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CdTe@Cu(OH), nanocomposites were synthesized in aqueous solution by a seed-mediated growth
approach. The effect of refluxing time and the concentration of Cu?* on the preparation of these
samples were measured using UV-visible absorption and photoluminescence analysis. The emission
peak of the synthesized nanocomposites (CdTe@Cu(OH),) was shifted from 605 (CdTe seed) to 621 nm.
The size of CdTe nanoparticles were averaged about 3.22 nm, and the CdTe@Cu(OH), nanocomposites
were averaged as 5.19 nm. The synthesized CdTe@Cu(OH), nanocomposite were characterized with
XRD, EDAX, TEM, FT-IR, EPR, and thermal analysis (TG/DTG curves). The results indicate that
as-prepared nanoparticles with core/shell structure exhibit interesting optical properties.

© 2011 Elsevier Inc. All rights reserved.

1. Introduction

Nanocomposites are a special class of materials originating
from suitable combinations of two or more such nanoparticles or
nanosized objects in some suitable technique, resulting in mate-
rials having unique physical properties and wide application
potential in diverse areas. Novel properties of nanocomposites
can be derived from the successful combination of the character-
istics of parent constituents into a single material. Materials
scientists very often handle such nanocomposites, which are an
effective combination of two or more inorganic nanoparticles [1].
Nanocomposite structures have been used to create optically
functional materials. By incorporating semiconductor nanoparti-
cles into polymer, glass, or ceramic matrix materials, many of
their interesting optical properties including absorption, fluores-
cence, luminescence, and nonlinearity may be studied. In these
systems, very small particle sizes enhance the optical properties,
while the matrix materials act to stabilize the particle size and
growth. Nanocomposite structures provide a new method to
improve the processability and stability of these materials with
interesting optical properties [2-4].

Metals have been grown on magnetic metal cores [5] and
vice versa, [6] to form core-shell structures, leading to changes
in magnetic, optical, and chemical properties compared to those of
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the individual components [5,6]. Enhancement or modifications of
properties resulting from the core-shell structures are becoming
more common. The isolation of the core from the surroundings can
be used to create objects with fundamentally different properties
to those of the bare nanocrystal. For example, the coating may be
used to passivate the core chemically in order to modify its optical
properties, or it may be used as a size-selective membrane for
catalytic processes at the core surface [7]. A further possibility is
the construction of electronic components and devices, by using
the core-shell structure to create nanoscale objects with specific
electrical functionality [8]. More recently, coating a semiconductor
layer on magnetic nanocrystals was used to create luminescent/
magnetic composite nanomaterials [3,4,9,10].

Cu(OH), with an orthorhombic structure have been studied
extensively in the past several years. Polycrystalline Cu(OH),
nanowires and nanoribbons were synthesized through a two-step
wet chemical route [11,12], or by the interaction between a copper
complex and NaOH at the aqueous-organic interface [13], or
prepared in aqueous solution of ammonia using Cu,S nanowires
as precursors [14]. Single-crystalline Cu(OH), nanoribbon and
nanotubes were successfully synthesized by surface oxidation of
copper foil in alkaline solutions [15] or anion exchange reaction
using NaOH solution [16]. A simple, clean, and effective route for
fabrication of large area Cu(OH), nanostructured films were
reported [17]. The reported Cu(OH), nanoneedle and nanotube
arrays were electrochemically synthesized by anodization of a
copper foil in an aqueous solution of KOH.

CdTe@Cu(OH), nanocomposites were synthesized by a seed-
mediated growth approach composed of a fluorescent nanocrystals,
CdTe as core, and a magnetic metal hydroxides, Cu(OH), as shell.
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Nanoparticles show unique optical properties, and copper hydro-
xides have specific properties such as electrochemical activity,
magnetism and catalysis. These nanocomposites were water-solu-
ble and show good optical properties. The synthesis procedure was
described and the composite nanomaterials were characterized by
UV-visible absorption, photoluminescence, X-ray diffraction,
energy-dispersive X-ray analysis (EDAX), transmission electron
microscopy (TEM), FT-IR spectroscopy, electron paramagnetic reso-
nance (EPR), and thermal analysis (TG/DTG curves).

2. Experimental procedure

Preparation of CdTe@Cu(OH), nanocomposite was performed
using the following procedure as shown in Fig. 1.

