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Effect of synthesis conditions (precipitation temperature, thiourea concentration) on
CdS particles morphology has been studied under precipitation from 0.01, 0.1 and 1 M
cadmium nitrate solutions using thiourea. Decrease of temperature to 20—25°C or increase
of thiourea concentration above the stoichiometrical value leads to formation of the
spherical particles. Use of microwave promotes formation of the spherical particles with
the form of "flowers" consisting of small plates with wall thickness of 50—-80 nanometers.

Wsyueno BiausaHME ycaoBuil cumHTe3a Ha mopdoaoruio gyactun, CdS mpu ocammenuu 0.01,
0.1 1 1 M pacTBOpPOB HUTpaATa KaAMWs THOMOUEBHHOM. YCTAHOBJEHO, YTO OCHOBHBIMHU (PAK-
TOpaMu, BANAIUMU Ha (opmupoBanme uactull, CAS, ABIAIOTCA KOHIEHTPAIUA THOMOUYE-
BMHBLI B pacTBOpe M TeMmieparypa ocaxaeHusi. CHu:KeHume rtemmeparypsl go 20-25°C uam
yBeJIMUEHUE COAEePIKAHNS THOMOUYEBUHBI BBIIIE CTEXUOMETPUUECKOTO IIPUBOAUT K (hOPMUPOBA-
HHUIO chepuuecKux yacTuil. KcCIoab30BaHNe MUKPOBOJIHOBOUM aKTHBAI[UM CIIOCOOCTBYeT oOpa-
30BAHNI0 C(PEepUUECKUX YACTHUI[ B BHUJE IBETOB , COCTOAINMX M3 HeOOJbIINX IJACTHHOK C
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Tonmuuamu creHku 50-80 mm.

1. Introduction

Semiconductor nanoparticulars are inves-
tigated intensively because their optical,
electronic and catalytic properties essen-
tially differ from those for macro-crystals
materials and depend on morphological
characteristics of the particles. Changing
geometrical sizes and form of the particles
it is possible to control their optical, elec-
tric and structural properties. One of the
perspective semiconductor materials is CdS
(E; = 2.4 eV). CdS nanoparticulars attract
a great attention because of potential possi-
bility of their use in elements of solar bat-
teries [1-3], optoelectronics [4, 5], biomark-
ers [6—8] and photochemistry [9]. Such
nanoparticulars can be also considered as
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perspective sorbents of radio nuclides and
ions of heavy metals from water solutions
[10-12].

There are many methods of CdS nanopar-
ticulars production: electrochemical [13],
micelle [14], solvothermal [15-17], hy-
drothermal [18, 19] and other methods. The
most simple and efficient method of CdS
particles obtaining is precipitation from
water solutions using thiourea or sodium
sulfide. Despite of apparent simplicity of
the method, the particles formation process
will depend on many factors (temperature
and duration of synthesis, concentration of
components, etc.) that allows to obtain par-
ticulars with various morphology and, con-
sequently, with different optically, catalytic
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and electronic properties. In spite of the
fact that the mechanism of metal sulfides
formation from thiourea solutions is well
studied [20, 21], the attention to influence
of synthesis parameters on morphological
properties of cadmium sulfide particles was-
n’t sufficiently investigated.

The aim of this work was study of the
effect of precipitation conditions (tempera-
ture and concentration thiourea) on the
morphological characteristics of the CdS
particles obtained from thiourea solutions.

2. Experimental

For preparation of solutions
Cd(NO3),-4H,0 (99.9 %), (NH;3),CS (TM)
and water solution of ammonium hydroxide
from "Reachim” were used. All solutions
were prepared on the distilled water.

