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METHODS TO INCREASE CONDUCTIVITY OF POLYMERS
IN CONDUCTIVE POLYMER/CdS SEMICONDUCTOR NANOCRYSTAL
STRUCTURES

The explanations to the processes passed in polymeric matrix of composite structures
(conductive polymer)/(CdS semiconductor nanocrystals) at introduction of the varied addi-
tions is offered. The basic role in the process of carriers transfer in the investigated struc-
tures plays the radicals-ion, generated by current flowing on polypeptide molecules. The
presence of section with negative differential resistance on volt-current characteristics can
be explained by the increase in polymer resistance as a result of change in spatial con-
figuration of gelatin molecules. The increase in conductivity of polymer at introduction of
acetone addition is explained by diminishing in polymer resistance at the expense of the
increase in concentration of bound water and in amount of the possible ionic paths. In the
case when sodium chloride is added the increase in conductivity of polymer is explained
by the raise in amount of charge carriers.

were introduced to the solution after passage of
the basic synthesis reaction. As additives we
used: acetone, 5% solutions of NaCl and KCl,
and also graphite powder. Thus, the investigated
structures represented the layers of gelatin with
introduced cadmium sulfide nanocrystals. The
top electrode to them was indium, applied by
the method of thermal spraying in vacuum.

We will notice that gelatin is albuminous
material that represents the polydisperse mix-
ture of polypeptides (molecular weight 50�70
thousand) and their aggregates (molecular
weight up to 300 thousand). Gelatin space con-
struction has the complicated configuration. The
change in any physical and chemical parameter
of a system leads to changes in spatial configu-
ration of fiber and, and consequently, in the
change of electrophysical characteristics of poly-
meric film [2]. Exactly this feature of polymer
explains differences in volt-current characteris-
tics (VCC) of samples with different type of
additions in Fig. 1. Gelatin concentration in so-
lution, such as concentration of reagents and
temperature of heating, is the basic factor influ-
enced on the process of growth and the final
sizes of nanocrystals. Long molecules of gelatin
complicatedly oriented in space form the original
frame dividing all solution into the elementary
volumes, in each of these volumes the formation
of nanocrystals nucleus and their subsequent
growth takes place. Therefore, the larger allocat-
ed volume (i. e. concentration gelatin is less),
the higher concentration of reagents in it will
be, and the higher probability to form nucleus
with their subsequent coalescence. In result, the
distribution in sizes of nanocrystals will be wid-
er, that leads to complication in the analysis of
experimental results and their subsequent treat-
ment [3].

The central place in conductivity of polymer-
ic matrix is borrowed with ionic processes in

The studies in the properties of nano-dimen-
sion objects and the composite structures on
their basis are one of the actual directions in
development of modern science. The group of
composite materials that based on semiconduc-
tor nanocrystals incorporated into conducting
polymer is interesting from the practical point of
view. Optical properties of such composites are
defined, first of all, by properties of clusters but
their electrophysical and mechanical properties
directly depend on those for polymer [1]. As elec-
trophysical features of a matrix (conducting pol-
ymer) define electroluminescent properties of a
composite, and by change in parameters of pol-
ymer one can influence on luminescent charac-
teristics of structures. We investigated structures
on the basis of cadmium sulfide nanocrystals, in-
troduced in photographic gelatin. The purpose of
the present work is to study the processes of
charge transfer, occurring in polymer, and also
the search of the ways to increase conductivity.

To obtain cadmium sulfide nanocrystals, the
method of chemical synthesis was used. Accord-
ing to this method, the solution of cadmium
nitrate with concentration of 0.025 M was mixed
up with 5% solution of photographic gelatin.
Then sodium sulfide solution was added into the
obtained mixture. The reaction was carried out
within 15 minutes at temperature 40 °Ñ and
with continuous intermixing of reagents solu-
tion. After this, glass substrates with SnO2 layer
preliminary put on them were watered by the
identical amount of solution (0.5 ml) and then
were located then in drying case. The obtained
samples were differed in color depending on
concentration of sodium sulfide in the initial
solution: from pale yellow for low concentration
of sulfur ions up to bright orange for high con-
centration.

