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characterization of pure phase
CdMnTe nanopowders by a hydrothermal route

Pengfei Yu, * Tingquan Shao, Wenfei Liu, Pandeng Gao, Biru Jiang, Shiwei Zhao,
Zhao Han, Xuanbing Gu and Jiahong Zheng

In this paper, CdMnTe nanopowders with uniform shapes were prepared through a facile hydrothermal

route using 3-mercaptopropionic acid (MPA) as the stabilizer and modifier. The effects of different

experimental conditions including Cd-to-MPA ratio, pH value and reaction temperature on the phase

composition and formation mechanism of as-prepared nanopowders were studied. XRD results

indicated as-prepared CdMnTe nanopowders were pure phase and had cubic sphalerite structure with

high crystallinity. SEM and Rietveld refinement clearly showed that the powders were about 10–100 nm

in size. In PL measurement, there was a strong luminescence peak in the infrared region 1.717–1.826 eV.

Compared with the CdMnTe single crystal, a blue shift of about 0.109 eV indicated a wider band gap. In

UV-vis spectra, the absorption peak of the sample blue shifted with the decrease of crystal size, which

indicated an obvious quantum confinement effect (QCE) in nanopowders. The optimal conditions for the

preparation of CdMnTe nanopowders are 180 �C for 24 h with the molar ratio 1 : 1 of Cd : MPA at pH 13.

In particular, the growth kinetics and possible formation mechanism of the nanopowders were proposed.
1. Introduction

Cadmium manganese tellurium (CdMnTe) is a promising candi-
date material for semiconductor radiation detectors with a wide
band gap, high resistivity, high carrier mobility, and special
photoelectric properties.1–7 CdMnTe single crystals can be synthe-
sized via Czochralski (CZ),8 Bridgeman,9,10 and Vertical Gradient
Freeze (VGF) methods.11 However, these fabrication techniques
allow the crystal growth and sputtering to be manipulated with
a high degree of accuracy, but long time and high cost of these
methods are needed.11–13 In recent years, many methods have been
developed to produce high-quality nanopowders with novel struc-
ture and functionalities. CdTe quantum dots (QDs) are considered
to be high-quality QDs due to their excellent photoluminescence
properties.14,15 They are used in solar energy, light-emitting diodes,
and bioimaging applications.16 Balakrishnan et al. synthesized
CdZnTe QDs in aqueous solution by a reux method.17 Compared
to CdTe QDs, CdZnTe QDs have less nonradiative recombination
centers and lower defect density. Some studies have been reported
the synthesis of Mn2+ partially substituted Cd2+ ions in CdTe
lattices.18 However, Bhattacharyya et al. performed a one-step
kinetically controlled solid-state reaction at high temperature
(1000 �C) to incorporate carbon-coated Mn-doped CdTe nano-
crystals, but the atomic ratio of Mn/Cd was 0.031.13 The hydro-
thermal route provides a viable way for Mn ion to be doped in
CdTe. This method can conveniently prepare high-quality
ng, Chang'an University, Xi'an 710061,

+86 29 88495414; Tel: +86 29 88486065

9015
nanopowders at low temperature with controllable morphologies.
It can also be used to prepare CdMnTe nanopowders. Some studies
show that the prepared CdMnTe QDs can be applied in biochem-
ical detection and biomedicine due to their unique properties, but
the prepared quantum dots contain impurities.19,20 CdMnTe single
crystal is an important material for room temperature radiation
detectors, and the preparation of nano-powders with high purity is
signicant for growing CdMnTe single crystals.21–23

In this work, pure CdMnTe nanopowders were synthesized
by a hydrothermal route, and C3H6O2S (MPA) was used as
a stabilizer to give them good dispersibility. The optimal
experimental conditions such as the molar ratio of Cd : MPA,
reaction temperature and pH value were determined. The
properties of the CdMnTe nanopowders were characterized by
various equipments including X-ray diffraction (XRD), scanning
electron microscopy (SEM), Transmission Electron Microscope
(TEM), photoluminescence spectroscopy (PL), X-ray photoelec-
tron spectroscopy (XPS) and ultraviolet absorption spectroscopy
(UV-vis). Qualitative and doping studies of the nanopowders
were carried out using electron diffraction spectroscopy (EDS),
thereby proposing the formation mechanism of CdMnTe
nuclei. The as-prepared CdMnTe nanopowders can be further
used to synthesize CdMnTe single crystal.
2. Methods
2.1 Hydrothermal synthesis

