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ABSTRACT

ARTICLE HISTORY

Effect of sonication time on the synthesis of the CdS nanoparticles within the matrix obtained through the
covalent functionalization of multiwall carbon nanotube (MWCNT) with maleic anhydride (MA) – 1-octene
copolymer was investigated. Cadmium chloride and thiourea were used as the raw materials. MWCNTs
used for the matrix were synthesized by Catalytic Chemical Vapor Deposition using Fe-Co/Al2O3 as the
catalyst. The obtained nanostructures were characterized by FTIR, XRD, Raman spectroscopy, TEM, SEM, TG
and UV-Vis spectroscopy. Electrophysical properties of the polymer nanocomposites obtained using
different periods of time for sonication were comparably investigated. The average CdS particle diameter
was between 3.9–7.9 nm as conﬁrmed independently by TEM and XRD. UV-Vis spectroscopy revealed that
the obtained nanostructures are appropriate base materials for making optical devices.
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1. Introduction
In the past few decades semiconductor nanoparticles have received
considerable attention from the scientiﬁc community because they
exhibit interesting size effects and feature a wide range of potential
applications.[1,2] CdS is a semiconductor with a band gap of 2.4 eV
and it ﬁnds applications in the production of phosphors,[3,4] solar
cells,[5] sensors,[6] light emitting diodes,[7] photocatalyst materials[8]
and lasers.[9,10] The most productive CdS nanoparticle synthesis
methods are: sol-gel process,[11] gamma-irradiation method,[12]
electrochemical method,[13] hydrothermal or solvothermal
method,[14–16] microemulsion,[17] microwave,[18] thermal evaporation[19] and the ultrasonic method.[20]
In comparison to other methods, the preparation of nanoparticles with ultrasound is easy and more effective under mild
conditions.[21–24] Extreme and transient local conditions are
caused by acoustic cavitation during the irradiation of solutions
with ultrasound,[25] Temperatures of thousands of Kelvin and
pressures of several GPa can occur and this results in the formation of nanosized inorganic seeds[26–28] and enables the subsequent crystallization of the particles.[29,30]
Polymer grafted multiwall carbon nanotubes (MWCNTs) are
the most appropriate matrix for CdS nanocrystal synthesis.[31–33]
The MWCNTs used as reinforcement consist of layers of hexagonal graphene sheets rolled into seamless cylinders forming coaxial
layers.[34] There are several synthesis methods of MWCNTs like
Catalytic Chemical Vapor Deposition (CCVD),[35–37] laser
ablation[36,38–40] and arc discharge[36,39–41] methods.
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Their tendency to form entangled stacks generally makes
MWCNTs unsuitable for manufacturing advanced plastic
materials. However, grafting MWCNTs with maleic anhydride
– 1-octene copolymer via the “grafting from” approach gives us
the opportunity to overcome this problem and to develop a
new matrix for nanofabrication. Therefore, the “grafting from”
approach was used as the functionalization method in this
work. The polymer is bound to the MWCNT surface either by
the in situ polymerization of monomers or the continuation of
polymerization in the presence of reactive MWCNTs or
MWCNT-supported initiators. Polymer-CNT nanocomposites
can be prepared with high grafting density[42] by this process.
CdS nanoparticles are formed in a subsequent step when the
nanocomposite matrix containing the CdS precursors is
exposed to ultrasonic irradiation.
The novelty of this work is the use of the MWCNT – MA –
1-octene matrix obtained via the “grafting from” approach for
the synthesis of CdS nanocrystals during ultrasonic cavitation
to prepare a polymer nanocomposite and to investigate the
effect of sonication time on the synthesis of the nanocomposites. The resulting polymer nanocomposite was characterized
by FTIR, XRD, Raman and UV-vis spectroscopy, TEM, SEM
and TG. Moreover, the electrophysical properties of the polymer nanocomposites were comparably investigated. These
techniques proved the completion of the synthesis and provided insight on certain mechanistic details of the method. The
obtained advanced nanocomposite material can be used e.g. as
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a precursor in the manufacturing of advanced plastic composite
materials with electrical properties.

