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This  work  describes  the  stabilisation  of silver  and  copper  nanoparticles  in chemically  modified  chitosan
colloidal  solution.  Chitosan-N-2-methylidene-hydroxy-pyridine-6-methylidene  hydroxy  thiocarbohy-
drazide  (CSPTH)  was used  as  a stabilising  and  reducing  agent  for silver  and  copper  nanoparticles.  The
modified  chitosan  derivatives  and  the  synthesised  nanoparticles  were  characterised  by  Fourier  transform
infrared  (FT-IR)  spectroscopy,  Ultraviolet–visible  (UV–Vis)  spectroscopy  and  X-ray  diffraction  (XRD).  Par-
ticle size,  morphology  and segregation  of the  nanoparticles  were  determined  by  transmission  electron
microscopy  (TEM).  The  size  of  the nanoparticles  was  found  to be less  than  20 nm  and  50  nm  for  silver  and
ilver
opper
anoparticle
hitosan
ptical property

copper  nanoparticles,  respectively.  These  nanoparticles  were  stabilised  in  a chemically  modified  chitosan
solution  and  their  properties  were  studied  using  fluorescence  spectroscopy,  photoluminescence  spec-
troscopy  and  surface-enhanced  Raman  scattering  (SERS).  The  optical  properties  of  silver  nanoparticles  in
surface plasmon  band  (SPB)  were  enhanced  at  407 nm  compared  to  those  of copper  nanoparticles.  Fluo-
rescence  (400  nm  and  756  nm),  photoluminescence  (450  and  504  nm)  and  Raman  scattering  (1382  and
1581  cm−1)  properties  for  the  copper  nanoparticles  were  superior  to  those  of the  silver  nanoparticles.
. Introduction

The synthesis of metal nanoparticles is a subject of current
nterest due to their unique properties and promising applications
Cobley, Rycenga, Zhou, Li, & Xia, 2009; Li, Camargo, Lu, & Xia,
009; Sharma et al., 2009; Sun & Xia, 2002; Yavuz et al., 2009).
he synthetic procedure for fabricating metal nanoparticles can be
ivided into two stages: the reduction of metal salts and the cap-
ing by a protective agent. Capping prevents the nanoparticles from
ggregation thus allowing segregation of the metal nanoparticles
Quiros et al., 2002). Among the many metal nanoparticles, silver
anoparticles (AgNPs) have received considerable attention due
o their attractive physico-chemical properties and their proven
ntibacterial properties against a wide range of microorganisms
Oka, Tomioka, Tomita, Mishino, & Veda, 1994; Oloffs et al., 1994).

Nano-silver can be modified for better efficiency in diverse
edicine and life sciences applications such as drug manufacturing

dvancement, protein detection and gene delivery (Geddes et al.,
003; Mahmoudi, Simchi, Imani, Milani, & Stroeve, 2008). The cop-

er metal fabrication of miniaturised nano-devices that integrate
lectronic, photonic, chemical and biological features is important
or future electronic and sensing devices (Sashiwa & Aiba, 2004).

∗ Corresponding author. Tel.: +27 011 559 6180; fax: +27 011 559 6425.
E-mail address: amishra@uj.ac.za (A.K. Mishra).

144-8617/$ – see front matter ©  2012 Elsevier Ltd. All rights reserved.
ttp://dx.doi.org/10.1016/j.carbpol.2012.10.008
© 2012 Elsevier Ltd. All rights reserved.

Surface plasmon band (SPB) sensors are widely used for biosensing,
especially as affinity biosensors (Kadir, Patrick, & Geddes, 2006).
The intrinsic properties of metal nanoparticles are mainly governed
by their sizes, shape, composition, crystallinity, and structure. The
requirement for LSPR (localised surface plasmon resonance) is a
large negative real and a small imaginary dielectric function. A
number of metals (i.e. Li, Na, Al, In, Ga, and Cu) meet this crite-
rion and in theory should support plasmon resonances for at least
part of the UV–Vis–NIR region (Bohren & Huffman, 1983; Zeman
& Schatz, 1987). However, most of these metals are either unsta-
ble, or prone to surface oxidation that can significantly affect their
optical properties. As a result of surface oxidation, the plasmonic
properties of copper nanoparticles (CuNPs) have not received much
attention compared to silver plasmonic properties.

