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Abstract
The synthesis of nano-Ag impregnated porous Chitosan beads, in crosslinked and uncrosslinked forms,
was aimed to investigate their catalytic potential in reducing nitro group into amino by NaBH 4. The
material was found unique concerning the synthesis of well-defined Ag NPs and subsequently adsorbing them on its surface. The crosslinked and uncrosslinked chitosan beads were separately analyzed
for the loading of Ag and its effect over the microstructures of the substrate. BET was used to explore
the porous nature and pore size distributions of beads. At each stage, SEM coupled with EDX, FT-IR,
and inductively coupled plasma (ICP) were employed to characterize the material. The catalytic activities of nano-Ag in crosslinked and uncrosslinked beads were determined by the reduction of 4Nitrophenol (4-NP) into 4-aminophenol (4-AP) by NaBH4; which is least effective for such reduction.
The catalytic activities were monitored by UV-Vis spectrophotometer. The results demonstrated the
nano-Ag as a reliable and active catalyst which made NaBH 4 quite capable for the nitro reduction.
Moreover, the catalytic activities of crosslinked chitosan substrate were found more reproducible as
compared to the uncrosslinked substrate. Copyright © 2017 BCREC GROUP. All rights reserved
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1. Introduction
Chitosan is a multifunctional polysaccharide
constituted by β(1-4), 2-amino-2-deoxy-Dglucan and 2-acetamidodeoxy-D-glucan [1]. The
presence of amino and hydroxyl groups in each
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monomer make it diverse with reference to its
reactivity and applications. It can strongly interact with different metals, dyes, drugs and
enzymes for their detection, degradation, controlled delivery and enhancing reactions, respectively [2]. It can be modified into different
morphologies like powder, gels, beads, membranes, and fibers [3]. The chitosan beads of
different dimensions always remained central
for drug delivery, enzyme immobilization, cell
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culturing, chromatographic support, and adsorption of metal ions [2]. Due to having N and
O as structural and binding elements, it can
also hold and anchor different metal nanoparticles. The nano-Ag was preferably anchored due
to its unique optical, conductive [4,5], and biomedical properties [6-8]. The nano-Ag can also
demonstrate reliable oxidative and reductive
catalytic properties [9,10].
There are many reports, where various supports based nano-Ag have been explored as
catalyst for the reduction of nitro group using
NaBH4 [11-13]. There are also some reports,
where reflux temperature was used for the synthesis of nano-Ag mediated by Chitosan [14,
15]. However, the designing of nano-Ag, mediated by chitosan beads at room temperature
and the analysis of its catalytic reduction under
mild conditions was investigated first time by
our group. Herein, the fabrication of porous
crosslinked and uncrosslinked chitosan beads
and in situ adsorption of nano-Ag was performed. The internal crosslinking was aimed to
limit its structural deformation and achieve
uniform distribution of nano catalyst. The as
designed material was characterized by FT-IR,
SEM, and ICP. The pore size and surface area
was studied by BET. The catalyst distribution,
efficiency and microscopic bead deformation in
crosslinked and uncrosslinked form was comparatively investigated. The catalytic potentials of nano-Ag to reduce 4-NP by NaBH4 into
4-AP under mild conditions were studied and
effect of bead type on catalytic reproducibility
was evaluated.
2. Materials and Methods
2.1. Materials
Chitosan (extracted from crab shells),
Epichlorohydrin (≥98%, density 1.180 g/cm 3)
supplied by Fluka, HCl, NaOH and acetic acid
(purchased from Merck), AgNO3 (Fischer suppliers) and deionized water.
2.2. Experimentals
The complete experimental procedure is divided into following main steps.
Conversion of Chitin into Chitosan: It was extracted from crab shells in the form of chitin
collected from coastal areas of Pakistan
(Karachi fisher’s industry). Chitin was converted into chitosan using standard methods
involving demineralization, deproteinization
and deacetylation as reported by Al Sagheer
and others [16-18].