To increase the conductivity of polymer, dur-
ing preparation of samples, the various additives
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electrolyte consisted of products from synthesis
reaction of nanocrystals and the active ionic
rests, obtained as the result of hydrolysis of
polypeptide molecules. The presence of free rad-
ical bounds in molecules of polymer results in
constant reorientation depending on changes in
the external field. Therefore, the size, mobility
and concentration of radicals � ions has direct
importance for conductivity. The basic ions par-
ticipating in transport of charge carriers for re-
searched structures are: H+, Na+, Cd2

+, OH-,
NO3

- and Cl- (at introduction of NaCl). Ions H+,
Na+, Cd2

+ participate in electrons transport to
the centers of luminescence, and OH-, NO3

- and
Cl- in holes transport. We notice, that mobility
of H+ ions is in 4,5 times more than mobility of
Na+ ions [4]. Such distinction in ions mobility is
connected to the go-ahead mechanism for move-
ment of hydrogen and hydroxyl ions by means of
jumping from hydroxonium to water, or from
water to hydroxyl.

Excitation of luminescence centers (nanoc-
rystals) in the polymers impregnated by colloidal
solution, depends on the degree of structures
hydration and quantity of radical-ions generated
in them. Therefore, the increase in amount of
water remained in the bound condition after
sample drying, and also the increase in amount
of the readily soluble ionic compositions includ-
ed in polymer, are natural to increase efficiency
of electroluminescence.

Let�s consider in details the typical VCC of
the explored structures, represented in Fig. 1.
The characteristic feature is the presence of neg-
ative differential resistance section, which be-

comes more expressed when the additions of
acetone, and also chloride of sodium are intro-
duced to the samples. This specificity of VCC
can be explained in the following way. Coming
from dielectric properties of pure gelatin, the
conductivity of sample is directly defined by
volume concentration of polypeptide in polymer-
ic tape. As, in contrast to the electrons of «by-
pass» current, radical-ions move directly in wa-
ter solution with which a polymer is
impregnated, not relay on the molecules of albu-
men, any change in resistances of polymer, in-
cluding the local one (the change of gelatin con-
centration) leads to the sharp change in local
flux of carriers and to the change in current
through a sample in whole. Such change in local
concentration of gelatin can be explained by in-
teraction between the active, uncompensated
radical bounds of albuminous molecules generat-
ed as a result of processes of polypeptide hydrol-
ysis and electrolysis. To balance these bounds,
the molecule of gelatin changes its spatial con-
figuration so that to decrease the interaction
surface, closing free radical bounds inside origi-
nal globule (Fig. 2). Because molecules of
polypeptide are not isolated from each other, and
are in the permanent contact, interlacing be-
tween them, such change of configuration leads
to the mass compression of polymeric «grid».
The sequence of this is the increase in resist-
ance of this polymer area and it explains the
presence of negative differential resistance sec-
tion on VCC (Fig. 1). When acetone was intro-
duced in the process of sample preparation, cur-
rent strength value in the maximum of VCC has
increased in 2 times, and, the voltage corre-
sponding to peak has decreased from 160 V up
to 90 V. The noted change in VCC can be ex-
plained by the fact that at introduction of gelatin
hydrophilic into solution the additive (acetone)
concentration in the water, remained on a sam-
ple after its drying, increases.

Fig. 1. Volt-current characteristics (VCC) of composites
at stationary bias depending on type of additive

Fig. 2. Change in spatial configuration of gelatin molecule
with the increase in voltage: 1 � the external field is ab-
sent; 2 � at low values of the field strength; 3 � at high

strength of the field

The increase in concentration of the bound
water leads to increase in number of ionic chan-
nels due to reduction in volumetric concentra-
tion gelatin. As result, the resistance of polymer
falls and the smaller displacements are neces-
sary to achieve the maximal value of current.

The voltage corresponded to the maximum of
current through a sample, decreases up to 30 V,
when the solution is added not only acetone, but
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NaCl too. Current rises thus more than in 10
times, in comparison with pure sample. The lat-
ter is connected with the fact that besides the
increase in concentration of the bound water
(decrease in resistance of polymer) in sample, as
a result of NaCl introduction the amount of the
radical-ions, took the direct participation in proc-
esses of energy-transfer, increases. That is, the
concentration of charge carriers increases.
Hence, the stationary density of current is ob-
served to be reached at the smaller value of dis-
placement.

Let�s notice, that at introduction of acetone,
a molecule of bound water under action of a cur-
rent, flowing through polymer, decomposed to
ions of hydrogen and hydroxyl-ions. Therefore
not only the resistance of matrix decreases, but
also the amount of ions participated in energy-
transfer increases. The result of additional intro-
duction of sodium chloride to the solution at
preparation stage is the addition of the new
carriers to the existed ones. The number of rad-
ical-ions in polymer renders the basic influence
on speed of current decay in VCC (Fig. 1). The
internal field of a sample will change, as the
result of ions movement and their redistribution
in time, at the fixed value of displacement.
Owing to constant change in the field affected
on polypeptide molecules, they will change
ceaselessly the position in space, thus closing
old ionic channels and opening the new ones.
This fact explains the observed appreciable fluc-
tuations of the registered current.

