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The aim of the study is to investigate the antibacterial properties and characterization of b-cyclodextrin
(b-CD) stabilized silver – chitosan nanocomposite (Ag-Cts NCs). An effective and eco-friendly technique
for the synthesis of Ag-Cts NCs in the presence of a strong stabilizing agent b-CD is described. The well
formed nanocomposites were characterized by the Ultraviolet Visible spectroscopy (UV–Vis), X-ray
diffraction (XRD), Fourier Transform Infrared Spectroscopy (FT-IR), Photoluminescence spectroscopy
(PL), Scanning electron microscope (SEM/EDS), Atomic force microscope (AFM), High resolution transmis-
sion electron microscope (HR-TEM) and Zeta potential measurement (ZP). The results confirmed that the
poly dispersed Ag-Cts NCs are less than 15 nm in size with spherical shape and show good stability. The
antibacterial activity was also investigated and b-CD coated Ag-Cts NCs showed a promising bacterial
activity against gram negative Escherichia coli (E. coli) and gram positive Staphylococcus aureus (S. aureus)
micro-organism.

� 2014 Elsevier B.V. All rights reserved.
Introduction effective and targeted delivery of drugs, imaging labels and
One of the major applications of nanotechnology is in biomed-
icine. Nanoparticles (NPs) can be engineered as nanoplatforms for
antibacterial agents by overcoming the many biological, biophysi-
cal and biomedical barriers [1–3]. Various stabilizing agents are
available to prevent nanoparticles from aggregating as well as to
functionalize the particles for the desired applications [4,5]. How-
ever, normally used severe reaction conditions and toxic chemicals
may not be suitable for biological and biochemical applications [6].

http://crossmark.crossref.org/dialog/?doi=10.1016/j.saa.2014.10.071&domain=pdf
http://dx.doi.org/10.1016/j.saa.2014.10.071
mailto:punithasan@gmail.com
http://dx.doi.org/10.1016/j.saa.2014.10.071
http://www.sciencedirect.com/science/journal/13861425
http://www.elsevier.com/locate/saa


Fig. 1. Formation of b-CD stabilized Ag-Cts NCs.

Fig. 3. Optical band gap of (a) Ag-Cts and b-CD stabilized (b) 0.4, (c) 0.8, (d) 1.2 wt%
Ag-Cts NCs.

Table 1
Particle size and Band gap values of various concentrations of b-CD stabilized Ag-Cts
NCs.

Samples Particle size (nm) Band gap (eV)

Ag-Cts 15.1 5.08
Ag-Cts + b-CD (0.4%) 13.7 5.16
Ag-Cts + b-CD (0.8%) 9.5 5.19
Ag-Cts + b-CD (1.2%) 6.6 5.24
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With continued development in the synthesis techniques over the
last two decades, most of the metal nanoparticles can now be
produced with low cost, renewable, biocompatible, tumor target-
ing efficacy, non-toxicity and environmental friendly (e.g. green)
processes with the help of plant extractions [7–9] and polysaccha-
ride biopolymers, such as starch [10,11], alginate [12,13] and chito-
san [14–18]. Nonetheless, due to the tremendous amount of
information available, this review will be selectively restricted to
the use of biodegradable polymers in the stabilization of metal
nanoparticles.

Along with gold, silver is the most extensively used metal for
the preparation of NPs with potential biomedical functions
[19,20], owing to their exceptional chemical, electronic and plas-
monic properties which make them very attractive in molecular
sensing [21], diagnosis [22], drug delivery [23], cancer therapy
[24,25] and antibacterial action [26–29]. Among antibacterial
agents, silver has been employed most extensively to fight infec-
tions and control spoilage. It has been known that silver and its
compounds have strong inhibitory and bacterial effects as well as
a broad spectrum of antimicrobial activities for about 650 types
of disease causing microorganisms since ancient times [30]. The
Fig. 2. UV–Vis absorption spectra of (a) Ag-Cts and b-CD stabilized (b) 0.4, (c) 0.8,
(d) 1.2 wt% Ag-Cts NCs.
recent advancement in nanoparticle research has opened up a
new gate way for Ag NPs in the antimicrobial studies.