Fabrication of Chitosan beads and loading
nano Ag: Fabrication of chitosan beads was
achieved by taking 6 g of chitosan flakes, which
were dissolved in 90 mL of 5% v/v acetic acid
solution under continuous stirring for about 24
hrs at room temperature. It was divided into
four beakers and each one contained 20 mL.
These were named as A, B, C and D, respectively. The 1%, 5 mL epichlorohydrin, was
added in beakers named as A and B to develop
cross linking within dissolved chitosan and
beakers named as C and D were treated without a cross linking agent. The as prepared solutions were separately added drop wise into 100
mL of 2 M, NaOH casting solution, which due
to insolublization converted into beads. The
beads were kept in the solution of NaOH for 24
hours, and were filtered, washed several times
with distilled water and dried for further process and characterization as well.
Moreover, 30 beads from beaker B and D
were immersed into 100 mL of 10 mM AgNO3
solution. Where chitosan reduced Ag+ into Ag
and then transformed it into nanoparticles
which remained impregnated at the surface of
beads. These beads were filtered and rinsed
with deionized water after 68 h. Due to loading
of Ag NPs, these turned into black color. These
were again separately saved as B and D which
were loaded with Ag and designated as Ag
loaded cross linked and uncross linked chitosan
beads. The types of all beads are given in
Table 1.
Catalysis: The catalytic potential of nano-Ag
was analyzed in crosslinked (B) and uncrosslinked beads (D) and without nano-Ag
crosslinked (A) and uncrosslinked (C) were
taken as reference. The experimental procedure was designed as: 3 beads from each sample i.e. sample A, B C and D were separately
dipped into 5mL of 0.05 mM 4-NP solution. It
was allowed to soak 4-NP for 24 hours and
their UV-vis spectrum was recorded to confirm
the adsorption of substrate. In each sample, 5
mM, 5 mL NaBH4 solution was added, respectively. It was thoroughly shacked and its reducing activity in each sample was monitored
by UV-vis spectrophotomer. The samples (B &
D) where nano-Ag was present has demonstrated pronounced catalytic effect as compared to reference samples (C & D) which were
without nano-Ag, where reduction of Nitro into
amino purely by NaBH4 is negligible.
2.3. Characterization Techniques
Surface morphology of dried beads and their
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EDX was carried out using FEI Nova SEM 430.
Further Ag quantification was carried out by
ARL-3400 model ICP-AES. The structural
analysis of porous chitosan beads was carried
out using FTIR spectrophotometer (NICOLET
6700-FTIR). The spectra were recorded in
transmittance mode, scanning from 4000-400
cm-1 with resolution of 6 cm-1. The surface area,
pore size distribution of as synthesized beads
was measured by BET using ASAP 2020 Micromeritics BET analyzer under liquid N2.

3. Results and Discussion
The as synthesized crosslinked and uncrosslinked material was observed under SEM,
which are shown in Figures 1 and 2, with their
EDX data, respectively. According to Figure 1,
the whole sectional and magnified view of sample A, which are shown as A(I) and A(II), reflected the fibrous network of natural polymer.
All fibers of polymers are quite even and
smooth with having intermingling. The SEM
displayed the fibrous detail of crosslinked chi-

Table 1. The table is showing types of samples beads with different names.
Beads

A(I)

B (I)

Crosslinked/Uncross linked

Ag loaded/not loaded

A

Crosslinked beads

Not Ag loaded

B

Crosslinked beads

Ag loaded

C

Uncrosslinked beads

Not Ag loaded

D

Uncrosslinked beads

Ag loaded

A(II)

B(II)

Figure 1. SEM picture of cross sectional and magnified view of crosslinked sample A are shown as A(I)
and (II), the Ag loaded over cross linked chitosan beads having EDX data are displayed in B(I) and (II),
respectively
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tosan beads with reticulate appearance. The
sample B which is reflected in Figure B(I) expressed the similar reticulate network loaded
by small particles of nano-Ag. Due to being the
nanoparticles over these fibers the surface
could not remain even and smooth as it was
displayed by sample A. However, the reticulate
texture seemed to remain intact. Therefore, it
was believed that the presence of crosslinker,
polymer sustainability, i.e. mechanical

strength, remained preserved. The crosslinker
proved helpful to avoid the rupture within texture even after loading nanoparticles.
The proof of particle being a Ag material,
EDX analysis was taken which is unveiled in
Figure B(II) and Table 2. The presence of C, N,
and O is mainly related with polymer constituents and Ag which is 17% is due to the
nanoparticles on the surface of fibrous network. Moreover, Figure 2 has been used to find

Table 2. Showing data of EDX plot of sample B

C

D(II)

Element
CK

Weight, %
35.67

Atomic, %
52.61

NK

8.98

11.35

OK

29.27

32.41

Ag L

17.35

2.85

D(I)

D(III)