2. Materials and methods
2.1. Synthesis, puriﬁcation and oxidation of MWCNTs
MWCNTs were synthesized by the CCVD method. The
experimental set-up used for this process consists of a Lenton LTF 14/75/610 type horizontal furnace, a ﬁxed bed
quartz tube reactor (diameter: 6 cm, length: 95 cm) and a
gas delivery system. The catalyst precursor was prepared by
mixing Al(OH)3 (8.92 £ 10¡3 mol), Fe(NO3)3 x 9 H2O
(4.48 £ 10¡4 mol) and Co(NO3)2 x 6 H2O (4.24 £ 10¡4
mol) and ethanol as solvent under ultrasonic agitation and
then drying the powder in vacuum. The active form of the
catalyst was formed in situ in the high temperature reducing atmosphere of the reactor. All chemicals used in this
work were of analytical reagent grade.
MWCNTs were grown on 1 g alumina supported Fe-Co catalyst from acetylene (purity: 3.0 [> D 99.9%], ﬂow rate D
30 ml/min). Nitrogen (ﬂow rate D 300 ml/min) was used as the
inert make up gas. The process lasted for 2 hours at 650  C.
The carbon nanotube yield contained approximately 2.8 wt%
catalyst according to elemental analysis results. Remnant catalyst particles were removed by a combined acid-base puriﬁcation protocol. The as-synthesized MWCNTs were mixed with
concentrated HCl (36%) solution and the mixture was boiled
under reﬂux and continuous stirring for 16 hours. Then the
nanotubes were ﬁltered, washed to pH 7 with deionized water,
boiled under reﬂux and stirring again for 16 hours in 10 M
NaOH solution and ﬁnally washed to pH 7 and dried in air.
In order to decorate the surface of the MWCNTs with
-COOH functional groups they were subjected to 0.01 M aqueous KMnO4 solution at 80 C for 3 hours while stirring on a
magnetic stirrer. Oxigen bubble formation observed throughout the process conﬁrmed the progress of the reaction. The end
product of the oxidation was a mixture of MWCNTs exhibiting
different oxygen-containing functionalities (carboxyl, hydroxyl,
aldehyde, anhydride) dominated by -COOH.
2.2. Synthesis of the maleic anhydride – 1-octene
copolymer
The maleic anhydride – 1-octene copolymer was synthesized
via free radical terpolymerization in butyl acetate solution in
the presence of AIBN as an initiator. The maleic anhydride
(MA) was puriﬁed before use by recrystallization from benzene
and by sublimation under vacuum. 1-octene (OC) (b.p. 122 C)
and butyl acetate (BA) (b.p. 127 C) were distilled freshly before
use. Azobisisobutyronitrile (AIBN) was puriﬁed by recrystallization from ethanol.
9.8 g of MA (0.1 mol), 7.85 ml of OC (0.05 mol), and 0.2 g of
AIBN were thoroughly dissolved in 50 ml of BA, poured into
an ampule and sealed off. This ampule was immersed in a glycerin bath and the temperature was raised to 80  C. Heating was
maintained for 4 hours, then the copolymer was precipitated
from the solution with isopropyl alcohol, washed several times
and dried in vacuum.

2.3. Grafting of the maleic anhydride – 1-octene
copolymer from oxidized MWCNT
1 g maleic anhydride – 1 octene copolymer was dissolved in
25 ml N,N–dimethylformamide (DMF) to form a polymer
solution at room temperature. 0.35 g AIBN and 1.75 g oxidized
MWCNTs were added to this polymer solution in a beaker and
the mixture was diluted with DMF to 50 ml. The mixture was
then sonicated at 23 kHz using a sonics vibro cell equipment
operating at 80  C. The sonication process was allowed to run
for 3 hours. A black disperse mixture was obtained as a result
of this “grafting from” process.
2.4. Synthesis of CdS nanoparticles within the MWCNT –
MA – 1-octene matrix
0.48 g of CdCl2 x 2.5 H2O (2.1 £ 10¡3 mol) and 0.76 g of thiourea (0.01 mol) were added to the MWCNT – MA – 1-octene
nanostructure and sonicated under the same conditions for
three different time periods like 2 hours, 4 hours and 6 hours
to obtain three different mixture. The resulting mixtures was
precipitated, washed with deionized water, ﬁltered with
0.2 mkm polycarbonate membrane and dried.
2.5. Characterization
Transmission Electron Microscopy (TEM) images were taken
on a FEI TECNAI G2 20 X–TWIN Transmission Electron
Microscope at 200 kV. TEM specimens were prepared by dripping the droplets of sonicated sample solutions onto carbon
coated copper grids. Scanning Electron Microscopy (SEM)
images were taken on a Hitachi S-4700 SEM device at 10 kV
accelerating voltage. Powder XRD patterns were recorded on a
Rigaku MiniFlex Desktop
X–ray diffractometer using CuKa

