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Abstract Highly monodispersed CdS nanoparticles using
polyvinyl pyrrolidone (PVP) as the capping agent were
synthesised by chemical coprecipitation method. The
surface-modified cadmium sulfide nanoparticles were
found to be remarkably stable. In the presence of PVP,
cubic phase with small grain size of CdS were observed in
XRD. The peaks were identified to originate from (111),
(220) and (311) planes of CdS, respectively. The crystallite
size of the synthesised CdS nanoparticles was about 3 nm
calculated from the (111) plane of XRD pattern and it was
also confirmed through HRTEM. Morphology and
elemental mapping of the synthesised nanoparticles were
studied by SEM and EDX analyses. Increase in the band
gap with decrease in the particle size was observed from
the reflectance mode UV spectrum, which confirms the
quantum confinement effect. From the photoluminescence
studies, enhanced near-band-edge blue light emission and
significantly reduced defect-related green emission were
observed. Longitudinal optical (LO) phonon modes,
corresponds to pure CdS were observed in Raman
spectrum.
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1. Introduction

Semiconductor nanocrystals have attracted impressive
attention because of their novel optical and electronic
properties. Direct and wide bandgap semiconductor
nanomaterials are potential candidates for applications in
nonlinear optics and optoelectronics [1]. Varying the size of
the particle changes the degree of confinement of the
electrons and affects the electronic structure of the solid, in
particular band edges, which are tunable with particle size.

Efficient luminescent quantum dots form an important
and interesting class of luminescent materials. Their
broad absorption spectrum and narrow emission band
would be tunable by changing their size. They have
demonstrated excellent optical properties and higher
photochemical stability than most organic emitters [2].
Most of the physical and chemical properties exhibited by
these nanoparticles are due to their crystallite size.
Further growth in the size is due to agglomeration of
these crystallites to form bulk particles. If this growth of
the particle is not controlled, then due to Ostwald
ripening and Vander Waals
particles, they get agglomerated [3-4]. This agglomeration
can be avoided by stabilizing them electrostatically at
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appropriate stages to achieve size selective synthesis
during precipitation reaction.

Due to its large surface to volume ratio, the atoms situated
near the surface regions play a major role in its electronic,
optical and thermodynamic properties. At the surface,
since the co-ordination number around the atoms is less
than that inside the bulk, there can be larger number of
defect states which acts as non-radiative pathways for the
excited electrons and become detrimental to the
luminescent properties of nanocrystalline phosphors [5].
Therefore, it is necessary to modify the nanoparticle
surface by using suitable capping agents so that the surface
caps will passivate the defect states and dangling bond
density. Covering the nanocrystal core surface with an
inorganic shell or organic ligand molecules can bring about
necessary passivation of vacancies, stabilization of the
colloidal suspension and also maintain the quantum
confinement effects by way of particle isolation. Several
methods have been used to improve the stability of
nanoparticles, such as changing of annealing temperature,
doping of semiconductor and surfaces capped by various
organic or inorganic layer etc. [6-8]. Among these methods,
polymer capping in a chemical method has been
developed to synthesize nanoparticles with highly surface
stability, and also has significant influence on the
morphology and optical properties of nanoparticles [9].
Various wet chemical methods have been developed for

the synthesis of sulphide nanoparticles [10-12].

As a direct band gap semiconductor with Eg of 2.42 eV at
room temperature, CdS nanostructural materials have
been prepared using various physical and chemical
solutions with a view of their commercial or potential
applications in light-emitting diodes, solar cell and
optoelectronic devices [13-14]. The size of the quantum
dots obtained by this method can be controlled by
capping the nanoparticles using (polyvinyl pyrrolidone)
PVP as a stabilizing agent. In this work, we have studied
the structural and optical properties of PVP capped CdS
quantum dots synthesized by the coprecipitation method.

2. Experimental techniques
2.1 Synthesis of PVP capped CdS nanoparticles

Starting materials for the synthesis of CdS nanoparticles
were cadmium acetate dihydrate, sodium sulphide and
poly-n-vinyl-2-pyrrolidone (PVP). All the reactants were
99.9% pure and used without purification. PVP was used
as the dispersant that adsorbs the single colloidal particle
to form a molecular folium to prevent the particle from
coalescing.

