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Abstract Colloidal solutions (~0.3 mol/L) of CdSe
nanoparticles in xylene have been synthesized by the
electrochemical method from an acid electrolyte based on
HNO; + HCI (2:1) mixture using extraction into xylene. It
has been found that CdSe nanoparticles of small size
(2-5 nm) synthesized on the cathode are readily
extractable in xylene, whereas nanoparticles of larger size
(20-100 nm) remain in the aqueous electrolyte and dis-
solve in the nitric-hydrochloric acids mixture. An X-ray
phase analysis of powders of 2-5 nm CdSe nanoparticles
showed them have a mixed cubic/hexagonal crystal struc-
ture. It has been found from measurements of absorption
and photoluminescence spectra that the CdSe nanoparticles
of this structure have a broad photoluminescence band
(Amax = 500 nm) at a narrow absorption peak
(Amax = 420 nm), which may be due to stacking fault
formation in nanoparticles of mixed cubic/hexagonal
structure. Using this electrolyte with a xylene surface layer
under continuous electrolysis conditions and extraction of
2-5 nm CdSe nanoparticles with a content of up to 0.05 g
in 1 cm® xylene (~0.3 mol/L) was obtained. Such col-
loidal solution can be used to obtain optical nanocompos-
ites by incorporation CdSe nanoparticles into a liquid—
crystalline cadmium caprylate matrix. The spectral char-
acteristics such of composites have been studied by
adsorption spectroscopy and fluorescence.
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Background

The interest in semiconductor nanoparticles of metal
chalcogenides is due to the pronounced difference of their
optical properties from the properties of bulk material,
i.e., to the dependence of their absorption and lumines-
cence spectra on size. CdSe nanocrystals based on its
nano heterostructures are promising as materials for
optical and optoelectronic devices [1, 2], solar batteries
[3, 4], fluorescent labels in biophysical processes [5, 6].
CdSe nanocrystals are prepared in most cases by chemical
methods of template synthesis or controlled precipitation
in solution using surfactants as stabilizators [5]. However,
such synthesis methods not always allow one to achieve a
high nanoparticles concentration, which is often required
in the creation of thin-film optical composites. To attain
this aim, joint synthesis of nanoparticles and their matrix
or modification of grown nanoparticles with surfactant
molecules for compatibility with their matrix is used
[7, 8].

Purification of nanoparticles by centrifugation (pu-
rification—dissolution method) [9] is also widely used in
the fabrication of nanocomposite materials, but this
method is technologically complex and labor intensive
[10]. Since small CdSe nanoparticles are known to be
able to be quickly extracted in water-immiscible organic
solvents [11], we proposed a method for the preparation
of CdSe nanocrystals by electrosynthesis from aqueous
solutions with their simultaneous extraction into xylene.
Empirically, we have found that along with the forma-
tion of large CdSe cathode deposits (20-150 nm) a
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colloidal solution of CdSe nanoparticles (2-5 nm) is also
formed during dc electrolysis. Our studies of the effect
of the electrolyte composition on the concentration of
ultrafine CdSe nanoparticles showed that under constant
electrolysis conditions, the formation of such nanopar-
ticles is accompanied by the formation of larger amounts
of large (20-150 nm) nanocrystals. The reaction yield of
large nanoparticles was ten times higher than that for
small nanoparticles extracted into xylene. For example,
during electrosynthesis in an electrolyte based on sul-
furic acid, the amount of CdSe nanoparticles extracted
into xylene was no more than 3 mol%, while the rest of
CdSe deposited on the cathode as deposits with large
nanoparticles (20—100 nm). Because the concentration of
starting reactants (selenious acid and cadmium sulfate)
decreases during electrolysis, the quantity of small
(2-10 nm) nanoparticles extracted from the solution
decreases too. It is known that CdSe crystals dissolve
quickly in a HNOj; 4+ HCl mixture to form starting
reagents CdCl, and H,SeO; [12]. Thus, the electrosyn-
thesis of CdSe in electrolytes based on a nitric acid-
hydrochloric acid mixture with simultaneous extraction
of ultrafine nanoparticles into xylene may be a promising
way of preparing concentrated colloidal solutions of
such nanoparticles since the amount of extracted small
nanoparticles increases by factor of ten compared to
using electrolyte based on the sulfuric acid. The col-
loidal solutions obtained with high percentage of ultra-
fine CdSe nanoparticles in xylene were used for
incorporation into a liquid—crystalline matrix. As known
the liquid—crystalline melts of metal alkanoates such as
cadmium caprylate can be supercooled that leads to the
subsequent formation of an anisotropic glass at the room
temperature [13]. By melting and subsequently cooling a
mixture of cadmium caprylate with CdSe nanoparticles,
an optically transparent glassy material has been
obtained. It is a new perspective material for many
applications including laser and sensors of near-ultravi-
olet and blue visible spectral range. It has been found
that the thermo-optical nonlinearity of cadmium capry-
late composites containing CdSe nanocrystals are char-
acterized by extremely large value of the nonlinear
refractive index under relatively low-powered CW laser
irradiation [14]. Large optical nonlinearity parameters
and fast response times, together with the excellent
photoand thermo-stability of nanocomposites make them
extremely promising for optical processing applications.
The aim of this research was to create optical glassy
composites with CdSe nanoparticles, which are prepared
by the electrosynthesis of colloidal solutions with high
percentage of ultrafine (2-5 nm) CdSe nanoparticles in
xylene and are incorporated into a liquid—crystalline
cadmium caprylate matrix.
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Experimental method