Precipitation CdS carried out as follows:
100 ml of solution Cd(NO3), with pH =12
were placed in 250 ml flasks. Concentra-
tions of Cd(NOs), solutions were 0.01, 0.1
or 1 M. pH was corrected by addition of
water solution of ammonium hydroxide.
Then thiourea was added in these flasks in
mole ratios Cd2*/TM 1:1, 1:2 or 1:4 at con-
tinuous mixing. The received mixtures were
heated (¢t = 20, 70, 90°C) and maintained set
time. The CdS precipitates were centrifuged
and washed several times with distilled
water, and dried at 60°C for about 6 h.
Depending on synthesis conditions the pre-
cipitates are obtained lemon yellow or red
colors.

Microwave synthesis was carry out in mi-
crowave equipment MARS (GEM Corpora-
tion Matthews, USA). 50 ml of 0.1 M
Cd(NO3), solution with pH =12 (pH was
corrected by adding of water solution of am-
monium hydroxide) were placed to 100 ml
teflon flasks. Then thiourea was added in
mole ratios Cd2*/TM 1:1, 1:2 or 1:4 at con-
tinuous mixing. The reaction was performed
under microwave irradiation (2450 MHz)
for 30 min at 90 and 150°C. After cooling
to ambient temperature, the precipitates
were centrifuged and washed several times
with distilled water, and dried at 60°C for
about 6 h. In result yellow colors precipi-
tates were obtained.

To obtain the FT-IR spectra, a SPEC-
TRUM ONE (PerkinElmer) infrared spec-
trometer operating with a spectral resolu-
tion of 1 em~! was used. The X-ray diffrac-
tion (XRD) patterns of the samples were
measured on a Siemens D500 diffractometer
using monochromatized Cu-K, radiation
(L =1.5418 A) at 40 kV and 100 mA. The
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Fig. 1. Typical XRD pattern of ZnS lemon
yellow (a) and red (b) by synthesized from
0.1 M cadmium nitrate solutions.

scanning range was 10 < 20 < 90° and expo-
sition was 10 s per point. The morphologies
and microstructures of as-prepared samples
were analyzed by a JSM-6390LV scanning
electron microscope (SEM) and EM-125
transmission electron microscope (TEM).
During both microwave and thermal heating
processes, the composition of gas mixture
and partial pressures of components were
measured by an IPDO-2 mass-spectrometer
[22].

3. Results and discussion

At the initial stage of precipitation proc-
ess from 0.01-1 M Cd(NOj), solutions for-
mation of lemon yellow precipitates is ob-
served. In the following course of synthesis
the precipitates gradually acquire red col-
our. Duration of the first stage formation
of lemon yellow precipitates is about 15 min
at 90-95°C and it increases when the pre-
cipitation temperature decreases. So, at
temperature of 70°C lemon yellow coloring
of a powder remains within 25 min of pre-
cipitation. It was revealed that concentra-
tions of an initial solution of cadmium ni-
trate and thiourea don’t effect essentially
on lemon yellow cadmium sulfide formation.

Fig. 1 shows the XRD patterns of lemon
yellow and red precipitates obtained from
0.1 M cadmium nitrate solution. All synthe-
sized samples are CdS powders: lemon yel-
low precipitates is wurtzite modification
with lattige constant of a = 4.136 A and
c=6.713 A is consistent with standard lit-
erature data, and red precipitates is a mix-
ture consist of wurtzite and blende modifi-
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Fig. 2. SEM abd TEM images of the as-prepared CdS samples: a — 1 M Cd(NOg), solution, 90°C,
10 min, mole ratio Cd2*:TM=1:1 (lemon yellow colors); b — 1 M Cd(NOgy), solution, 90°C, 40 min,
Cd?*:TM=1:1 (red colors); ¢ — 0.1 M Cd(NO,), solution, 90°C, 20 min, Cd?*:TM=1:1 (red colors);
d — 0.1 M Cd(NO,), solution, 90°C, 40 min, Cd2*:TM=1:1 (red colors); e — 1 M Cd(NO,), solution,

90°C, 40 min,

cations. The calculated blende modifications
lattice constant of a = 5.818 A is consistent
with standard literature value. The concen-
tration wurtzite modification in red precipi-
tates doesn’t exceed of 10 mass.%.