All chemicals were purchased from Central Drug House (P) Ltd
(CDH) and were of the highest purity available (99.9%).
De-ionized water obtained from a Millipore Milli-Q Plus purifica-
tion system was used in all experiments. MAA-capped CdTe
nanoparticles were synthesized as reported in our previous work
[3,4,18] and Cu?* was added as copper chloride solution. Aqu-
eous solution of (0.01 M) CuCl, - 2H,0 was injected by multiple-
steps to the colloidal solution for formation of the Cu(OH), shell
on the CdTe nanocrystals. Under the alkaline conditions with the
stabilizer (MAA), Cu?* hydrolyzed and formed Cu(OH),. In a
typical synthesis, 5 ml of 0.01 M CuCl,-2H,0 aqueous solutions
was added into 250 ml (1 mM) CdTe colloidal solution (MAA,
5 mM), and then adjusted to pH (~11.2) with 2 M KOH. The
solution was placed in a three-necked flask and was heated to
90 °C with condenser attached to reflux for a set time. In the
presence of mercaptoacetic acid (MAA) and weak basic solution,
Cu?* hydrolyzes and forms hydroxide deposits on the surface of
CdTe nanocrystals. The refluxing process with Cu?* can be
repeated several times for coating more hydroxides on CdTe
nanocrystals. The CuCl,-2H,0 solution was multi-injected for
avoiding the agglomeration of the particles caused by the sudden
increasing of ions in strength. Typically, at the reflux time of 6 h,
5 ml of 0.01 M CuCl; - 2H,0 solution was injected into the 250 ml
CdTe colloidal solution (Sample Sg) and further refluxed 1h

co®”
920 °C l
Cd* + Te™ CdTe CdTe@Cu(0H),
MAA aqueous solution  Hydroxylation
pH=112 90 °C

Fig. 1. Schematic of aqueous synthesis route for CdTe@Cu(OH), nanocomposite.
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(Sample S, was taken from this stage), and then another 5 ml
of 0.01 M CuCl;-2H,0 solution was injected and the refluxing
was continued for 1 h, then, the final sample (S,) was obtained.
The size of CdTe core was controlled by the reflux time of CdTe
colloidal solution. The Cu(OH), shell thickness was controlled by
the amount of Cu in the solution. The method of size selective
precipitation was used to isolate the nanocomposites. As-pre-
pared colloid samples were diluted for optical characterization
and precipitated by 2-propanol for other characterization studies.
The resulting composite nanomaterials were characterized by
UV-visible absorption, Photoluminescence, XRD, EDAX, TEM,
FT-IR, EPR, and thermal analysis.

UV-visible absorption analysis was carried out using a Cary 5E
UV-vis-NIR spectrophotometer. Photoluminescence measurements
were performed at room temperature using JY Fluorolog-3-11
spectrofluorometer (at the excitation wavelength A...=460 nm).
Samples were prepared by diluting colloidal solutions with water.
All optical measurements were performed at room temperature
under ambient conditions. X-ray powder diffraction analysis was
carried out with a Philips X'Pert PRO diffractometer with CuKo
(1=0.15406 nm) radiation and EDAX was performed on EDS Noran
System Six (Thermo Electron Corporation). Transmission electron
microscopy (TEM) was performed using a JEM-1011 (accelerating
voltage of 100 kV) in order to analyze the size and also to confirm
the formation of the core/shell structure. IR spectra were recorded
with a Perkin Elmer FT-IR spectrometer within the range of
500-4000 cm~!. Room temperature (300K, 9.49 GHz) X-band
electron paramagnetic resonance (EPR) spectra were performed
using a BRUKER EMX 10/2.7 EPR spectrometer consisting of a
Bruker ER041XG microwave bridge and field controller and an
EMX magnet power supply. Microwave power employed was
below saturation levels. The thermogravimetry-differential thermal
analysis (TG-DTG curves) was recorded with Netzsch STA 409
Simultaneous Thermal Analyzer in the temperature range RT-
800 °C at a rate of 20 °C/min under N, atmosphere.