The cadmium chloride (CdCl2), manganese chloride (MnCl2),
sodium citrate (C6H5Na3O7), mercapto propionic acid (MPA)
© 2022 The Author(s). Published by the Royal Society of Chemistry
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View Article Online
and sodium borohydride (NaBH4) used in this paper were
analytical level reagents and could be used directly without
further purication.

Firstly, a mixed solution constituted with 30 mmol of CdCl2
and 13 mmol of MnCl2 solutions was magnetically stirred for
10 min. Then, 4 mmol of C6H5Na3O7 and 14 mmol of MPA were
added into the above solution to prevent the oxidation of Cd2+

and Mn2+. Later, 43.7 mmol of Na2TeO3 and 90 mmol of NaBH4

were added to the above solution, respectively. Finally, the pH
was changed to 11–14 by dropwise addition of NaOH solution (4
M). The molar ratio of Cd, Mn, Te and MPA referred was
1 : 0.5 : 1.5 : n (n ¼ 1, 1.5, 2). The mixed solution then got
transferred into sealed stainless steel autoclave to proceed the
hydrothermal reaction at desired temperature (140 �C, 160 �C,
180 �C, 200 �C). Then, the autoclave was cooled to room
temperature. The bottom sediment was placed in a test tube for
centrifugation. The nanopowders were washed with deionized
water and ethanol twice in sequence, and then dried in air at
80 �C for 12 h. The experimental process is shown in Fig. 1.

For preparing the CdMnTe nanopowders, how different
Cd : MPA ratio, pH value and reaction temperature affect the
morphology and size of the prepared samples were investigated,
while other reaction factors remained unchanged.19,20 First, the
CdMnTe nanopowders prepared at different temperatures, kept
other conditions xed. Our work showed that increasing pH
yielded purer CdMnTe nanopowders. Then, the amount of MPA
added was changed and other reaction parameters were xed
(the molar ratio of Cd : Mn : Te was 1 : 0.5 : 1.5, the reaction
temperature was 180 �C, and the reaction time was 24 h).
2.2 Characterization

X-ray powder diffraction (XRD) measurement was conducted on
a diffractometer on a D8 ADVANCE using Cu Ka radiation (l ¼
1.5418 Å). Scanning electron microscope (SEM) with energy
dispersive X-ray spectroscopy (EDS) was inspected the prepa-
ration of the morphology and composition of the sample. In
addition, crystalline features were investigated by high-
resolution observations conducted in the transmission
Fig. 1 Schematic of the synthesis of CdMnTe nanopowders.

© 2022 The Author(s). Published by the Royal Society of Chemistry
electron microscopy (HR-TEM, JEOL JEM-F200) operates at 200
kV. The low-temperature (10 K) PL spectrum was tested using
a 488 nm Ar-ion laser as the excitation source. The sample was
attached on a cold copper nger in a closed-cycle cryostat. And
the test device was equipped with TRIAX 550 tri-grating
monochromator and photomultiplier tube with a resolution
of better than 0.3 nm. An argon ion laser Ultraviolet-vis spec-
troscopy (UV-vis) was tested by a SHIMADZU UV-3150 spec-
trometer in the wavelength range of 600–300 nm at room
temperature. X-ray photoelectron spectroscopy (XPS) measure-
ments were obtained with a Thermo Scientic K-Alpha + X-ray
photoelectron spectrometer. Moreover, Raman spectrum was
measured at room temperature using Horiba Scientic LabRAM
HR Evolution with a 532 nm laser beam.

