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A green approach is described that generates bulk quantities of nanocomposites containing transition metals such
as Cu, Ag, In, and Fe at room temperature using a biodegradable polymer, carboxymethyl cellulose (CMC), by
reacting respective metal salts with the sodium salt of CMC in aqueous media. These nanocomposites exhibit
broader decomposition temperatures when compared with control CMC, and Ag-based CMC nanocomposites
exhibit a luminescent property at longer wavelengths. The noble metals such as Au, Pt, and Pd do not react at
room temperature with aqueous solutions of CMC, but do so rapidly under microwave irradiation (MW) conditions
at 100°C. This environmentally benign approach, which provides facile entry to the production of multiple shaped
noble nanostructures without using any toxic reducing agent such as sodium borohydride (NaBH4), hydroxylamine
hydrochloride, and so forth, and/or a capping/surfactant agent, and which uses a benign biodegradable polymer
CMC, could find widespread technological and medicinal applications. The ensuing nanocomposites derived at
room temperature and MW conditions were characterized using scanning electron microscopy, transmission electron
microscopy, infrared spectroscopy, UV-visible spectroscopy, X-ray mapping, energy-dispersive analysis, and
thermogravimetric analysis.

Introduction

Metal-containing composite materials that exhibit antimi-
crobial properties are promising for biotechnological applica-
tions, such as safe food packaging or sterile coatings for
biomedical devices.1 Recently there has been a lot of develop-
mental work on biodegradable and copper-based nanocomposite
materials2-5 with focus on their antimicrobial properties.6 The
antibacterial properties of composites, mainly bearing silver,
have been studied;6-10 they exert a stronger toxic action against
bacteria compared to other organisms varying from fungi to
humans.11,12 Eukaryotes such as fungi can be dangerous
pathogenic agents, and effective antifungal aqueous solutions
based on copper ions13 as well as complex copper species14-17

or copper-containing polymers18,19 have often been proposed
and used. There have been reports on the antimicrobial
properties of technologically appealing materials such as fabrics,
paints, or coatings containing copper-based active powders or
pigments,20-22 leading to the exploration of copper, silver, and
other noble metal-based composites for effective biological
applications.

Nanocomposites of cellulose and its derivatives are gaining
importance because of their value-added applications in science
and technology,23 for example, in nanocomposites of cellulose-
based electrolytes,24 high-performance composite materials,25

organoclay-exfoliated cellulose with improved mechanical
properties,26 nanocomposites with good tensile strength,27

biomedical applications,28 and as host materials.29 Consequently,
present innovations are more focused on understanding the
structure-property relationships and adaptation of these cel-
lulose-derived products for specific newer applications that result

in decreased use of chemicals. Among cellulosic ethers,
carboxymethyl celluloses (CMCs) are very important derivatives
of cellulose; they have good solubility, high chemical stability,
and are toxicologically innocuous. They are processed in a
dissolved or highly swollen state23 and are dominant polymers
in numerous industrial applications, especially where consistency
in the quality of aqueous media and water-containing systems
is required.

Petridis et al. reported that dropwise addition of CMC solution
to a Cu or Fe salt inn-butanol leads to self-assembled,
permeable, millimeter-sized metal-ion-derivatized CMC hollow
capsules.30 Herein, we report a simple and convenient approach
that generates nanocomposites at room temperature in aqueous
medium, encompassing various metal salts such as Cu, In, Fe,
and Ag, and these materials may find potential applications such
as in antibacterial, antifungal coatings, food packaging, and
biomedical devices.

In contrast, CMC does not produce nanocomposites when
reacted with noble metal salts such as Au, Pt, and Pd under
aqueous conditions at room temperature. However, reduction
can be accomplished in these systems by reacting CMC aqueous
solution with noble metal salts under microwave (MW) irradia-
tion conditions at 100°C, where CMC acts as a capping and
reducing agent. MW irradiation provides rapid and uniform
heating of reagents, solvents, and intermediates,31-34 and this
homogeneous heating also provides uniform nucleation and
growth conditions, resulting in the formation of homogeneous
nanomaterials with smaller sizes. Power dissipation is fairly
uniform throughout with “deep” inside-out heating of the
solvent, which leads to better crystallinity, and pioneering work
has been recently conducted involving various process inten-
sifications and novel polymer syntheses.35-37 This environmen-
tally benign method is a one-pot procedure that provides facile
entry to the production of multiple shaped noble nanostructures
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without using any reducing agent and/or capping/surfactant agent
and uses a benign biodegradable polymer CMC, which could
find a host of technological and medicinal applications.

