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Abstract: This study is focused on investigating the atomic dynamics and vibrational properties of
thin layers of cadmium selenide with thickness ranging from 200-500 nm. The studies were carried
out using Raman spectroscopy at room temperature. Raman spectra were obtained in the frequency
range v = 100-800 cm™. Two vibration modes were observed within the specified frequency range.
It has been established that these vibration modes correspond to vibrations of Cd-Se covalent
bonds. The frequency of these vibrational modes was observed to increase as the thickness of CdSe

thin films increased, which was attributed to the formation of a thickness-dependent phase.
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Introduction

Studying the atomic dynamics of
semiconductor materials allows for the research
of a variety of processes that occur within them.
Therefore, extensive research is being
conducted to study the atomic dynamics and
lattice vibrations of these materials. Phase
transitions in crystals can lead to changes in the
elementary lattice, as is known. The oscillation
frequencies of the lattice cell are also changing
during this time. The study of atomic dynamics
is crucial when examining phase transitions that
are affected by temperature and pressure [1-5].

The atomic dynamics of solid states
allows for the formation of various physical
properties, such as ferroelectricity,
ferromagnetism, and superconductivity, which
are influenced by lattice vibrations. It is known
that at low temperatures thermal vibrations of
the lattice begin to fade. Therefore, the magnetic
properties of materials manifest themselves
predominantly at low temperatures. These

processes can be experimentally studied by
using Raman and infrared spectroscopy [6-8].
Recently, a number of materials have been
studied in the form of thin films, and the
physical and chemical properties of these films
are becoming increasingly interesting. Devices
that use thin layers have a lower volume.
Special technologies are used to produce thin
layers of materials with metallic and
semiconductor properties [9-12]. Observing the
physical properties of these materials in thin
layers increases the possibilities of their
application. One of the most studied
semiconductor
materials is the CdSe compound. These crystals
are widely used as the active medium in
semiconductor lasers, displays, detectors,
photoresistors, and LEDs [13-15]. Maintaining
the properties of the material at small sizes is a
major challenge in producing thin films.
Therefore, Studying the structure and vibration
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properties of the resulting layers is necessary.
Several properties of CdSe thin films have been
studied [16, 17]. However, the atomic dynamics
of these layers has not been studied.

In this work, thin films of CdSe were

obtained by chemical deposition and their
atomic dynamics were studied. The studies were
carried out using Raman spectroscopy at room
temperature.

Experimental part

The research studied the atomic
dynamics of thin layers of cadmium selenide
with a thicknessh = 200 — 500 nm. Thin layers
of CdSe were obtained in laboratory
conditions by chemical deposition. The
solution used for obtain thin layers was
prepared as follow: 0.5 M cadmium chloride
(CdCl, x 2.5H,0), 134 M (25%) sodium
hydroxide (NH;OH), 7.4 M triethanolamine
(CgHi5sNO3), 0.2 M sodium selenosulfate
(Na,SSeO;). The chemical precipitation

process was carried out in a laboratory beaker
with a capacity of 60 ml at room temperature
and normal conditions using a specially
developed technology.

Na,SeSO; (sodium selenosulfate) was
obtained by reacting 6 grams of Se powder
with 10 grams of Na,SO; (sodium sulfite) in a
solution of 100 ml of distilled water for 7
hours at a temperature of 90 °C. After
completion of the chemical reaction, the
solution was cooled to room temperature and
insoluble selenium particles were removed
from the solution through a filter. After
completion of this process, a clear solution of
sodium selenosulfate was obtained. When
using sodium selenosulfate as a selenium
component in the production of CdSe, the best
results can be obtained at a solution pH of 9. A
thin layer of CdSe with a crystalline structure
can be obtained onlyat a pH of 9 so that the
pH of the solution in the above mixture is
equal to 9. To measure the pH of the solution,
an Aquilon pH-410 pH meter was used.