Polymer–metal nanoparticle composites research has received
much attention in recent years due to an increased interest in
their application in opto-electronics Korchev, Bozack, Slaten, and
Mills (2004),  nonlinear optical devices Inouye, Tanaka, Tanahashi,
Hattori, and Nakatsuka (2000) and colour filters (Dirix, Bastiaansen,
Caseri, & Smith, 1999). The size-dependent electronic and optical
properties of the nanoparticles inbuilt with the optical trans-
parency and mechanical stability of the polymer films signify their

importance in many applications. Among the wide variety of poly-
mer  matrices, biopolymers are often the first choice as they are
naturally available, cheaper as well as easy to synthesise and
modify for various applications and more importantly, they are

dx.doi.org/10.1016/j.carbpol.2012.10.008
http://www.sciencedirect.com/science/journal/01448617
http://www.elsevier.com/locate/carbpol
mailto:amishra@uj.ac.za
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nvironmentally friendly. Moreover, the availability of oxygen-rich
unctional groups of the biopolymers and their affinity towards

etals make them an ideal matrix for the stabilisation of nanopar-
icles (Liu, He, Durham, Zhao, & Roberts, 2008). Biopolymers such as
ellulose, starch and alginic acid have been previously used for the
tabilisation of nanoparticles (Brayner, Vaulay, Fiévet, & Coradin,
007; He, Kunitake, & Nakao, 2003; Raveendran, Fu, & Wallen,
003). Chitosan, isolated from chitin, is the linear and partly acety-

ated (1–4)-2-amino-2-deoxy-<beta>-d-glucan (Muzzarelli, 1977,
012), particularly well known for metal ion chelation (Muzzarelli,
011) and for biological applications (Muzzarelli, 2009), as it is
ydrophilic, biocompatible, biodegradable, non-antigenic and non-
oxic (Muzzarelli, 2010).

In addition, chitosan is known to facilitate drug delivery across
ellular barriers and transiently open the tight junctions between
pithelial cells (Dodane, Khan, & Merwin, 1999). Few reports are
vailable on synthesis of metal nanoparticles of smaller size in
hemically modified chitosan matrices for various prominent appli-
ations (Bodnar, Hartmann, & Borbely, 2005; Ding, Xia, & Zhang,
006; Sashiwa & Aiba, 2004). The green synthesis of gold nanopar-
icles has been used previously on the derivative of chitosan which
as the functional group amine as reducing agent and thiocar-
amide as stabiliser for the nanoparticles embedded in the film
r as colloidal solution (Tiwari, Mishra, Mishra, Arotiba, & Mamba,
011).

The objective of this study was to synthesise metal nanoparti-
les such as AgNPs and CuNPs in an aqueous solution. Chemically
odified chitosan was used as a reducing and capping or stabilising

gent for the metal nanoparticles. The morphology and stabil-
ty of the metal nanoparticles were examined using transmission
lectron microscopy (TEM) and UV–Vis spectroscopy. The possi-
le capping mechanism of the nanoparticle was  monitored by the
ourier transform infra-red spectroscopy (FT-IR). Optical and spec-
roscopy properties such as SPB, fluorescence, photoluminescence
nd surface enhanced Raman scattering (SERS) of the nanoparticles
ere also studied.

. Materials and methods

.1. Materials

All compounds were of analytical grade and used as received.
cetic acid (99.7%), silver nitrate (AgNO3) (99.9%) and copper
ichloride (CuCl2·2H2O) (99.0%) were purchased from Merck
South Africa) and thiocarbohydrazide (99.0% synthetic grade)
as obtained from Sigma Aldrich (South Africa). Pyridine 2,6-
icarboxylic acid sourced from Merck (South Africa) was  esterified
sing methanol to form pyridine 2,6-dimethylcarboxylate. Chi-
osan (75% deacetylated, low molecular weight) was  purchased
rom Sigma–Aldrich (South Africa), and deionised (DI) water was
sed throughout the experiment.