Work had compared the structure and calculated structure
of CdMnTe nanopowders with Rietveld renement algorithm.24

The renement parameters, such as background, lattice
parameters, crystallite size, prole half width, local strain,
thermal isotropic vectors, and spatial coordinates had been
calculated. These parameters provided high precision for
studying the structure of the CdMnTe nanopowders.

3. Results and discussion
3.1 Effects of different experiment conditions on phase and
morphology of CdMnTe nanopowders

Fig. 2 shows XRD patterns of the nanopowders prepared at
different conditions. The diffraction peaks of prepared nano-
powders correspond perfectly with card JCPDS-51-1129 (red
dashed line). In Fig. 2a, it can be seen that XRD lines shi
progressively at small 2q angles and the crystal quality is also
improved as temperature increases. Therefore, it indicates that
the hydrothermal route will accelerate the reaction process, and
the quality of the as-prepared CdMnTe nanopowders is
improved at higher reaction temperatures. The reaction rate
will decrease with temperature and the process will be inhibited
at 140 �C. Under the strong alkaline condition (pH ¼ 13), the
formation of hydrogen bonds cause growth of CdTe crystal
nucleus, prepared pure CdMnTe nanopowders (Fig. 2b).
RSC Adv., 2022, 12, 19006–19015 | 19007
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Fig. 2 XRD patterns of CdMnTe nanopowders prepared at Cd : Mn : Te ¼ 1 : 0.5 : 1.5: (a) different reaction temperature, (b) different pH value,
(c) different molar ratio of Cd : MPA and (d) different reaction temperature in optimum conditions.
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However, when the pH of the solution is not high (pH ¼ 11, 12),
products have Te impurity. Fig. 2c shows the optimal molar
ratio of Cd to MPA is 1. MPA, as one of the organic stabilizers,
can be used to achieve shape and size control, change the
surface energy of crystals, and tune the kinetics of crystal
growth. Under the condition of less than 200 �C, it still main-
tains high thermal stability in terms of crystal nucleation,
Fig. 3 Rietveld refinement plot of CdMnTe nanopowders preparedwith d
a molar ratio of 1 : 1, under hydrothermal conditions for 24 h, pH ¼ 13.

19008 | RSC Adv., 2022, 12, 19006–19015
growth, and alignment control.19,25 MPA can provide hydrogen
bonds and generate cross-linking reaction. When the ratio of
MPA to Cd ions is 1, cross-linking reaction occurs with Cd ions
and Mn ions, then combined with Te ions in equal proportions
to form CdMnTe nanopowders. When the reaction temperature
increases from 140 �C to 200 �C, the crystal quality is improved,
as shown in Fig. 2d. Thus, the optimal condition for the
ifferent reaction temperature: (a) 200 �C and (b) 180 �C using MPAwith

© 2022 The Author(s). Published by the Royal Society of Chemistry
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preparation of CdMnTe nanopowders is 180 �C for 24 h with the
molar ratio 1 : 1 of Cd : MPA at pH 13.

Fig. 3 shows Rietveld renement plot of CdMnTe nano-
powders prepared with different reaction temperature. The
calculated diffraction proles are in good agreement with the
experimental results, indicating a high degree of accuracy
between the experimental and calculated patterns. The calcu-
lated Bragg diffraction corresponds exactly to the peaks of card
PDF-51-1129. The calculated lattice parameters of CdMnTe
nanopowders at different temperatures is shown in Table 1. As
the temperature increases, a0, b0 and c0 all increase linearly due
to the substitution of Mn2+ for Cd2+ in the CdTe lattice, result-
ing in an increase in nanopowders volume. The results conrm
that MPA reacts with Cd2+ and Mn2+ ions to form stable Cd2+–
RS� and Mn2+–RS� complexes, causing more Te to compensate
for the positive charge. This conrms that the Mn2+ will incor-
porated into CdTe during crystallization, and pure CdMnTe
nanopowders need to be prepared by hydrothermal condi-
tions.22 According to the above analysis, it is concluded that the
growth process of CdMnTe nanocrystals is directional
adhesion.
Table 1 Chemical and physical features of CdMnTe nanopowders prepa
¼ 1 : 1, pH ¼ 13 and 24 h