The electrosynthesis of CdSe nanoparticles was carried out
from acid solutions of analytically pure CdCl, and H,SeO3
in two-electrode mode using a graphite anode and a tita-
nium cathode. The cathode current density of electrosyn-
thesis (~200 mA/cmz) was controlled with an EP-21
potentiostat, the temperature (95 °C) was maintained with
a Ul thermostat. To extract simultaneously CdSe
nanoparticles during electrosynthesis, the cell was filled
with xylene (Labscan) to 1/4 of the electrolyte volume
(Fig. 1). To prepare a concentrated colloidal solution of
CdSe nanoparticles in xylene (0.3 mol/L), 5-h continuous
electrolysis of an electrolyte (2.26 mol/LL HNO3, 1 mol/
L HCI, 0.081 mol/L H,SeO3 and 0.084 mol/L CdCl,) with
200 mA/cm? current at 95 °C was used. The concentration
of nanoparticles was determined by gravimetric method
from the dry residue of evaporated colloidal solutions of
CdSe nanoparticles and after annealing at 500°.

The resulting colloidal solution was mixed with ther-
motropic liquid crystal of cadmium caprylate and heated at
150 °C. The boiling temperature of xylene (138 °C) is
within the temperature range of the mesophase existence of
cadmium caprylate (98-165 °C) [15]. Due to the evapo-
ration of xylene, the CdSe nanoparticles were uniformly
distributed throughout the volume of the mesophase of
cadmium caprylate, and on cooling this melt, a glassy
nanocomposite was formed. The structure of CdSe pow-
ders has been investigated by X-ray phase analysis on a
DRON-4 diffractometer, using CuKo radiation (wave-
length 1.5418 A). 20 measuring range: 10°-70° with a step
of 0.1. The powder has been obtained by the evaporation of
a colloidal solution of CdSe nanoparticles in xylene at
150 °C. Morphology of the nanocomposites has been
studied by transmission electron microscopy (TEM) with a
JEM 100 CX2 operating at 100 kV. Powder of cadmium
caprilate containing CdSe nanoparticles has been dissolved

electrolyte

P

Fig. 1 Cell for the electrosynthesis of CdSe nanoparticles and
simultaneous extraction in xylene
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in toluene which dissolved the matrix partially. Then drop
of solution was dried in air on copper—carbon mesh.

IR spectra were recorded on a Specord M80 IR Spec-
trophotometer using KBr pellets. The optical absorption
and photoluminescence of CdSe nanoparticles in xylene
and glassy mesophase of cadmium caprylate were studied
on Perkin Elmer UV-Vis Lambda 35 and Perkin Elmer LS
55 spectrophotometers.