.2. Synthesis

.2.1. Chitosan-N-2-methylidene-hydroxy-pyridine-6-
ethylidene-hydroxy-thiocarbohydrazide

CSPTH)
Modified chitosan (CSPTH) was synthesised, using a previously

eported procedure (Tiwari, Mishra, Mishra, Arotiba, et al., 2011).
he synthesis of CSPTH is summarised as follows: chitosan (3.0 g)
as dissolved in 2% acetic acid (200 mL). A solution of pyridine-
,6 dimethylcarboxylate (12.5 g in 100 mL  ethanol) was  added to
he chitosan solution and refluxed for 8 h. The mixture was kept
vernight under ambient conditions. A gel was formed after neu-
ralisation using 1 mM NaOH and this was completely precipitated
Fig. 1. Chemical structure of the chitosan-N-2-methylidene-hydroxy-pyridine-6-
methylidene hydroxy thiocarbohydrazide (CSPTH).

in acetone. The filtered gel was  dried in hot air (oven) at 60 ◦C for
3 h. The yield of the dried white solid product was  2.50 g (80%).
The product was treated again with thiocarbohydrazide. The dried
product (2.0 g) was  dissolved in 4% acetic acid (100 mL) and 5.0 g
thiocarbohydrazide in 2% acetic acid (200 mL). Both solutions were
mixed and refluxed for 24 h. The product was neutralised using
1 mM NaOH and after this the gel formed was precipitated in ace-
tone. The solid precipitate was  dried in an oven at the 60 ◦C for 3 h.
A brown yellowish solid product [1.25 g (75%)] was  obtained. The
structure of the produced modified chitosan derivative is shown in
Fig. 1.

2.2.2. Synthesis of silver and copper nanoparticles on the
chemically modified chitosan biopolymer matrix
(CSPTH-AgNPs/CuNPs)

Chemically modified chitosan (CSPTH) solutions (10 mg/mL)
were prepared in 2% aqueous acetic acid w/v ratio. Silver nitrate
and copper dichloride hydrate solutions (10 mM)  were added to
the modified chitosan biopolymer matrix (CSPTH) in 1:1 (v/v) ratio.
The colloidal metal nanoparticle and modified chitosan biopolymer
solution were heated at 60 ◦C for 2 h and then stirred for 1 h, after
which the temperature was reduced to 30 ◦C. The acronyms CSPTH,
CSPTH-AgNPs, and CSPTH-CuNPs were given to the modified chi-
tosan biopolymers as stabilised silver and copper nanoparticles,
respectively.

2.3. Characterisation

UV–Vis absorption spectroscopy measurements were per-
formed on a Shimadzu UV-2450 PC dual-beam spectrophotometer
using 1 cm path length quartz cuvettes. Spectra were collected
for the aqueous solutions within the 200–800 nm spectral range.
FTIR measurements of the biopolymer matrix with nanoparticles
and their precursors were recorded on an FT-IR spectrophotome-
ter (Perkin Elmer spectrum 100) equipped with a diamond/ZnSe
universal ATR sampling accessory. Spectra were obtained in trans-
mission mode over the 4000 cm−1 to 550 cm−1 wave-number
region at a resolution of 4 cm−1 averaging 16 scans. The polymer

film samples were prepared on glass slides and dried in the oven
at 60 ◦C before being scraped off with a razor blade. Fluorescence
spectroscopy was recorded on a Perkin Elmer LS 45 fluorescence
spectrometer equipped with FL WinLabTM Software. An excitation
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Fig. 2. UV–Vis absorption spectra indicating colloidal modified chitosan biopolymer

spectra revealed that the IR band at 890 cm−1 corresponding to
( C S) was  absent or shifted to 930 cm−1 in the CSPTH-AgNPs
and CSPTH-CuNPs spectra due to possible interaction between the
404 A.D. Tiwari et al. / Carbohydra

avelength of 300 nm was applied to the aqueous solutions over
he 200–900 nm wavelength range. Photoluminescence properties
ere observed at an excitation wavelength of 390 nm on a Perkin

lmer LS 45. Samples were analysed in aqueous solution over a
avelength range of 200–900 nm.  Raman spectroscopic measure-
ents were performed on a Perkin Elmer (RamanMicro 200) under

mbient conditions.
Raman spectra were recorded on a Confocal Raman Micro-

cope spectrometer equipped with a piezo scanner and a Nikon
icroscope. Signals were obtained on excitation of the samples

y a laser (532 nm). Measurements were done with the objec-
ive beam path set at 50× (NA = 0.40) and an exposure time of
0 s. Spectra were recorded at 1 cm−1 resolution in the range
00–3200 cm−1 Raman shift. A Philips PANanalytical X’pert-PRO
iffractometer system (40 kV, 40 mA)  equipped with Cu K� radia-
ion source (� = 0.1546 nm)  and a curved graphite crystal was  used
o monitor diffraction patterns. A continuous scan rate of 1.06◦/min
as used to establish the energetically distinct sites for the crys-

allographic face of the metal nanoparticles. TEM measurements
ere performed on a Tecnai G2 Spirit TEM instrument operating at

20 kV. Images were collected on a Gatan digital imaging system
ith the Power Mac  8600 computer Digital Micrograph software.

amples were prepared for TEM analysis by sonicating them for
0 min  and then depositing small drops of the metal nanoparticle
olutions (CSPTH-AgNPs and CuNPs) on the TEM lacy copper sup-
ort grids for specimen suspension. The grids were allowed to dry
efore being mounted on the TEM sample holder.