Aqueous solution (30 ml) of 0.35 M cadmium acetate and
0.35 M sodium sulphide was prepared separately with DI
water (resistivity 10'® mQ). Sodium sulphide solution was
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added dropwise to the aqueous cadmium acetate solution,
under stirring condition. After 5 minutes of stirring, 0.5 g of
PVP was added under vigorous stirring for 2 h at room
temperature. pH of the reaction mixture was adjusted to
~11 by dropwise addition of aqueous ammonia solution.
The mixed solution was then refluxed for 1 h at constant
temperature of 70°C. After cooling to room temperature
the obtained precipitate was ultrasonically treated for 20
minutes. The color of the solution appeared to be bright
yellow indicates the formation of cadmium sulphide. The
sample was then washed and filtered with DI water and
ethanol several times to remove the excess organic
residues. The collected sample was dried and stored in the
desiccator for further characterization. For comparison
pure CdS also synthesised without PVP capping in the
above same procedure.

2.2 Characterization of the CdS nanoparticles

X-ray diffraction pattern were recorded using
PANalytical X-ray diffractometer with CuKa radiation (A
=1.5406 A) in the range of 20°-60° (20) at a scanning rate
of 0.05°/min. Hitachi S-4800 HR-FESEM and EDX with an
acceleration voltage between 10 and 15 kV were used to
analyse the morphology, elemental analysis and mapping
of the synthesised nanoparticles. High
transmission electron microscope and SAED pattern were
performed at 200 keV using JEOL JEM 3010 with LaB6
filament. UV-reflectance studies were carried out using
CARY 5E UV-VIS Reflectance mode spectrophotometer.
FT-IR spectra were recorded by Perkin Elmer
Spectrometer. Photoluminescence spectra were recorded
Shimadzu-5301  spectrophotometer.
measurement were analysed with Horiba Jobin-Yvon
T64000 micro-Raman spectroscopy with Ar laser source
at a laser power of ~50 mW with the excitation
wavelength of 514.5 nm.

resolution

using Raman

3. Results and Discussion
3.1 Structural analysis

Powder X-ray diffraction of synthesised nanoparticles
(Fig.1) shows a perfect match with the cubic zinc blende
phase of CdS (JCPDS 10-454). The diffraction peaks of the
nanoparticles are considerably broadened due to the
small size of the crystallites. The peaks can be indexed as
(111), (220) and (311) which are characteristic peaks of
crystal planes for CdS cubic phase. It has been observed
that the surface capping with PVP molecule does not
have any effect in the crystal structure of CdS
nanoparticles. The crystallite size of the synthesised PVP
capped CdS nanoparticles was measured to be 2.36 nm
according to Scherrer formula from the (111) plane.
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Figure 1. XRD pattern of PVP capped CdS nanoparticles

The morphological images from the SEM in Fig.2 (a,b),
shown that the CdS NPs capped with PVP were in
spherical and unagglomerated. Previously Manoj Sharma
et.al stated that the hindering of agglomeration attain
with PVP as a surfactant molecule [15]. The EDAX
spectrum and elemental mapping in Fig. 3 shows that the
nanoparticles posses stoichiometric composition with
59.35 at% of cadmium and 40.65 at% of sulphur.

Fig.4 (a-c) shows the TEM images indicating that the PVP
capped CdS nanoparticles have monodispersed spherical
crystallites. By the statistical means on the HRTEM image
in the inset in Fig. 4c clearly revealed the synthesised CdS
nanoparticles have particle size of ~3 nm, which is
corroborated with the XRD results. The nanoparticles are
clearly well identified and no effective aggregation of bulk
particles is formed, indicating effective capping of PVP on
the nanoparticle surfaces. The reason for the appearance of
aggregates of CdS nanoparticles possibly is static attraction
of their surface groups. From the TEM images, it is
observed that PVP plays an important role in enhancing
the monodisperse property of CdS nanoparticles. In this
process PVP, lowers the surface energy of the
nanoparticles, and hence the PVP capped CdS
nanoparticles shows excellent monodispersive property
[16]. PVP can modify the Ostwald ripening kinetics in such
a way that the growth rate decreases with the size of the
CdS nanoparticles and effectively narrow the size
distribution [17]. Lattice fringe pattern and size of CdS
nanocrystallites are clearly reveal from the inset of Fig. 4(c).
The high-resolution image also (Fig. 4(d)) confirms the
synthesised particles are crystalline in nature.