Experimental Section

All of the chemical reagents used in this study were of analytical
grade and used without any further purification. The reactants used
were Na2PtCl6 6H2O (99.99%, Acros), CuCl2 (99.9%, Aldrich), InCl3
(99.99%, Aldrich), HAuCl4 3H2O (99.99%, Acros), Fe(NO3)3 (98%,
Aldrich), AgNO3 (99.99%, Aldrich), PdCl2 (99.99%, Acros), and CMC
(Mw ∼ 90 000, Aldrich).

The fabrication of a representative CMC-embedded Cu nanocom-
posite was accomplished as follows: An aqueous solution of 0.1 M
CuCl2‚2H2O (4 mL, 0.1 N) was added to an aqueous sodium CMC
solution (4 mL, 3 wt %) at room temperature in a 10 mL test tube.
Similarly, separate experiments were conducted with 0.1 M FeCl3‚6H2O,
0.1 N InCl3, and 0.1 AgNO3 at room temperature (Figure S1, Supporting
Information). The reactions were complete within a few seconds, and
the film formation, that is, coloration, depends on the metal salt used
for the preparation with CMC. In the case of 0.01 N HAuCl4, 0.01 N
Na2PtCl6, and 0.01 N PdCl2, the reaction mixture was irradiated with
microwaves at 100°C for 5 min; the heating profile of Au with CMC
is shown in Figure 1, and the product photograph is shown in Figure
S2 (Supporting Information). Microwave heating experiments were
conducted using a CEM Discover microwave reactor. Transmission
electron micrographs (TEM) were obtained from a JEOL JSM-1200 II
microscope at an operating voltage of 120 kV. For TEM sample prep-
aration, the solids were dispersed in water and sonicated for 30 min,
and then a drop of dispersed particles was cast onto a copper grid and
dried at room temperature. Scanning electron micrographs (SEM) were
obtained from a JEOL-6400 microscope. For SEM micrographs, powder
samples were placed on a carbon tape, and micrographs were recorded.
The operating voltage for SEM was maintained at 20 k. Thermogravi-
metric analysis (TGA) curves were obtained using a Perkin-Elmer
thermal analyzer with a heating rate of 10°C/min under air.

Results and Discussion

The addition of metal salts such as Cu, Fe, In, and Ag to an
aqueous solution of CMC led to the formation of metal-

coordinated CMC nanocomposites. The specific reaction be-
tween metal and CMC is just metal displacement reaction. The
Na+ ion from the CMC is replaced with the respective metal
salt, and the soluble byproduct, NaCl, dissolves (see eq 1).
However, this reaction is feasible only for transition metals;
noble metals such as Au, Pd, and Pt do not readily undergo a
metal displacement reaction with the Na+ ion. The chelating
effect of carboxyl groups probably plays an important role in
the formation of complexes with various metal ions. At room
temperature, noble metals do not chelate with carboxyl groups.
However, they undergo reduction with CMC at higher temper-
atures (100°C) under MW irradiation. The possible reduction
entails the coupling of polar hydroxyl units inâ-glucopyranose
units with microwaves, which reduce metal ions. The color
formation of CMC nanocomposites depended on the metal salt
used for the preparation: Cu, blue; In, milky white; Fe, brown;
and Ag, light yellow (Figure S1). A typical reaction profile and
photographic image of Au with CMC under MW irradiation at
100°C is shown in Figures 1 and S2 (Supporting Information),
respectively. The control experiments were conducted in oil bath
at 100 °C under similar conditions. The reduction of Au
nanoparticles with CMC occurs within 5-6 min, whereas Pd
takes more than 2 h, and Pt does not undergo reduction even
after 2 h.