In wet chemical synthesis of metal nanoparticles, an important
reactant is stabilizing or capping agents, which function as a bar-
rier to prevent the uncontrolled growth processes. A good choice
among these agents (also known as surfactants or stabilizers) is
one that involves organic molecules that have a suitable hydropho-
bic end that binds to the metal NPs covalently and is soluble on the
other end. b-CD is a good surfactant that has an ionic tail that aids
the solution of the NPs and exhibits columbic repulsion of similar
surfactants on the neighboring NPs, which helps dispersion. As
Fig. 4. XRD patterns of (a) Ag-Cts and b-CD stabilized (b) 0.4, (c) 0.8, (d) 1.2 wt% Ag-
Cts NCs.



Fig. 5. FT-IR spectra of (a) Ag-Cts and b-CD stabilized (b) 0.4, (c) 0.8, (d) 1.2 wt% Ag-
Cts NCs.

Fig. 6. PL spectra of (a) Ag-Cts and b-CD stabilized (b) 0.8 wt% Ag-Cts NCs.

Fig. 7. SEM image of (a) Ag-Cts and b-CD stabilized (b) 0.8, (c) 1.2 wt% Ag-Cts NCs.
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complexing agents, CDs can be applied to enhance solubility, act as
a protection for the smaller guest compounds and selectively
remove substances from a given mixture. Among the CDs b-CD is
most widely employed due to the ideal cavity diameter of 6–
6.5 Å. There have been numerous studies of CDs application as
stabilizing agents for various metallic NPs such as Au, Ag and Pt
and in which CDs were used as thiolated CD or in some other
modified form for greater attachment of particles [31–35]. In
recent studies unmodified CD has been used mainly for its
functional group and solubility [36–38].

The NPs can enter the human body through many ways and are
likely to cause health issues, if the level exceeds a certain limit.
Hence it becomes very important to synthesis NPs through greater
and less hazardous methods. One such method for the synthesis of
metal nanoparticles is the simple reduction of metal chlorides and
nitrates into metal NPs by Cts in the presence of aqueous b-CD
which is supposed to be more convenient and environmentally
benign (Fig. 1).
Experimental technique

Materials

Silver nitrate (AgNO3) and polymers viz., Chitosan and b-cyclo-
dextrin, were purchased from Sd-fine. All the chemicals were used



Fig. 8. EDS image of (a) Ag-Cts and (b) b-CD stabilized 0.8 wt% Ag-Cts NCs.
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as received, since they were of analytical reagent grade with 99%
purity.

Synthesis of silver nanocomposites

The synthesis of b-CD capped Ag NPs was achieved by the sim-
plest and widely used chemical reduction technique [39,40]. The
reaction mixture contains 0.1 M of aqueous silver nitrate and
sodium citrate solutions. To this mixture 0.5% of aqueous Cts was
added. Then, different concentrations of aqueous b-CD (0.4, 0.8
and 1.2 wt%) were added with Ag-Cts solution under the continu-
ous stirring over a 45 min period and kept at 300 �C for 10 min.
The transparent colorless solution was converted to the character-
istic yellowish-brown color, indicating the formation of silver
nanoparticles. The mixture was then allowed to cool at room
temperature. Finally, the precipitation formed was collected and
washed with ethanol and deionized water several times to remove
impurities. Then the samples were dried at 60 �C for 4 h and
collected in powder form.

Characterization techniques

UV–Vis absorption spectra were measured using a UV–Visible
spectrophotometer (SHIMADZU-UV 1800), employing deionized
water as the reference. X-ray powder diffraction (XRD) of the sam-
ples was carried out on an XPERT-PRO diffractometer with Cu Ka
radiation (l = 0.15406 nm). Fourier transformation infrared (FT-IR)
spectrum was recorded by FT-IR spectrometer (NICOLET iS5) rang-
ing from 400 to 4000 cm�1.