Results and discussion

Electrochemical investigations of an electrolyte based on a
HNOj; + HCl mixture showed this electrolyte to have
promise in the preparation of colloidal solutions of small
(2-5 nm) CdSe nanoparticles. Using this electrolyte with a
surface layer of xylene under continuous electrolysis con-
ditions, one can obtain extracts of CdSe nanoparticles with
a content of 0.3 mol/L in xylene. The same colloidal
solutions were used to fabricate optical nanocomposites
based on thermotropic liquid—crystalline matrix. During
electrosynthesis without the use of anticoagulating agents,
CdSe nanoparticles as powder or dendrite-like deposits are
formed on the cathode. The presence of water-immiscible
xylene and vigorous hydrogen evolution result in the for-
mation of an electrolyte-xylene emulsion in the cathode
layer. In the layer of this emulsion, the synthesis and
simultaneous extraction of CdSe nanoparticles take place.
Being extracted into xylene, they do not yield anymore to
action of the acid medium in the electrolyte. Since xylene
is a nonpolar solvent, and coagulate very little, if at all. For
small nanoparticles, xylene is stabilizing additive, whereas
larger nanoparticles precipitate within some time after
extraction. This may be due to interaction between the -
bonds of xylene molecules and CdSe nanoparticles [16].
Owing to this interaction, small nanoparticles do not yield
to the action of gravitational force and do not precipitate,
whereas for larger nanoparticles, the interaction with the -
bonds of xylene molecules is insufficient to retain them.
The authors of Refs [17, 18] argue that the adsorption
activity of nanoparticles against hydrocarbon molecules
depends on their size and surface state. The surface activity
of small nanoparticles is higher at small volume and mass;
they interact with organic solvent molecules better than
larger nanoparticles [17, 18].

Since selenious acid is used as selenium source in the
formation of CdSe, it is expedient to find in what form
selenious acid is in the solution based on the HNOs—-HCI
mixture (pH =~ 1.5). Selenious acid is known to change its
ionic form depending on solution pH. Figure 2 shows plots
of the distribution of ionic forms of H,SeOj; against pH,
which were calculated by the procedure presented in [19]
for the first and second dissociation constants of selenious
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Fig. 2 Diagram of distribution of ionic forms H,SeOj3 as a function
of pH
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Fig. 3 Polarization curves at a temperature of 95 °C for solutions:
HNO; (2.26 mol/L) + HCl (1 mol/L) supporting electrolyte (/);
supporting electrolyte and H,SeO; (0.081 ml/L) (2); supporting
electrolyte, H,SeO; (0.081 ml/L) and CdCl, (0.084 mol/L) (3);
supporting electrolyte and CdCl , (0.084 mol/L) (4)

acid. Increase in pH value and H,SeO; concentration
increases its ability for dissociation into ions. As it is seen
from the diagram in Fig. 2, in acid electrolyte based on a
HNO5; 4+ HCl (2:1) mixture, molecule does not almost
dissociate at pH ~ 1, 5.

Voltammetric investigations of the CdSe formation pro-
cess showed (Fig. 3) that the curves 2 and 4 of cadmium and
selenium formation in supporting electrolyte based on a
HNOj3; + HCl mixture are at close potential values. The shift
of the curve 2 in Fig. 3 towards more negative values relative
to the curve 1, which is responsible for hydrogen evolution
from the supporting electrolyte, indicates inhibition of the
hydrogen evolution reaction on the reduction of selenious
acid. Since the shift of the curve 4 in Fig. 3 towards more
negative values relative to the curve 1 for the process of
electroreduction of Cd*" ions is still larger than for the for-
mation process (curve 3 in Fig. 3), we assume that the syn-
thesis of CdSe in this supporting electrolyte may take place
by an electrochemical-chemical mechanism.

In this acid electrolyte (pH = 1.5) the formation process
of CdSe nanoparticles in an acid medium can be described
by the following reactions [20]:

H,SeO; + 4H™ 4+ 6e = Se’” + 3H,0, (1)
Cd*" + Se’” = CdSe. (2)
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Increasing the electrolysis temperature contributes to the
rapid grown of small CdSe nanoparticles. Studies of the
effect of temperature on electrochemical processes of CdSe
(Fig. 4a) showed that an increase in current wave with
increase in temperature gradient up to 95 °C is observed,
i.e., temperature rise leads to an increase in the rate of
CdSe formation.