radiation (1.5418 A). FTIR spectra of the samples ground in
KBr pellet were recorded on a BRUKER Vertex 70 IR spectrometer. Raman investigations were done using a Thermo Scientiﬁc DXR Raman Microscope operating with 532 nm,
10 mW laser excitation. Liquid phase UV-vis spectra were measured on a SPECORD 250 PLUS UV-vis spectrometer. Thermal
characterization was carried out by Derivatograph Netzsch
STA449F3 device at a heating rate of 10 C/min, in the temperature interval 30 C–800  C, under an Argon ﬂow of 50 ml/min,
using Corundum crucibles.

3. Results and discussion
FTIR spectra of pristine-MWCNT (a), oxidized-MWCNT (b),
MWCNT – MA – 1-octene (c), MWCNT – MA – 1-octene/
CdS(2 h) (d), MWCNT – MA – 1-octene/CdS(4 h) (e) and
MWCNT – MA – 1-octene/CdS(6 h) (f) samples are shown in
Figure 1. The aromatic CDC stretching peaks at 1539 cm¡1,
1541 cm¡1 and 1558 cm¡1 as well as C-C vibrations at
1456 cm¡1 and 1506 cm¡1 characterize the pristine
MWCNTs.[43–45] The same peaks can be observed in the spectrum of oxidized MWCNT (Figure 1b) sample, however, the
decreased intensities of the CDC peaks at 1539 cm¡1,
1541 cm¡1 and 1558 cm¡1 indicate defect formation via oxidation. Oxidation is also conﬁrmed by the appearance of the
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Figure 1. FTIR spectra for pristine-MWCNT (a), oxidized-MWCNT (b), MWCNT – MA
– 1-octene (c), MWCNT – MA – 1-octene/CdS(2 h) (d), MWCNT – MA – 1-octene/
CdS(4 h) (e) and MWCNT – MA – 1-octene/CdS(6 h) (f) samples.

CDO (at 1635 cm¡1 and 1697 cm¡1) and C-O (at 1163 cm¡1
and 1295 cm¡1) bands. The broad band with a maximum at
3381 cm¡1 can be assigned as the O-H stretching peak of the
carboxylic group formed by the oxidative treatment.[46] The
spectrum changes considerably upon polymer addition.
As the polymer is added to the system, the spectrum changes
(Figure 1c) and the C-H stretching region becomes dominated
by contributions from the polymer at 2851 cm¡1, 2919 cm¡1
and 2939 cm¡1. The double peaks of maleic anhydride at
1649 cm¡1 and 1712 cm¡1 (Figure 1c) shift to 1641 cm¡1 and
1706 cm¡1, respectively (Figure 1d), upon the formation of
CdS nanoparticles. Moreover, peaks at 1433 cm¡1 and
1446 cm¡1 assigned to maleic acid also appear after the CdS
synthesis (Figure 1d) as a result of maleic anhydride transformation. The intensity of the carboxylic -OH stretching peak
(3440 cm¡1) increases as this transformation generates excess
carboxylic groups.[47] The same peaks can be seen in the other
spectra of CdS (Figure 1e,f). The peaks for Cd-S deformation
are observed at 661 cm¡1 and 719 cm¡1 (Figure 1d-f).[48] All
this evidence indicates that the maleic anhydride to maleic acid
transformation plays a key role in the formation and immobilization of the CdS nanoparticles in the matrix.
Figure 2 shows the X-ray diffraction patterns of the pristineMWCNT (a), oxidized-MWCNT (b), MWCNT-MA-Octene1
(c), MWCNT – MA – 1-octene/CdS(2 h) (d), MWCNT – MA
– 1-octene/CdS(4 h) (e) and MWCNT – MA – 1-octene/CdS
(6 h) (f) samples. The peaks at 26.34 , 44.82 and 77.58 can be
assigned to reﬂections from the (002), (101) and (110) crystallographic planes of multiwall carbon nanotubes, respectively
(PDF no.: 00-001-0640). The interplanar d spacing for these
planes was calculated as 0.338(3), 0.202(21) and 0.123(05)
respectively which is in good agreement with the standart d
spacings (0.338, 0.202 and 0.123) of carbon in PDF no.: 00001-0640 powder diffraction ﬁle. These peaks are observable in
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Figure 2. XRD patterns of the pristine-MWCNT (a), oxidized-MWCNT (b), MWCNT –
MA – 1-octene (c), MWCNT – MA – 1-octene/CdS(2 h) (d), MWCNT – MA – 1octene/CdS(4 h) (e) and MWCNT – MA – 1-octene/CdS(6 h) (f) samples.