T/Ka GOF/c2

Nominal mol% Lattice param

Cd2+ Mn2+
a0 (Å)
¼ b0 ¼ c0

413.15 2.7 0.805 0.195 6.49285
433.15 2.8 0.771 0.229 6.50198
453.15 4.6 0.755 0.245 6.51014
473.15 5.4 0.767 0.233 6.50752

a Identication number samples: CdMnTe nanopowders with 140, 160,
respectively. b Values obtained from renement of XRD patterns carried o

Fig. 4 SEM images of CdMnTe nanopowders prepared by hydrotherma
200 �C with molar ratio of Cd : MAP ¼ 1 : 1 and (e) 180 �C without MPA

© 2022 The Author(s). Published by the Royal Society of Chemistry
3.2 Morphological aspects of the CdMnTe nanopowders
prepared hydrothermally

The morphology of the CdMnTe nanopowders is analyzed by
SEM micrographs, as shown in Fig. 4. The CdMnTe nano-
powders are spherical and the particle size is 20–100 nm. When
the temperature was 140 �C and 160 �C, the average particle size
of CdMnTe nanopowders is between 10 and 40 nm (Fig. 4a and
b). The average size of CdMnTe nanopowders prepared at
180 �C and 200 �C is between 40 and 80 nm (as shown in Fig. 4c
and d). However, in Fig. 4e, in absence of MPA, the CdMnTe
nanopowders agglomerated into bigger one with diameters of
200–600 nm. The temperature and stabilizer content in the
hydrothermal route will trigger the formation of crystal growth
under fast kinetic reaction conditions, and these results are
consistent with the simulation results from Rietveld's rene-
ment method.

In addition, the detailed crystalline structure features of the
CdMnTe nanopowders prepared under the optimal condition
were investigated by HR-TEM observations (Fig. 5). The spher-
ical crystals exhibited a particle size between 30 and 60 nm
(Fig. 5a). In addition, SAED provides a high crystallinity of the
red by different reaction temperature with fixed conditions of Cd : MPA

eterb

Cell volume
(Å3) Rwp Rp

Crystallite
size (nm)

273.720 0.09 0.07 18.8(1.5)
274.876 0.09 0.08 29.4(7.5)
275.912 0.14 0.11 38.9(0.5)
275.579 0.17 0.14 42.0(6.7)

180 and 200 �C, pH ¼ 13 and the molar ratio of MPA and Cd is 1,
ut using the Rietveld method.

l route at different temperature (a) 140 �C; (b) 160 �C, (c) 180 �C, (d)
.

RSC Adv., 2022, 12, 19006–19015 | 19009
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Fig. 5 HRTEMmicrographs of the CdMnTe nanopowders prepared under an hydrothermal process of 180 �C for 24 h with themolar ratio 1 : 1 of
Cd : MPA at pH 13: (a) TEM image of CdMnTe nanopowders, inset makes particle size distribution; (b) TEM image of CdMnTe nanopowders; (c)
HRTEM of CdMnTe nanopowders in (111); (d) EDS image of CdMnTe nanopowders.
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spherical CdMnTe nanopowders (Fig. 5b). SAED pattern of the
squared area in Fig. 5b indicates that the preferential stacking
of the CdMnTe nanopowders proceeds along the cubic structure
basal plane with a Miller index of (111). The interplanar spacing
calculated in the (111) plane is 0.38 nm (Fig. 5c). The value is
very close to the interplanar spacing positions in the cubic
sphalerite structure. In Fig. 5d, EDS characterization of
CdMnTe nanopowders prepared under optimal conditions with
MPA as stabilizer proves that no impurities appear. These
results are supported by the particle size, as calculated in the
Rietveld renement results (Table 1).