Figure 4b shows the dependence of the logarithm of cur-
rent on reciprocal temperature (1/7). The activation energy of
the CdSe nanoparticles electrosynthesis process has been
determined to be 35 kJ/mol. The activation energy of CdSe
nanoparticles formation in electrochemical synthesis coin-
cides with that in high-temperature chemical growth in
paraffin acid—oleic acid mixture [21]. Since the activation
energy of the electrosynthesis and chemical growth of CdSe
nanoparticles is the same (=35 kJ/mol) [21], it may be
assumed that the rate-determining step of the formation of
CdSe nanoparticles is the diffusion of the original reactants
H,SeO; and Cd*" to the cathode according to Egs. (1) and (2).
We have estimated the diffusion coefficient using cyclic
voltammetry and the Randles—Sevcic equation.

The cyclic voltammograms for different potential scan
in Fig. 5a showed that the electrochemical stage of CdSe
formation from this electrolyte is irreversible. As be seen,
the curves in Fig. 5a at different potential scan rate have
only one peak in the case of direct polarization. In the case
of reverse polarization, the dissolution peak of the elec-
trolysis products formed on the cathode is absent. This
indicates that either the electrolysis products dissolve
chemically or are removed mechanically from the electrode
surface. The aforesaid polarization studies showed that in
our case, both the former and latter take place.

Based on Fig. 5b it is safe to say, for the linear depen-
dence of the current maximum i, on the square root of
potential scan rate v*> that there are diffusion limitations
for the electrochemical stage of the process (Eq. 1) [22].
To describe the effect of potential scan rate on the current
density peak i, of current—potential curve, we use the
Randles—Sevcik equation [22]:

(a) 1
-25 95 °C
g 201 75°C
2 151
E 60 °C
= 10 40°C
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0 . . : . .
500 300 100 -100 -300 -500

E (mV)
Fig. 4 Polarization curves of CdSe formation from an electrolyte of

the composition: 2.26 mol/L HNO;, 1 mol/L. HCI, 0.081 mol/L H,.
SeO; and 0.084 mol/L CdCl, at different temperatures (a);
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i, = 0.4463nFAC(nFvD/RT)", (3)

where i, current maximum in amp, n number of electrons
transferred in the redox event (usually 1), A = electrode
area in cmz, F Faraday Constant in C mol_l, D diffusion
coefficient in cm2/s, C concentration in mol/cm3, v scan
rate in V/s, R universal gas constant.

Using this equation, one can determine the diffusion
coefficient D of selenious acid molecules. From the reac-
tions 1 and 2 it is evident that the electrochemical stage of
CdSe formation takes place through the reduction of selenious
acid to Se*~; it follows that by substituting the Faraday con-
stant, the concentration of H,SeO3; molecules
(c=84 x 1073 mol/cm3) for the 6-electron Se>~ formation
reaction 1 and the slope of the straight line in Fig. 5b into
Eq. (3), the diffusion coefficient can be found to be
2.1 x 1077 cm?/s. A comparison of diffusion coefficients of
H,SeO; (D ~ 5.75 x 107% cm?/s) in CdSe formation [23]
with our value D ~ 2.1 x 107’ cm?/s showed that in our
case, the presence of nitric acid increases by an order of
magnitude the diffusion limitations of CdSe electroformation.