the patterns of the other samples as well. However, slight differences in peak widths and intensities indicate that the oxidation
and functionalization processes have affected the ordering of
the graphitic layers to some extent. Peaks at 24.70 , 26.48 ,
28.02 , 43.54 , 47.78 and 51.78 in Figure 2d-f can be assigned
to the (100), (002), (101), (110), (103) and (112) reﬂections of
hexagonal CdS (JPDS no.: 6–314).
The average coherence length (Lc) or mean crystallite size
along the c-axis (the crystallographic c-axis is the one perpendicular to the long axis of the MWCNTs) was estimated with
Scherrer’s formula using (002) Bragg peak[49]:
Lhkl D ð0:9 £ λÞ 6 ðb £ cosuÞ
where λ is the X-ray wavelength, u is the scattering angle and b
is the peak full width at half maximum in radians. The values
for Lc give the average stacking height of graphitic planes in the
MWCNT walls. The results were 10.5 nm (MWCNT), 6.2 nm
(oxidized-MWCNT) and 8.3 nm (MWCNT – MA –1-octene).
It can be seen from the results that the value of Lc decreases
from pristine MWCNT to oxidized MWCNT. The reason
behind this is that oxidation by KMnO4 results in the partial
loss of the outermost graphitic layers and the introduction of
defects, which reduce the symmetry of the plane. Binding the
MA – 1-octene copolymer to the defected regions increases the
Lc value. This happens because the polymer layers cover the
surface of the MWCNTs and restore the smoothness and
orderliness on the surface to some extent by securing exfoliated
wall parts back to their previous positions. The formation of
the CdS nanocrystals reduces the order and therefore, the Lc
value decreases again. The mean diameters of CdS nanoparticles obtained with 2 hours, 4 hours and 6 hours of cavitation
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were calculated with Scherrer’s formula using (100) and (101)
peaks and the results were as 7.9 nm, 4.2 nm and 3.9 nm,
respectively. The sonication time affects the size of the obtained
CdS nanoparticles. Thus, with increasing of the time period we
can easily reduce the size of the nanoparticles to some extent.
Raman spectra of pristine MWCNT (a), oxidized-MWCNT
(b), MWCNT – MA – 1-octene (c) MWCNT – MA – 1-octene/
CdS(2 h) (d), MWCNT – MA – 1-octene/CdS(4 h) (e) and
MWCNT – MA – 1-octene/CdS(6 h) (f) samples are depicted
in Figure 3. The Raman spectrum of MWCNTs features three
major peaks: the D band, G band and G’ band.[50] The D band
is a disorder induced peak at »1342 cm¡1 corresponding to
phonon scattering from sp3 defects in the nanotubes as well as
in amorphous carbon. The G band (»1574 cm¡1) is the result
of the ordered high-frequency in-plane stretching of the C-C
bonds. The G’ band (»2684 cm¡1) is the result of a double resonance process. This band does not require an elastic defectrelated scattering process and is observable for defect-free sp2
carbons as well. The ratio between the intensities of D and G
bands (ID/IG) is proportional to the extent of defect concentration. Therefore, it can be used to quantify the extent of oxidation and functionalization. ID/IG ratios for pristine MWCNT,
oxidized MWCNT, MWCNT – MA – 1-octene, MWCNT –
MA – 1-octene /CdS(2 h), MWCNT – MA – 1-octene /CdS
(4 h) and MWCNT – MA – 1-octene /CdS(6 h) are 0.87, 0.95,
0.94, 0.92, 0.93 and 0.94 respectively. These values suggest that
while oxidation has increased the number of sidewall defects in
the MWCNTs to some extent, the subsequent grafting and CdS
deposition steps did not alter the sp3/sp2 carbon ratio of the
oxidized nanotube wall structure any further.
Figure 4 shows the TEM images of pristine MWCNT (a), oxidized-MWCNT (b), MWCNT – MA – 1-octene (c), MWCNT –
MA – 1-octene /CdS(2 h) (d), MWCNT – MA – 1-octene /CdS
(4 h) (e) and MWCNT – MA – 1-octene /CdS(6 h) (f) samples. It
can be seen from the Figure 4a that, the average diameter of the
pristine nanotubes is 16.5 § 2.5 nm. After the puriﬁcation and