Fig. 2 shows the microphotos of synthe-
sized powders. Irrespective of concentration
of an initial solution of cadmium nitrate
and temperature at the initial stage precipi-
tation (lemon yellow CdS) it is observed the
particles formation as in the form of small
plates with various shapes (Fig. 2a) and
with sizes from 50 to 100 nm as more
larger particles in the form of rectangular
plates with sizes from 100 to 300 nm. An
increase of precipitation time leads to forma-
tion of larger particulars (Fig. 2b—d) with
sizes from 500 to 1500 nm (red powder).

The most essential factor influencing on
morphological characteristics of CdS parti-
cles is thiourea concentration at the synthe-
sis of CdS particulars. So, introduction of 2
or 4 multiple excess of thiourea promotes
the formation of spherical particles of two
forms (Fig. 2e): spherical particles with a
size of 0.8—1 um and spherical particles

with a size about 5 pm that consisting of
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Cd**:TM=1:4 (red colors); f — after anneal at temperature of 700°C and 1 h.
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Fig. 3. FT-IR spectra of ZnS lemon yellow
(a), red (b) and after anneal at temperature of
700°C and 1 h (c).

plates with thickness of a wall of
30-50 nm.

On Fig. 3 the FT-IR spectra of CdS pow-
ders synthesized from thiourea solution are
presented. For the all samples we can see
the bands at 3000-3600 cm ™! with a maxi-
mum at 3430 cm ! and 1632 ecm1 related
to the presence of adsorbed water on sur-
face of cadmium sulfide particles. Besides,
we can see the band at 1384 cm™1 and band
at 900-1200 cm~! with maximum at
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Fig. 4. Variations of the total (1) and partial
pressure of water (2), NH; (3) and NO, (4) at
the heating of CdS powders synthesized from
1 M cadmium nitrate solutions at tempera-
ture of 90°C.

1060 cm™l. We connect their existence in
the spectra with the presence of NO3—ion
impurity owing to use of cadmium nitrate
at synthesis.

During the process of vacuum annealing
of CdS powders the removal of H,O in the
temperature range of 25-450°C, NH; (120-
500°C) and NO, (350-500°C) from the parti-
cles surface occurs that confirms by the
data of mass spectrometer analysis (Fig. 4).
Also we can see small increase of N, and H,
concentrations (it is not shown in the Fig-
ure) in gas atmosphere at temperature 300-
500°C that is related to decomposition of
NH; at these temperatures. Irrespective of
synthesis conditions for the all powders we
can see emission of NO, at the temperature
of 350—500°C that is testified to presence at
initial samples of nitrates impurity. For ex-
ample in the FT-IR spectrum of the an-
nealed samples we did not observe the
bands at 1384 em ! and in the range of
900-1200 cm™! (Fig. 3c) that confirms that
the given bands have been connected with
the presence of nitrates impurity. It should
be noticed that in thermal annealing process
of CdS samples it was not fixed the pres-
ence of products of thermal decomposition
of the organic impurities in gas atmosphere.
According to TEM data the thermal process-
ing of CdS particles at the temperature of
700°C results to baking nanoparticulars in
larger particles (Fig. 2f).

It is known that decreasing of tempera-
ture precipitation can promote production
of particles with the smaller size because of
slowdown of velocity of particles growth.
As modeling solutions 0.1 and 1 M nitrate
cadmium solutions were used. Precipitation
was carried out at temperature of 20°C for
3, 6 and 12 h. As a result of synthesis the
lemon yellow CdS powders were obtained
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Fig. 5. SEM images of the as-prepared CdS
samples synthesized from 0.1 M cadmium ni-
trate solutions at 20°C: a — Cd2*:TM=1:1; b —
Cd?*:TM=1:2; ¢, d — Cd?*:TM=1:4.

(wurtzite modification with lattice constant
of a = 4.136 A and ¢ = 6.713 A). It was re-
vealed that initial concentration of solution
Cd(NO3), and precipitation time don’t effect
essentially on the morphology of CdS parti-
cles. As results for 0.1 and 1 M solutions
Cd(NO3), are almost identical that further
we will consider only results that obtained
for 0.1 M solutions.