The formation of noble nanometals was confirmed using UV
spectroscopy (Figure 2). Gold nanoparticles exhibited an intense
peak at 517 nm, and continuous absorption in the UV range
was observed for Pt and Pd nanostructures, as expected (Figure
2). In order to study the metal dispersion in CMC, we recorded
the X-ray mapping images using SEM (Figure 3). Metals such
as Cu, In, Fe, and Ag were dispersed uniformly throughout the
CMC matrix, and there were no agglomerations observed. In
the X-ray mapping images, red spots correspond to metals, and
green areas correspond to the carbon backbone of CMC. The
energy-dispersive X-ray analyses (EDX) of Cu, In, Fe, and Ag
are shown in the insets of Figure 3a-d, respectively.

Figure 1. Typical reaction profile of Au with CMC under MW irradiation at 100 °C.

ROCH2COONa+ MCl f ROCH2COOAu+
NaCl (R) cello-biose units, M) metal ion) (1)
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Nanocomposites embedded with Cu form aligned structures
(Figures S3a and S4, Supporting Information). This trend
continues for In and Ag with slightly distorted structures (see
Figure S3c,d, Supporting Information). However, Fe-embedded
nanocomposites do not form aligned structures (Figure S3b,
Supporting Information).

IR spectroscopy is an important tool that determines the
coordination property of a ligand or polymer with any metal.
In order to understand the metal chelation with the carboxyl
group of CMC, we recorded IR spectra for the nanocomposites
(Figure 4). The IR spectra of all the CMC nanocomposites
containing Cu, Fe, and In synthesized at room temperature in
aqueous media show the typical absorptions of the cellulose
backbone as well as the presence of a carboxyl methyl ether
group at 1605 cm-1 (Figure 4). It is evident that the broad
absorption band at 3432 cm-1 is due to the stretching frequency
of the -OH group38,39 as well as intramolecular and intermo-
lecular hydrogen bonds. The bands at 2920 cm-1 are due to

C-H stretching vibration. The bands around 1420 and 1320
cm-1 are assigned to-CH2 scissoring and-OH bending
vibration, respectively. The bands at 1060 cm-1 are due to
-CH-O-CH2 stretching.38,39

The spectrum of native CMC is also shown in Figure 4.
Clearly, all nanocomposites have the typical absorption band
characteristics described earlier for CMC nanocomposites,
namely, an-OH group (3432 cm-1); C-H stretching (2920
cm-1); -CH2 scissoring and-OH bending (1420 and 1320
cm-1); and-CH-O-CH2 stretching (1060 cm-1).26,27Conse-
quently, no major changes were observed in IR frequency when
compared with that of pure CMC, suggesting that the reaction
between metal salts and CMC is a simple metal displacement
reaction. Similarly, CMC-reduced nanostructures of (a) Au, (b)
Pt, and (c) Pd synthesized using MW irradiation for 5 min at
100°C show no major changes when compared to native CMC
(Figure 5).

It is interesting to note that Cu metal displacement reactions
with sodium salt afforded needle-like nanostructures in the form
of bushes that are well dispersed in the CMC matrix, as shown
in TEM images (Figure 6a), whereas In and Fe formed spherical
nanoparticles uniformly embedded in the CMC matrix (Figure
6b,c). On the other hand, Ag crystallized in spherical nanopar-
ticles along with majority of cube-shaped particles (Figure 6d).
Figure 7 shows the corresponding electron diffraction pattern
for Cu-, In-, and Ag-embedded nanocomposites. Cu, In, and
Ag crystallized in cubic symmetry. However, in the case of Cu,
we also observed diffraction planes corresponding to the Cu-
(OH)2 face.

The diffraction rings in Figure 7c could be indexed on the
basis of the face-centered cubic (fcc) structure of silver. The
reduction of noble metals in the presence of MW irradiation
yielded irregularly shaped nanoparticles (see Figures 8a,b and
S5-S7 (Supporting Information) for TEM and selected area
electron diffraction (SAED) images). Figure 8c shows the SAED
pattern for Au individual nanoparticles by directing the electron

Figure 2. UV spectra of CMC-reduced (a) Au, (b) Pt, and (c) Pd
synthesized using MW irradiation for 5 min at 100 °C.

Figure 3. SEM image of CMC nanocomposites with (a) Cu, (b) In, (c) Fe, and (d) Ag. Red spotted area corresponds to metal, and green area
represents carbon. Inset corresponds to their respective EDX.
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beam perpendicular to one of its faces, indicating that each
nanoparticle was a single crystal.