It was found that CdSe nanoparticles powder is char-
acterized by the hexagonal cubic mixed crystal modifica-
tion using X-ray powder analysis [24]. Figure 6a shows
X-ray diffraction (XRD) pattern for two crystal CdSe
modifications. The amorphous XRD pattern exhibits char-
acteristic peaks centered at 26 values 23.5°, 56° and which
are correspond to hexagonal (wurtzite) and cubic modifi-
cations, respectively. The large broadening of the peaks
may be the result of the merging of the peaks of two
crystalline modifications. According to the Scherrer for-
mula, the broadening of the peaks can be up to 10° and
more at the size of nanoparticles of 2-5 nm. Accordingly,
several peaks may merge to form broad peaks. The proof of
this is an XRD diffractogram of CdSe after annealing at
500 °C (Fig. 6b). In this figure, the peaks of CdSe of cubic
and hexagonal modification can be clearly seen. In further
optical studies it was established that the size of nanopar-
ticles is 2-5 nm.
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for the process of CdSe nanoparticles formation on a titanium cathode
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Fig. 5 Cyclic voltammograms of CdSe electrosynthesis from an
electrolyte of the composition: 2.26 mol/L HNOs, 1 mol/L HCI,
0.081 mol/LL H,SeOs; and 0.084 mol/L CdCl, at 95°C (a);
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dependence of current on the square root of potential scan rate for
the process of CdSe nanoparticles formation on a titanium cathode (b)

Fig. 6 XRD diffractograms of (a) (b)
powder of CdSe nanoparticles
obtained by drying a xylene- 600 1 a 35
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Fig. 7 TEM image of the CdSe
nanoparticles in cadmium
caprylate matrix (a) and of
powder of CdSe nanoparticles

(b)

The colloidal solution of CdSe nanoparticles in xylene
was mixed with thermotropic liquid crystal of cadmium
caprylate at 150 °C. When all xylene was evaporated a
liquid crystalline melt was cooled, and a glassy
nanocomposite with CdSe nanoparticles was formed. The
TEM picture of CdSe nanoparticles shows the nanoparti-
cles with dimensions from 2 to 10 nm (Fig. 7a), i.e., these
particles coagulate not strongly in cadmium caprylate since
it dissolves partially in xylene and forms, as a surfactant, a
micellar solution with cadmium selenide nanoparticles,
hindering thereby their coagulation.

The nanoparticles without cadmium caprylate matrix
coagulate to form agglomerates of up to 20 nm size

26 (degrees)

(Fig. 7b). Figure 7b shows that the agglomerates consist
mainly of small nanoparticles of up to 5 nm size.

It is known that a mixed crystal structure is typical of
small CdSe nanoparticles [25]. Investigations of the optical
properties of nanoparticles with mixed structure showed
them to have narrow absorption peaks mainly at
350-450 nm and broad photoluminescence bands with
maximum at ~500-550 nm [25]. Figure 8 shows absorp-
tion and emission spectra of CdSe nanoparticles (~2 nm)
dissolved in xylene. It can be seen that they absorb light at
420 nm and emit bright green luminescence with maxi-
mum at 500 nm. When investigating the photolumines-
cence properties of small (2-5 nm) nanoparticles, the
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Fig. 8 Optical absorption (/) and photoluminescence (2) spectra of a
colloidal solution (~ 1072 mol/L) of CdSe nanoparticles in xylene.
The photoluminescence excitation wavelength is 400 nm

authors of the paper [26] found that when their structure
changes from cubic to mixed cubic/hexagonal one, the
luminescence peak broadens and shifts to the longer-wave
region. These optical properties are attributed to stacking
fault formation in nanoparticles of mixed cubic/hexagonal
structure [25].

A nanocomposite based on a liquid—crystalline cadmium
caprylate matrix and CdSe particles was investigated by the
methods of absorption spectroscopy and luminescence.
Figure 9 shows absorption and photoluminescence spectra
of thin (1-2 mm) films of liquid—crystalline cadmium
caprylate composite with 6 mol. % CdSe between two
quartz glass plates. The films absorb light heavily in the
UV region (300400 nm) and exhibit photoluminescence
properties in the visible region (450-550 nm).

As in the case (Fig. 8, curve 2), the emission spectrum
has a broad band at A = 500 nm, i.e., relates to the so-
called green luminescence [27]. The large half-width of the
peak is due to a set of nanoparticles in the range 2—5 nm.
The green emission maximum may also be assigned to the
so-called impurity luminescence of interstitial selenium,
i.e., to the recombination of donor level electrons with
holes captured to the acceptor level [28].