Fig. 5 shows the microphotos of CdS par-
ticles obtained from 0.1 M of cadmium ni-
trate solution with various thiourea concen-
trations. At room temperature and mole
ratio Cd2*/TM 1:1 the primary formation of
spherical particles with the sizes 300-—
500 nm (Fig. 5a) is observed in the solu-
tion. TM excess in solution leads to forma-
tion two kinds of particles: massive spheri-
cal particles with the 4-6 pm that
consisting of plates with thickness of 50—
80 nm and smaller spherical particles with
the sizes to 1 um. Thus concentration of
massive spherical particles increases at in-
crease of thiourea concentration.

Recently the attention to the new meth-
ods of chemical processes activation is paid.
In particular, the microwave synthesis of
zine sulfide is actively researched [23]. In
comparison with thermal heating the micro-
wave synthesis has a number of advantages:
increasing speed of many chemical processes
and control simplicity. Therefore we have
been done precipitation of cadmium sulfide
particles by microwave heating.

As a result of synthesis the lemon yellow
CdS powders are obtained. The samples can
be characterized by wurtzite modification
with lattice constant of @ = 4.136 A and
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Fig. 6. SEM images of the as-prepared CdS

samples synthesized by microwave from
0.1 M cadmium nitrate solutions: a —
Cd2*:TM=1:1, 90°C; b — Cd?*:TM=1:4, 90°C;
¢ — Cd?*:TM=1:1, 150°C; Cd%*:TM=1:4,
150°C.

c=6.713 A that is similar to the samples
obtained in the precipitation under heating
(Fig. 2a). Fig. 6 shows the microphotos of
synthesized by microwave powders. Inde-
pendent of precipitation temperature and
thiourea concentration the massive spheri-

cal particles formed with the sizes of 4-6 pm

consisting of plates with thickness of a wall
of 50-80 nm.

4.Conclusions

The influence of synthesis conditions on
CdS micro- and nanoparticulars formation
at precipitation from 0.01, 0.1 and 1 M cad-
mium nitrate solutions by thiourea has been
studied. It was revealed that at initial stage
of precipitation process under the tempera-
ture 90-100°C it is observed the formation
of CdS particles primarily in the form of
plates with the sizes from 50 +to
100 nanometers. As a rule, synthesized
powders are colorized in lemon yellow tints.
Along with the synthesis duration more
than 20 min splicing of small plates in
large agglomerates (0.5—1 pm) occurs and
the powder acquires the red color.

Variation of initial cadmium nitrate con-
centration in the range of 0.01-1 M doesn’t
effect on morphology and size of CdS parti-
cles under precipitation by thiurea. The
major factors influencing on CdS particles
formation are thiourea concentration and
temperature. Decrease of temperature to
20-25°C or increase of thiourea concentra-
tion above stoichiometric value results in
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the formation of spherical particles of two
types: with the sizes of 300-500 nm and
the sizes of 4-6 um consisting of plates
with thickness of a wall of 50-80 nm.

Application of microwave method allows
to obtain homogeneous spherical particles
with the sizes of several micrometers, which
consists of plates with thickness of a wall of
50-80 nm, and the process does not depend
on temperature and thiourea concentration.
Such CdS powders can find potential appli-
cation as effective sorbents.