. Results and discussion

.1. UV–Vis spectroscopy of the silver and copper nanoparticles
CSPTH-AgNPs/CuNPs) on the modified chitosan biopolymer

Small metal nanoparticles exhibit absorption of visible elec-
romagnetic waves by the collective oscillation of conduction
lectrons at the surface. This is known as the surface plasmon res-
nance effect. The UV–Vis peak location may  be influenced by the
article shape, size or multiple particle environments (Chandler-
cLeod, McHenry, Beckman, & Roberts, 2003). Silver intermediate
V–Vis bands indicative of silver clusters composed of small num-
ers of atoms were observed. The peak observed at 270 nm is

ndicative of Ag4
2+ intermediates in agreement with literature

Petit, Lixon, & Pileni, 1993). The presence of plasmon absorp-
ion bands at 403 nm indicates the presence of silver nanoparticles
ithin the colloidal solution of the modified chitosan biopolymer

f silver nanoparticles (CSPTH-AgNPs). Metallic silver nanoparti-
les are commonly characterised by the absorption band located
t 400 nm.  This absorption band was observed at a wavelength
etween 380 nm and 420 nm depending on the size, shape, and
urrounding environment of the silver nanoparticles (Fig. 2) (Petit
t al., 1993).

In the case of the copper nanoparticles, the dipolar plasmon res-
nance was found to be dependent on the shape (triangular prisms,
longated particles, cylinders and spheres) of the nanoparticles.
owever, the lack of homogeneity in the size and shape of the

amples and the lack of control over the inter-particle distances
esulted in broadened surface plasmon resonances (Fig. 2), which
uggest that the copper nanoparticles were not an ideal plasmonic
aterial compared to silver nanoparticles (Ding et al., 2006). The

ilver nanoparticles showed improved plasmonic properties in the
odified chitosan than the copper nanoparticles.

Two electronic wavelength bands at 247 nm and 358 nm were

bserved for the modified chitosan biopolymer (CSPTH) (Fig. 2).
he CSPTH absorption bands at 257 nm (N N chromophore) and
58 nm (C N chromophore) disappeared or were largely shifted in
silver nanoparticles (CSPTH-AgNPs), copper nanoparticles (CSPTH-CuNPs) and pre-
cursors CSPTH, AgNO3 and CuCl2 (10 mM)  stock solution. Inserted picture indicates
the colloidal solution of CSPTH, CSPTH-AgNPs/CuNPs.

the spectra of the nanoparticle modified chitosan colloidal aque-
ous solution (CSPTH-AgNPs/CuNPs) due to the possible transition
between modified chitosan chromophore and metal nanoparti-
cles through bonding as capping stabiliser (Tiwari, Mishra, Mishra,
Mamba, et al., 2011).

3.2. Comparative FT-IR spectroscopy of the film of the modified
chitosan biopolymer and silver and copper nanoparticle in
chemically modified chitosan

To determine the interaction between the CSPTH and the
metal nanoparticles, FT-IR spectra of CSPTH, CSPTH-AgNPs and
CSPTH-CuNPs were compared (Fig. 3). Bonding between the metal
nanoparticle and the thiocarbamide ( C S) of CSPTH was expected
due to electrostatic attraction between the metal nanoparticle and
sulphur atom of the thiocarbamide ( C S). Comparison of the
Fig. 3. Comparative FT-IR spectra for the chemically modified chitosan (CSPTH) and
embedded metal nanoparticles on CSPTH (CSPTH-AgNPs and CSPTH-CuNPs).
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Fig. 4. Comparative fluorescence emission spectra of aqueous colloidal solution
modified chitosan (CSPTH) and metal nanoparticles in CSPTH (CSPTH-AgNPs and
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AgNPs nanoparticles. It was observed that the characteristic sharp
SPTH-CuNPs).

etal nanoparticle and (C S). The IR band located at 1247 cm−1

as characteristic of the ( C N) functionality of chitosan. This
 C N) stretching band becomes flattened probably as a result
f the bonding interaction between the metal nanoparticles and
he ( C N) group (Panigrahi et al., 2006; Tiwari, Mishra, Mishra,
rotiba, et al., 2011).

