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Synthesis of fine-dispersed particles of CdS by precipitation from thiourea solutions in
the presence of different amino acids is carried out. It is found that the presence of
e-aminocapronic, glutamic and n-aminobenzoic acids leads to the formation of small lamel-
lar particles. Introduction of n-aminobenzoic acid in reaction mixture allows to increase a
specific surface by 30 times.

IIpoBesen cuHTe3 MeJKOAUCIepcHBIX uacTull CAS myTeM ocammgeHmsa w3 pacTBOpa TUOMO-
YeBUHBI B MPUCYTCTBUM AMUHOKMWCJIOT. ¥ CTAHOBJIEHO, UTO B MPUCYTCTBUM E-aMUHOKAIIPOHO-
BOU, TIJIIyTAMMHOBOM M N-aMUHOOEH30MHON KHCIOT (POPMUPYIOTCA MeJKHe ILIACTHHYATHIE
yacTuilbl. BBemeHne n-aMUHOOEH30MHON KMCJIOTHI IIO3BOJISET YBEJIUUYUTH YAEJABHYIO IIOBEPX-

"HocTs B 30 pas.

1. Introduction

CdS nanoparticle based materials are of
great interest for researchers due to poten-
tial possibility of their use in elements of
solar batteries [1], optoelectronics [2], bio-
logical markers [3] and photochemistry [4].
Morphological characteristics have consider-
able impact on properties of nanoparticles.
Therefore, a methodology of controlled syn-
thesis of the particles with the predefined
structure and morphology of a surface is of
great practical interest.

There are several methods proposed for
production of CdS nanoparticles: electro-
chemical [5], micellar [6], solvothermal [7],
hydrothermal [8]. The simplest method of
synthesis of cadmium sulfide particles is
precipitation from water solutions by sul-
fonating reagent. As the reagent, thiourea
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(TU) can be used. Despite seeming simplic-
ity of precipitation of sulfides particles
from thiourea solutions, process of particles
formation will depend on many factors:
temperature, duration of synthesis, concen-
tration of components, etc.

During the initial period of CdS precipi-
tation from 0.01-1 M Cd(NQj), solutions
formation of citreous particles in the form
of plates with the size from 50 to 100 nm
[9] is observed. Increase in duration of syn-
thesis (up to 20 min and more) results in
merging of small plates in large agglomer-
ates (0.5-1 pm) of red color. The major fac-
tors influencing formation of CdS particles
are the concentration of thiourea solution
and sedimentation temperature. Decrease in
the temperature to 20-25°C or increase in
thiourea concentration above the
stoichiometry leads to formation of spheri-
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Fig. 1. SEM images of CdS particles synthesized at 20°C with the following alanine concentration
and Cqy/Cypy ratio: a — 0.005 M and 1:1; b — 0.005 M and 1:4; ¢ — 0.01 M and 1:1; d — 0.01 M
and 1:2; e — 0.01 M and 1:4; f — 0.05 M and 1:1; g — 0.05 M and 1:4; h — 0.1 M and 1:1; i —
0.1 M and 1:2; k — 0.1 M and 1:4; 1 — 0.5 M and 1:1; m — 0.5 M and 1:4.

cal particles of two types: with the size of
300-500 nm and with the size of 4—6 um,
consisting of plates with thickness of a wall
of 50-80 nm.

One of ways of control of morphological
characteristics is introduction in the reac-
tion mixture of various surfactants, in par-
ticular amines (ethylenediamine [10], oley-
lamine [11], triethanolamine [12]) and
amino acids [13—-15].

In the present work, we report the syn-
thesis of fine-dispersed CdS particles from
thiourea solutions in the presence of gly-
cine, alanine, e-aminocapronic, glutamic and
n-aminobenzoic acids. Also, morphological
characteristics of the obtained particles are
investigated.

2. Experimental

All reagents used were analytical grade.
Cadmium solution was prepared from

Precipitation of CdS was carried out as
follows: 100 ml of 0.1 M Cd(NOj3), solution
was poured in a round-bottomed flask of
250 ml and water ammonia solution was
added to pH 11.5-12. Then, thiourea solu-
tion in a molar ratio of Cd2*/TU 1:1, 1:2 or
1:4 was added at continuous stirring. At
the last step amino acid was added so that
its final concentration in solution varied
within 0.005-0.5 M. The temperature of re-
action mixtures during precipitation was 20
and 100°C. Time of synthesis at the tem-
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perature of 100°C was 1 h and 12 h for
precipitation at 20°C. Upon termination of
synthesis the received sediment was fil-
tered, washed out several times distilled
water and dried under vacuum at 60°C
within 6 h.