Figure 2. High resolution FE-SEM images of PVP capped CdS
nanoparticles
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Figure 3. EDX and elemental mapping of PVP capped CdS
nanoparticles

3.2 Optical analysis

In order to determine the band gap of PVP capped CdS
nanoparticles, reflectance UV spectrum were recorded as
shown in Fig.5. The estimated band gap value for PVP
capped CdS is 2.61 eV corresponding to the absorption
edge at 475 nm. The inset in Fig.5 shows the UV-
reflectance spectrum of pure CdS with an absorption
edge at 510 nm synthesised without capping agent, which
is blue shifted compared with the absorption edge of the
bulk CdS (520 nm). Because the binding energy of the
exciton increases with decreasing size due to the
increasing overlap enforced by spatial
localization of the wave functions, as the shift in the band
gap with size dominates the spectral changes [12].

columbic

Figure 4. TEM and HRTEM (inset) micrographs of PVP capped
CdS nanocrystallites. The length bar of (a) and (b) is 50 nm and
for (c) is 20 nm. The scale of HRTEM in inset Fig. (c) is 2 nm and
in (d) is 5 nm.

This blue shift in the optical absorption edge indicates the
formation of CdS particles in the nanometer regime.
Similar results observed for CdSe nanoparticles in the
PVP-PVA matrix with blue shift in the absorption
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spectrum [18]. It has been reported that PVP not only
controls the particle size but also reduces the wider
distribution of the nanoparticles in the matrix.

Fig. 6 shows the FTIR spectrum of PVP capped CdS
nanoparticles. The broad absorption band centered at
3437 cm™ is attributed to O-H stretching mode of H2O
absorbed on the surface of the product. The most striking
evidence from FTIR spectrum of the PVP stabilized CdS
is the broad peak between 1250 and 1650 cm™ which
corresponds to C-N stretching motion and C=O stretching
motion of monomer for PVP, respectively [19-20]. The
narrow absorption peak centered at 1409 cm™ and 2876
cm! occurred in Fig. 6 is ascribed to the C-H bonding due
to the presence of PVP [21]. This may be due to the
formation of coordinate bond between the nitrogen atom
of the PVP and the Cd?* ions, similar to the previous
reports [22-23]. FTIR spectroscopy is well suited for
quantitative determination of sulfur oxygen anions in the
strong IR-absorbing aqueous medium. The relatively
intense S-O stretching absorption bands in the 750 to 1350
cm! region of the IR spectrum shows the presence of
Results of the FTIR
spectroscopy confirm that the surface of the synthesised
CdS nanoparticles is modified with PVP.

Sulfur-oxygen compounds.

Fig. 7 shows the photoluminescence spectrum of PVP
capped CdS nanoparticles. The first peak is assigned due
to the band gap transitions, while the second one is due
to sulfur vacancy in the CdS nanoparticles. At nanometric
sizes, quantum confinement effects come into play and
affect most notably the electronic properties [24].

PVP capped CdS
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Figure 5. DRS - UV spectrum of PVP capped CdS nanoparticles
(inset shows DRS - UV spectrum of pure CdS)

Therefore, the perceptible attention has been paid to
prevent the agglomeration of CdS particles in order to
improve their photoluminescence properties. A room
temperature photoluminescence measurement shows that
the sample emits a stable bluish light and broad
luminescence at 396 nm. This strong emission peak at 396
nm, assigned to the electron-hole recombination of CdS
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Figure 6. FTIR spectrum of PVP capped CdS nanoparticles

[25], while the other lower emission peak might be
assigned to the surface trap induced emission owing to
the PVP capping. The enhanced luminescence properties
of the capped CdS nanoparticles are due to the surface
modification by PVP molecule, with the effect of
minimizing surface defects and enhance the possibility of
electron-hole recombination as reported earlier [26]. This
result clearly justifies that the PVP as the capping agent
can significantly enhanced the PL intensity for CdS
nanoparticles.

The green luminescence peak position shifts to the red
from 504 nm (non-PVP capped sample) to 520 nm due to
PVP capping. These observations suggest that the green
emission originates mainly from the deep surface traps,
which can be removed via surface passivation by PVP.
The PVP-induced red shift of the green emission peak
may be explained by the inhomogeneity of the surface
traps, because the PVP molecules remove the shallower
surface traps more effectively, leaving behind the deeper
surface traps or inner defects. The ability of CdS
nanocrystallites to emit photoluminescence is enhanced
after nanocrystallites are stabilized using polyvinyl
pyrrolidone and maintaining high fluorescent intensity
compared to uncapped CdS nanocrystallites.