Thin layers of CdSe were obtained on
glass substrates. To obtain a thin layer, glass
substrates were immersed in a chemical
solution. Amorphous glass substrates (38 x 26
x 1 mm) were kept in achromium solution for
several hours, washed with distilled water and

air-dried before being introduced into the
solution. Glass coasters are placed vertically in
a glass with a solution. The chemical
deposition process was carried out at room
temperature and normal conditions for 48
hours. This process was carried out simply, no
rotation was used. During the process of
obtaining thin layers, a white precipitate
formed at the bottom of the glass. After three
to four hours, this precipitate and the clear
solution in the beaker first became dark yellow
and then red, which corresponds to cadmium
selenide. After this process, the glass base was
removed from the glass, washed with distilled
water and dried. As a result, thin layers of
CdSe were obtained on the surface. The
thickness of the resulting layers was
determined by the gravimetric method. It was
determined that the thickness of these layers is
h =200, 400 and 500 nm.

A structural and phase analysis of the
resulting thin layers was carried out by X-ray
diffraction technique on a D8 Advance
(Bruker) diffractometer (Parameters: 40 kV,
40 mA, CuKo radiation, 1 = 1.5406 A). The
analysis of the obtained spectra revealed that
thin layers of CdSe were discovered on glass
substrates.

The atomic dynamics and vibrational
properties of thin layers CdSe obtained on
glass substrates have been studied. The
vibrational properties of the samples were
studied by the Raman spectroscopy. The
experiments were carried out on the
Nanofinder 30 Raman spectrometer at room
temperature. Nd:YAG laser with a wavelength
A =532 nm and a maximum power of 10 mW
was used as an excitation source. The obtained
spectra were analyzed by the Gaussian
function.

Results and discussion
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The phase analysis of thin films of
cadmium selenide obtained by chemical
deposition was studied by X-ray diffraction at

room temperature. The X-ray spectra of the
resulting layers with thicknesses h = 200, 400
and 500 nm are presented in Fig. 1.
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Fig. 1. X-ray diffraction spectra of CdSe thin layers.

It is clear from the X-ray spectroscopy
that a phase corresponding to CdSe crystals has
formed in the thin layers with a thickness of h =
200-500 nm. Three diffraction maxima
corresponding to this structure were observed
[18]. The results of the analysis showed that
that these diffraction maxima correspond to
(111), (220), and (311) Miller indices. The
CdSe thin films crystallize in a hexagonal
structure.

To study the atomic dynamics of the
system, the vibrational properties of thin layers

were studied by means of Raman spectroscopy.
The spectra obtained at room temperature and
under normal conditions are presented in Fig. 2.
Two active modes of Raman scattering were
observed in the frequency range v = 100-800
cm™. The spectra indicate that the frequencies
of vibration modes shift towards higher
frequencies as the thickness of thin layers
increases. It is known that the composition of
these layers remains constant. The change in
frequencies of dance modes occurs in
connection with the process of phase formation.
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Fig. 2. Raman spectra

of thin layers CdSe.
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Thus, as the bond lengths of the same
chemical elements decrease, the frequency of
vibrations increases. Therefore, in studies
carried out at high pressures, an increase in the
vibration frequency is observed as the crystal
lattice is destroyed [19

]. With increasing thickness in thin CdSe
films, due to the phase formation process, the
atoms are packed more densely and therefore
the frequencies of the Raman modes increase.

From the spectra shown in Fig. 2, it is clear that
there are significant differences in the Raman
frequencies of the 400 nm thick layers
compared to the 200 nm thick layers. But
compared to layers 400 nm thick, there are no
significant  differences in the Raman
frequencies of layers 500 nm thick. From this it
can beseen that the phase formation process has
been completed in layers 400 nm thick.
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Fig. 3. Frequencies of Raman modes of thin layers CdSe with a thickness of h = 500 nm.

The Raman modes obtained in CdSe thin
films were interpolated by a Gaussian function
and the frequencies of the Raman modes were
determined. The interpolation process was
carried out for layers obtained with a thickness
of h = 500 nm. From Fig. 3 it can be seen that

the vibration frequencies correspond to v1 = 206
cm™ and v2 = 415 cm™, respectively. These
frequencies correspond to the frequencies
observed for the CdSe compound in previous
studies [20].