Figure 2. SEM pictures of uncrosslinked beads, Ag loaded beads, broken portion of bead fibers, and
EDX plot are displayed as C, D (I), D(II) and D(III), respectively.
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the morphological details of uncrosslinked sample C. According to Figure 2C, although the
texture appearance is fibrous and reticulated,
but it is quite thin due to missing of covalent
crosslinking. However, when it was loaded with
nano-Ag, it developed strain and then it
cracked from some regions and thus could not
remain uniform throughout as expressed by
Figure 2D (I, II). Due to lack of internal binding the mechanical strength could not be retained and texture rupture was clearly seen as
demonstrated in Figure 2D(II). By comparison,
the crosslinked beads have shown retainability
in their texture after loading Ag as compared to
uncrosslinked beads. Therefore, it can be inferred that crosslinked beads have more potential to remain uniform after adsorbing the catalyst and catalyst distribution was also quite
uniform. The Ag analysis was achieved by EDX
and it is shown in Figure D(III) and its data is
tabulated in Table 3.
According to the EDX details the concentration of Ag under same molar conditions increased to 20% as compared to the crosslinked
beads. So that it was concluded that thinner fiber which belonged to uncrosslinked beads
have used more surface area to reduce and adsorb Ag, which in return ruptured the texture
of their beads.
Additionally ICP-AES was used to quantify
Ag in nano-Ag impregnated chitosan beads
(B&D) under acid digestion, and it is reflected
in Table 4. The Ag+ percentage in sample B and
D was calculated relative to their masses. The
results showed high Ag+ content in the sample
D (uncrosslinked beads) as compared to the
sample B (crosslinked beads). The results are
supporting the EDX data. The less concentration of Ag as ICP-AES reflected compared to
EDX may be due to incomplete acid digestion.
Overall, the FT-IR of crosslinked and uncrosslinked chitosan beads, and their respective

nano-Ag loaded forms are shown in Figures
3(a) and (b). Their peaks trend and position
seemed to be quite comparable. The FT-IR
bands, which have been shown in Figure 3(a) of
pure chitosan beads of crosslinked (A) and uncrosslinked (C), respectively are almost comparable. The bands appearing at 3298, 2867, and
1417 cm-1 are related with (N–H, O–H), C–H
and C–N stretching [19,21], the vibration at
1580 cm-1 is related with N–H bending [13],
C–O–C asymmetric stretching appeared at
1014 cm-1, which is for glycosidic linkage
[21,22].
Similarly, Ag loaded crosslinked (B) and uncrosslinked (D) chitosan beads are reflected in
Figure 3(b). According to the data, the stretching vibration (N–H, O–H), C–H and C–N appeared at 3242, 2860, and 1304 cm-1, respectively. The N–H bending vibration has been observed at 1566 cm-1 and glycocidic C–O–C
asymmetrical stretching appeared at 986 cm-1.
The bands related with C–N, C–O–C have been
shifted toward the lower energy due to physical
interaction with nano Ag [23]. Moreover, such
an interaction was also depicted by peak at 809
cm-1, which is related to nano Ag–O [24].
3.1. BET analysis
In order to analyze the pore size and its surface area, the Brunauer, Emmett and Teller
(BET) analysis was carried out using ASAP
2020 Micromeritics BET analyzer. N2 gas was
used as adsorbate at 77 K and pure chitosan
beads and metal adsorbed porous chitosan
beads were assayed as adsorbent. The linear
isotherm plots for these samples that relate the
extent of adsorbate being adsorbed on the surface of each sample to relative pressure were
drawn as shown in Figure 4 a and b. These results were then used to quantify BET surface
areas. The corresponding values for each sample are presented in Table 5.

Table 3. Showing data of EDX of sample D
Element
Ck
Nk
OK
Ag L

Weight, %
32.89
8.26
29.55
20.08

Atomic, %
50.63
10.90
34.16
3.44

Table 4. ICP-AES results for silver in chitosan beads
Element (Silver)
Sample B

% Concentration
13.924

Sample D

15.864
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The BET is the most common method which
is used to describe specific surface area. The
mathematical
equation,
1/W[(Pº/P)-1]
=1/WmC+((C-1)/WmC)(P/P°), is followed for
linear plot between 1/W[(P/P˳)-1] and P/P˳. In
this equation, W denotes the quantity of adsorbed gas, P/P0 stands for relative pressure,
Wm is the volume of adsorbed mono layer and C
is a constant. Moreover, the surface area was

calculated using the relation: St=WmNAcs/M,
where N is Avogadro’s number, M is molecular
weight of adsorbate and Acs adsorbate cross
sectional area which is 16.023×1023 for N2.
From the BET results, it is clear that
among bead samples which are without silver,
i.e. the surface area of crosslinked sample (A)
is more as compared to uncrosslinked (C).
However, the sample B displayed less surface
100
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2867

3298

% Transmittance

% Transmittance
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(b)
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Figure 3. a) FT-IR spectra of chitosan beads of A and C samples; b) FT-IR spectra of silver adsorbed
samples, which are B and D
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Figure 4. BET isotherms of crosslinked, Ag loaded crosslinked, uncrosslinked and Ag loaded uncrosslinked chitosan beads.
Table 5. Surface area results for synthesized beads
No.