Raman spectra of the pure CdS and PVP capped CdS
nanoparticles excited at 514.5 nm are depicted in Fig.8.
The scattering peaks at 296, 596 and 893 cm! correspond
to first order (1-LO), second order (2-LO) and third order
(3-LO) lower frequency longitudinal-optical (LO) phonon
modes  of phase sulfide
respectively. Moreover, the relatively sharp and
symmetric profile [27] of the peaks of our sample
suggests that synthesised nanoparticles are highly
crystalline and relatively free of impurities. We observed
the LO peaks of PVP capped CdS nanoparticles shifted
towards lower frequency. With the reduction of size, the
phonon

zinc-blende cadmium

surface/volume ratio increases and the

confinement induced by the size reduction plays an
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important role in determining the physical properties of
semiconductor nanocrystals, resulting in the higher
energetic state of their surface atoms [28-29].

The observed shift in the phonon peaks toward lower
frequency would be expected from bulk, likely due to
effects of small size and high surface area [30]. Yang et al
also developed a model, stated that the observed Raman
red shift is caused by the combination of the effects of size-
induced phonon confinement and surface relaxation [31].

3.4 Mechanism of PVP capping

In this investigation polyvinyl pyrrolidone (PVP), a water
soluble polymer, was used as capping molecules and also
to stabilize the CdS nanoparticles. The pyrrolidone part
(hydrophilic) acted as the head group while the polyvinyl
part (hydrophobic) acted as the tail group. The role of the
PVP is twofold: (a) either it controls the growth of the
particles by forming passivation layers around the CdS
core via coordination bond formation between the
nitrogen atom of the PVP and Cd?* ion, and/or (b) it
prevents agglomeration by steric effect due to the
repulsive force acting among the polyvinyl groups (tail
part). Therefore, the PVP encapsulation creates a
restricted environment around the CdS nanocrystals [22].

Addition of large amount of PVP on the particle surface
may cause the attraction among their polymeric chains due
to the osmotic pressure. This phenomenon is known as
“depletion flocculation”, which causes destabilization [32].
Competitive kinetics between the binding of cadmium to
the carboxylate functional groups in a growth termination
step or to the sulfide ions in initiation and propagation
steps leads to the growth of CdS cluster whose surface is
capped and whose dimensions are trapped in the
nanometer size regime, as determined by the relative rates
of the propagation and termination steps [33].
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Figure 7. Room temperature photoluminescence spectrum of
PVP capped CdS nanoparticles (inset shows PL spectrum for
uncapped CdS)

www.intechweb.org
www.intechopen.com

(a) - Pure CdS
(b) - PVP capped CdS
;
P A A
5 i 5
CA {1
> T TN
c M i
2 }‘l M
= l
s 1
£ |
© 1 4
14 A
i (b)
T T T
200 400 600 800 1000

Wavenumber (cm™)

Figure 8. Micro-Raman spectra of (a) pure CdS and (b) PVP
capped CdS nanoparticles

4. Conclusion

Monodispersive cubic zinc blende phase of spherical CdS
nanoparticles have been synthesised by chemical
coprecipitation method using PVP as a capping agent.
The average crystallite size of ~3 nm was estimated by
XRD and was confirmed with HRTEM. The blue shift to
475 nm can be compared with the bandgap of the
characteristic absorption of uncapped CdS, which was
probably due to the size quantization effect. FTIR and
Raman spectroscopic measurements have revealed the
presence of PVP molecule on the surface and the
observed red shift in the optical phonon modes of CdS.
The results are attributed to the effect of reducing surface
defects and enhancing the possibility of electron-hole
recombination of the CdS nanoparticles by capping the
surface with the PVP molecules. The results infer that
PVP is an effective polymer to improve the luminescence
properties of CdS nanoparticles.

5. Acknowledgments

The author thanks Dr. K.V.R Murthy, Applied Physics
Department, Faculty of Technology and Engineering, M.
S. University of Baroda, India for the help in recording
the PL measurement and his support to this work.

6. References

[1] D. Mohanta, G. A. Ahmed, A. Choudhury, F. Singh,
D. K. Avasthi, “Properties of 80-MeV oxygen ion
irradiated ZnS:Mn nanoparticles and exploitation in
nanophotonics,” Journal of Nanoparticle Research, vol.
8, pp. 645-652, 2006.