Powder X-ray analysis was performed on
a powder diffractometer Siemens D500
(CuK, with a graphite monochromator in
the secondary beam). Full X-rays diffrac-
tion patters were measured within range
10<26<90° with a step of 0.02 and the accu-
mulation time of 10 seconds for each point.
Study of the surface morphology of the
powders obtained was carried out using a
scanning microscope (SEM) JSM-6390LV.
The pH value was measured by a pH meter
pH-150 with a glass electrode and auxiliary
silver chloride electrode.

Specific surface area of the powders ob-
tained was measured by Brunauer-Emmett-
Teller (BET) method.

3. Results and discussion

Regardless of concentration of amino
acids, formation of citreous and red pow-
ders was observed at 20 and 100°C, respec-
tively. According to XRD studies a citreous
powder has a wurtzite structure with the
following lattice parameters: a = 4.136 A
and ¢ = 6.713 A. A red powder is a mixture
consisting mainly from sphalerite modifica-
tion with the lattice parameter a = 5.818 A
and wurtzite modification with the lattice
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Fig. 2. SEM images of CdS particles synthesized at 100°C with the following alanine concentration
and Cgy/Cypy ratio: a — 0.005 M and 1:1; b — 0.005 M and 1:4; ¢ — 0.01 M and 1:1; d — 0.01 M
and 1:2; e — 0.01 M and 1:1; f — 0.05 M and 1:2; g — 0.05 M and 1:4; h — 0.1 M and 1:1; i —
0.1 M and 1:4; k — 0.1 M and 1:1; 1 — 0.5 M and 1:2; m — 0.5 M and 1:4.

parameters a = 4.136 A and ¢=6.713 A.
Abundance of wurtzite modification was not
greater than 10 wt. % . The obtained data is
in a good agreement with the results pub-
lished before [9]. Powders with wurtzite
modification were precipitated only at short
heating, and more continious synthesis led
to formation of mixes of wurtzite and
sphalerite modifications.

3.1. Effect of glycine and alanine

SEM images of CdS particles obtained in
the presence of alanine are shown in Fig.
1-2. Addition of 0.005 M of alanine (Fig.
1,a) results in formation of flower-like par-
ticles, which size is getting smaller with
increase in thiourea concentration. For ex-
ample, when Cy/Crpy ratio is 1:1 the size of
agglomerates is more than 5 pm (Fig. 1,a),
and when Cgy/Cpy ratio is 1:4 the size of
agglomerates is 2—-3 um (Fig. 1,b). The sub-
sequent increase in alanine concentration up
to 0.1 M (Fig. 1,c—k) leads to destruction of
flowers and formation of the shapeless ag-
glomerated sediments consisting of plates.
When the concentration of alanine is 0.5 M,
compact shapeless layered sediments (Fig.
1,1) are formed. Increase in thiourea concen-
tration to the ratio Cpy/Cry of 1:4 leads to
formation of spherical particles (Fig. 1,m).
Another factor having impact on formation
of particles is the temperature of precipita-
tion. At Cgy/Crpy ratio of 1:1, 0.005 M of
alanine and the temperature of sedimenta-
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tion of 100°C (Fig. 2,a) the fine-disperse
precipitation consisting of spherical parti-
cles is formed. Flowers are getting more
condensed with increase in thiourea concen-
tration (Fig. 2,b).

If concentration of alanine is higher than
0.01 M formation of the shapeless agglom-
erates consisting of separate small plates
(Fig. 2, c—d) is observed. Increase in alanine
concentration up to 0.1 M (Fig. 2,e—i) pro-
motes formation of flower-like structures
which size depends on Cgy/Cry ratio. When
concentration of alanine is 0.5 M and
Ccq/Cry ratio is 1:1, large layered agglom-
erates are formed, and when Cgy/Cry ratio
is 1:4 the transition from layered to flower-
like structures is observed.

In case of precipitation of CdS particles
at 20°C in the presence of glycine
(0.005:0.01 M), irrespective of the thiourea
contents large spherical particles with the
size of 5 um in the form of a flower are
formed. When concentration of glycine is
higher than 0.1 M it promotes formation of
dense large shapeless particles. The higher
thiourea concentration, the larger size of
CdS particles were obtained. Carrying out
precipitation at 100°C (0.005-0.01 M of
glycine) leads to formation of spherical par-
ticles with size about 1 um. Increase in gly-
cine concentration above 0.01 M results in
formation of flower-like particles with the
size of 2—4 um, irrespective of thiourea
concentration.
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Fig. 3. SEM images of CdS particles synthesized at 20°C with the following aminocapronic acid
concentration and Cgy/Cyyy ratio: a — 0.005 M and 1:1; b — 0.005 M and 1:4; ¢ — 0.01 M and 1:1;
d— 001 Mand 1:4;e — 0.1 M and 1:1; f — 0.1 M and 1:4; g — 0.5 M and 1:1; h — 0.5 M and 1:4.

