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Synthesis and characteristic of novel hybrid Gold/HPC nanocomposite with more complete 11

coverage of gold nano-shell
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Nanocomposite;

Transmission electron microscopy (TEM), TGA ABSTRACT In this study, the 18

gold nanocomposite supported on hydroxypropyl cellulose (HPC) using NaBH

as a medium has been prepared successfully. A brownishred solutionin 4 its UV
—vis absorption spectrum showed surface plasmon resonance absorption bands between 520

and 560 nm in solutions.
The Au/HPC

nano-composite was characterized by X-ray diffraction (XRD) measurement, transmission

electron microscopy (TEM),

and thermo-gravimetric analysis (TGA). XRD showed the fcc crystal structure of the bulk Au
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with particles of less than 22 nm in size similar to that is observed by TEM
and HPC

is crucial to the formation of such gold
nano-composite.

TGA confirmed enhanced thermal stability of the polymer.
1. Introduction

Polymer-protected metal colloids are usually prepared from suitable metal precursors in the
presence of protective polymers. It is possible to control the growth and distribution of the sizes
of nanoparticles by selecting suitable reaction con- ditions, such as the concentration of the

protective polymer [1]. Although it has been demonstrated

Corresponding author. Tel: +98 912 289 8500; fax: +98 192 E
428 2205. E-mail address: b_sadeghi@toniau.ac.ir (Babak. Sadeghi)

that combining the desired properties of inorganic and polymeric components into an
inorganic/organic hybrid material can be achieved [2], there are, however, only a few papers
that describe the synthesis, control of the dimensions, and spatial properties of inorganic/organic

hybrid materials.

Gold nanoparticles are widely studied because they exhibit extraordinary properties that might have strong impact in
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different science and technology fields [3-5].

Gold is widely thought of as being one of the most commonly inert of all the metallic elements.

111 M. Ghorchibeigy et al. / Journal of Nanostructure in Chemistry 2 (2) (2011)

However, when finely divided and supported upon certain substrates, preferably on an oxide of
the first transition series, unique heterogeneous properties are apparent [6, 7]. Much of this
original research was established by Haruta et al. during the late 1980s. His work demonstrated the
catalytic activity of hemispherical gold particles with diameters of less than 5 nm [8,9]. In the
preparation of low temperature oxidation catalysts, it has been reported that catalytic activity is

strongly related to the preparative method of the catalyst

[10-13]. Conven- tional

deposition-precipitation and co-precipitation seem better than impregnation methods in
preparing active gold samples [7, 12]. Itis believed that deposition-precipitation and co-
precipitation methods provide a higher level of intimacy of contact between the gold nanoparticles and

support matrix
[13-15].

We have recently developed a reduction method of converting Ag nanospheres into nanorods |E|

[16], nanoplates
[17], their antibacterial activity [18,19] and an improved

an easy synthetic route for silver nano-particles in
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poly (diallyldimethylammonium chloride) (PDDA) [20].

The nano-composites were characterized by various techniques and the prepa-ration and

characterization of nanocomposite solutions and film are discussed.

In this note, we synthesized a new nanogold com- posite constructed by a different
polymer.
This method offers great ease of control and a high yield of hexagonal |E|

hydroxypropyl cellulose-protected nanogold particles (Au/HPC), which were formed a nanocomposite and providing a

novel constructed composite nanogold materials. . Use of hydroxypropyl cellulose (HPC)

is well known for nano-particles and therefore, the current methodology offers two fold
advantages; (i) availability of functional group, i.e. the hydroxy in HPC are considered to

be better suited for a chemical bonding with the metal ions and (ii) high solubility of HPC in
sodium borohydride (NaBH ) 4
as well as use of NaBH being more suitable for

4 hydrogen tetrachloroauric acid (HAuCl ) reduction 4 [7, 12]. On the other hand, the presence of hydroxyl groups, which
are susceptible to covalent modification, in , the Au/HPC nanocomposites stable shell, could open interesting

possibilities for cell targeting and slow drug delivery [21].

Controlling the surface properties of nanoscale materials is a major techno- logical research

area that touches on studies in the fields of pharmaceuticals, mining, semiconductors, biology,
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and medicine. Coating particles with various types of polymers can determine their ultimate surface

characteristics. This paper describes a method for generating nanocomposites that represents a

powerful and general strategy for preparing highly functional materials.

2. Experimental 2.1. Materials All chemical substance include hydrogen tetra- chloroauric acid (HAuCl ), Sodium

borohydride 4 (NaBH ), Hydroxypropyl cellulose (HPC) powder 4 (average molecular weight: 10,000 g/mol, 20 mesh

particle size) and CH CH SH were obtained from 3 2 Merck. Deionized water

was used during all the experimental procedures. 2.2.

