CHEMISTRY & CHEMICAL TECHNOLOGY

Chem. Chem. Technol., 2017,
Vol. 11, No. 4, pp. 445—448

Chemistry

SYNTHESIS AND PROPERTIES OF MERCURY SELENIDE
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Abstract. Mercury selenide (HgSe) films were obtained
on glass substrates via the chemical deposition method.
The agqueous solutions of mercurium(l1) nitrate, potassium
iodide and sodium selenosulfate were used. Film samples
obtained at two temperatures of synthesis were analyzed
by X-ray and structural analysis. The effect of the
deposition duration on the optical and morphological
properties of HgSe films was investigated. The deposition
mechanism was discussed.
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1. Introduction

Synthesis and investigation of semiconductor
materials based on A"B"" thin films (chal cogenides Zn, Cd
and Hg) have gained considerable attention due to their
unique  propertiess.  Mercury  chadcogenides are
technologically attractive materials that can be used in IR
detectors, ultrasonic transducers, cataysts, eectrogatic
reflecive materials and solar cdls [1, 2]. Limited
information about the features of synthesis and the
properties of mercury chalcogenides film materials is
explained by the difficulties arising during their production.
First of dl, thisis rdated to impossibility to use the typica
complexing reagents that have been successfully used for
the synthesis of cadmium and zinc chal cogenide films with
a given set of properties. Therefore, the development of a
smple and reproducible technique for the synthesis of
mercury sdenidefilmsisan actual task.

Technologically convenient way of films obtaining
is the chemical bath deposition [3]. Previoudly, the
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chalcogenide films of zinc [4, 5] and cadmium [6, 7] were
successfully obtained by this method. It is based on
interaction reactions between the metal salt, complexing
agent and chalcogenizer in an aqueous solution. In the
case of mercury selenide (HgSe) filmsiit is convenient to
use potassum iodide for complexation, since it forms a
fairly stable complex with mercury. The most available
Se-chalcogenizer is sodium selenosulfate. The formation
of selenides is a combination of chemical reactions, the
mechanism of which can depend on the synthesis
conditions.

The aim of this work was to carry out complex
studies: experimental investigation of the composition,
structure, optics and morphology of the synthesized HgSe
semiconductor films depending on the synthesis duration
at different temperatures. An analysis of the obtained
experimental results will alow to relate HgSe deposition
conditions with the properties of the obtained semicon-
ductor films and to investigate the mechanism of their
synthesis. Thisis an actual task of thin-film technologies,
the solution of which will allow to control the process of
chemical deposition of mercury selenide films.

2. Experimental

2.1. Materials

Chemical deposition of HgSe films was carried out
on preliminarily cleaned glass substrates of 18x18 mm
size. A working solution was prepared by step-by-step
adding of freshly prepared agueous solutions of the
mercury salt, a complex reaction agent, a chalcogenizing
reagent and distilled water.

The composition of the working solution was:
0.01 M mercury(l1) nitrate (Hg(NOs),), 0.04 M potassium
iodide (KI) as a complex-forming reagent for Hg*" and
0.01 M sodium selenosulfate (NaxSeS0O5) as a source of
Se?. Such composition corresponds to the 1:4:1 molar
ratio between the reagents. The pH of the working
solution was ~9.5. The deposition was made in a glass
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bath for 2-10min at the temperature of 363K and
2448 h a the temperature of 293 K. After this, the
substrates were removed, washed with distilled water and
dried intheair.

The film samples, synthesized at 363 and 293 K,
had dark-brown and dark-orange colors, respectively.
Their adhesion to the glass substrate was weak. The films
were easily removed if we applied small mechanical
forces.

2.2. Analysis

Experimental arrays of intensities and angles of
reflection of the test samples were obtained on DRON-3.0
X-ray diffractometer (CuKa radiation). Preliminary
processing of the experimental diffraction arrays in order
to identify the phases was carried out using PowderCell
[8]. Calculation of the cell parameters were done by using
the FullProf software package [9)].

The films optical transmission spectra were
recorded on Xion 500 “Dr. Lange” spectrophotometer in
the 340-900 nm wavelength range. The accuracy of the
optical transmission detection was +0.5 %.

Investigation of the films surface morphology was
performed by using REMMA-102-02 raster scanning
electron microscope (SEM) with a microanalysis system.

3. Results and Discussion

The phase composition was set by X-ray-phase
analysis of the synthesized samples (Fig. 1).

a)
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A single-phase composition of the HgSe film
sample was established a 363K and two-phase
composition —at 293 K. Such result may indicate different
synthesis mechanisms at different temperatures. We
identified HgSe in the cubic modification (structural type
ZnS, sphalerite) and the ternary compound of mercury-
iodide-selenide (Hgsl2Se;) in the monoclinic modification
(gtructure type HgsB.S,). Crystallographic characteristics
of the obtained compounds are given in Table 1.

The optical transmission of films (Fig. 2, a, b)
decreases with the increase of synthesis duration. For
single-phase HgSe films a light transmission jump is
visible in ~400 nm region of wavelengths. For two-phase
films, the nature of the change in transmission is
somewhat different. Their spectra show two inflectionsin
the regions of wavelengths: ~400 and ~500 nm, which
correspond to mercury selenide and mercury-iodide-
selenide, respectively.