Figure 3. Raman spectra of the pristine MWCNT (a), oxidized-MWCNT (b), MWCNT
– MA – 1-octene (c), MWCNT – MA – 1-octene /CdS(2 h) (d), MWCNT – MA – 1octene/CdS(4 h) (e) and MWCNT – MA – 1-octene/CdS(6 h) (f) samples.

Figure 4. TEM images of the pristine MWCNT (a), oxidized-MWCNT (b), MWCNT –
MA – 1-octene (c), MWCNT – MA – 1-octene /CdS(2 h) (d), MWCNT – MA – 1octene /CdS(4 h) (e) and MWCNT – MA – 1-octene /CdS(6 h) (f) samples.

oxidation processes (Figure 4b) the exfoliation of the outer layers of
the MWCNTs changes the apparent diameter of the tubes to
19.8 § 1.7 nm. Figure 4c offers a view of the grafted polymer as
shadows covering the intertubular space and the same phenomenon is also visible in Figure 4d-f. The average thickness of the
copolymer cover layer is 22.3 § 2.9 nm. Moreover, in Figure 4d
CdS nanocrystals of 8.17 § 0.3 nm average diameter can be seen
embedded in the polymer cover. These nanocrystals feature a very
narrow size distribution and they are uniformly dispersed in the
polymer layer. This uniformity conﬁrms that the CdS nanocrystals
are mostly formed at the functionalities offered by the polymer
macromolecules, whereas the functional groups of the carbon
nanotubes play only a minor (if any) role in the nanocrystal synthesis. The embedded CdS nanoparticles with a narrow size distribution can also be observed in the TEM images for the other
nanocomposites (Figure 4e,f). As it can be seen from the images,
the average diameters of CdS nanoparticles in the MWCNT – MA
– 1-octene /CdS(2 h), MWCNT – MA – 1-octene /CdS(4 h) and
MWCNT – MA – 1-octene /CdS(6 h) nanocomposites are 8.17 §
0.3 nm, 4.93 § 0.4 nm and 4.17 § 0.3 nm, respectively. The
decrease in average diameters is the result of the sonication process.
With increasing of the sonication time we achieve rather smaller
nanoparticles.
Characteristic SEM micrographs of pristine MWCNT (a),
oxidized-MWCNT (b), MWCNT – MA – 1-octene (c),
MWCNT – MA – 1-octene /CdS(2 h) (d), MWCNT – MA – 1-
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Figure 5. SEM images of the pristine MWCNT (a), oxidized-MWCNT (b), MWCNT – MA – 1-octene (c), MWCNT – MA – 1-octene /CdS(2 h) (d), MWCNT – MA – 1-octene
/CdS(4 h) (e) and MWCNT – MA – 1-octene /CdS(6 h) (f) samples.

octene /CdS(4 h) (e) and MWCNT – MA – 1-octene /CdS(6 h)
(f) samples are depicted in Figure 5. The unmodiﬁed, smooth
surface of pristine MWCNTs visible in Figure 5a conﬁrms the
TEM-derived diameter estimation. In contrast, the surface of
the oxidized MWCNTs looks rough because of the defected
regions created by oxidation (Figure 5b). The polymer coating
of the tubes can be observed in Figures 5c-f. The MA – 1-octene
copolymer macromolecules were attached to the defect-activated regions of the MWCNTs by the “grafting from” method

and cover the whole nanotube surface. This surface polymer
layer prevents MWCNT entanglement and makes the material
soluble in hydrophilic solvents. The CdS-containing nanocomposites exhibit the same morphologies as the polymer-grafted
nanotubes. SEM imaging does not allow the direct observation
of the CdS nanoparticles in Figure 5d-f even though their presence was conﬁrmed by TEM (Figure 4d-f).
The optical properties and the band gap of the synthesized
materials were characterized by UV-vis spectroscopy. Figure 6