31 2 3 4
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3 11 1
£ o
0,5 A - 0,5
0 T T T T 0
250 350 450 550 650
A (nm)

Fig. 9 Optical absorption (/) and photoluminescence (2) spectra of
glassy mesophase of cadmium caprylate with CdSe nanoparticles
(6 mol%). The photoluminescence excitation wavelength is 400 nm
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In contrast to luminescence spectra, the absorption
maximum of the liquid—crystalline nanocomposite (Fig. 9,
curve 1) is shifted towards the UV light region. It is evi-
dence about that the CdSe nanoparticles into Xxylene
interact with the solvent forming of micellar structures
from its molecules. It is provable by the infrared spec-
troscopy of CdSe powders obtained by evaporation of the
colloidal solution of xylene.

An analysis of the chemical composition of powders of
colloidal CdSe nanoparticles by IR spectroscopy (Fig. 10)
showed the presence of vibrations at 612 and 410 cm ™!,
which corresponds to the Cd—Se bond [29-31]. Besides the
peaks at 612 and 410 cm™', which are typical of Cd—Se
bond, there are a C—H peak (2920 cm™') and a C=C peak
(1610 cm™") of the group [32, 33], indicating the adsorp-
tion of molecules of organic substances (xylene in our
case) on the CdSe surface [29-31]. The peak at 1260 cm ™!
is associated with the absorption of C=0O and C-C-O
groups as remnants of molecules of oxidized xylene
adsorbed on the surface of CdSe nanoparticles. The peaks
at 2406 and 3450 cm ™' correspond to contribution to the
absorption of CO, and H,O molecules in air and as con-
densed moisture on the sample surface [29, 32]. High
intensity of peaks which corresponded to C=0 and C-O-H
characteristic groups of carboxylic acids confirms the for-
mation of micellar structures of aromatic carboxylic acids
on the surface of CdSe nanoparticles. Comparison of the
two spectra of CdSe powder and p-toluic acid showed that
on the surface of CdSe nanoparticles are adsorbed mole-
cules of p-toluic acid. As can be seen from Fig. 10, the
spectrum of CdSe nanoparticles (1) exhibits traces of the
spectrum p-toluic acid (2). The vibrations of the aromatic
C=C group and O-H carboxyl group are particularly
intense (Fig. 10(1)).

According to [17] CdSe nanoparticles modified with
benzoic acid interact with xylene (toluene) from causing a
change of their optical properties. In our electrolyte, a
strong oxidizing medium was created in which impurities
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Fig. 10 IR spectrum of a CdSe powder obtained by drying a colloidal
solution of CdSe nanoparticles in xylene at 300 °C (/) and p-toluic
acid (2)
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of an aromatic carboxylic acid, isomers of the toluic acid
[34] and its radicals (toluic aldehyde and xylene
hydroperoxide) [35, 36] are formed due to the presence of
hydrochloric and nitric acids and the temperature of 95 °C.
Toluic acid as well as benzoic acid is a substance which
interacts with the surface of the nanoparticles via the car-
boxyl groups to form micellar structures. At that benzene
ring was obtained onto the micelle surface and interacts
with xylene. Since toluic acid has limited solubility in
water and high solubility in xylene then such micelle are
retained in xylene easier than in aqueous media. Similar
methods are used to extract silver nanoparticles into non—
polar organic solvents from aqueous phase [37]. Organic
carboxylic acids or their salts are used as interfacial carriers
and stabilizers simultaneously [38]. Thus, small nanopar-
ticles with light weight easily adsorbed from the aqueous
phase. The large (~20-100 nm) nanoparticles are formed
on the cathode for a longer time and are weakly retained in
xylene layer over the aqueous electrolyte surface and under
the influence of gravitational forces pass over gradually
back into the aqueous phase. It was noticed that after
15-min electrolysis with simultaneous extraction into
xylene and separation of xylene from the aqueous solution
with the acid of separating funnel, large CdSe nanoparticles
settle as a red sediment.