The prepared samples were characterized by Scanning electron
microscope (SEM/EDS) (JEOL-JSM – 5610 LV) with INCA EDS. The
Photoluminescence (PL) emission spectra of the samples were
recorded by fluorescence spectrophotometer (Perkin–Elmer LS55)
excited at kexc = 390 nm. Atomic force microscopy (AFM) image of
the sample was performed in the air with a digital Instrument AGI-
LENT – NP410A series 5500 AFM in contact mode. The particle size
and shape were confirmed using JEOL HRTEM. Zeta potential
values were measured using zetasizer Nano ZS Instrument
(Malvern Instruments Corporation).

The biological culture was performed using an agar well diffu-
sion method. The gram negative bacteria E. coli (ATCC8739) and
the gram positive bacteria Staphylococcus aureus (ATCC65) were
used for measurement of Minimum Inhibitory Concentration
(MIC) of b-CD stabilized Ag-Cts NCs. The bacteria were cultured
on agar plates and then incubated overnight at 37 �C and the anti-
bacterial effect was determined by the zone of inhibition.
Results and discussion

Optical study (UV–Visible)

The formation of Ag NPs in the polymeric media was
determined by using UV–Vis spectroscopy, which was shown on
the surface plasmon resonance (SPR) bands. The appearance of a
plasmon peak around 392 nm (Fig. 2) in the absence of b-CD is
attributed to the formation of spherical Ag-Cts NCs and
corresponds to surface plasmon resonance of Ag NPs. When the
concentration of b-CD was increased from 0.4 to 1.2 wt%, the blue
shift of the SPR band was observed, which strongly suggests a
decrease in the particle size. Generally, the SPR bands were influ-
enced by the size, shape, composition and dielectric environment
of the prepared nanocomposites [41,42].

Previous studies have shown that, spherical Ag NPs contribute to
the absorption band around 400 nm [43]. In this study the addition
of b-CD does not show any sharp absorption peak which shows that
Ag-Cts NCs were stabilized by b-CD coating, due to which the tran-
sition of free electron from the surface is not possible. A minimum



Fig. 9. AFM image of b-CD stabilized 0.8 wt% Ag-Cts NCs.

Fig. 10. HR-TEM of b-CD stabilized 0.8 wt% Ag-Cts NCs.
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observed at 330 nm corresponds to the wavelength at which the
real and imaginary part of the dielectric function of silver almost
vanishes.

Absorption co-efficient (a) associated with the strong absorp-
tion region of the sample was calculated from the absorbent (A)
and the sample thickness (t) by using the relation,

a ¼ 2:303A=t ð1Þ

While, the optical band gap of Ag-Cts NCs was calculated using
Tauc relation [44].

a hv ¼ Bðhv � EgÞ1=2 ð2Þ

where B is a constant, ht is the energy of the incident photon and
the exponent (n = 1/2) whose value depends upon the type of tran-
sition. The variation of (a ht)2 vs. photon energy ht for Ag-Cts nano-
composites is shown in (Fig. 3). Allowed direct band gap values of
Ag-Cts NCs are calculated and presented in Table 1. These values
are comparable to the reported values of Ag synthesized by micro
emulsion technique [45]. The increase in the band gap of Ag-Cts
NCs with the decrease in particle size is attributed to the quantum
confinement effect. [46].

Structural analysis (XRD)

The formation of Ag NPs was also confirmed by powder XRD
analysis. The diffraction pattern obtained for various concentra-
tions of the stabilizer (b-CD) in Ag-Cts nanocomposite is reported
in (Fig. 4). b-CD is a highly crystalline material with main diffrac-
tions at 2h values viz., 9.1�, 12.5� and 22.7�. From the XRD pattern
of the samples, it is evident that the Ag NPs are well crystallized,
demonstrating sharp peaks at designated 2h values Viz., 38�, 44�,
64�, and 77�.

