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ELECTRICAL PROPERTIES OF STRUCTURES BASED ON NANOCRYSTALS CdS
IN GELATIN MATRIX

The electrical characteristics of composite structures based on nanocrystals of cadmium sulfide in a gelatin matrix
are studied. It is shown that in the freshly prepared structures, an electric field is formed, which irreversibly increases
the electrical resistance of the structures. A complicated form of the temperature dependence of the current is obtained,
which is associated with the participation in the current transport of " and OH" ions in the low-temperature region and
electrons arising from rupture of n-bonds in the high-temperature region.

1. Introduction

The optical and electronic properties of semi-
conductor nanocrystals differ significantly from
those for macrocrystalpic matter and depend on
the particle size. Such semiconductors, due to
the quantization effect [1], make it possible to
control their optical, electrical and structural
properties, changing only the particle sizes.

Polycrystalline semiconductor films lose
their positions in electrical engineering and they
are replaced by polymer films with nanocrystals
embedded in them. One of the most suitable for
use in creating such structures are semiconduc-
tor compounds of the 425¢ group and, in par-
ticular, cadmium sulfide. This material is prom-
ising for use in light-emitting devices, since all
colors can be obtained by varying the size of the
nanocrystal, which makes such structures uni-
versal. The literature contains information on
the preparation of structures with CdS nanocrys-
tals in the gelatin matrix, their optical and lu-
minescence characteristics [2-4] are described.
However, there is practically no information
on the electrical properties of such structures.
At the same time, in the excitation of lumines-
cence by an electric field, electronic processes
play a decisive role in such structures. In this
paper, a probable mechanism of electronic pro-
cesses that determine the electrical conductivity
of composite structures with CdS nanocrystals
in a gelatin matrix is considered.

2. The film’s fabrication methods and
experiment

The structures studied were prepared by
chemical synthesis from aqueous solutions of
cadmium nitrate (0.025 M) and sodium sul-
phide (0.25 M). The synthesis of nanocrystals of
cadmium sulphide occurred at a temperature of
+40 ° C in an aqueous solution of photographic
gelatin. Gelatin has all the necessary qualities for
its use as matrices for semiconductor nanocrys-
tals. Gelatin molecules consist of three polypep-
tide spiral chains. These chains are interconnect-
ed by a limited number of cross-links (so-called
c-bonds) that support the structure of the molecule
[5]. Such a structure does not allow the formation
of rigid crystalline blocks and is convenient for
creating matrix systems, since it has many cells,
where molecules of the most diverse substances
can enter under suitable conditions. Thus, gela-
tin molecules in an aqueous solution form a kind
of skeleton that divides the which nucleation of
nanocrystals and their subsequent growth takes
place. Obviously, the more the volume released
(ie the less the gelatin concentration), the more
reagents it will be in and the more likely will be
the formation of nuclei of nanocrystals followed
by their fusion. Therefore, the dimensions of CdS
nanocrystals depend on the concentration of the
gelatin solution.

At the end of the reaction, a solution of cad-
mium sulfide nanocrystals was deposited on
glass substrates coated with a conductive SnO,



layer. After drying of the gelatin with the CdS
nanocrystals embedded in their bulk, an upper
electrode of the In-Ga alloy was deposited onto
the films. Thus, the investigated composite struc-
tures located in the interelectrode space were
packed chaotically located gelatin molecules, in
the space between which CdS nanocrystals are
located and also water molecules, ionic products
of the chemical synthesis of Na*, NO3, formed
as a result of hydrolysis of polymer molecules
ions H¥and OH™. The films had a thickness of
20-50 pm. The concentration of CdS nanocrys-
tals in the polymer matrix was about 5 wt%.
Measurements of the optical absorption spectra
showed that the with of the band gap E, of the
CdS nanocrystals studied is 2.68 eV, which is
much higher than the value for single crystals
(Eg ~ 2.4 eV) and is due to the size-quantization
effect. The obtained result allowed to calculate
[1] the dimensions of nanocrystals of cadmium
sulfide, which turned out to be within 12-14 nm.