We assume that the electrosynthesis of CdSe using an
electrolyte with pH = 1.5 facilitates the formation of col-
loidal solutions of CdSe nanoparticles more than that of coarse
cathode deposits. The ultrafine CdSe nanoparticles (2-5 nm)
are quickly extracted by xylene; larger nanocrystals are dis-
solved by HNO3 + HCI mixture. As a result of this dissolu-
tion at 95 °C, reverse formation of H,SeO; and Cd>* ions
takes place by the action of HNO; [39] by the reactions:

3CdSe + 8HNO; = 3Cd(NOs),+ 3Se + 2NO
+ 4H,0, 4)

3Se + 4HNO; + H,0 = 3H,SeO; + 4NO. (5)

The small (2-5 nm) nanoparticles have no time to dis-
solve in acid electrolyte because they are quickly extracted
into the water-immiscibe xylene layer, which hinders their
contact with the acid medium. Therefore, the concentration
of CdSe nanoparticles extracted into xylene increases
greatly. For example, the concentration of the nanoparticles
extracted from an electrolyte based on sulfuric acid does
not exceed 0.03 mol/L, whereas the concentration of
nanoparticles extracted from an electrolyte based on nitric
acid-hydrochloric acid mixture is 0.3 mol/L after 5-h
electrolysis in both cases. High optical absorption indexes
(Fig. 10, curve 1) of liquid—crystalline nanocomposite thin
films base on cadmium caprylate with 6 mol% CdSe
nanoparticles (2-5 nm) also show that electrosynthesis is

promising technique for producing a liquid—crystalline
nanocomposite further. Investigations of similar liquid—
crystalline nanocomposites films obtained by template
synthesis [14] showed that in them due to the local heating
control laser light the refractive index of the smectic liquid
crystal are changed and the light output is redirected to
another area. Since solely localized areas of contact with
the laser radiation act in such films then the last may be
effectively used as high-speed (1.2 ms) matrices for optical
processing and transmission of optical signals.

Conclusions

It has been shown that colloidal solution of CdSe
nanoparticles (=~ 0.3 mol/L) in xylene can be obtained by
electrosynthesis from an acid electrolyte based on a
HNOj; + HCI (2:1) mixture using the method of extraction
into xylene. It has been found that the formation of CdSe
nanoparticles proceeds by a mixed -electrochemical—
chemical mechanism in an acid electrolyte based on an
HNO; + HCI1 (2:1) mixture. We assume that the small
nanoparticles remain in the dissolved form owing to
chemical interaction with xylene molecules, whereas the
large nanoparticles settle by gravity. An analysis of IR
spectra of powders of 2-5 nm CdSe nanoparticles from a
dried colloidal solution (at 300 °C) showed that besides the
peaks at 612 and 410 cm™! for the CdSe bonds, there are
C—H peaks (2928 cm ™) and peaks at 1260 cm ™' C=0 and
C—C-0O groups indicating on the adsorption of xylene and
oxidized xylene molecules on the CdSe surface. Due to the
presence of these groups on the surface of CdSe nanopar-
ticles, their extraction process may be performed by aro-
matic carboxylic acids toluic acid isomers. The carboxyl
groups of these acids bind to the surface of the CdSe
nanoparticles forming micellar structure, which promotes
their dissolution in xylene.

An X-ray phase analysis of powders of 2-5 nm CdSe
nanoparticles showed them have a mixed cubic/hexagonal
crystal structure. It has been found from measurements of
absorption and photoluminescence spectra that the CdSe
nanoparticles of this structure have a broad photolumines-
cence band (/. = 500 nm) at a narrow absorption peak
(Amax = 420 nm), which may be due to stacking fault for-
mation in nanoparticles of mixed cubic/hexagonal structure.
The incorporation of electrochemically synthesized CdSe
nanoparticles into a mesophase of cadmium caprylate from a
colloidal solution allows one to obtain an optical composite
with high percentage (6 mol%) of ultrafine CdSe nanopar-
ticles. Since solely localized areas of contact with the laser
radiation act in such films then the last may be effectively

’r @ Springer



296

J Nanostruct Chem (2016) 6:289-297

used as high-speed (1.2 ms) matrices for optical processing
and transmission of optical signals.

Open Access This article is distributed under the terms of the Creative

Commons

Attribution 4.0 International License (http:/creative
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