Figure 6. UV-vis absorbance spectra (A) and dependence of [F(R)hn]1/2 on hn (B) for pristine MWCNT (1), oxidized MWCNT (2), MWCNT – MA – 1-octene/CdS(2 h) (3),
MWCNT – MA – 1-octene/CdS(4 h) (4) and MWCNT – MA – 1-octene/CdS(6 h) (5) samples.
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shows the absorbance spectra (A) and dependence of [F(R)
hn]1/2 on hn (B) for pristine MWCNT (1), oxidized MWCNT
(2), MWCNT – MA – 1-octene/CdS(2 h) (3), MWCNT – MA
– 1-octene/CdS(4 h) (4) and MWCNT – MA – 1-octene/CdS
(6 h) (5) samples. The absorbance intensities of the samples
uniformly decrease with increasing of the wavelength. The
peak observed at the 273 nm in the absorbance spectrum of the
oxidized MWCNT in the result of the plasmonic effect.[51,52]
The Kubelka-Munk approach is applied in order to characterize the optical properties using the result from optical reﬂectance. The Kubelka-Munk equation is expressed as follows[53]:
FðRÞ D ð1 ¡ RÞ2 6 2R D k 6 s
where R is the absolute reﬂectance, k is the molar absorption
coefﬁcient and s is the scattering coefﬁcient. The band gap
energies (Eg) of the samples can be calculated with plotting the
dependence of [F(R)hn]1/2 on hn and extrapolating the linear
parts of the curves to the abscissa energy axis.
UV-vis spectra were recorded in the 190–1100 nm range
and the band gap for MWCNT – MA – 1-octene/CdS(2 h),
MWCNT – MA – 1-octene/CdS(4 h) and MWCNT – MA – 1octene/CdS(6 h) samples obtained from the dependence of the
[F(R)hn]1/2 on hn were 3.94 eV, 4.1 eV and 4.35 eV, respectively. These results are higher than that of bulk CdS (2.42 eV)
and show the blue shifting due to the crystalline size.[54,55]
These rather broad band gap values suggest that the nanocomposites could ﬁnd applications in optical devices such as optical
insulators and optical harvesting parts of photovoltaic devices.
The average diameters of the CdS nanocrystals in MWCNT
– MA – 1-octene/CdS(2 h), MWCNT – MA – 1-octene/CdS
(4 h) and MWCNT – MA – 1-octene/CdS(6 h) nanocomposites
were calculated as 6.2 nm, 5.9 nm and 5.5 nm respectively.
These results show that the sonication time affects the size of
the obtained CdS nanoparticles. Thus, with increasing of the
sonication time we can easily reduce the size of the nanoparticles. These results correspond with the results obtained from
the other methods.
Figure 7 shows the TG curves (A) and dependence of residual
mass on the sonication time (B) for MWCNT – MA – 1-octene/
CdS(2 h) (a), MWCNT – MA – 1-octene/CdS(4 h) (b) and
MWCNT – MA – 1-octene/CdS(6 h) (c) samples. The residual
masses for MWCNT – MA – 1-octene/CdS(2 h), MWCNT –

Figure 8. Dependence of resistance of the pristine-PVA (a), PVA/MWCNT – MA – 1octene/CdS(2h) (b), PVA/MWCNT – MA – 1-octene/CdS(4h) (c) and PVA/MWCNT –
MA – 1-octene/CdS(6h) (d) samples on the logarithmic frequency.

