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Cadmium selenide charge obtaining is proposed by interaction of cadmium nitrate with
selenium in alkaline solution in the presence of hydrazine. It is shown that irrespective of
alkali concentration and synthesis time, spherical particles (100-200 nm) of cadmium
selenide with wurtzite structure are formed. Yield of the desired product increases with
increasing the alkali concentration in the solution and the synthesis time and reaching a
maximum of 97 wt. %. The grown crystal CdSe by the Bridgman method from the
synthesized charge is optically transparent, does not contain large macrodefects and
visible block boundaries.
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Ilpennosxkeno monydyeHUe MINXTHI CeNeHUTA KaIMUA TPU B3aUMOJEHCTBUU HUTpPATa Kaj-
MUSA C CeJIEHOM B IIIEJIOUHOM PACTBOPE B TIPUCYTCTBUU ruapaswHa. IlokasaHo, UTO He3aBUCHU-
MO OT KOHIIEHTPAIUY TIeJOUYN W BPEMEHU CHHTe3a MPOUCXOAUT MOpMUPOBaHUe chepuuecKux
yactutg (100-200 am) ceseHnaa KagMusa €O CTPYKTYpPOil BIopiuTa. BBIX0O/ I1eJI€BOTO TPOIYK-
Ta BO3pPACTaeT TPU YBEeJUUYEHWMW KOHIEHTPAIMM IIEJOUN B PACTBOPE W BPEMEHH CHHTE3a,
pocturasi MakcuMmanbuoro 97 mace.% . Boipamienusrit kpucrana CdSe mo merony Bpumxme-
HA U3 CUHTE3UPOBAHHON IMUXTHl ONITUYECKM TPO3padueH, He COMEePIKUT KPYMHBIX MaKkpoxedek-
TOB M BUAUMBIX TPAHUI] OJOKOB.

Orpumanna CdSe anaa BUpOLyBAHHA MOHOKPHCTAJIB 3 JYKHUX BOJHHUX PO3YHHIE.
H.C.Copponos, II.B.Mopmuno, H.O.Kosanenro, O.M.Copponosa, II.B.Mameiiuenrxo, E.JO.Bpu-
aeea, O.K.Kanycmuur, C.3.Tepsin.

3anpoIIOHOBAHO OTPUMAHHSA IIUXTH CeJeHiny Kaamiio mpu B3aemoxAii miTpary rammiio 3
CeJIEHOM y JIYXKHOMY POSUYMHLI y mpucyrHocrti rigpasunmy. Ilokasamo, m[0 He3aJlexXHO Bif
KOHIeHTpalil Jyry Ta uacy cuHTe3y BigOyBaerhcsa opmyBaHHS chepuunnx yacTuHOK (100-—
200 uM) ceseniny xagmiro 31 cTpyKTyporo BIOPIUTY. Buxin misisoBoro npoaykry apocrae mpu
36labplnenH] KOHIEHTpAIil Jyry y posumHi Ta wyacy cumresy, gocaramwuu 97 mac.%. Orpu-
manunii Kpucran CdSe sa meromom Bpimmena i3 cuHTe30BaHOI MIUXTU € ONTUYHO MIPO30-
puii, He MICTUTL BEIUKUX MaKpomedeKTiB Ta BUAMUMHUX KOPAOHIB OJOKIiB.
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1. Introduction

Materials based on cadmium selenide are
widely used in production of tandem solar
cells (as optical windows or base layers),
photo and gas detectors, green light emit-
ters, film transistors, electron-beam and op-
tical pumping lasers, ete. [1-6]. In most
cases, single crystals of cadmium selenide,
obtained from vapor phase (PVT) or by more
productive Bridgman method are used. The
result of growing in mostly depends on pu-
rity, morphology and the stoichiometry of the
initial raw materials and optimization of the
synthesis process is an actual task.

For synthesis of metal chalcogenides the
synthetic methods based on interaction of metal
(oxide, carbonate or another metal salt) with
selenium (hydrogen selenide) in solid [7, 8] or
in gas [9] phases are used [10]. To obtain
charge of ZnSe and MgSe, it has also been
proposed to use microwave radiation for fore-
ing the interaction of zinc or magnesium with
selenium [11, 12]. However, such techniques
require the special equipment.
One of the simplest methods of the synthesis
is sedimentation from aqueous solutions. In
particular, it has been proposed to obtain a
the charge of zinc selenide from alkaline
solutions by interaction of zinc nitrate with
selenium in the presence of hydrazine [13].
It is shown that zinc selenide, suitable for
subsequent use as a charge can be obtained
with a high practical yield (more than
95 %) from 5 M alkali solution during 4 h.
This method can also be tested to obtain a
charge of cadmium selenide, since cadmium
and zinc have similar chemical properties.