.3. Fluorescence and photoluminescence spectroscopy of the
ilver and copper nanoparticles in the chemically modified
hitosan biopolymer aqueous solution

Fluorescence enhancement may  be attributed to the effect of
he metal (Bharadwaj & Novotny, 2007; Lakowicz, 2006). As the

etallic nanoparticles were irradiated with a UV light source, an
nhanced electric field was created in the vicinity of the surface, the
ncident wavelength depending on the characteristics of the metal-
ic nanoparticles. The field enhancement can affect the spontaneous
ecay rate and the photoluminescence intensity (Brolo et al., 2005).
luorescence spectra of colloidal aqueous solution of modified chi-
osan biopolymer (CSPTH) and the colloidal aqueous solutions of
SPTH-AgNPs and CSPTH-CuNPs are shown in Fig. 4. A charge-
ransfer process was evidenced by a decrease in the fluorescence
ntensity. Silver and copper nanoparticle colloidal solutions as well
s the modified chitosan biopolymer stock solutions (0.2 mL)  were
iluted to 2 mL  using deionised water. On excitation of the solu-
ions at 300 nm,  quenching (decrease in the fluorescence intensity)
as observed in the absorption and emission spectra of the metal
anoparticles (CSPTH-AgNPs and CSPTH-CuNPS). AgNPs exhibited
ore quenching than CuNPs at 400 nm and 756 nm.  The secondary

xcitation peak was observed at 600 nm,  double that of the excita-
ion wavelength (300 nm)  (Siwach & Sen, 2008; Wilcoxon, Martin,
arsapour, & Kelley, 1998).

The photoluminescence from the rough surface of the metal
anoparticles resulted from excitation of electrons from the occu-
ied d-band into ground state level of the Fermi level (Fig. 5).
ilcoxon et al. (1998) proposed that a similar mechanism was

esponsible for nanocluster photoluminescence. The photolumi-
escence spectra were obtained for the colloidal nanoparticles by

xcitation at a wavelength of 390 nm.  The secondary effect of dou-
le the excitation wavelength was observed at 780 nm with another
eak at the 450 nm wavelength for CSPTH and CSPTH-CuNPs.
Fig. 5. Comparative photoluminescence spectra of the CSPTH, CSPTH-AgNPs and
CSPTH-CuNPs colloidal solution.

However, for the CSPTH-AgNPs colloidal solution the maximum
luminescence recorded was  504 nm.

The emission peak intensity for copper and silver nanoparticles
was more enhanced than that of the modified chitosan biopolymer.
Peaks at 450 nm and 504 nm were observed for CuNPs and AgNPs,
respectively, due to their different electronic structure giving rise
to emissions at different wavelengths even though the excitation
was at the same wavelength. It was  found that the CSPTH-CuNPs
photoluminescence intensity was higher than that of the CSPTH-
AgNPs secondary double excitation wavelength at 780 nm due to
their distinctive absorption and excitation properties.

3.4. Raman spectroscopy in respect of the surface-enhanced
Raman scattering (SERS) of the silver and copper nanoparticles on
the chemically modified chitosan

Metal nanostructures have proven to be effective SERS-active
substrates. According to the electromagnetic theory of SERS,
enhancements depend on the excitation of the localised surface
plasmon resonance, which is influenced by several significant
parameters such as size, shape and the nature of the nanomaterial
aggregates. Raman scattering was recorded for the colloidal solu-
tions of the nanoparticles and modified chitosan (CSPTH-AgNPs,
CuNPs-CSPTH and CSPTH) (Fig. 6). It was found that CSPTH-CuNPs
had enhanced G (1382 cm−1) and D (1851 cm−1) band intensities
compared to CSPTH, with the CSPTH-AgNPs showing the lowest
intensities. The synthesised colloidal copper nanoparticles with
chemically modified chitosan provided a better substrate for SERS
and the study of compositional dependence of chemical adsorp-
tion and reactions on the surface of copper nanoparticles (Morones
et al., 2005).