3. Results and discussion

Figure 1 shows the current-voltage character-
istics (I-V characteristic) freshly prepared struc-
tures measured at constant voltage. Curve 1 is
measured in order of increasing applied voltage,
and curve 2 is in order of decreasing voltage.
When measuring curve 1 on the I-V character-
istic, significant instabilities and chaotic oscilla-
tions of the current were observed, which disap-
peared when the voltage applied to the structure
was 600-700 V. After this, the I-V characteristic
measured in order of decreasing applied voltage
(curve 2) was stable and reproducible in subse-
quent measurements, regardless of whether they
were made in order of increasing or decreasing
the applied voltage. Thus, in the freshly pre-
pared structure, an electric field is formed, as a
result of which the resistance of the composite
layer increases by more than an order of mag-
nitude. The mechanism of current flow in simi-
lar polymer matrices can be determined both by
transport of carriers by means of ions, and by
“jumping” electrons through free radical bonds
of the molecular skeleton of the matrix element
in the direction corresponding to the polarity of
the applied voltage [6]. Electric molding in fresh-

6

ly prepared samples can be caused by a reorienta-
tion and a change in the spatial arrangement of
gelatin molecules under the action of an electric
field. It is possible to polarize gelatin molecules
as a result of hydrolytic destruction of some of
the weak m-bonds and the formation of polar re-
gions with uncompensated electrons. A necessary
condition for rupture of m-bonds is the folding of
gelatin molecules in a strong electric field. This
reduces the number of current-conducting ion
channels by compaction of the gelatin layer and,
as a consequence, leads to an increase in the re-
sistance of the matrix element.

A linear section is observed on the current-
voltage characteristic of the formed structure at
low voltages, which, in the region of stresses
exceeding 100 V, is replaced by a section of the
power-law dependence of the current on the
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Fig. 1. The current-voltage characteristics of a nano-
crystal structure CdS in the gelatin matrix. (T =295 K).

voltage described by the law I = const - V"
I = const - V™, where n = 1,8-2. Since in the
region of these stresses the average electric
field strength in the composite layer reaches

(2—5) - 10* V / m, this behavior of the I-V
characteristic can be related to the establish-

ment of a current flow regime limited by the
space charge [7] in the composite layer, as was



the case in polymer films of polydiphenylene-
phthalide, described in [8].

In Fig. 2 shows the current-voltage charac-
teristics of the molded structure measured at
a constant (curve 1) and alternating (curve 2)
voltage. It can be seen that the current-voltage
characteristic measured at alternating voltage
remains linear up to voltages of 600 V. This in-
dicates that the quadratic section of the current-
voltage characteristic measured at constant volt-
age is actually due to the flow in the composite
of currents limited by the space charge, and is
not related to the sample self-heating flowing
current [9].
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Fig. 2. Current-voltage characteristics of a nanocrys-
tal structure CdS, measured at constant (1) and alter-
nating (2) voltages (T = 295 K).

In Fig. 3 shows the temperature dependence
of the dark current (TDDC) of the structure
under study. You can see that it has a complex
view. At low temperatures, the current increases
exponentially with an increase in temperature
with an activation energy of 0.65 eV. When the
temperature reaches about 340 K, a maximum
is observed on the TDDC curve. Further, there
is a tendency to an insignificant decrease in the
current, which, with a further increase in tem-
perature, is again replaced by a segment of its
exponential growth with an activation energy of
0.2 eV. When the temperature reaches about 380
K, a second maximum is observed on the TDDC

curve. With further heating of the sample, the
current begins to decrease randomly. The TDDC
curve, measured in the order of cooling of the
sample, shows that the current decrease also
takes place exponentially. However, the activa-
tion energy of the conductivity turns out to be
much larger and amounts to 1.2 eV.

This behavior of TDDC can be explained as
follows. In gelatin molecules along polypeptide
chains, there are a large number of weak hydro-
ge_{l bonds (n-bonds), which, in the main, retain

ions and also hydroxyl groups
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Fig.3. The temperature dependence of the dark cur-
rent of the investigated structure. (V=50 B).

OH " [5]. With an increase in temperature due to
the energy of thermal motion, these bonds are
destroyed, as a result of which the concentra-
tion of current carriers, which are H™ and 0H~
ions, increases. Then the regions on TDDC with
activation energies of 0.65 eV and 0.2 eV can be
associated with the liberation of H* and OH ™~
ions, respectively. At a temperature of about 420
K most of the n-bonds are destroyed. However,
the broken bonds (as a result of the escape of
the H +ion) acquire a negative charge, since un-
compensated, so-called m-electrons remain on
them. Further, in the gelatin, the conjugation
effect can be manifested, consisting in the fact
that the «clouds» of m-electrons of all atoms that
form double bonds on a certain section of the
molecular chain are established in one plane
and overlap [10]. In this case, the m-electrons
are no longer localized, but belong to the entire
conjugate system. In the presence of conjuga-
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tion, the length of the bonds is aligned. There-
fore, such systems are characterized by higher
stability than non-conjugated systems. With an
increase in the length of the conjugation chain,
the electrical conductivity of the polymer as a
whole increases, since now within the conjuga-
tion chain the n-electrons of the macromolecule
move both in a single potential well with a pe-
riodic potential determined by the structure of
the chain. However, the motion of an clectron
along the conjugation chain is not a sufficient
condition for the conductivity of the polymer.
It is required that charge carriers can pass from
one molecule to another, i.e. from one interface
system to another. Such intermolecular transi-
tions are realized by means of activation over-
coming of potential barriers between molecules
and require energy expenditure. If we assume
that during the cooling of the sample from 440
K to room temperature, the predominant cur-
rent flowing mechanism is the above, then the
value of the activation energy of conductivity
obtained from TDDC characterizes the height of
potential barriers between molecules overcome
by m-electrons.

