges (electrons and holes). The quantum states of these trapped charges
are, however, under continuous interactions with the vibrational states of the lattice
even when the activated sample is stored in darkness. The sample which is ther-
mally unshielded, faces low order of charge detrapping due to continuous phonon-
charge interactions. However, a fresh exposure to light of the sample previously
kept under darkness results in an enhanced detrapping of electrons and holes. The
detrapped charges may recombine directly at the recombination centers or they move
into conduction and valence bands and behave like free carriers. These free carriers
may migrate towards the electrodes to recombine with the image charges.
Apparently, the depolarisation of the activated sample follows the processes of
detrapping.
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