3.5. Powder X-ray diffraction (PXRD) studies of the silver and
copper nanoparticles on the modified chitosan biopolymer
colloidal matrix

The structures of the stabilised nanoparticle on the CSPTH were
analysed by powder X-ray diffraction (PXRD). Fig. 7 shows the
comparative XRD patterns of the CSPTH, CSPTH-CuNPs and CSPTH-
symmetric peak for the silver nanoparticle appeared at 2� angles
of 17.1◦, 26.8◦ and 52.4◦ corresponding to the (1 0 1), (1 1 2) and
(3 1 2) crystal planes, respectively. The patterns were similar to
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ig. 6. Raman spectroscopy for the film of chemically modified chitosan (CSPTH)
nd stabilised silver and copper nanoparticles (CSPTH-AgNPs and CSPTH-CuNPs).

he database of silver indium sulphide (AgInS2) (pdf card num-
er 04-007-4436). Copper nanoparticles (CSPTH-CuNPs) exhibited
harp peaks which were observed at angles of 16.9◦, 22.5◦ and
6.8◦ which correspond to the (1 1 0), (2 1 0) and (0 0 2) crystal
aces, respectively (pdf card number 00-023-0478). Each crystallo-
raphic face contains energetically distinct sites based on the atom
ensity (Hatchett & White, 1996). The CSPTH-AgNPs peaks of the
pectrum were found to have higher intensities/counts than the
SPTH-CuNPs. This may  be due to the smaller size of the AgNPs
ompared to the CuNPs.

.6. Transmission electron microscopy (TEM) studies

Transmission electron microscopy (TEM) observations of the

olloidal solution of the metal nanoparticle for the CSPTH-AgNPs
howed that the particles had an average diameter of less than
0 nm (Fig. 8a). All four images were taken over a period of one
onth (15 days after synthesis and 30 days after synthesis) from

ig. 8. (a) TEM images of the silver nanoparticle stabilised in the chemically modified ch
aken  15 d after synthesis, and (c) and (d) images taken 30 d after synthesis. (b) TEM i
CSPTH-CuNPs) from the different region and resolution; (a) and (b) images taken 15 d af
Fig. 7. PXRD pattern for the film of the chemically modified chitosan (CSPTH) and
stabilised silver and copper nanoparticles (CSPTH-AgNPs and CSPTH-CuNPs).

different sites of the sample with different resolutions, with the aim
of establishing the stability of nanoparticles in the colloidal solution
of the modified chitosan biopolymer in terms of the time factor. All
nanoparticles were found to be well-dispersed in the modified chi-
tosan colloidal solution. TEM analysis was also performed on the
copper nanoparticles colloidal solution (CSPTH-CuNPs) to deter-
mine the particle distribution and size in the colloidal solution. The
average diameter of the copper nanoparticles (CuNPs) was  found to
be less than 50 nm (Fig. 8b). TEM characterisation led to the conclu-
sion that the modified chitosan biopolymer was a good stabiliser
for copper and silver nanoparticles because the entire nanopar-
ticles were found to be well-dispersed as individual units in the
chemically modified chitosan colloidal solution. The modified chi-
tosan biopolymer was  a better stabiliser for the silver nanoparticles

because silver nanoparticles were smaller in size than the cop-
per nanoparticles. Similar results were observed by Panigrahi et al.
(2006).

itosan (CSPTH-AgNPs) from the different region and resolution; (a) and (b) images
mages of the copper nanoparticle stabilised on the chemically modified chitosan
ter synthesis, and (c) and (d) images taken 30 d after synthesis.
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. Conclusion

Chemically modified chitosan functionalised metal nanoparti-
les such as CuNPs and AgNPs were synthesised in an aqueous
edium. The metal nanoparticles stabilised on modified chitosan

iopolymer (CSPTH) were found to be stable for more than a month
s revealed by TEM analysis, performed after one month of syn-
hesis. The silver nanoparticles were found to be smaller in size
average size less than 20 nm)  compared to the copper nanopar-
icles (average size of less than 50 nm). In the context of size and
PB, the modified chitosan was found to be a suitable stabiliser
or the silver nanoparticles than for the copper nanoparticles. The
T-IR and UV–Vis spectra gave an indication of the capping of the
anoparticles with sulphur and oxygen. The SPB of silver nanopar-
icles was prominent compared to the SPB of copper nanoparticles.
owever, in terms of fluorescence, photoluminescence and Raman

cattering, the intrinsic properties of the copper nanoparticles were
ound to be superior to those of the silver nanoparticles. The entire
tudy showed that the synthesised copper and silver nanoparti-
les were stabilised in the aqueous medium (chemically modified
hitosan biopolymer support) and can be used for various biocom-
atible applications in different scientific disciplines.
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