These peaks can be attributed to (111), (200), (220) and (311)
crystalline planes of Ag face centered cubic (FCC) lattice [JCPDS:
087-0719] [47]. The intensity of the reflections due to Ag NPs
was found to increase with b-CD concentration. However, the
interaction of b-CD with Ag-Cts NCs causes a loss of b-CD crystal-
linity, which was confirmed by the absence of majority of peaks
of b-CD in the present pattern. From (Fig. 4a) it can be noticed that
some impurities peaks at 2h values viz., 10.4�, 13.7�, 22.8�, and 28�
are observed apart from Ag NPs designated 2h values. This indi-
cates the crystalline formation of Cts molecule in the absence of
b-CD. On addition of b-CD the crystallinity nature of Cts disappears
slowly with increasing in concentration of stabilizer. The mean size
of Ag NCs was estimated by analyzing the broadening of (111)
reflection. Average crystalline sizes for all samples were estimated
using the well-known Debye-Scherer’s formula [48],

D ¼ kk
bCosh

ð3Þ

where k, b and h are the X-ray wavelength, the full width half
maximum (FWHM) of the diffraction peak and the diffraction angle
respectively. The calculated particle sizes are presented in Table 1,
which indicate that the size of the particle decreases with the
increase of b-CD concentrations.



Fig. 11. Zeta potential curve of b-CD stabilized 0.8 wt% Ag-Cts NCs.
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Spectral analysis (FT-IR)

FT-IR spectrum measurement was carried out to examine the
possible functional groups of Ag-Cts responsible for reduction
and b-CD stabilization of the NCs. The spectrum (Fig. 5a) revealed
that Ag-Cts NCs spectrum is similar to that of pure silver except the
broadening of OAH band at 3400 cm�1 which clearly indicates the
weaker interaction between the Ag-Cts after the formation of NPs.
Once b-CD is introduced few new peaks has been observed in
(Fig. 5b–d). The dominant sharp peak at 2357 cm�1 and the peak
at 1645 cm�1 corresponds to N@C vibrations, which clearly con-
firm the strong interaction between the Cts and carbon atom in
b-CD. The broadening of OAH valance vibrations with increase of
b-CD concentration further establishes the presence of large quan-
tity of hydroxyl groups. The peak observed at 1515 cm�1 and
1330 cm�1 corresponds to aliphatic and aromatic CAH stretching
vibrations in the complexation [49]. The shifting of OAH
stretching, NAH bending and CAOAC band stretching
Fig. 12. Antibacterial activity of (a) Ag-Cts, (b) b-CD stabilized Ag-Cts NCs agai
(1045 cm�1) confirmed the interaction of b-CD on Ag-Cts NCs
[50,51]. The peaks at 464 cm�1, 542 cm�1 and 663 cm�1 relate to
Ag NPs bonding with oxygen from hydroxyl group [52]. Therefore,
the FT-IR spectra showed the existence of Vander – Wall’s interac-
tion between the b-CD and Ag NCs in the polymeric media.
Photoluminescence (PL)

The photoluminescence spectra obtained from the Ag-Cts and
b-CD stabilized Ag-Cts NCs is depicted in (Fig. 6). The PL emission
has been obtained within the visible range 400–600 nm with peak
positions at 422 nm, 485 nm and 545 nm. The emission peaks of
Cts are characterized by 422 nm and 485 nm which originate from
protein residues from the biopolymer and the peak corresponding
to 545 nm by the Ag NPs. The addition of b-CD quench the
emission of chitosan and silver peaks which may be due to a
non-radiative energy transfer mechanism such as charge transfer
[53]. This quenching effect could be a consequence of overlap
between absorption band of Ag and emission band of biopolymers
(Cts/b-CD). Such an effect was observed for Ag-Cts NCs prepared by
a green chemical procedure using a glucose as the reducing agent
[11]. As the samples were prepared separately under different con-
ditions, the difference in PL emission peaks could be attributed to
the different states of agglomeration of growth in particle size. In
the case of b-CD capped samples, the observed decrease in PL once
again confirms the stability of Ag-Cts NCs as the surface free elec-
trons were partly quenched in the emission process.
Surface morphological studies and stability (SEM/EDS, AFM, HRTEM
and Zeta potential)

