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Spontaneous Current Study in Wheat Starch Nano Powder
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Spontaneous current study has been carried out in 70 nm particle size of wheat starch nano powder.
The starch nano powder was prepared by mechanical grinding method. The spontaneous current was found
to be induced and flowing in external circuit under short circuit condition by heating a sandwitched system.
Sandwitched system consist of a starch nano powder (i.e. powder in different weight ratio of distilled water)
between similar (Al–Al) and dissimilar (Al–Zn, Al–Cu, Al–Ag) electrode combination. The Spontaneous current
spectra show two peaks lies in 46± 4 ◦C and 72± 4 ◦C, respectively, in the first heating run. However, only single
peak was observed in second heating run. In the dissimilar electrode combination the first peak shifts to lower
temperature side, while second peak shifts to higher temperature side. Spontaneous current mechanism could be
explained on the basis transitional changes of starch nano powder caused by influence of water. The temperature
dependent open circuit voltage Voc was recorded. A linear relationship was observed between dissimilar electrodes
system due to difference in electrode work functions. It has been observed that spontaneous current is influenced
by water and depends on the choice of electrode material.

PACS numbers: 77.22.Ej, 77.22.Cm, 77.22.Jp

1. Introduction

In recent years many efforts have been taken to study
the thermally stimulated discharge process in insulat-
ing synthetic polymers [1–6], but only little attention
has been paid towards the biopolymers [7]. The various
mechanisms of charge and energy transfer in biopolymers
in the part of living biological systems (cellulose, colla-
gen, melanin, etc.) were studied by Glasser [8–10] in de-
tail. The biopolymers have several advantages in general.
They are commercially cheaper and non-toxic compared
to that of synthetic polymers. Moreover, in many cases
the synthetic polymers have toxic effects.

It has been shown that biotechnology is not only ap-
plicable to genomic sequencing and clinical diagnosis and
treatment, it can also have a major impact on non-
biotech applications, opening up a whole new field for
bioengineering. The biopolymers possess unique optical
and electromagnetic properties, including low and tun-
able electrical resistivity, ultralow optical and microwave
loss, etc. The organic field effect transistors (OFETs), or-
ganic light emitting diodes (OLEDs), and nonlinear op-
tical (NLO) polymer electro-optic (EO) modulators fab-
ricated from new biopolymer have been demonstrated in
literature [11–13].

All matter contains electrically charged particles. Most
of the materials are electrically neutral because positive
and negative charges are present in equal numbers. When
the balance of electric charges is disturbed, we experi-
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ence electrical effects. Due to this fact the spontaneous
current is the basic feature for all living and nonliving
matter and plays a significant role in the viability of bi-
ological matter. The electrical properties of biopolymers
depends on their structure, morphology and processing.
Since starch is a high molecular weigh crystalline class
of biopolymer made up of two components viz. amylase
and amylopection. The amylase is an unbranched chain
of 300 to 1000 α-D glucose with 1–4 glycosidic bonds.
The amylopection is also made up of α-D glucose unit
but it is branched like a tree. The ratio of amylase to
amylopection in starch is different for different tissues.
The chemical structure of starch is shown in Fig. 1. 1–6
linkage causes the formation of a branching point, which
then allows another chain of 1–4 linkages to develop. This
3-D branching also produces other points at which glu-
cose may be added by condensation or removed by hy-
drolysis. The wheat starch normally contains about 20%
amylase and 80% amylopection. The presence of amylase
and amylopection gives rise to an internal electric field
[14–15]. This effect is used to measure the variation of
electrical properties under the influence of external field,
temperature and radiation, etc. The dielectric study of
starch is reported by several authors [16–18] under dif-
ferent conditions, but mechanism of spontaneous current
in starch is still unknown.

The study of electrical properties of starch is an impor-
tant topic of research because of its importance in drug
delivery system. Recently, application of starch nanopar-
ticle cross linked with sodium tripoly phosphate for bet-
ter stabilization was discussed in details [19–20]. The ob-
jective of the present work is to investigate mechanism
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Fig. 1. Chemical structure of starch.