References

1. X.Zhang, Y.Xie, Q.Zhao, Y.Tian, New .
Chem., 27, 827 (2003).

2. J.Yao, G.Zhao, G.Han, J. Mater. Sci. Lett., 22,
1491 (2003).

3. J.Britt, C.Ferekides,
2851 (1993).

4. R.Agarwal, C.J.Barrelet, C.M.Lieber, Nano
Lett., 5, 917 (2005).

5. R.-M.Ma, L.Dai, G.-G.Qin, Nano Lett., 7, 868
(2007).

6. L.-Y.Wang, L.Wang, F.Gao et al., Analyst,
127, 977 (2002).

7. K.-T.Yong, J.Qian, I.Roy et al., Nano Lett., 7,
761 (2007).

8. S.Santra, H.Yang, P.H.Holloway et al., J.Am.
Chem. Soc., 127, 1656 (2005).

9. L.Sheeney-Haj-Ichia, B.Basnar, I.Willner,
Angew.Chem., Int. Ed., 44, 78 (2005).

10. Z.Xiong, F.He, D.Zhao, M.O.Barnett, Water
Research, 43, 5171 (2009).

11. A.Ozverdi, M.Erdem, J. Hazardous Mater.,
B137, 626 (2006).

12. J.L.Mertz, E.J.Manos, M.G.Kanatzidis,
Mater. Res. Soc. Symp. Proc., 1265, 53 (2010).

13. D.Routkevitch, T.Bigioni, M.Moskovits,
J.M.Xu, J. Phys. Chem., 100, 14037 (1996).

14. Y.Xiong, Y.Xie, J.Yang et al., J.Mater.
Chem., 12, 3712 (2002).

15. D.Xu, Z.Liu, J.Liang, Y.Qian, J.Phys.Chem.
B, 109, 14344 (2003).

16. P.Yan, Y.Xie, Y.Qian, X.Liu, Chem. Commun.,
, 1293 (1999).

17. J.Yao, G.Zhao, D.Wang, G.Han, Mater. Lett.,
59, 3652 (2005).

18. Y.Li, Y.Hu, S.Peng et al., J.Phys.Chem.C,
113, 9352 (2009).

19. N.Gao, F.Guo, Mater. Lett., 60, 3697 (2006).

20. R.A.Yusupov, O.V.Mixajlov, Chem. and Com-
put. Design. Butlerov Rep., 5, 22 (2004).

21. V.N.Semenov, A.V.Naumov, Vestnik VGU.
Chem. and Biol., , 50 (2000).

22. D.S.Sofronov, B.V.Grinyov, A.Yr.Voloshko et
al., Functional Materials, 12, 559 (2005).

23. J.-Q.Sun, X.-P.Shena, K.-M.Chen et al., Solid
State Commun., 147, 501 (2008).

Appl. Phys. Lett., 62,

527



D.S.Sofronov et al. / Formation of nano- and ..

dopmyBaHHA HaHO- Ta MiKpouacTok CdS
3 TioCceuoOBHUX PO3UYHHIB

HA.C.Coppponos, O.M.Co¢ppornoeéa, B.M.Baymep,
K.O.Kyoun, O.M.Boéx, II.B.Mameiiuenko

IMocaimsKeHo BILIMB YMOB cuHTe3y Ha mopdosorito yactrok CdS mpu ocamsxenni 0.01, 0.1
Ta 1 M posuuniB HiTpaTy Kaamiio TioceuoBnHOIO. BCTaHOBIIEHO, 1[0 OCHOBHUMU YMHHUKAMU,
10 BILIMBAaIOTH Ha (popmMyBauHHA udacTok CdS, € KoHIleHTpallid TiOCEUOBMHM y PO3UHHI Ta
TeMIIepaTypa OCAKeHHsA. SHIMKEHHSA Temieparypu ocamieHHs no 20—25°C ab6o s306igbiieHHs
BMiCTy TiOCEUOBUHM BHIIE CTEXIOMETPUUYHOI'O IMPUBOAUTHL A0 (OPMYBAHHS CHEPUUYHUX UaC-
TOK. BuKopucranHs MiKpPOXBUJIBOBOI aKTuBaIlii cupusic (popMyBaHHIO CPEPUUHHUX YACTOK Y

BATIAAlL "KBiTKH", AKI CKIAZAalOTBCA 3 HEBENMKHUX ILIACTHHOK 3 TOBIIMHOIO CTiHKEM 50—
80 um.

528 Functional materials, 18, 4, 2011