The EDS technique is used to qualitative study the compo-
sition of CdMnTe nanopowders. To study the effect of MPA, the
elemental composition of the prepared samples without MPA is
obtained, as shown in Fig. 6. The results indicate that O element
appears at 1.158 keV. The lack of protection by MPA means that
fewer nuclei can be formed and more O-related impurities will
19010 | RSC Adv., 2022, 12, 19006–19015
appear. The results show that MPA can ensure the pure phase of
CdMnTe nanopowders.

Raman scattering spectroscopy is used to study the crystal
quality andmolecular structure of CdMnTe nanopowders. Fig. 7
shows the Raman spectra of CdMnTe nanopowders from 50 to
350 cm�1 at room temperature. The excitation wavelength was
532 nm. In Fig. 7a, there are two peaks at 159 cm�1 and
137 cm�1 for the CdMnTe nanopowders corresponding to the
transverse optic (TO) and longitudinal optic (LO) modes of
CdTe. Two peaks 92 and 72 cm�1 corresponding to A1 phonon
mode of Te.27 And two peaks at 137 cm�1 and 119 cm�1 corre-
sponding to the transverse optic (TO) and longitudinal optic
(LO) modes of hexagonal NiAs-type antiferromagnetic MnTe.28

In Fig. 7b, the decrease of the peak intensity and their broad-
ening conrm the Cd2+ substitution by Mn2+. The increase of
Mn2+ concentration makes Raman band blue shi from 142 to
137 cm�1 and from 124 to 119 cm�1, respectively. These results
are in good agreement with XPS and XRD.
© 2022 The Author(s). Published by the Royal Society of Chemistry
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Fig. 6 EDS analysis of CdMnTe nanopowders prepared without and with MPA.

Fig. 7 Raman spectra of the CdMnTe nanopowders: (a) prepared under optimal conditions; (b) prepared at 160 �C and 180 �C.

Paper RSC Advances

O
pe

n 
A

cc
es

s 
A

rt
ic

le
. P

ub
lis

he
d 

on
 2

9 
Ju

ne
 2

02
2.

 D
ow

nl
oa

de
d 

on
 3

/5
/2

02
6 

4:
07

:4
0 

PM
. 

 T
hi

s 
ar

tic
le

 is
 li

ce
ns

ed
 u

nd
er

 a
 C

re
at

iv
e 

C
om

m
on

s 
A

ttr
ib

ut
io

n-
N

on
C

om
m

er
ci

al
 3

.0
 U

np
or

te
d 

L
ic

en
ce

.
View Article Online
XPS can be used to analyze the chemical composition of
CdMnTe nanopowders.26 The characteristic peaks of Cd 3d5/2
and Mn 2p3/2 of the prepared CdMnTe nanopowders are shown
in Fig. 8. With increasing temperature, the width of the Cd 3d5/2
peak became broader (from 2.36 eV to 2.46 eV) and it blue-
shied to lower energies (from 405.48 eV to 404.58 eV)
(Fig. 8a). The Cd atoms are expected to bond with Mn atoms at
lower energies. This is because the electronegativities (c) of, Mn
(cp ¼ 1.55), Cd (cp ¼ 1.69), and Te (cp ¼ 2.10) are in increasing
order. The Mn 2p2/3 peaks of the as-prepared CdMnTe nano-
powders are shown in Fig. 8b. The peak shis to the lower
energy region (from 641.08 eV to 640.28 eV) with increasing
temperature. The explanation may be similar to the above,
atomic bonding is expected to occur at lower energies.29
© 2022 The Author(s). Published by the Royal Society of Chemistry
3.3 Formation mechanism of CdMnTe nanopowders

For the above discussion, it can be concluded that the amount
of stabilizer MPA affects the morphology of the product. MPA
can form two types of complexes with Cd2+ and Mn2+ (mono-
sulde and disulde). The reaction of Cd2+ with MPA on the
crystal surface can be described in formulas (1) and (2): Cd2+

reacts with MPA to form (Cd–RS)+ and Cd(RS)2 complexes.22

From the perspective of reaction equilibrium, when the molar
ratio of stabilizer MPA and Cd : MPA in the solution is 1 : 1, the
mono-sulfur complex plays a dominant role in the reaction.
This is benecial to the stability of the product. During the
Ostwald maturation stage, the equilibrium growth/dissolution
among the complexes is maintained, resulting in the as-
RSC Adv., 2022, 12, 19006–19015 | 19011
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Fig. 8 XPS spectra of the CdMnTe nanopowders prepared at 160 �C and 180 �C, (a) Cd 3d XPS spectrum and (b) Mn 2p.
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prepared CdMnTe nanopowders with small size and thus
excellent PL intensity.30

