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1. INTRODUCTION
The global trend in the development of  the 
field of  optoelectronic molecular compounds 
has led to an expansion of  the functional 
characteristics of  new photovoltaic materials. 
Since one of  the most important factors 
determining the low conversion efficiency of  
thin-film-based solar cells is low absorption, 
many modern studies are aimed at identifying 
various ways to improve this parameter [1]. 
One of  these areas is the construction of  
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devices with the use of  organic materials. 
Organic electronics is gaining popularity due 
to the low cost of  manufacture, the reduction 
in the weight of  materials [2] and the feasibility 
of  producing devices with a larger surface 
area using flexible substrates [3]. Recent 
developments in the field of  photovoltaics 
have made it possible to obtain organic solar 
cells with an efficiency of  > 11% [4,5]. Solar 
energy is not the only area of  application 
of  organic materials. Organic field effect 
transistors (OFET) over the past 5 years have 
been widely used due to the control of  the 
initial chemical composition of  the substance 
[6,7]. In particular, OFETs using carbon 
materials (fullerenes) as a basis are effectively 
used due to the high electron mobility (11 cm2 
V–1s–1) [8]. The use of  fullerene as a transport 
layer for electrons improves the electrical 
characteristics of  organic light emitting 
diodes (OLEDs) [9].

Over the past decades, isatin derivatives 
have established themselves as affordable 
photochromic materials [10,11] with the ability 
to reradiate the ultraviolet spectrum in the 
visible range [12]. The ease of  the molecular 
composition rearrangement of  isatins enables 
one to control the change in their physical 
properties. The use of  isatin derivatives in 
photovoltaics made it possible to obtain an 
efficiency coefficient of  more than 9% [13]. 
In turn, fullerene appears as a relatively strong 
electron acceptor with n-type conductivity 

[14]. The use of  various modifications of  
hydrazone and isatin derivatives as an effective 
donor made it possible to improve the 
characteristics of  photoconverting elements 
with a bulk heterojunction.

On the basis of  the foregoing, the purpose 
of  this paper was defined as follows: to study the 
effect of  an electromagnetic wave of  the optical 
range on the rectifying properties of  organo-
carbon heterostructures when changing the 
thickness of  active layers, as well as to determine 
the optimal mass of  the substance needed to 
obtain the maximum increase in direct currents 
of  the structures under study.

2. SYNTHESIS OF ACTIVE LAYERS 
AND X-RAY PHASE ANALYSIS
The synthesis of  the organic precursor was 
carried out with the technique similar to the 
one presented by Cigan [15]. The starting 
N-isoamylisatin weighing 2.03 g (0.01 mmol) 
was dissolved in methanol, the volume of  which 
was 50 ml, in the process of  stirring and heating. 
Next, 4-methylphenylhydrazine weighing 1.35 
g (0.011 mmol) was added to the solution. 
The mixture was boiled for 1-2 hours until a 
precipitate formed, the mixture being constantly 
stirred. The end products were isolated by 
filtration and purified by recrystallization from 
ethanol. As a result of  the synthesis, 2.4 g of  
the end product were obtained with the yield of  
73%. The purity and structure of  the compounds 
were confirmed by 1 H NMR spectroscopy and 
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Fig. 1. X-ray diffraction patterns of  organic isatin (a) and fullerene (b) in the solid phase.
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elemental analysis. The source/initial fullerene 
C60 was provided by ‘MST nano’ company, with 
99.5% purity.

The determination of  the phase purity of  
the initial organic and carbon materials in the 
solid phase was carried out using the method of  
X-ray phase analysis. The diffraction patterns 
were recorded on a DRON-3 general-purpose 
diffractometer (Bragg-Brentano focusing 
scheme using a graphite monochromator) in the 
angular region 2θ from 5° to 70°, using an X-ray 
tube with a copper anode λ (Kα) = 0.154184 
nm. The detector rotation speed was - 0.5°/
min, with a constant time equal to - 1·103 pulses 
per second. The primary and secondary bundles 
were limited by slits: horizontal — 0.25 mm, 
vertical — 6 mm, and Soller slits — 0.5 mm. The 
rotation speed of  the sample is 120 revolutions 
per minute (the axis is in the survey plane).