3.2. Effect of e-aminocapronic acid

SEM images of CdS particles synthesized
in the presence of e-aminocapronic acid are
shown in Fig. 3. When synthesis is carried
out at 20°C in the presence of 0.005-0.1 M
of e-aminocapronic acid agglomerated fri-
able sediments are formed (Fig. 3,a—f).

Increase in ¢-aminocapronic acid concen-
tration up to 0.5 M at Cgy/Crpy ratio of 1:1
leads to formation of large particles in the
form of blocks with the size of a few um
(Fig. 3,g). When the ratio Cgy/Cpy is 1:4
spherical particles of two types (Fig. 3,h)
are produced: small ones with the size of
0.5—-1 um and flower-like particles with the
size about 10 um. When synthesis is carried
out at 100°C in the presence of 0.005—
0.1 M of e-aminocapronic acid formation of
mainly spherical flower-like particles with
the size of 5—10 um is observed.

3.3. Effect of glutamic and
n-aminobenzoic acids

Glutamic acid in the range of concentra-
tion of 0.005-0.5 M irrespective of the
thiourea contents promotes formation of
very thin plates which have been chaotically
bound among themselves (Fig. 4). The in-
crease in temperature of synthesis to 100°C
didn’t lead to essential change of morphol-
ogy of particles. Addition of 0.005 M of
n-aminobenzoic acid has similar impact on
formation of particles. Irrespective of tem-
perature of precipitation and Cgy/Crpyy ratio
in the presence of n-aminobenzoic acid for-
mation of the thin plates which have been
chaotically bound among themselves is ob-
served.
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For the purpose of determination of a
specific surface area the samples synthe-
sized without and with an addition of amino
acids were selected. According to the ob-
tained experimental data CdS powder syn-
thesized by precipitation from thiourea so-
lution without an amino acid addition at a
ratio of Cpy/Cpy 1:4 has the specific sur-
face area of 1.5 m2/g. The samples of CdS
obtained in the presence of 0.01 M of gly-
cine, alanine and ¢-aminocapronic at a ratio
of Ccy/Cry 1:4 ratio have the specific sur-
face area of 2.5, 2.6 and 8.2 m2/g, respec-
tively. The powder obtained in the presence
of 0.005 M of glutamic and n-aminobenzoic
acids at a ratio of Cgy/Cpy 1:4 have the
specific surface area of 20 and 44 m?2/g,
respectively. Thus, introduction of n-ami-
nobenzoic acid in the reaction mixture al-
lows to increase a specific surface area by
30 times.

4. Conclusions

CdS precipitation from thiourea solu-
tions in the presence of glycine, alanine,
e-aminocapronic, glutamic and n-aminoben-
zoic acids is carried out, and morphological
characteristics of particles are studied. In
the presence of glycine and alanine flower-
like structures which size depends on pre-
cipitation temperature and thiourea concen-
tration are mainly formed. Introduction in a
reaction mixture €-aminocapronic, glutamic
and n-aminobenzoic acids irrespective of
precipitation temperature and thiourea con-
centration promotes formation of very thin
plates which have been chaotically bound
among themselves. It is found that intro-
duction of n-aminobenzoic acid in the reac-
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Fig. 4. SEM images of CdS particles synthesized at 20°C with the following glutamic acid concen-
tration and Cpy/Cpyy ratio: a — 0.005 M and 1:1; b — 0.005 M and 1:4; ¢ — 0.01 M and 1:1; d —
0.01 M and 1:4; e — 0.5 M and 1:1; f — 0.5 M and 1:4.

tion mixture allows to increase a specific

Sur.
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face area by 30 times.
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Orpumanna gucnepcHux dacTuHOK CdS 3 TioceuwoBmx
PO3UYUHIB Yy MPUCYTHOCTI aMiHOKHCJIOT

HA.C.Coppponoé, K.M.Benixoe, O.M.Co¢porosa,
II.B.Mameiivenrko, H.B.Babaesécvrka

Posrasanyro BuauB riainuHy, ajaHiny, €-aMiHOKAIIPOHOBOI, IiIiyTaMiHOBOI Ta n-amMiHOOGeH-
30#iHOI KucaoT Ha Mopdosoriuni BiIacTuBoCTi cyabdiny KaaMio Opu ocayKeHHI 3 TioceuoBUX

posunHiB. Beramosaeno, mio HaibinsmIuit BOAWB Ha (POPMYBAHHA POOJAATH €-aMiHOKATIPOHO-
Ba, TIyTaMiHoOBa i n-aMinobGeHsoiiHA KUCHAOTU. IX TIPUCYTHiCTH cripuae GOopMYyBaHHIO APiOHUX
naacTUHOK. IlokasaHo, 110 BBEAEHHS N-aMiHOGEHB0HWHOI KUCJIOTH J03BOJSAE 301JBITUTHA TTUTO-

My moBepxHI0 ¥ 30 pasis.
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