Samples

BET Surface area (m2 g-1)

BJH adsorption pore width (A°)

1
2
3
4

Sample A
Sample B
Sample C
Sample D

19.348
13.326
17.326
30.250

610.6
548.5
572.4
564.3
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area as compared to C due to loading of Ag. The
surface area of sample D was found unusual
due to ruptures developed within pores and
thus surface area deemed to be increased significantly. Similarly the pore size of A is less as
compared to C, and same trend was seen for
their nano-Ag loaded forms. According to the
classification of International Union of Pure
and Applied Chemistry (IUPAC), the pores can
be divided according to their diameter (d) into
macrospores (d>50 nm), mesopores (2<d<50
nm) and micropores (d<2 nm). The BJH results
show that as synthesized chitosan beads possessed macropores as their diameter is more
than 50 nm. The BET and SEM supported that
crosslinked beads expressed more uniform and
controlled trend in their morphology, pore size
and surface area as compared to their uncrosslinked forms.
3.2. Catalytic activities of Nano-Ag
Reduction of nitro group remained serious
challenge, where NaBH4 was seen as the least

effective and others metal systems including
Sn/HCl are not reliable too due to nonselectivity [25,26]. As the nano regime is capable to be more effective, selective, and has larger turnover capacity, therefore, herein nanoAg was investigated as catalyst for reduction of
4-NP into 4-AP with NaBH4. Similar studies
have been investigated using nano-Ag with different supports [27,28], but in situ synthesis of
nano-Ag by chitosan under mild conditions,
and later on acting as a catalyst is performed
here. The effect of support being crosslinked
and uncrosslinked was also analyzed. The experiment was designed where the reduction of
4-NP into 4-AP was carried out in all samples,
i.e. A, B, C, and D. The catalytic reproducibility
of nano-Ag is compared for crosslinked (B) and
uncrossllinked (D) supports. The samples A
and C were taken as reference.
The results are also correlated with pore
size and surface area measured by BET analysis. The whole catalytic spectrum is shown in
Figure 5. According to Figure 5(A) and (C), the
reduction of 4-Nitrophenol by NaBH4 into 4-

Figure 5. Catalytic activities of Ag nanoparticles are shown comparatively with controlled beads having no nano Ag. The reference samples are shown in Figures A and C, while role of Ag is shown in Figures B and D, respectively
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aminophenol was found to be quite low, which
validated that NaBH4 is least effective for the
reduction of Nitro group as it is reported elsewhere [17,18]. The absorption of 4-NP is at 400
nm which is quite overlapping and even after
16 hrs, there is 3-4% conversion in 4-AP. However, when similar reaction was carried out in
nano-Ag impregnated chitosan beads, the significant catalytic effect was observed. According to the data shown in Figure 5(B), the maximum of 4-NP has been converted into its 4-AP
within 3-4 hours. It was clearly reflected that
initial absorption, i.e. 0.6 au, was reduced to
less than 0.2 au, which is 80% conversion of 4NP into 4AP. The same pattern of reduction
was shown by sample D as shown by Figure
5(D). Moreover, it has been revealed by comparing the Figure 5(B) and (D), that reliable reproducibility is demonstrated by crosslinked
chitosan support as compared to uncrosslinked
support. Furthermore, the soaking of 4-NP in
pure chitosan beads was also observed, which
was more as compared to nano-Ag loaded chitosan beads. This behavior might be due to the
more degree of chitosan functionalities available in pure form as compared to nano-Ag
loaded form.
4. Conclusions
It has been found that chitosan beads are
successful potential materials to synthesize
and anchor the Ag nanoparticles at room temperature. The loading of Ag nanoparticles is
uniform at the crosslinked chitosan beads as
compared to uncrosslinked chitosan beads. It
can cause structural microscopic distortion in
the uncrosslinked form. The anchored Ag
nanoparticles remained separated over as synthesized beads and thus demonstrated the
catalytic reduction of 4-NP with NaBH4. The
catalyst proved efficient which enabled the reagent to reduce nitro group that was believed
to be least effective for the reduction of nitro
group. The study is also an important guide to
load nano-Ag over different polymers supports
and analyze its catalytic behavior.
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