According to the results of  X-ray 
phase analysis, 4-methylphenylhydrazone 
N-isoamylisatin in the solid phase showed that 
this organic material has tetragonal syngony with 
the sides: a = 19.27 Å; b = 19.27 Å; c = 14.14 
Å; and it belongs to space group I -4 2 m with 
angles α = 90°; β = 90°; γ = 90°. Observations 
of  Fullerene C60 in the solid phase confirmed its 
molecular composition. The carbon material has 
a cubic syngony with the sides: a = 14.17 Å; b = 
14.17 Å; c = 14.17 Å and the spatial group Fm 
3 is aligned at angles: α = 90°; β = 90°; γ = 90°.

3. PRECIPITATION AND MICROSCOPY 
OF THIN FILMS
After confirming the initial composition of  
the substance by X-ray phase analysis, further 
studies were carried out directly with carbon 
and organic thin films. The formation of  film 
structures based on powder fullerene C60 and 
4-methylphenylhydrazone N-isoamylisatin 
was carried out by the method of  irrigation 
from solution [16]. Non-aromatic compounds 
were used as solvents: dichloromethane for 
fullerene and chloroform for isatin. The fixed 
concentration of  the starting material solid 
phase in the solution was 0.5 mg/ml. To assess 
the uniformity of  the films surface and to detect 
neoplasms, the starting materials in the solution 
were deposited on dielectric substrates of  18×18 
mm. geometric dimensions. The relief  of  the 
films was analyzed by transmission and reflected 
microscopy with the use of  LOMO Mii-4M 
microinterferometer with additional illumination 
by a semiconductor laser and an extended 
optical path to a camera with a 1/2FF 10MP 
matrix (Fig. 2). To determine the optimal mass 
of  the starting materials, five variations of  the 
experimental samples were formed. The gradual 
increase in the mass of  isatin (Fig. 2a-e) and C60 
(Fig. 2k-o) from 0.15 to 0.75 mg in increments of  
0.15 mg made it possible to dynamically evaluate 
the change in the geometry of  the film and the 
material distribution on the surface of  organic 
structures.

NANOSYSTEMS

Fig. 2. Microphotographs of  isatin films: (a - 0.15 mg; b - 0.3 mg; c - 0.45 mg; d - 0.6 mg; e - 0.75 mg), transition layer 
(f  - 0, 15 mg; g - 0.3 mg; h - 0.45 mg; I - 0.6 mg; j - 0.75 mg) and fullerene films (k - 0.15 mg; l - 0.3 mg; m - 0.45 mg; 

n - 0.6 mg; o - 0.75 mg). The line length is 50 microns.
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As a result, the surface analysis showed 
that an increase in the mass of  the starting 
material is clearly accompanied by a change in 
the surface morphology. Isatin films deposited 
with chloroform (CHCl3) can be described 
as relatively uniform. Initially, with a starting 
material mass of  0.15 mg (Fig. 2 a), the film 
surface has an island-like (dispersed) appearance 
with a thickness of  500–600 nm. With an 
increase in the mass of  the substance up to 0.3 
mg (Fig. 2b), the formation of  bonds between 
the “islands” is observed. The thickness of  
such films is 600–700 nm. A further increase 
in the amount of  the starting material leads to 
a complete (continuous) coating of  the entire 
surface of  the substrate (Fig. 2c-e). This fact is 
accompanied by a significant increase in the 
thickness of  the films: with masses of  0.45, 0.6, 
and 0.75 mg, the thickness is 2.2–2.3 μm 3–3.1 
μm and 3.6–3.7 μm, respectively.

Fullerene films deposited with 
dichloromethane (CH2Cl2) are characterized 
by relative surface heterogeneity. With a mass 
of  0.15 mg of  the starting material (Fig. 
2k), the appearance of  individual “point” 
particles with sizes of  1–3 μm is observed. 
Moreover, the film thickness is 300-400 nm. 
A sequential increase in matter to 0.3 and 0.45 
mg (Fig. 2l,m) is characterized by an increase 
in various agglomerations, and the initial 
formation of  “star-shaped” structures with 
sizes of  “rays” reaching 30–40 μm is also 
traced. The thickness of  such films increases 
to 400–500 and 500–600 nm, respectively. 
With an increase in mass to 0.6 and 0.75 mg 
(Fig. 2n,o), complete volumetric overlap of  the 
surface with carbon “star-shaped” structures 
organized by self-assembly is observed, the 
sizes of  which reach about 40–50 μm, In this 
case, the thickness increases to 600–700 nm 
for 0.6 mg and 700–800 nm for 0.75 mg. The 
fullerene-isatin transition layer has a mixed 
surface morphology (Fig. 2f-j), where C60 
molecules are formed into separate cores.