Absorption spectra dependences in (a-hv)? = f(hv)
coordinates (Fig. 2, ¢, d) show the presence of fundamental
optical absorption edge. The optical band gap (defined as
the intersection point of the tangent to linear section of the
dependence (a-hv)? = f(hv) and the x-axis) of HgSe films,
obtained at 363 K and the synthesis duration of 2-10 minis
2.90-2.05 eV, respectively. Inthe case of films, synthesized
a 293K, two bending transitions are observed,
corresponding to the two-phase compoasition of the samples.
They are most pronounced at the duration of 48 h. The
optical band gap values are localized in the regions of
2.65-2.61eV for HgSe and 2.29-2.22 eV for Hgsl,Se, at
the synthesis duration of 24-48 h, respectively.

b)

Fig. 1. Experimenta profiles of diffractograms of HgSefilms, obtained at synthesis temperatures of 363 K (a) and 293 K (b)

Table1

Crydtallographic char acterigtics of compoundsin the films obtained at different synthesistemper atures

Synthesis temperature | Phases | Structuretype

Pearson’s symbol

Cdl parameters
a, nm b, nm ¢, nm

Space group

363 K HgSe ZnS cF8

ﬁ’o

F-43m |0.60550(11) | - —

Hg.l Se

32 2

Hg S Br

32 2

293K

Cl2iml | 1.9374(4) |0.9654(3)|1.0933(4)]116.67(2)

HgSe nS cF8

F-43m |0.60523(16) | - - -
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Fig. 2. Spectral dependences of optical transmission (T, %) (, b) and their respective dependences (o-hv)* = f(fw) (c, d),
where o — optical absorption coefficient of the films, obtained at different temperatures and synthesis duration

Table2

The surface mor phology and atomic composition of the films depending on synthesisdur ation

Single-phase (HgSe) films Two-phase (HgSe , Hgsl »Se,) films
obtained at 363 K obtained at 293 K
Hg-51,9 at.% Hg-52,8 at.%
Se-48,1 at.% Se-47,2 at.%
2min 4 min 24h
Hg-54,6 at.% Hg-55,5 at.%
Se-45,4 at.% Se-44.5 at.%
7min 10min 48h
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Spectroscopic  studies of the films surface
morphology (Table 2) show that films deposited at
different temperatures and synthesis duration, are
completely covering the substrate and are solid and
homogeneous along the whole area. The surface
morphology of films, synthesized at 293 K is somewhat
different than those synthesized at 363 K. Inclusions of
phase particles (Hgsl.Se;) between HgSe phase are
observed on them, indicating the formation of a ternary
compound through the entire reaction.

According to the results of microanalysis, the
single-phase HgSe films have a practicaly stoichiometric
composition with a slight excess of mercury atoms. For
the two-phase films the iodine was found in the film
structure. This fact is in agreement with the data of
previous studies.

On the basis of the experimental data, we can assert
that the temperature determines the course of HgSe films
synthesis reaction mechanism. At 363K the formation
and growth of the film begins with the formation of
mercury complexes with iodide. Complex metal particles
are capable to react with sdenosulfate [10Q].
Schematically, this process can be written as follows:

Hg> +41~ %%® [Hgl,]*
[Hgl,]” +SeS07 +20H" %3 HgSe™ + S0 +4l~+H,0

At 293K the above given reactions will also take
place. In this case mercury selenide will stay longer in
suspension form before depositing as the film on the
substrate and in the form of corresponding precipitate.
The result is that a significant part of HgSe interacts with
[Hgl®, forming Hgsl,Se, ternary  compound.
Schematically, this process can be written as follows:

2—

/ Se—Hg|~
I—Il-lg—[ + HgS*: 3,3 [—Il—lg—l + |-
} ;
Se—Hg|~ Se—Hg
1—1|fg—1 + HgS 3,% f—fllg—l +
} Hg—.|S'e
- Se—Hg: Se—Hg Se—Hg
[—Hg—I — I—I%Ig—l — ! [llg l] !
_Hg_~|96 Hg—Se ]—|Ig—.|5’e

The arrangement of atoms in the final product of
HgslSe, corresponds to its crystal structure according to
X-ray diffraction analysis.

4. Conclusions

In this work, we comprehensively considered the
problem of mercury selenide films synthesis with the aim
of developing common rules and approaches for
controlling the process of their hydrochemical synthesis.
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The influence of synthesis duration and temperature on
the properties of HgSe films has been proved. From the
practical standpoint, it is expedient to use higher
temperature (363 K) and short duration (210 min) for the
synthesis of HgSe films from agueous Kl solutions
because these films are singlephase, solid and
homogeneous. The use of room temperature is pointless
due to the uncontrolled formation of a significant amount
of byproduct (Hgsl.Sey), as a result of different
mechanism of coating growth.
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CHHTE3 I BJACTHBOCTI ILTIBOK
MEPKYPIN CEJIEHIZLY, OTPUMAHUX
3 BAKOPUCTAHHSIM KAJIA HOIUTY

SAK KOMILIEKCOYTBOPIOIOYOI'O PEATEHTA

Anomauia. MemoOdom XimiuH020 0caOddHCeHHs 8aHH OmMpuU-
mano nuigku mepkypii cenenioy (HgSe) na cxnsmux nioknaokax 3
suxopucmanHsim 600nux pozuunie mepkypin(l) nimpamy, xaniii
tiooudy i nampiii cenenocyivghamy. Ilposedeno penmeenogazosuii
ma CMpyKmypHull aHaiz OmpumMaHux 3paskie niiox 3a 080X pisHUX
memnepamyp — cunmesy.  JlocniodceHo — 6nau8 - Mpusanocmi
0Caodcentss Ha ONMUYHI MAa MOPGONOLIUHI GIACMUBOCE NIIBOK
HgSe. O62060pero mexanizm ocaddicenns.

Knrouoei cnosa. meprypiii cenenio, moHKi WiieKu, XimMiuHe
0caodcentss 3 8aHH, ONMUYHI GIACMUBOCMI, aHAN3 MOpgonoeaii,
MeXawizm peaxyii.