Fig. 2. Spontaneous current spectra of starch in differ-
ent weight ratios.

Fig. 3. Spontaneous current spectra of starch nano
powder in different weight ratios.

Fig. 4. Spontaneous current spectra of starch nano
powder in different weight ratios during second heating
run.

Fig. 5. Spontaneous current spectra of starch nano
powder in dissimilar electrode combination.

Fig. 6. Open circuit voltage spectra of starch nano
powder in dissimilar electrode combination.

of heat induced current in starch nano powder by mea-
suring the spontaneous current and open circuit voltage,
which may proved to be more interesting for scientific
and technological point of view.

2. Experimental

The wheat starch supplied by Merck India Ltd. (i.e.
granules size 20–45 µm) is used in present study. The
nano powder of wheat starch was prepared by using tra-
ditional grinding using pastel and Motor. Total time of
continues grinding was 5 h to prepare 10 gm powder. The
particle size was 70 nm were characterized by XRD. It
was observed that spontaneous current was tremendously
increased when observation was carried out in nano par-
ticles. Our experiments, samples of starch/starch nano
powder with different weight ratios were prepared for
spontaneous current measurement. The powder was
mixed with double-distilled de-ionized water to prepare
starch water slurry of 1:1, 1:2, 1:3 ratios by weight. All
samples were properly stirred mechanically for around
15 minutes before observation. The samples were taken
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on aluminum foil cleaned with ethyl alcohol before us-
ing, after that 80 µm thick circular Teflon lining with
another aluminum electrode was covered over the sam-
ple. The sample was immediately put into the heating
device. The spontaneous current was recorded by means
of sensitive electrometer (Scientific Equipments, Roor-
kee, India, DPM-111) with the heating rate of 4 ◦C/min.
The surface potential was measured using microvoltmeter
(scientific Roorkee, India). It is found, that the results
are reproducible with experimental error of ±10%.

3. Results and discussion

Figure 2 shows the spontaneous current spectra of
wheat starch of granules size 20–45 µm at constant heat-
ing rate of 4 ◦C/min with similar (Al–Al) electrode combi-
nation. Each curve shows two peaks at different temper-
atures. Ideally, biopolymer is invisible for investigation
of spontaneous relaxation properties. But if these ma-
terials are heated at constant temperature, it produces
an electrochemical potential difference between metallic
electrode and the biopolymer. This effect is very well
observed in case of many polymers by several researchers
[21–22].

The order of current for this peak is found to be
10−11 A, while study is carried out in starch nano pow-
der in same condition (Fig. 3) gives the two sharp peak
and tremendous increase of current (i.e. 10−9 A). This
behaviuor could be understood in terms of the conduc-
tivity. The conductivity of material increases, if the size
of particle is reduced upto nano level [23]. The second
peak is appeared at higher temperature in all cases. The
water molecules are thought to associate with oppositely
charge groups in the starch. This combination of charged
groups binds more water than the charged groups alone
and starch hydration is increased. The starch hydration
enhances the generation of ions and has been observed to
move from upper electrode to lower electrode (i.e. cur-
rent flows from lower to upper electrode in the external
circuit); however, more and more ions are generated in
starch nano powsder. In other hand the first peak is as-
signed to absorption of water molecules and nonappear-
ance of this peak in second heating run is attributed to
gelatinization of starch and reduction of water molecules.
The appearance of strong peak in second heating run may
confirm the trapping of ionic space charge.

The result of spontaneous current during second heat-
ing run is shown in Fig. 4. It shows that current do not
have similar order as in first heating run. This indicates
that the reduction of current caused by the dehydration
of starch samples results shifting of peak towards higher
temperature. This is due to the behaviour of bound wa-
ter as demonstrated in other biopolymers [24–26].