The purpose of this work is testing of
the synthesis of charge in alkaline solutions
of CdSe, suitable for growing single crystals.

2. Experimental

Cd(NO3), (hp), Se (99.9999 %), KOH
(hp) and hydrazine hydrate (hp) from
"Reachim” manufacturer were used without
further purification.

Cadmium selenide was prepared accord-
ing to the following procedure: stoichiomet-
ric amounts of cadmium nitrate hexahy-
drate (weight 1.088 g in terms of cadmium
oxide) and selenium (weight 1.118 g) were
charged to a round-bottomed flask of
250 ml volume, 100 ml of potassium hy-
droxide solution were added (the solution
concentration was varied within 83-9 M) and
mixed by magnetic stirrer for 80 min. Then
0.5 ml of hydrazine hydrate was added, the
solution was heated to boiling with constant
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stirring and boiled for 2—12 hours. At the
end, the precipitate was separated in a cen-
trifuge and washed several times with dis-
tilled water, and then dried at room tem-
perature for 48 h.

IR spectra were obtained using Fourier
spectrophotometer SPECTRUM ONE
(PerkinElmer) with potassium bromide
tablets. X-ray diffraction patterns (XRD) of
the samples were measured by Siemens D500
diffractometer using Cu-Ko radiation (A =
1.5418 A) at 40 kV and 100 mA. The scan-
ning range was 10 < 20 < 90° and the expo-
sure — 10 seconds per point. Morphology
and microstructure were analyzed using a
scanning electron microscope DSM-6390LV
(SEM). Concentration of metals in the sam-
ples was determined by inductively coupled
plasma atomic emission spectrometer
TRACE SCAN Advantage from Thermo Jar-
rell Ash (USA).

3. Results and discussion

Formation of cadmium selenide in solu-
tion occurs according to the following
scheme:

3Se + 60H™ = 2Se2 + SeO5~ + 3H,0, (1)
Cd?+ + 40H- = [CA(OH)4]2 ], (2)
25e0%~ + 8N,H, = 2Se2-| + 3N, + 6H,0, (3)

[CA(OH),]2 + Se? = CdSel + 40H~. (4)

In alkaline solution, selenium, when
heated, is disproportionated by reaction 1 to
form Se?- and selenite SeO32‘ ions, and
cadmium ions are present in the solution as
[Cd(OH)4]2‘ complex formed by reaction 2.
As a result of the interaction of the
[Cd(OH)4]2‘ ion with Se?~, cadmium selenide
is formed by reaction 4. To increase the
formation of selenide ions in solution, the
selenite ions are reduced to Se?~ by hydra-
zine (reaction 3).

Since diffractograms of the powders were
identical, only diffraction pattern of cad-
mium selenide powder obtained from 3 M
KOH solution during 6 h treatment is
shown in Fig. 1. The diffractogram shows
only diffraction reflections typical of cad-
mium selenide with the wurtzite structure.

Dependence of the cadmium selenide
yield on the synthesis conditions is shown
in Fig. 2. Increasing the concentration of
alkali and increasing the duration of the
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Fig. 1. Diffractogram of cadmium selenide
powder obtained from 3 M KOH for 6 h.

synthesis leads to increase in the yield of
cadmium selenide. The maximum yield is
observed when the synthesis is carried out
in 5 M solution of potassium hydroxide for
4—6 h. With increase in the synthesis time
to 24 h, the practical yield of the product
was 97 % by weight.

In the synthesis process in alkaline solu-
tion the cadmium selenide can be contami-
nated with oxygen-containing impurities
(selenites and hydroxides) formed as results
of reactions 1 and 2. In addition, the forma-
tion of carbonates is possible due to carboni-
zation of the alkaline solution. In order to
control the impurity composition for oxy-
gen-containing impurities, IR spectrometry
was used. As is known, cadmium selenide in
the IR region is transparent, and oxygen-
containing impurities (carbonates, hydrox-
ides, selenides) have corresponding charac-
teristic absorption bands. In IR spectra (Fig.
3) of the samples synthesized from 1 and 8 M
solutions of KOH, a broad absorption band is
observed in the region of 1850-1500 cm™!,
due to presence of carbonate ions. At the
same time, its intensity decreases with an
increase in the concentration of alkali in the
solution. For the samples obtained from the
5 M solution of KOH, the absorption bands
are practically not observed.