[2] A. Ishizumi, Y. Kanemitsu, “Luminescence Spectra
and Dynamics of Mn-Doped CdS Core/Shell
Nanocrystals,” Advanced Materials, vol. 18, pp. 1083-
1085, 2006.

L. Saravanan, S. Diwakar, R. Mohankumar, A. Pandurangan and R. Jayavel:

Synthesis, Structural and Optical Properties of PVP Encapsulated CdS Nanoparticles

46



[3] H. C. Warad, S. C. Ghosh, B. Hemtanon, C.
Thanachayanont, J. Dutta,
nanoparticles of Mn doped ZnS passivated with
sodium hexametaphosphate,” Science and Technology
of Advanced Materials, vol. 6, pp. 296-301, 2005.

[4] K. Manzoor, S. R. Vadera, N. Kumar, T. R. N. Kutty,
“Energy transfer from organic surface adsorbate-

“Luminescent

polyvinyl pyrrolidone molecules to Iuminescent
centers in ZnS nanocrystals,”  Solid  State
Communication, 129, 469-473, 2004.

[5] R. N. Bhargava, D. Gallagher, “Optical properties of
manganese-doped nanocrystals of ZnS,” Physical
Review Letters, vol. 72, pp. 416-419, 1994.

[6] M. Zheng, M. Gu, Y. Jin, G. Jin, “Preparation,
structure and properties of TiO2-PVP hybrid
films,” Materials Science and Engineering: B, vol. 77,
55-59, 2000.

[7] A. A. Bol, A. Meijerink, “Doped semiconductor
nanoparticles -
materials?,” Journal of Luminescence, vol. 87-89, 315-
318, (2000).

[8] S.]J. Xu, X. C. Wang, S. J. Chua, C. H. Wang, W. J.
Fan, J. Jiang, X. G. Xie, “Effects of rapid thermal
annealing on structure and luminescence of self-
assembled InAs/GaAs quantum dots,” Applied
Physics Letters, vol. 72, 3335-3337, 1998.

[9] S.V.Manorama, K. Madhusudan Reddy, C. V. Gopal
Reddy, S. Narayanan, P. Rajesh Raja, P. R. Chatterji,
“Photostabilization of dye on anatase
nanoparticles by polymer capping,” Journal of Physics
and Chemistry of Solids, vol. 63, 135-143, 2002.

[10] M. Azad Malik, P. O. Brien, N. Revaprasadu,
“Synthesis of TOPO-capped Mn-doped ZnS and CdS
quantum dots,” Journal of Materials Chemistry, vol. 11,
2382-2386, 2001.

[11] M. Chatterjee, A. Patra, “CdS nanoparticles through
reverse micelles,” Journal of American Ceramic Society,
vol. 84, 1439-1444, 2001.

[12] J. Nanda, S. Sapra, D.D. Srama, N. Chandrasekharan,
G. Hodes, “Size-Selected Zinc Sulfide
Nanocrystallites: Synthesis, Structure, and Optical
Studies” Chemistry of Materials, vol. 12, 1018-1024,
2000.

[13] P. K. Khanna, V. V. V. S. Subbarao, “Synthesis of fine
CdS powder from direct in-situ reduction of sulphur
and cadmium salts in aqueous N, N’-
dimethylformamide” Materials Letters, vol. 58, 2801-
2804, 2004.

[14] X. C. Wu, Y.R. Tao, “Growth of CdS nanowires by
physical vapor deposition,” Journal of Crystal Growth,
vol. 242, 309-312, 2002.

[15] M. Sharma, S. Kumar, O. P. Pandey, “Photophysical
and morphological studies of organically passivated
core-shell ZnS nanoparticles,” Digest Journal of
Nanomaterials and Biostructures, vol. 3, 189-197, 2008.

a new class of luminescent

titania

47 Nanomater. nanotechnol., 2011, Vol. 1, No. 2, 42-48

[16] N. Varghese, K. Biswas, C. N. R. Rao, “Investigations
of the Growth Kinetics of Capped CdSe and CdS
Nanocrystals by a Combined Use of Small Angle X-
ray Scattering and Other Techniques,” Chemistry—An
Asian Journal, vol. 3, 1435-1442, 2008.