MA – 1-octene/CdS(4 h) and MWCNT – MA – 1-octene/CdS
(6 h) samples deﬁned from the TG curves were 28.26%, 39.05%
and 42.41%, respectively. It is clear that the residual mass
increases with increasing of the sonication time. The reason is
that, the amount of the CdS nanoparticles increases with the
increasing of the sonication time. Since the increasing of the sonication time reduces the size of nanoparticles, the spatial hindrances in formation of excess amount of nanoparticles are
removed. Thus, the high amount of the lower size nanoparticles
is formed during the process. Moreover, the macromolecules of
the copolymer grafted to the surface of the MWCNTs are
destroyed with increasing of the sonication time and the polymer
content in the MWCNT – MA – 1-octene/CdS nanocomposite
decreases which results in high residual mass. There are 2–3 clear
mass losses in the TG curves of the samples which are the result
of desorption of atmospheric components and degradation of
the grafted copolymer macromolecules in the nanocomposite.
The electrical properties of the obtained nanocomposites
were investigated by Immittance meter MNIPI E7-20 device
under alternating electric ﬁeld, in 200 Hz-1 MHz frequency
diapason. The specimens were prepared by mixing of MWCNT
based nanocomposites with the aqueous polyvinyl alcohol solution and formation of thin ﬁlms of this mixture at room temperatures. The specimens were placed between two electrodes
in “sandwich” manner. The both sides of the thin ﬁlms were
provided by adhesive copper tape contact materials to ensure
proper contact between electrodes and thin ﬁlm. The thicknesses of the thin ﬁlms were deﬁned by the mechanical
micrometer. The electrical capacitances and resistances of the
specimens were measured under different frequencies. The following equations were used to characterize the real and imaginary parts of permittivity[56]:
e 0 D Cd 6 e S e00 D d 6 R e Sv

Figure 7. TG curves (A) and dependence of residual mass on the sonication time
(B) for MWCNT – MA – 1-octene/CdS(2 h) (a), MWCNT – MA – 1-octene/CdS(4 h)
(b) and MWCNT – MA – 1-octene/CdS(6 h) (c) samples.

where, e’ is the real part of the permittivity, e” is the imaginary
part of the permittivity, e0 is the dielectric constant in vacuum
(8.854 £ 10¡12 F/m), d is the thickness of the thin ﬁlm, S is the
area of the electrodes, C is the parallel plate capacitance, R is
resistance, v is frequency.
Figure 8 and Figure 9 show that the embedded semiconductor nanoparticles within the polymer matrix change the electrical properties of the system. The reason is the change of the
concentration of polymer macromolecules in the polymer
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Figure 9. Dependences of the real part (1) and the imaginary part (2) of permittivity of the pristine-PVA (a), PVA/MWCNT – MA – 1-octene/CdS(2h) (b), PVA/MWCNT – MA
– 1-octene/CdS(4h) (c) and PVA/MWCNT – MA – 1-octene/CdS(6h) (d) samples on the logarithmic frequency.

nanocomposite system due to the insertion of the nanoparticles
into the polymer matrix. Moreover, since the nanocomposites
are the two-phase systems, an interaction between nanoparticles and polymer matrix can increase the polarization of the
system under the external electrical ﬁeld and that can increase
the dielectrical permittivity.
It was deﬁned that, in all investigated specimens the electrical capacitances and resistances are inversely proportional to
frequency. Thus, the electrical conductivity increases with
increasing of the frequency. Since, the addition of the obtained
nanostructures to the non-conductive polymer makes them
conductive or semiconductive nanocomposites, the obtained
nanostructures can be used as the additives for preparation of
various conductive or semiconductive nanocomposites.

4. Conclusion
Different periods of time for sonication were applied in order to
synthesize CdS nanoparticles within the matrix obtained by the
functionalization of the multiwall carbon nanotubes with maleic
anhydride – 1-octene copolymer through “grafting from”
approach. The used MWCNTs were synthesized by CCVD from
acetylene over an Fe,Co/Al2O3 catalyst and oxidized in KMnO4
solution to create oxygen-containing surface functional groups
and defected regions on the nanotube walls to make them available for grafting with polymer. The synthesized nanocomposites
were characterized by FTIR, Raman and UV-vis spectroscopy as
well as by XRD, TEM, SEM and TG. The results conﬁrmed the
success of the functionalization and grafting reactions and
revealed a highly uniform CdS nanoparticle distribution both in
terms of particle diameter and in spatial distribution within the
polymer coating. Futhermore, the effect of the sonication time
on the efﬁciency of the synthesis process, size distribution and
properties of the CdS nanoparticles was deﬁned. Also the electrical properties of the obtained nanocomposites were investigated.
It was revealed that, the obtained nanocomposites feature a band
gap well in the UV region even when CdS nanoparticles are
present. Potential applications for these nanocomposite materials
are likely to be found in the optical device industry or in the
manufacturing of smart semiconductors.
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