4. MID-WAVE IR ABSORBTION 
SPECTRA
Given the specifics of  the microobjects 
formation by self-assembly, the next step was 
to conduct a study using IR spectroscopy. This 
method was used to determine the possible 
changes in the molecular composition of  
the obtained thin films. The interaction of  
medium-wave IR radiation and carbon and 
organic material was studied using an Agilent 
Cary 630 FTIR IR Fourier spectrometer with 
an attenuated total internal reflection (ATR) 
attachment in the spatial frequency range of  
650-4000 cm-1 and a resolution of  4 cm−1. For 
the convenience of  analyzing the interaction 
of  infrared electromagnetic waves and carbon 
and organic films, the intervals: 650–1250 
cm–1, 1250–1850 cm–1 and 2650–3250 cm–1 
were separately set.

When studying the spectral dependences of  
the mid-wave IR range, it is necessary to note a 
significant number of  absorption peaks in the 
organic film, which is due to the complexity of  
the structure of  the 4-methylphenylhydrazone 
molecule of  N-isoamylisatin (Fig. 3a). In the 
region of  small wavelengths of  2650–3250 
cm–1, peaks were observed associated with 
vibrations of  the C–H and N–H atom groups. 
Peaks observed due to the presence of  C=O 
and C=N bonds, were detected in the frequency 
interval 1250–1850 cm–1. Besides, the C=O 
bond stretching vibrations, in the range of  
1630-1740 cm-1, assign the substance to the 
amide class I. The peak at the wavelength of  
1612 cm-1 is associated with the N–H bending 
vibration and the N–C=O stretching vibration, 
which is characteristic of  the amide class II. The 
main contribution to the absorption of  the IR 
electromagnetic wave, in the region 1364–1610 
cm–1, is made by stretching vibrations С=С of  
benzene rings. The 650–1250 cm–1 region was 
distinguished by the sequence of  absorption 
maxima, which are caused by the action of  
deformation and stretching vibrations of  
groups of  C–N, С–С, С–H atoms. It is worth 
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noting the significant contribution of  bending 
vibrations of  С–H groups in benzene rings and 
an alkyl substituent in the frequency range 744–
1128 cm–1.

The analysis of  carbon films in the IR range, 
for different masses of  the substance, showed 
the presence of  a significantly smaller number of  
absorption peaks compared to organic films (Fig. 
3b). This is due to the more uniform structure of  
the fullerene molecule. In the frequency range 
2650–3250 cm–1, a double peak of  low intensity 
is observed, which is typical of  the Csp3–H bond 
in higher hydrocarbons. Also, this connection is 
characterized by the presence of  an absorption 
band at the frequency of  1370 cm–1. The peaks, 
that characterize the obtained carbon films as 
fullerene, are present at frequencies of  1182 
and 1429 cm-1, and the absorption band at the 
frequency of  1429 cm–1 coalesces with the band 
from the alkyl group of  1456 cm–1. Feebly marked 
absorption bands in the regions of  1649–1659 
cm–1 are specific to the C=O group vibrations. 
The presence of  methane chlorine derivatives at 
the wave numbers of  668 cm–1 and 741 cm–1 is 
due to the use of  dichloromethane (СH2Cl2) as a 
solvent for fullerene.

Integrating data on the diversity of  the 
medium-wave IR interaction spectrum, it can be 
noted that an increase in the mass of  functional 
layers practically does not affect the shape and 
shift of  the absorption peaks. However, an 

increase in the intensity of  absorption peaks 
with an increase in the amount of  substance is 
clearly traced, which indicates the formation of  
a greater number of  intermolecular bonds and 
the formation of  a more uniform absorbing 
layer, which is characteristic of  the starting 
material.