[17] L. Guo, S. Yang, C. Yang, P. Yu, J. Wang, W. Ge, G.
K. L. Wong, “Highly monodisperse polymer-capped
ZnO nanoparticles: Preparation and optical
properties,” Applied Physics letters, 76, 2901-2903
(2000).

[18] C. B. Murray, D. J. Norris, M. G. Bawendi, “Synthesis
and characterization of nearly monodisperse CdE
(E = sulfur, selenium, tellurium) semiconductor
nanocrystallites,” Journal of American Chemical Society,
vol. 115, 8706-8715, 1993.

[19] X. Lu, L. Li, W. Zhang, C. Wang, “Preparation and
characterization of Ag:S nanoparticles embedded in
polymer fibre matrices by electrospinning,”
Nanotechnology, vol. 16, 2233-2237, 2005.

[20] X. Feng, Y. Liu, C. Lu, W. Hou, J. J. Zhu, “One-step
synthesis of AgCl/polyaniline core-shell composites
with enhanced electroactivity,” Nanotechnology, vol.
17, 3578-3583, 2006.

[21] M. Zawadzki, ]J. Okal, “Synthesis and structure
characterization of Ru nanoparticles stabilized by
PVP or y-Al2Os,” Materials Research Bulletin, vol. 43,
3111-3121, 2008.

[22] G. Ghosh, M. K. Naskar, A. Patra, M. Chatterjee,
“Synthesis and characterization of PVP-encapsulated
ZnS nanoparticles,” Optical Materials, vol. 28, 1047-
1053, 2006.

[23] M. Sharma, S. Kumar, O. P. Pandey, ”Study of
energy transfer from capping agents to intrinsic
vacancies/defects in passivated ZnS nanoparticles,”
Journal of Nanoparticle Research, vol. 12, 2655-2666,
2010.

[24] C. N. R. Rao, G. U. Kulkarni, P. J. Thomas, P. P.
Edwards, “Size-Dependent Chemistry: Properties of
Nanocrystals,” Chemistry-A European Journal, vol. 8,
28-35, 2002.

[25] T. S. Ahmadi, Z. L. Wang, T. C. Green, A. Henglein,
M. A. El-Sayed, “Shape-Controlled Synthesis of
Colloidal Platinum Nanoparticles,” Science, vol. 272,
1924-1925, 1996.

[26] S. H. Liu, X. F. Qian, J. Yin, X. D. Ma, J. Y. Yuan, Z. K.
Zhu, “Preparation and characterization of polymer-
capped CdS nanocrystals,” Journal of physics and
chemistry of solids, vol. 64, 455-458, 2003.

[27] S. Xiong, B. Xi, C. Wang, G. Zou, L. Fei, W. Wang, Y.
Qian, “Shape-Controlled Synthesis of 3D and 1D
Structures of CdS in a Binary Solution with L-
Cysteine's Assistance,” Chemistry A European Journal,
vol. 13, 3076-3081, 2007.

[28] Q. Jiang, H. X. Shi, M. Zhao, “Melting
thermodynamics of organic nanocrystals,” Journal of
Chemical Physics, vol. 111, 2176-2180 1999.

www.intechweb.org
www.intechopen.com



[29] C. C. Yang, S. Li, “Investigation of cohesive energy
effects on size-dependent physical and chemical
properties of nanocrystals,” Physical Review B, vol. 75,
165413-165417, 2007.

[30] E. Zhang, S. S. Wong, “Controlled Synthesis of
Semiconducting Metal Sulfide Nanowires,”
Chemistry of materials, vol. 21, 4541-4554, 2009.

[31] C. C. Yang, S. Li, “Size-Dependent Raman Red Shifts
of Semiconductor Nanocrystals,” Journal of Physical
Chemistry B, vol. 112, 14193-14197, 2008.

www.intechweb.org
www.intechopen.com

[32] R.G. Horn, “Surface Forces and Their Action in
Ceramic Materials,” Journal of American Ceramic
Society, 73, 1117-1135, 1990.

[33] L. I Halaoui, “Layer-by-Layer
Polyacrylate capped CdS Nanoparticles in Poly
(diallyl dimethyl ammonium chloride) on Solid
Surfaces,” Langmuir, vol. 17, 7130-7136, 2001.

Assembly of

L. Saravanan, S. Diwakar, R. Mohankumar, A. Pandurangan and R. Jayavel:

Synthesis, Structural and Optical Properties of PVP Encapsulated CdS Nanoparticles

48