Figure 5 shows the spontaneous current spectra
recorded for different combination of electrodes. These
spectra consist of two peaks. The order of current was
found to be of 10−8 A for dissimilar electrode system.
The position of low temperature peak is shifted towards

lower temperature side, however, position of second peak
is shifted towards higher temperature side by varying the
electrode material. The order of current was observed to
be lower in similar electrode system, than the dissimilar
electrode system.

Figure 6 represents the temperature dependence of
open circuit voltage. The open circuit voltage is observed
according to work function difference of corresponding
electrodes, that shows a linear relationship.

In the starch structure OH group is at reactive position
at a certain temperatures. The active group is respon-
sible for formation of large number of pairs of opposite
charges (i.e. H+ and e− or H+ and OH−). The increase
of spontaneous current in starch nano powder is caused
by absorption of water molecules form the weak complex
with side group. This may be attributed to dissociation
of weak complex along with liberation of ions.

The effects of dilutents and plasticizers on Tg of starch
can be discussed in the following way:

1
Tg

=
M(starch)

Tg(starch)
+

M(H2O)

Tg(H2O)
, (1)

where Tg(H2O) is the glass transition of water and M(H2O)

is its weight fraction. Similarly, Tg(starch) and M(starch)

have their usual meaning. Therefore, spontaneous cur-
rent is the water controlled mechanism brought about by
absorption of water. The biopolymer like starch which
accommodates water molecules and controls the sponta-
neous current mechanism having maximum rate of emis-
sion process at Tg. The quasi — equilibrium condition of
dissociation of water may alter during heating that causes
the movement of charge carriers. The starch chain gets
loosened near Tg, facilitating the release of charge carri-
ers resulting into a peak.

In other hand spontaneous current behaviour of
starch/starch nano powder was also found to depend
upon hydration, indicating water structure around it.
When sample is heated linearly, intrinsic characteristics
of material was obtained between two main bands in
the characteristics, as it is shown in Figs. 2, 3, and 5.
Starch is a well-known polar polymer having -OH dipo-
lar group. The low temperature peak is caused by dipolar
effect. The activation energy of this peak, lies within 0.21
to 0.41 eV, is in agreement with dipolar effect. The low
temperature peak is shifted towards higher temperature
side due to orientation of -OH dipole, which is internally
hydrogen bonded in the molecules. This bond is known to
be weaker for that particular hydroxyl group, and some of
these dipoles would be free to orient under the influence
of temperature. The high temperature peak was found to
be due to ionic space charge. In most of the sources the
nature of the space charge is unknown. However, some
of the sources are contacting electrodes, protonic carriers
and ions.

The charge carriers are generated (i.e. positive/nega-
tive) at the metal surface due to an electron/ion transfer
between metal and dielectric [27]. On the other hand, ex-
istence of weak internal field and electrochemical nature
of starch, the electrode starch interfaces may have elec-
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tron/ions due to exchange between them (charged layer).
If the net flow of charge carriers is from metal to starch,
the metal will suffer a certain depletion of its charge and
its surface may require a net opposite charge. Thus,
charge carriers present in bulk or near the electrodes are
supposed to be mobile for internal and external conduc-
tion mechanism.

The open circuit voltage Voc developed at an elec-
trode seems to be due to the potential difference between
electrodes, possible orientation of polar side group and
charge exchange between metal and starch due to dif-
ference in their work function. In dissimilar electrode
system the electron exchange occurs between electrodes
dielectric interfaces and for these combinations the work
function differences of metals may have a controlling na-
ture of Voc magnitudes. These results could be explained
in terms of net difference of work function of both the
metals with the work function of starch. It has been
reported [28], that charge injection into the polymers de-
creases with increase in work function. The work function
difference of Al–Cu, Al–Zn, Al–Ag seem to be greater
than the work function differences of similar electrode
metal system.

4. Conclusions

It is concluded that the magnitude of spontaneous cur-
rent depends upon choice of electrode system and mesh
size of starch. The spontaneous current is flowing in ex-
ternal circuit due to induced electromotive force arising
from an electrochemical process at the metal starch in-
terface followed by generation of charge carriers.
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