Micrographs of synthesized particles are
shown in Fig 4. Regardless of the time of
precipitation and the concentration of al-
kali, formation of spherical particles with a
size of 100—-200 nm occurs. Based on the IR
spectrometric control data, the following

100 R A 4 5M KOH
2 A . 3M KOH
z &0 . . = IMKOH
60
2 4 6 8 10
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Fig. 2. Dependences of the yield of cadmium
selenide on synthesis conditions.
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Fig. 3. IR spectra of powders obtained from 1

(a, b), 8 (¢, d) and 5 M (i, f) KOH solution for

4 (a, ¢, 1) and 8 h (b, d, f) .

parameters for the synthesis of cadmium
selenide charge can be recommended: 5 M of
alkali concentration in the solution and syn-
thesis time of 6—8 h. Under these condi-
tions, the maximum vyield of the desired
product is achieved and no formation of
oxygen-containing impurities is observed.
As a result of synthesis, 240 g of cad-
mium selenide charge from 5 M KOH solu-
tion were obtained for 6 h. The Table shows
the results of determining the content of
metals in the sample. According to the results
of chemical analysis, the content of metal im-
purities is in the range of 1075-107% wt. %.
For obtaining the single crystal CdSe the
growth equipment developed and manufac-

Table. Results of determination of the metal content in standard charge of cadmium selenide and
in sample synthesized from 5 M KOH solution for 8 h

Sample Concentration, wt.%
Fe Si Mg Ni Pb Cr Al Mo Cu Mn
Standard |1.107°6 - 210551051104 | 4104|1104 | 110* | 5105|2105 | 21075
Synthesis of | 3.107° | 1.1073 | 2.107* | 2.107° | 2.107° | 8.107% | 1.1075 | 2.107* | 5.107% | 5.107% | 3.1075
5 M KOH
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Fig. 4. Photomicrographs of CdSe particles obtained from alkaline solutions at alkali concentration
(M) and deposition time (&), respectively: a — 1 and 4; b — 8 and 4; ¢ — 8 and 8; d — 5 and 8.
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Fig. 5. Photo of crystalline ingot, cut and polished plates and IR photo of the puck "on the

skylight”.

tured at the Institute for Single Crystals of
the NAS of Ukraine was used. The growing
process was carried out in a graphite cruci-
ble of PGM-7 brand by the Bridgman
method under excessive pressure of inert
gas (argon). Temperature gradient in the
growth zone was ~ 30°C/cm, the crucible
pulling speed was 1.8 mm/h, which corre-
sponded to the conditions for growing crys-
tals from commercial raw materials. As a re-
sult, a crystalline ingot was obtained, photo-
graph of which is shown in Fig. 5. The grown
ingot is transparent in near and middle IR
spectral range, does not contains large
macrodefects and visible block boundaries.
Fig. 6 shows the spectrum of optical
transmission in the IR range. In the spec-
trum of the crystal grown from the synthe-
sized charge (Fig. 6 curve 1), a monotonic
drop in transmittance is observed in the re-
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Fig. 6. Spectra of optical transmission of the
obtained crystal sample of CdSe (I) and the
crystal from commercial raw materials (2).

gion of 3-9 um. In addition, in comparison
with the transmittance spectrum of the
crystal grown from the commercial raw ma-
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terials (Fig. 6 curve 2), the grown crystal of
synthesized cadmium selenide has a lower
transmission, which is typical for crystals with
low ohmic resistance of ~ 106 Ohm-cm. For in-
creasing the electrical resistance and optical
transmission the special doping can be used.

Thus, CdSe ecrystal grown from the
charge synthesized in this work and needed
doping is suitable for manufacturing the op-
tical elements of infrared optics and active
elements of mid-IR lasers.

4. Conclusions

Method of obtaining of cadmium selenide
charge is proposed by interaction of cadmium
nitrate with selenium in alkaline solution in
the presence of hydrazine. It is established
that irrespective of the synthesis conditions
(alkali concentration and deposition time),
spherical particles (100—200 nm) of cadmium
selenide with wurtzite structure are formed.
The yield of the desired product increases with
increase in the concentration of alkali in the
solution and the synthesis time. The maximum
yield (97 wt.%) is obtained by performing the
synthesis from 5 M KOH solution for 6—8 h.
The cadmium selenide powder obtained by the
developed method can be used to grow the
single crystals using the Bridgman method.
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