3. Results and discussion

3.1. Optical properties of CdTe@Cu(OH), nanocomposite

Fig. 2 shows the absorption spectra and photoluminescence
spectra of CdTe nanoparticles before and after coating the
Cu(OH), shell on CdTe core. The absorption spectra for samples
S and S, consist of a long wavelength tail bands. The bands were
caused by broad size distribution of CdTe@Cu(OH), nanocompo-
site and the intensity of the absorption tail was increased, may
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Fig. 2. (A) Absorption and (B) Photoluminescence spectra of MAA-stabilized CdTe nanoparticles (Sp) and CdTe@Cu(OH), nanocomposite, (S;, and Sy).
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be due to increasing of the magnetic element concentration (Cu)
and refluxing time. With the injection of Cu?* solution to the
reactant (CdTe nanocrystals) and further refluxing, the absor-
bance of the reaction solution increased and shifts to longer
wavelength. The PL emission of the reaction solution redshift
slightly to longer wavelength and the PL intensity is significantly
quenched by adding more amounts of the magnetic metal ions.
The surface of the nanocrystals consists of a finite number of
binding sites [19], so the rate of binding of ions on the surface of
nanocrystals will be decreased with increasing concentration of
magnetic metal ions (Cu?*). The redshift and quenching phenom-
enon are possibly attributed to the effective electron transfer
from MAA to magnetic metal ions (Cu?*). The carboxyl groups on
the CdTe nanocrystal surface can coordinate with magnetic metal
ion (Cu?™) sites, which is responsible for the redshift of the PL
spectra of nanocomposites [3,4,20]. Typically, after two-times
addition of Cu?* solution and refluxing, the emission peak of
the resulted composite nanoparticles (S,) shifted from 605 nm
(So) to 621 nm for CdTe@Cu(OH), nanocomposites. The absorp-
tion and emission of the crude CdTe solution without adding
metal cation also shifts to longer wavelength with refluxing
because of the growth of CdTe nanocrystals, but the redshift
was negligible compared to the shift by adding Cu®*. So the
larger redshift after the coating of the magnetic metal hydroxide
cannot be due to the growth of CdTe nanocrystals. Furthermore,
the redshift of emission was larger than that of absorption, which
led to the Stokes shift that became larger (Fig. 3) with the addition
of Cu?™* and refluxing. The Stokes shift observed for the sample Sy
(emission at 605 nm), S; (emission at 612 nm), and S, (emission
at 621 nm) were 64, 67, 72 nm, respectively. FWHM (the full
width at half maximum) of the band-edge luminescence for all
samples was from 50 nm to 65 nm, which indicate the narrow
size distribution of the as-prepared CdTe nanoparticles and
CdTe@Cu(OH), nanocomposites[21].

3.2. Structural and compositional analysis of CdTe@Cu(OH),
nanocomposite

Fig. 4 shows XRD pattern obtained from the CdTe seeds and
the core-shell samples with Cu(OH), shell. The intensities of the
peaks on the XRD pattern of the core-shell samples were weaker
than that of “bare” CdTe nanocrystals, and slightly shift to larger
angle. In the present work, Cu?>* could exchange Cd?>* from the
surface of CdTe nanocrystals and gets doped in CdTe nanocrystals.
This may result in redshift of absorption and emission spectra and
the changes in XRD pattern of the (core-shell) nanoparticles.
The crystallite size, Dyxgp, was further estimated from XRD
pattern by determining the full-width-half-maximum (FWHM)
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Fig. 3. The Stokes shift of CdTe nanocrystals and CdTe@Cu(OH), Nanocomposites,
(CdTe: emission at 605 nm, CdTe@Cu(OH),: emission at 621 nm).
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Fig. 4. The XRD patterns obtained from CdTe@Cu(OH), powders and their
corresponding CdTe seeds.

of characteristic peak (11 1), and utilizing the Debye-Scherrer
equation for determining the radius of nanoparticles (spherical
particles) [22]

094
~ Bcos0 @

where L is the coherence length, B is the full width at half
maximum of the peak, / is the wavelength of X-ray radiation
(1.5406 A in this study), and 0 is the angle of diffraction for (11 1)
plane. In case of a small crystallites; L=3/4D, where D is diameter
of nanoparticles. The size of CdTe nanoparticles were averaged
about 3.22 nm, and the CdTe@Cu(OH), nanocomposite were
averaged as 4.94 nm. The particles with hydroxide shell were
bigger than the uncoated CdTe seeds.

Energy-dispersive X-ray analysis (EDAX) spectrum of CdTe@-
Cu(OH), nanocomposite was shown in Fig. 5. Fig. 5 indicates the
presence of Cu and O in these nanoparticles, in addition to Cd, Te,
and S. Presence of Cd and Te were from CdTe, Cu and O were from
the coating of shell, and S may be from the stabilizer (MAA).

Fig. 6(A) and (B) shows the TEM image and the distribution
size diagram of the CdTe nanocrystals and CdTe@Cu(OH), com-
posite nanoparticles, respectively. The particles were separately
dispersed on a Cu grid and transmission electron microscopy
(TEM) investigations were analyzed. TEM image of CdTe nano-
crystals revealed crystalline, free-standing, and approximately
spherical particles. The sizes of CdTe nanocrystals were averaged
about 3.43 nm, and the CdTe@Cu(OH), nanocomposite were
averaged about 5.19 nm. The size of the particles were almost
the same as the average particle size calculated from the
Debye-Scherrer equation (3.22 and 4.94 nm for CdTe nanoparti-
cles and the CdTe@Cu(OH), nanocomposites, respectively).