Conclusions

In this work, thin layers of CdSe were
obtained by chemical deposition and their
atomic dynamics were studied. Two different
vibration modes were observed in the Raman
spectra of thin layers of cadmium selenide
with thicknesses h = 200, 400, and 500 nm.
As a result of interpolation of the spectra with
the Gaussian function, it was established that

the vibration modes corresponding to the
frequencies v1 = 206 cm™ and v2 = 415 cm™
belong to vibrations of Cd-Se covalent bonds.
The process of phase formation in thin films of
cadmium selenide based on dance modes has
been studied and it has been established that it
is CdSe layers that are formed in layers with a
thickness ofh = 400 nm.
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CdSe NAZIK TOBOQOLORININ ATOM DINAMIKASININ RAMAN
SPEKTROSKOPIiYASI iLO TODQIQi
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Xiilasa: Isdo h = 200 - 500 nm qalinligli kadmium selenid nazik tobaqalorinin atom dinamikasi va
rogs xassolori todqiq edilmisdir. Todqigatlar otaq temperaturunda Raman spektroskopiyast metodu
ilo yerina yetirilmisdir. Raman spektrlori v = 100-800 cm™ tezlik intervalinda alinmusdir. Géstorilon
tezlik intervalinda 2 rogqs modasi miisahido edilmisdir. Bu rogs modalarinin Cd — Se kovalent
rabitolorinin ragslorine uygun goldiyi miioyyan edilmisdir. CdSe-in nazik tobagoalorinin qalinligi
artdigca bu rogs modalarinin tezliyinin artmasi miisahido edilmisdir ki, bu da galinligdan asili
olaraq fazanin formalagmasi ils izah edilir.

Acar sozlor: CdSe nazik tabagasi, atom dinamikasi, qafas ragslori, Raman spektroskopiyasi.

U3YUYEHUE ATOMHOM JUHAMUKHU TOHKHUX IJIEHOK CdSe METOJIOM
PAMAHOBCKOM CIIEKTPOCKOITAH

H.M. Aﬁnyﬂﬂaenl, JILH. I/IﬁpaFI/IMOBaZ, M.E. Annes®, 10.H. Annes*”

1PIHcmumym Gusuxu MHO AP
2HHcmumym npupoousix pecypcoe MHO AP
$Haxuuesancruii 20Cy0apCmeeHHbllL YHUBepcumem
* Asepbaiioocanciuii 20cyoapemeentblil nedazo2ueckuil yHusepcumemn
>3anadno-kacnutickuil VHUBepcumem

AnHoTanusi: B paboTe n3ydyeHa aroMHas TUHAMUKA U BHOPAIMOHHBIC CBOMCTBA TOHKHUX IJICHOK
cenennga kaamus tommuHoW h = 200-500 mM. MWccnemoBaHust MPOBOAMIMCH — METOJIOM
pPaMaHOBCKOW CIEKTPOCKONUHM TMPH KOMHATHOW Temmepatype. CHeKTpbl KOMOWHAIIMOHHOTO
paccestHUsL ObUIM IIOJNYYeHbI B juarasoHe wactoT v = 100-800 cm™. B ykasaHHOM 4acTOTHOM
WHTEpBaJie HAOMIOJANMCh JBE MOJIBI KOJNeOaHW. YCTaHOBIEHO, YTO 3TH MOJABI KOJIeOaHM
COOTBETCTBYIOT KOjieOaHHsIM KoBaleHTHBIX cBs3eir Cd — Se. HabOmiogamoch yBelMYeHHE 4acTOTHI
ITUX MOJ KoJieOaHHMH 1O Mepe YBEIMYCHHs TONIIMHBI TOHKUX IuIeHOK CdSe, 4To 0OBACHSIOCH
oOpazoBanueM ¢asbl, 3aBUCAIIEH OT TOJIIHUHEI.

KarueBble cioBa: Tonkas mieHka CdSe, aromHasi TuHaMKKa, KOJICOAHUS PELICTKH, paMaHOBCKast
CTIIEKTPOCKOITHSI.
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