Cd2+ + RS� ¼ (Cd–RS)+ (1)

(Cd–RS)� + RS� ¼ Cd(RS)2 (2)

With the increase of NaBH4 content, BH4
� is released,

reducing TeO3
2�, promoting a complex reaction to form CdTe

nuclei. In addition, Cd2+ will be replaced by Mn2+ to form nuclei
of CdMnTe.

BH�
4 + 4H2O ¼ 4H2[ + B(OH)�4 (3)

3H2 + TeO3
2� ¼ Te2� + 3H2O (4)
Fig. 9 Stable adsorption configuration of MPA on CdMnTe.

19012 | RSC Adv., 2022, 12, 19006–19015
(Cd–RS)+ + Te2� ¼ CdTe + RS� (5)

If the molar ratio of MPA dosage is gradually increased, the
mono-sulfur complexes will further react with the RS� provided
by the decomposed MPA to form more stable disulde
complexes. The free Cd2+ ions and the large amount of Te ions
react with the disulde complexes in the initial stage. Therefore,
the prepared CdMnTe nanopowder contains more Te impuri-
ties in the crystal. Consistent with the observations of the XRD
spectra, a higher Cd : MPA ratio produces a smaller amount of
free Cd2+ ions, which results in a higher Te content in the
prepared nanopowders.

It is conrmed that crystal growth can be altered from the
inuence of experimental conditions. Once MPA is introduced
into this system, size control and shape evolution are easily
© 2022 The Author(s). Published by the Royal Society of Chemistry
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achieved by changing the amount of MPA. In this process, it is
important that MPA provides hydrogen bonds in the particles
and generates cross-linking reactions. Three possible effects of
MPA on the growth of CdMnTe nanostructures are obtained: (1)
MPA has a great adsorption effect on the surface of the particles
due to inhibiting the growth of crystals. (2) The mutual cross-
linking of hydrogen bonds can be suppressed. (3) The self-
assembly process is facilitated by reducing the energy of the
crystal and surface. The preparation of samples during the self-
assembly process is shown in Fig. 9.
Fig. 11 UV-visible absorption spectra of CdMnT nanopowders
prepared at different reaction temperature.
3.4 Optical properties analysis of CdMnTe nanopowders

Fig. 10 shows the PL spectra of CdMnTe nanopowders and
Cd0.9Mn0.1Te single crystal at 10 K. In Fig. 10a, there are two
main luminescence peaks in the infrared region 1.717–
1.826 eV for CdMnTe nanopowders prepared by different
temperatures. The edge emission peak (D0, X) at 1.83 eV is
mainly attributed to the recombination of electrons in the
conduction band and holes in the valence band. The (D0, h)
peak at 1.78 eV corresponds to the recombination of
acceptor and hole27. In Fig. 10b, it can be seen that both the
neutral donor-bound excitons (D0, X) of CdMnTe nano-
powder peak and the neutral donor to valence band peak
blue shi about 0.109 eV (from 1.717 eV to 1.826 eV)
compared with CdMnTe single crystal31–33. This phenom-
enon usually occurs when the size of CdMnTe nanopowders
decreases and the energy gap widens. To explain the
observed activity, we can consider quantum effects: the
energy gap width between the Highest Occupied Molecular
Orbital (HOMO) and the Lowest Unoccupied Molecular
Orbital (LUMO) increases with decreasing crystal size25.
Therefore, in this study, the energy levels close to the Fermi
level are formed by the quasi-continuous spectrum to form
discrete energy levels resulting. The total intensity of emis-
sion peaks increases with increasing Mn2+ doping concen-
tration. This behavior can be attributed to the improvement
of crystal quality and the reduction of intrinsic defects. The
band gap of the CdMnTe nanopowders also increases with
the increase of Mn2+ doping content. This phenomenon will
increase the PL excitation photon energy, resulting in a blue-
Fig. 10 PL spectra of CdMnTe single crystal and nanopowders: (a) na
CdMnTe nanopowders prepared under optimal conditions. The inset dis