5. CURRENT-VOLTAGE 
CHARACTERISTICS OF THIN FILMS 
To determine the optimal mass of  active 
layers in order to improve their transforming 
properties, we studied the heterostructure 
based on C60 fullerene and N-isoamylisatin 
4-methylphenylhydrazone. Electrodynamic 
parameters were investigated using a Keysight 
B1500A semiconductor analyzer. The 
measurements were carried out at least 10 times 
at room temperature, followed by averaging. To 
evaluate photoactivity, we used a LED matrix 
with a flux density of  about 300 W/m2 and an 
incoming power of  60 mW. Indium tin oxide 
(ITO), with a specific resistance of  16–18 Ω/
sq, and aluminum deposited on a sitall, with the 
resistance of  20 Ω/sq and the thickness of  120 
nm, were used as a contact group. The geometric 
dimensions of  the substrates (Al and ITO) were 
10×10 mm. The heterostructure (ITO-isatin-C60-
Al) was a “sandwich”, with fullerene deposited 
on aluminum and isatin deposited on indium tin 
oxide. The study of  the charge kinetics of  active 

NANOSYSTEMS

Fig. 3. IR optical absorption spectra of  Isatin (a) and Fullerene (b) films, with masses: 1) 0.15 mg; 2) 0.3 mg; 3) 0.45 mg; 
4) 0.6 mg; 5) 0.75 mg.

EFFECT OF MASSES OF ACTIVE LAYERS OF C60-4 METHYLPHENYLHYDRAZONE 
N-ISOAMILISATIN FULLERENE HETEROSTRUCRES...



366

No. 3 | Vol. 12 | 2020 | RENSIT

layers was carried out by measuring the current-
voltage characteristics (Fig. 4).

To determine the optimal mass of  the 
starting material, five similar variations of  the 
experimental samples with masses from 0.15 
to 0.75 mg were formed. All samples showed 
photosensitivity. Specifically, for a sample 
with the mass of  0.15 mg the light current 
totaled 50.9 μA which is 1.87 times as large 
as the dark one – 27.2 μA. Doubling of  the 
starting material was accompanied by a slight 
decrease in photosensitivity up to 1.35 times. 
A heterostructure with 0.45 mg of  the starting 
material was  characterized by the dark current 
of  18.9 μA and the light current of  66.3 μA, 
which is an increase in current by 3.5 times. A 
further increase in the amount of  the starting 
material was accompanied by a significant 
increase in the kinetics of  charge carriers. 
Thus, for a sample with a mass of  0.6 mg, the 
current is 91 times greater than the dark CVC, 
the heterostructure being exposed to irradiation 
with an electromagnetic wave of  the visible 
range. A 0.75 mg sample showed a 70-fold 
increase in photocurrent.

The increase in photocurrent with an 
increase in the bulk density of  the active 
layers can most likely be accounted for by the 
formation of  an extended pseudo-crystalline 
atomic structure, which provides acceptable 
conductivity by increasing the mobility of  
charge carriers directly inside individual 

formations - macroparticles. Also, an increase 
in mass leads to a decrease in the activation 
energy of  the hopping conduction mechanism, 
thereby increasing the current collection of  
photoactive charge carriers [17].

6. CONCLUSION
The key result of  the study is determination of  
the substance optimal mass by an experimental 
way to build a potential barrier on the basis 
of  fullerene and the organic compound 4 
-methylphenylhydrazone N-isoamylisatin. 
The microscopic analysis made it possible 
to demonstrate the phased formation of  
microstructured objects. The interaction of  the 
IR range electromagnetic radiation and thin-
film structures showed that a change in the 
mass fraction of  active layers practically does 
not affect the shape and shift of  the absorption 
peaks, but leads to an increase in their intensity. 
This trend can be accounted for by the formation 
of  a uniform absorbing layer and an increasing 
number of  intermolecular bonds. The analysis 
of  heterojunctions photoelectric characteristics, 
masses of  which were 0.6 and 0.75 mg, showed 
an increase in direct currents by two orders of  
magnitude, compared with direct currents in 
samples with masses: 0.15, 0.3 and 0.45 mg. 
This fact leads us to deduce an inference about 
the formation of  a potential barrier at the isatin 
– C60 interface which is due to the different 
morphology of  basic molecular systems.

NANOSYSTEMS

Fig. 4. Light (1) and dark (2) current-voltage characteristics of  the ITO-isatin-C60-Al heterostructure, with mass fractions: 
a - 0.15 mg; b - 0.3 mg; c - 0.45 mg; d - 0.6 mg; e - 0.75 mg.
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