4. Conclusions

The electric molding of freshly prepared
structures, leading to an irreversible increase
in the resistance of the composite layer, is due
to the spatial reorientation of gelatin molecules
under the action of an electric field. The elec-
trical conductivity with CdS nanocrystals and
its change with increasing temperature are de-
termined by the free H * and OH ions, which
result from the destruction of n-bonds in gela-
tin molecules. At high temperatures, conductiv-
ity is determined by m-electrons, which freely
move along the conjugation chains of gelatin
molecules and perform activation transitions
between molecules with the overcoming of in-
termolecular potential barriers.
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Abstract. The electrical characteristics of composite structures based on nanocrystals of cad-
mium sulfide in a gelatin matrix are studied. It is shown that in the freshly prepared structures, an
electric field is formed, which irreversibly increases the electrical resistance of the structures. A
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SJIEKTPUUECKUE CBOMCTBA CTPYKTYP HA OCHOBE HAHOKPUCTAJLJIOB
CdS B KEJATUHOBOUW MATPUIIE

Pe3rome. lccrnenoBaHbl IIEKTPUYECKUE XAPAKTEPUCTUKU KOMIIO3UTHBIX CTPYKTYpP Ha OCHOBE
HaHOKPHUCTAJUIOB Cylb(uIa KaMuUs B )KeJaTUHOBOM Marpuie. [Toka3zaHo, 4TO B CBEXKETIPUTOTOB-
JICHHBIX CTPYKTYypax MMeeT MeCTO (OPMOBKA HIIEKTPUUYECKUM TI0JIEM, KOTOpas HEOOpaTUMO MO-
BBIIACT €JIEKTPUUECKOE COIPOTUBIICHUE CTPYKTYp. lloiydeH CiIoKHBIN BHUJ TEMIIEpaTypHOU 3a-
BHCHMOCTH TOKa, KOTOPBIN CBA3BIBAETCS C yUaCTHEM B TOKoNepeHoce nonoB H* u OH™ B oOnactu
HU3KHUX TEMIIEpaTyp U AJIEKTPOHOB, BO3HUKAIOIIMX B pE3ylbTaTe pa3pbiBa M-CBsi3ei, B 001acTH
BBICOKHX TEMIIEparyp.

KarwoueBble cioBa: cynbpua KaaMusi, HAHOKPUCTAJUIBL, TUICHKH KeJaTuHa, 3IEKTPOIPOBO/I-
HOCTB.
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EJIEKTPUYHI BTACTUBOCTI CTPYKTYP HA OCHOBI
HAHOKPHUCTAJIIB CdS B )KEJJATUHOBII MATPUIII

Pe3tome. JlocnimkeHO eNeKTPUYHI XapaKTePUCTUKHA KOMIIO3UTHUX CTPYKTYP Ha OCHOBI HAHO-
KpHUCTaJIB Cynb(}iqy KaJMito B keJaTHHOBIHM Marpuui. [lokazaHo, 110 y CBI’KOBUTOTOBJIEHUX CTPYK-
Typax Mae€ micue (OpMOBKa EIEKTPUYHUM I0JIEM, SIKa HEOOOPOTHO MiIBUIILYE EICKTPUUHUN OTIip
CTpyKTyp. OTpUMaHO CKJIaJHUHM BUIVIAJ TEMIEPATYPHOI 3aJI€KHOCTI CTPYyMY, SIKUH TOB’SI3y€ThCS
3 y4acTio y ctpymorepeHoci ioniB H* ta OH™ B 061acTi HU3bKHX TEMIIEparyp i JIEKTPOHIB, BU-
HUKAIOYUX B pPe3yJIbTaTi pyiHHYBaHHS 7T-3B°sI3KiB B 00JIACTI BUCOKUX TEMIIEpaTyp.

Karouosi ciioBa: cynbdin kaamito, HAHOKPUCTAIH, IJTIBKYU JKEJIAaTHHY, €JIEKTPOIIPOBIHICTb.