Three sets of spots could be identified based on their
d-spacing: The strongest spots could be indexed to the{220}
reflection of fcc gold. The outer set corresponded to the{422}
Bragg reflections. These two sets of reflections were both
allowed by a fcc lattice. The third set with very weak spots
could be indexed to (1/3){422} reflection, which is normally
forbidden by an fcc lattice. Similarly, Pd also crystallizes in
cubic symmetry (Figure 8d).

In order to understand the thermal stability of nanocomposites,
a TGA of CMC containing In, Cu, Fe, and Ag was conducted,
and the thermograms are shown in Figure 9. Irrespective of the
metal used to complex with CMC, all the nanocomposite
materials had broader decomposition temperatures when com-
pared to that of the control CMC sample. However, these broad
decomposition temperatures, that is, thermal stability, vary
depending upon the metal salt used for the preparation. The
possible reason is that different metals have different coordinat-
ing capacity with the chelating agent, that is, the carboxyl group
of CMC. For example, Cu- and In-CMC nanocomposites start
degrading at∼200°C with broader decomposition temperatures
when compared with those of Fe- and Ag-CMC nanocom-
posites (Figure 9a). The control sample of native CMC
experienced a 50 wt % loss at a temperature of∼290°C (Figure

10), and it is a very steep curve, whereas CMC nanocomposites
experienced a 50 wt % loss at a temperature of around 400°C
(Figure 9).

These nanocomposites and reduced noble metals in the CMC
matrix may find a wide range of technological and biological
applications. For example, Ag-based CMC nanocomposites
exhibited luminescent properties (Figure 11) and could be used
in biolabeling for ultrasensitive detection of biological species
such as antibodies, DNA, and cells, thus replacing other toxic
semiconducting nanoparticle-based biolabeling methods, which
normally use CdS-Mn/ZnS.40,41 Nanocomposite labels have
many advantages over organic fluorescent labels, such as their
high sensitivity, low toxicity, and large Stokes’ shift; therefore
they have become more and more popular in various biological

Figure 4. IR spectra of CMC nanocomposites with (a) Cu, (b) In, (c)
Fe, and (d) control CMC synthesized at room temperature.

Figure 5. IR spectra of CMC-reduced nanostructures of (a) Au,
(b) Pt, and (c) Pd synthesized using MW irradiation for 5 min at
100 °C.

Figure 6. TEM images of CMC nanocomposites with (a) Cu, (b) In,
(c) Fe, and (d) Ag.

Synthesis of CMC/Metal Nanocomposites Biomacromolecules, Vol. 8, No. 9, 2007 2765

CDV



applications. Nanocomposites derived from biodegradable cel-
lulose with Cu, Ag, Fe, and In metals may find potential
applications such as in antibacterial, antifungal coatings, food
packaging, and biomedical devices.

Conclusions

In summary, we describe (i) the synthesis of nanocomposites
of CMC with Cu, In, Fe, and Ag at room temperature; (ii) a
convenient method to obtain nanocomposites of Cu, In, Fe, and
Ag, which have better thermal properties (thermal stability) and

broader decomposition temperatures when compared with those
of pure CMC; (iii) the spontaneous reduction of noble metals
such as Au, Pt, and Pd that can be accomplished using CMC
under MW irradiation at 100°C within 5 min without using
any reducing or surfactant agents; (iv) Ag-based CMC nano-
composite materials that exhibit luminescent properties and
could be used in biolabeling for ultrasensitive detection of
biological species such as antibodies, DNA, and cells, thus
replacing other toxic semiconducting nanoparticles-based bio-
labeling; and (v) the idea that these nanocomposites derived
from biodegradable cellulose with Cu, Ag, Fe, In, and noble
metals may find potential applications such as in antibacterial,
antifungal coatings, food packaging, and biomedical devices.

Figure 7. SAED pattern of CMC nanocomposite film with (a) Cu, (b) In, and (c) Ag.

Figure 8. TEM images of CMC-reduced (a) Au and (b) Pd, and SAED pattern of (c) Au and (d) Pd nanostructures.

Figure 9. TGA thermograms of CMC nanocomposites with (a) In,
(b) Cu, (c) Fe, and (d) Ag.

Figure 10. TGA thermogram of control CMC.
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Figure 11. Fluorescence image of green light-emitting Ag-CMC
nanocomposite film under a 365-nm multiband UV source.
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