 Thus, the increase of current through poly-
mer, in general case, is explained by the sharp
increase in amount of radical-ions as a result of

electrolytic dissociation of polypeptide molecules
and ionic bounds, and the section of negative
differential resistance on VCC can be explained
by the increase in resistance of polymer, be-
cause of change in spatial configuration of gela-
tin molecules. Radical-ions appeared when «by-
pass» current flowed through the polymer act
the basic role in the energy transfer processes.

The increase in polymer conductivity at in-
troduction of acetone as the additive, is ex-
plained by the reduction in polymer resistance
due to increase in concentration of the bound
water and number of possible ionic channels.
The increase in polymer conductivity, in case of
sodium chloride addition, explains the increase
in number of charge carriers.

The study in influence of ions type and their
characteristics on the feature of energy-transfer,
and also the development of the model for elec-
tronic processes in polymeric matrix is the sub-
ject of the further research.

References

1. J. Valenta, J. Dian, K. Luterová, I. Pelant, J. Bur-

�ik, D. Ni�òanský. Electroluminescence from Sol-Gel De-
rived Film of CdS Nanocrystals // Physica status solidi
(a). � 2001. � v. 184, ¹ 2. � R1�R3.

2. Å. G. Guk, Ì. Å. Levinshtein, V. À. Marikhin,
L. P. Myasnikova, S. L. Rumyantsev. Electrical properties
of conducting polydiacetylene // Fizika i tehhika polu-
provodnikov. � 1997. � V. 39, No 4. � P. 778�782.

3. Catherine J. Murphy, Jeffery L. Coffer. Quantum
dots: a primer // Applied spectroscopy.�2002.� v. 56. �
¹ 1. � P. 16a�27a.

4. D. N. Goryachev, G. Polisskiy, Î. Ì. Sreseli. The
mechanisms of carriers transfer and injection to porous
silicon at its electroluminescence in electrolytes // Fizika
i tehhika poluprovodnikov. � 2000. � V. 34, No 2. �
P. 227�233.

ÓÄÊ 621.315.592

Â. À. Ñìûíòûíà, À. Ï. ×åáàíåíêî, À. À. Àëåêñàíäðîâ

ÑÏÎÑÎÁÛ ÓÂÅËÈ×ÅÍÈß ÏÐÎÂÎÄÈÌÎÑÒÈ ÏÎËÈÌÅÐÎÂ Â ÑÒÐÓÊÒÓÐÀÕ ÏÐÎÂÎÄßÙÈÉ ÏÎËÈÌÅÐ/ÏÎËÓ-
ÏÐÎÂÎÄÍÈÊÎÂÛÅ ÍÀÍÎÊÐÈÑÒÀËËÛ CdS

Ïðåäëîæåíû ïîÿñíåíèÿ ê ïðîöåññàì, ïðîõîäÿùèì â ïîëèìåðíîé ìàòðèöå êîìïîçèòíûõ ñòðóêòóð (ïðîâîäÿùèé
ïîëèìåð)/(ïîëóïðîâîäíèêîâûå íàíîêðèñòàëëû CdS) ïðè ââåäåíèè ðàçíîîáðàçíûõ äîáàâîê. Îñíîâíóþ ðîëü â ïðîöåññå
ïåðåíîñà íîñèòåëåé â èññëåäóåìûõ ñòðóêòóðàõ èãðàþò, ïîðîæäàåìûå ïðîõîäÿùèì ïî ìîëåêóëàì ïîëèïåïòèäà òîêîì,
ðàäèêàë-èîíû. Íàëè÷èå ó÷àñòêà îòðèöàòåëüíîãî äèôôåðåíöèàëüíîãî ñîïðîòèâëåíèÿ íà âîëüò-àìïåðíûõ õàðàêòåðèñòè-
êàõ ìîæíî îáúÿñíèòü óâåëè÷åíèåì ñîïðîòèâëåíèÿ ïîëèìåðà âñëåäñòâèå èçìåíåíèÿ ïðîñòðàíñòâåííîé êîíôèãóðàöèè
ìîëåêóë æåëàòèíû. Óâåëè÷åíèå ïðîâîäèìîñòè ïîëèìåðà ïðè ââåäåíèè äîáàâêè àöåòîíà, îáúÿñíÿåòñÿ óìåíüøåíèåì
ñîïðîòèâëåíèÿ ïîëèìåðà çà ñ÷åò óâåëè÷åíèÿ êîíöåíòðàöèè ñâÿçàííîé âîäû è êîëè÷åñòâà âîçìîæíûõ èîííûõ êàíàëîâ.
Â ñëó÷àå äîáàâëåíèÿ õëîðèäà íàòðèÿ ïîâûøåíèå ïðîâîäèìîñòè ïîëèìåðà îáúÿñíÿåòñÿ óâåëè÷åíèåì êîëè÷åñòâà íîñè-
òåëåé çàðÿäà.
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ÑÏÎÑÎÁÈ Ï²ÄÂÈÙÅÍÍß ÏÐÎÂ²ÄÍÎÑÒ² ÏÎË²ÌÅÐ²Â Ó ÑÒÐÓÊÒÓÐÀÕ ÏÐÎÂ²ÄÍÈÉ ÏÎË²ÌÅÐ/ÍÀÏ²ÂÏÐÎ-
Â²ÄÍÈÊÎÂ² ÍÀÍÎÊÐÈÑÒÀËÈ CdS