3.3. Thermal analysis

Typical TG-DTG curves of the CdTe and CdTe@Cu(OH), nano-
particles were measured under an N, atmosphere during heating
and are shown in Fig. 7(A) and (B). The thermogravimetric pattern
of CdTe nanoparticles (Fig. 7(A)) exhibit two evident weight-loss
steps; the first weight-loss step below 100 °C was due to removal
of various types of water, this corroborates the existence of -OH
stretching that was confirmed with FT-IR studies (Fig. 8) and the
second weight-loss above 500 °C possibly may be due to the
decomposition of Cd-MAA complexes. The thermal behavior of
CdTe@Cu(OH), was different from that of CdTe seeds, and their
DTG curves (Fig. 7(B)), have an additional endothermic peak
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keV

Fig. 5. The EDAX spectrum of CdTe@Cu(OH), (core-shell) composite nanoparticles.
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Fig. 6. The TEM image and size dispersion histogram of (A) The CdTe nanoparticles and (B) CdTe@Cu(OH), nanocomposite.
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Fig. 7. DTG and TG data of bare core CdTe nanocrystals (A) and CdTe@Cu(OH), composite nanoparticles (B).

between 170 and 300 °C, with respect to Cu(OH),. There is an of CuO (Fig. 7(B)) [23-25]. Based on the above analysis and also
endothermic peak below 200 °C, may be due to the loss of water from the chemistry of copper hydroxides, it was concluded that
produced by dehydration of the copper hydroxide and formation Cu exists in the composite nanomaterials as Cu(OH),.
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Fig. 8. FT-IR spectrum of pure MAA, (Sp) CdTe nanoparticles capped with MAA,

and (S;) CdTe@Cu(OH), composite nanoparticles.

Table 1
Assignment of IR spectra recorded for pure MAA, Sy, and S,.

Frequency wavenumber (cm~') Functional group/assignment

Pure MAA Samples
So S2
671 695 625 v(C-S)
1292 1229 1278 ((C-0) stretching vibration)
1399 1385 1352 v5(CO0 ™)
- 1584 1595 V25(CO0 ™)
2940 2925 2920 v(CHy)
3455 3435 3430 OH stretching vibration
1717 - - ¥(C=0)

2565 and 2665 - - The S-H vibrations

3.4. FT-IR spectral analysis

The adsorption of thiols on surface of CdTe and CdTe@Cu(OH),
nanoparticles were investigated by FT-IR spectral analysis. The
FT-IR spectrum of the pure mercaptoacetic acid, mercaptoacetic
acid capped CdTe nanoparticles and CdTe@Cu(OH), composite
nanoparticles was shown in Fig. 8 and their respective infrared
absorption bands were tabulated in Table 1.

Table 1 indicates that; the broad peaks observed at around
3430, 3435, and 3455 cm~! in the spectra, may be due to the
effect of -OH stretching vibration. The active mode peaks of CH,
(2940 cm ') in the capped layer were shifted to lower frequency
with respect to that of MAA. The shift in CH, vibrations to smaller
frequency indicates that the surfactant molecules in the adsorbed
state are affected by the field of solid surface [26]. The S-H
vibration bands located at around 2565 and 2665 cm~! in the
spectrum of pure mercaptoacetic acid were disappeared comple-
tely in the IR spectrum of bare core CdTe nanocrystals and
CdTe@Cu(OH), composite nanoparticles (So and S, in Fig. 8).

The vibration band of C=0 at around 1717 cm ™ in the spectrum
of mercaptoacetic acid shifts to 1584 and 1595 cm ™! for Sg and S,
respectively. These results imply that the mercaptoacetic acid was
chemically modified on the surface of CdTe nanoparticles and the
COOH was in a state of COO~, making it possible to use the
surface-modified CdTe nanoparticles as an analogous polyanionic
compounds in the molecular deposition process. The appearance
of the bands at 1584 cm~! and 1385 cm~! for Sy, which are
attributed to asymmetric v,5(COO~) and symmetric vs(COO™)
vibration, respectively [27] for the CdTe nanoparticles indicate
that MAA is chemisorbed as carboxylate onto Cd ions on CdTe
nanoparticles surface. The carboxylic acid was known to be
absorbed on metal as carboxylate after deprotonation [28,29].