© 2022 The Author(s). Published by the Royal Society of Chemistry
shi phenomenon compared to the low-doped Cd0.9Mn0.1Te
single crystal34. Alternatively, if MPA is used to modify the
surface of CdMnTe nanopowders, it may help to reduce the
number of charges on the surface of CdMnTe nanopowders,
thereby reducing the directional polarizability of ionic
bonds. This behavior can explain the interfacial effect
leading to the reduction of the Stokes shi.

Fig. 11 shows the UV-vis absorption spectra of CdMnTe
nanopowders at different temperatures. The CdMnTe nano-
powder has an absorption peak at 350 nm (3.54 eV) in the
ultraviolet region. The bandgap energy of CdMnTe single crystal
is tunable at 1.5–2.1 eV.35,36 It is found that the decrease of
powder particle size results in a blue shi of the absorption
peak. This is because the quantum connement effect exists in
nano-sized CdMnTe powders, but not in CdMnTe crystal with
continuous bandgap. Kayanuma et al.37 proposed the Effective
Mass Approximation Model (EMAM) and well explained this
phenomenon. The ground state energy of the in situ innite
deep potential well of spherical crystal excitons is provided in
eqn (6):
nopowders prepared at different temperature; (b) single crystal and
plays the photoluminescence images of the light areas.
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E ¼ Eb
g þ

ħ2p2

2R2m
� 1:786e2

3R
� 0:248E*

Ry
(6)

Ebg is the band gap of material, E*
Ry

the Rydberg effective energy,
m the reduced mass, 3 the permittivity of material, and R the
radius of nanopowders. The size-dependent shi in the exciton
energy of nanometer cluster can be derived as eqn (7):

DE ¼ ħ2p2

2R2m
� 1:786e2

3R
� 0:248E*

Ry
(7)

In the above equation, the quantum connement effect
dominates as the radius decreases. This phenomenon causes
a change in the direction of the high energy (blue shi). The
optical properties of CdMnTe nanopowders are being further
studied.
4. Conclusions

CdMnTe crystal is a promising semiconductor radiation
detector material, which can be synthesized by CdMnTe nano-
powders. In this paper, CdMnTe nanopowders were prepared by
a hydrothermal route using C3H6O2S (MPA) as the stabilizer and
modier. The nanopowders were analyzed by XRD, SEM, TEM,
EDS, Raman, XPS, PL, UV-vis to reveal the effects of different
experimental conditions including Cd-to-MPA ratio, pH value
and reaction temperature on the properties of CdMnTe nano-
powders. The results indicated that the as-prepared CdMnTe
nanopowders were pure phase and had zinc blende structure.
Themorphology of the nanopowders was spherical with particle
size of 20–100 nm. MPA could protect the powders from
oxidation. The PL emission peak is tunable from 1.717 to
1.826 eV. Compared with CdMnTe single crystal, the blue shi
of about 0.109 eV and the reduction of the intensity indicated
a wider of band gap. The blue-shi of UV-vis absorption peak
was theoretically analyzed, and the QCE of CdMnTe nano-
powders was proved. The optimal condition for the preparation
of CdMnTe nanopowders is 180 �C for 24 h with the molar ratio
1 : 1 of Cd : MPA at pH 13. The key molar ratio of Cd : MPA ¼
1 : 1 explained the possible crystal growth mechanism and
process. Thus, the as-prepared CdMnTe nanopowders with pure
phase and high quality had potential application in the
synthesis of CdMnTe single crystals used for radiation
detectors.
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