Çàïðîïîíîâàí³ ïîÿñíåííÿ äî ïðîöåñ³â, ùî ïðîõîäÿòü â ïîë³ìåðí³é ìàòðèö³ êîìïîçèòíèõ ñòðóêòóð (ïðîâ³äíèé ïîë-
³ìåð)/(íàï³âïðîâ³äíèêîâ³ íàíîêðèñòàëè CdS) ïðè ââåäåíí³ ð³çíîìàí³òíèõ äîáàâîê. Îñíîâíó ðîëü â ïðîöåñ³ ïåðåíåñåííÿ
íîñ³¿â â äîñë³äæóâàíèõ ñòðóêòóðàõ ãðàþòü, ïîðîäæóâàí³ ñòðóìîì, ùî ïðîõîäèòü ïî ìîëåêóëàõ ïîë³ïåïòèäó, ðàäè-
êàë-³îíè. Íàÿâí³ñòü ä³ëÿíêè íåãàòèâíîãî äèôåðåíö³àëüíîãî îïîðó íà âîëüò-àìïåðíèõ õàðàêòåðèñòèêàõ ìîæíà ïîÿñíèòè
çá³ëüøåííÿì îïîðó ïîë³ìåðó óíàñë³äîê çì³íè ïðîñòîðîâî¿ êîíô³ãóðàö³¿ ìîëåêóë æåëàòèíè. Çá³ëüøåííÿ ïðîâ³äíîñò³
ïîë³ìåðó ïðè ââåäåíí³ äîáàâêè àöåòîíó, ïîÿñíþºòüñÿ çìåíøåííÿì îïîðó ïîë³ìåðó çà ðàõóíîê çá³ëüøåííÿ êîíöåíòðàö³¿
çâ�ÿçàíî¿ âîäè ³ ê³ëüêîñò³ ìîæëèâèõ ³îííèõ êàíàë³â. Ó ðàç³ äîäàâàííÿ õëîðèäó íàòð³þ ï³äâèùåííÿ ïðîâ³äíîñò³ ïîë³ìåðó
ïîÿñíþºòüñÿ çá³ëüøåííÿì ê³ëüêîñò³ íîñ³¿â çàðÿäó.
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METHODS TO INCREASE CONDUCTIVITY OF POLYMERS IN CONDUCTIVE POLYMER/CdS SEMI-
CONDUCTOR NANOCRYSTAL STRUCTURES

The explanations to the processes passed in polymeric matrix of composite structures (conductive polymer)/(CdS
semiconductor nanocrystals) at introduction of the varied additions is offered. The basic role in the process of carriers
transfer in the investigated structures plays the radicals-ion, generated by current flowing on polypeptide molecules. The
presence of section with negative differential resistance on volt-current characteristics can be explained by the increase
in polymer resistance as a result of change in spatial configuration of gelatin molecules. The increase in conductivity of
polymer at introduction of acetone addition is explained by diminishing in polymer resistance at the expense of the
increase in concentration of bound water and in amount of the possible ionic paths. In the case when sodium chloride
is added the increase in conductivity of polymer is explained by the raise in amount of charge carriers.