3.5. EPR analysis

EPR spectra of CdTe and CdTe@Cu(OH), (core-shell) composite
nanoparticles were obtained using a BRUKER EMX 10/2.7 EPR
spectrometer in the range of 2000-4500 Gauss with 9.49 GHz
(frequency of the microwave). The magnetic field was modulated
at 100 kHz. The spectra were collected using 3.196 mW power
and kept at this value to avoid saturation of signals. Measure-
ments were taken at room temperature (300 K). The existence of
trace amounts of Cu?* in the CdTe@Cu(OH), nanocomposites was
confirmed by EPR spectra (Fig. 9).

The g-factor was determined by measuring the field and the
frequency at which the resonance occurs and using the relation

hv =gpH 2)

where f is the Bohr magnetron ($=9.274078 x 10~2*]/T),
g denotes a constant (g factor), h stands for the Plank constant
(h=6.626176 x 10734 s), v is the electromagnetic radiation fre-
quency, and H is the magnetic field strength.

Knowledge of the g-value was used to understand the para-
magnetic center’s electronic structure. An unpaired electron
responds not only to the applied magnetic field H, but also to
any local magnetic fields of atoms or molecules. The g-factor
value should be equal to the quantity g.(1—¢), where ¢ includes
the effects of local fields (¢ can be positive or negative). If g does
not equal to g, the implication is that the ratio of the unpaired
electron’s spin magnetic moment to its angular momentum
differs from the free electron value. Since an electron’s spin
magnetic moment may be constant (approximately the Bohr
magnetron, f3), then the electron must have gained or lost angular
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Fig. 9. EPR spectra (9.49 GHz) of CdTe nanoparticles capped with MAA, and
CdTe@Cu(OH), nanocomposite.
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momentum through spin-orbit coupling. Since, the mechanism of
spin-orbit coupling was well known; the magnitude of the
change gives information about the nature of the atomic or
molecular orbital containing the unpaired electron.

Fig. 9 indicates that all samples have sharp and broad signals at
different g-values and the concentration of paramagnetic center’s
vary with the samples. The EPR spectrum of capped-CdTe nano-
crystals (Fig. 9) indicate the resonance position corresponding to a
g-factor of 2.093, close to that of the free electron value of
2.=2.002. The spectrum was attenuated upon purification by
size-selective precipitation. Assuming that the impurity was spin
1/2, comparison with an external standard showed that the total
impurity concentration to be approximately 1 per nanocrystal in
samples, size selected once, and approximately to be 0.1 per
nanocrystals in samples, size selected three times. The intensity
of the impurity signal gets decreased on subsequent mecraptoa-
cetic Acid (MAA) cap exchange with CdTe nanocrystals. Other than
the fact that they are surface related, this signal could not be
assigned. A typical EPR spectrum of CdTe@Cu(OH), nanocompo-
sites with averaged size of 4.94 nm indicates the resonance
position for the sharp spectrum with the band width 13 mT
corresponding to a g-factor of 2.107. This g-factor was shifted very
much from that of the free electron value of g.=2.002 and also
from the g-value of capped-CdTe nanocrystals. The shift of g-values
was attributed for paramagnetic transition metal ions (Cu?*).

4. Conclusion

CdTe@Cu(OH), nanocomposites were synthesized based on a
seed-mediated growth approach, composed of a fluorescent
nanocrystals core, CdTe, and a magnetic metal hydroxides,
Cu(OH),. The fluorescent CdTe nanoparticles were used as a core
and then shell layer of magnetic hydroxides were formed on it.
The synthetic procedure is simple, and can be easily scaled up.
Wide angle X-ray diffraction was used to probe the internal
structure of the nanoparticles and indicates that the coverage of
CdTe nanoparticles by magnetic hydroxides shell. The size of CdTe
nanoparticles was averaged about 3.22 nm, and the size of
CdTe@Cu(OH), (core-shell) composite nanoparticles were aver-
aged 4.94 nm, respectively. The EDAX (energy-dispersive X-ray
Analysis) results indicate the presence of Cu and O in these
nanoparticles as well as Cd, Te and S. The Cd and Te were from
CdTe nanoparticles, Cu and O were from the respective shell, and
the S was attributed to the stabilizer of (mercaptoacetic acid,
MAA). TEM images demonstrated homogeneous size distribution
for these (core-shell) nanoparticles and the size of the (core-
shell) nanoparticles were evaluated. Both absorption and
PL spectra exhibit “quantum size effects” and depending on the
thickness of the hydroxide shell. The observed red-shift rules out

the formation of an alloy of the core and shell materials and
indicated that the growth is controlled. From the FT-IR Spectra it
is concluded that the nanoparticles were adsorbed by the -SH
groups and the free carboxylic acid group exists as carboxylate
ion and make the capped particles soluble in water. The EPR
spectrum confirms the presence of magnetic particles as shell in
the nanoparticles.
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