The micrographs of Ag-Cts and b-CD influenced Ag-Cts mixtures
were recorded (Fig. 7). The prepared samples have shown small
particles gathered into clusters with spherical and pseudo spheri-
cal in shape [54]. The physical mixture appeared as agglomerated
b-CD stabilized Ag-Cts NCs and the original morphology disappears
so that the complex formation is suggested.
nst E. coli and (c) Ag-Cts, (d) b-CD stabilized Ag-Cts NCs against S. aureus.
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The chemical composition of the sample was analyzed by
Energy Dispersive Spectroscopy (EDS) (Fig. 8), which confirmed
the formation of Ag NPs in the polymeric media [55]. The analysis
revealed that the prepared samples exhibit very smooth surface
and good crystal structure.

Ag nanocomposites were characterized by AFM for its detail
size, morphology and agglomeration of silver. It is the characteriza-
tion technique for the examination of nanoparticle in contact
mode. A topographic image of b-CD (0.8 wt%) stabilized Ag-Cts is
presented in (Fig. 9). It is evident that the average size of the par-
ticles is observed to be around 12 nm.

HRTEM images of the prepared b-CD (0.8 wt%) stabilized Ag-Cts
is shown in (Fig. 10). The Ag-Cts NCs are formed as spherical clus-
ters with smooth surface morphology and poly dispersed [39]. The
diameter of the particles is found to be ranging from 10–20 nm. It
is established that the particle size and morphology can be modi-
fied by employing the reducing and stabilizing agents at proper
proportions.

The Zeta potential analysis is a technique for determining the
surface charge of NPs. NPs has a surface charge that attracts a thin
layer of ions of opposite charge to the nanoparticle surface. Zeta
potential is an important tool for understanding the state of nano-
particle surfaces and for predicting the long term stability of the
nanocomposite. In the present study the ZP value of b-CD stabi-
lized Ag-Cts NCs was determined as18.6 mV (Fig. 11), while the
earlier reported work [56] of the Cts NPs was found to be 32.4 mV.

The decrease of ZP after the stabilization of b-CD may be due to
high charge density of b-CD which might deprotonate most of the
amino groups of Cts. The above results indicate that b-CD coated
Ag-Cts now can have good stability owing to the strong attraction
between b-CD and Cts molecules.
Antibacterial activity

The ability of Ag-Cts and b-CD stabilized Ag-Cts NCs to inhibit
the growth of tested strains is shown in (Fig. 12). The inhibitory
activity was measured based on the diameter of clear inhibition
zone. The results of this study suggest that the MIC of Ag NCs
(10 lg/ml) was enough to enhance antibacterial activity signifi-
cantly towards both Gram- negative (E. coli) and Gram-positive
(S. aureus) bacteria [57]. The inhibitory zone was 2 mm and
6 mm for Ag-Cts and b-CD stabilized Ag-Cts NCs respectively. This
activity was caused due to Ag NPs and the Ag+ ions on the surface
bind to sulfur- and phosphorus-containing bio-molecules such as
DNA or other biological moieties, thereby potentially causing cell
damage [58].
Conclusions

In summary, a simple method to synthesis Ag-Cts NCs in the
presence of stabilizing agent b-CD, which requires no specific con-
dition, is suggested. The reducing agent (Cts) and stabilizing agent
b-CD also played a role of shape modifying agents for the synthesis
of Ag NPs. The formation was confirmed by UV–Visible, which
shows the characteristic SPR band at 392 nm. The XRD results con-
firmed Ag NCs possess the face centered cubic structure. The XRD
as well as AFM image studies confirmed the size of the Ag NCs. The
SEM and HR-TEM images showed that Ag NPs are polydispersed
spherical clusters with particle size less than 15 nm. The FT-IR
spectra suggested the complexation between b-CD and Ag-Cts
and the stability was assessed by Zeta potential measurement.
Obtained zones of MIC for gram positive and gram negative
bacteria suggest that the b-CD stabilized Ag-Cts NC is a promising
antibacterial agent.
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