Characterization

The UV-visible spectrum, in absorbance mode was recorded on an UV-visible Hitachi
spectrophotometer model U-2101 PC. The solution form of the sample was prepared by

suspending a small amount of

M. Ghorchibeigy et al. / Journal of Nanostructure in Chemistry 2 (2) (2011) 112 powder in ethanol.

The X-ray diffraction (XRD) pattern

for gold nano-composite

was recorded on a Seisert Argon 3003 PTC using nickel-filtered XD-3a CuKa radiations

(A 15418

°A).

TG/DTG analysis was done on

14

12
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a Perkin-Elmer Model no 7

at a temperature rate of 10° C /min, with nitrogen as carrier gas.

The samples were rinsed with distilled water, dried and coated with a thin layer of gold by |E|

evaporation at vacuum to form conducting film.

The images of nanocomposites were obtained using a Hitachi H-7500 transmission electron
microscope (TEM). Samples for TEM were prepared by dip- coating a solution of a sample on

formvar/carbon- film Cu grids (200 mesh, 3 mm).

2.3. Synthesis of the Gold/

HPC nanocomposites The typical preparation procedure of the Au/HPC nanocomposites is as follow: the
desired amount of HPC (concentrations in the range 2.13-42 _M: ca. 0.32-6.
3mM) was dissolved in a CH CH SH/EtOH 3 2 (5 ml, 0.01 mol/L) solution containing HAuCI 4

(1 mM). The solution was stirred for 10 min at room - temperature (ca. 25 C). An aqueous

solution
of NaBH (3 mM, 30 ml)

was freshly prepared and 4 rapidly added to the stirring HAuCl /polymer 4 solution

at a ratio of 1:5 (v/v). The color of the reaction mixtures changes rapidly from yellow to brownish
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red, indicating the formation of gold nanoparticles. UV-vis spectra were obtained before and after the

synthesis of the gold nanocom- posites (Fig .3).

The formation process of the sample is illustrated in Scheme.1. 3. Results and discussion Comparisons of hydroxypropyl

cellulose (HPC)

during and after the addition of gold precursor revealed significant changes in color. Post
processing, all samples took on a uniform brownish red coloring indicating the formation
of nano-sized particles of gold. The metallic yellow color commonly associated with bulk gold was

not observed.

Powder XRD patterns obtained for the Au/
HPC nanocom- posite exhibit

four reflections are representative of elemental gold, showing the face- centered cubic

structure of metallic gold
[22].

Inspection of the XRD patterns of Au/HPC (Fig .1)

reveals the characteristic gold peaks at a scattering angles (2h) of 37 .96, 44 .32,
65 .16, 77 .48

originating from 111 200, 220, 311
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crystal planes of tetragonal phase of

gold.

No other reflections were observed. Average particle size obtained by applying the Scherrer

equation to the XRD patterns was 26 .1 nm.

Scheme 1. A schematic diagram of the Au/HPC nano-composites. Fig.1. Powder X-ray diffraction patterns of Au/HPC.
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Representative TEM images demonstrate the homogeneous dispersion of gold particles
throughout the HPC samples.

But, from the TEM image Fig. 2, no aggregates are obvious among the particles and

only some slight change occurred.

Micrographs shown in Figure 2 confirms the formation of nanoparticles all less than 30

nm in diameter.

To prove these particles were in fact metallic gold in nature, the UV-vis spectra were obtained.

The surface plasmon absorption of gold occurs at a wavelength range of
approximately 520-560 nm. No absorption peak was observed for the hydro- xypropyl cellulose (HPC) backbone [23].

All UV- vis spectra were recorded at room temperature against the same reference sample.


https://app.ithenticate.com/report/8468526/similarity?source=7477580&dsc=1&id=259&node=37&dn=d02629c5698ccebc03c363f3bc839572124ac5c853de3cc737572b96b7f474568802aed7276144188e7b71e239483726be3ff4d835cf6d149deeae4f9deefb1c
https://app.ithenticate.com/report/8468526/similarity?source=2838945&dsc=1&id=112&node=37&dn=c5387f31f5b972d7f62b9513000d7ba366a3edaaa066bc22c71b9199e7bebb4fdec810cd3820b21feef2f9ef7b292a545f740b88dc8b00e9255d9e969b6d043e
https://app.ithenticate.com/report/8468526/similarity?source=2838945&dsc=1&id=117&node=37&dn=8750e65303158a749e7029e6fd51e3136aa1f6a834a8bf238ddb82342212482654125221da583fa3e435963853bcc0109bb3d583487466b0c86c697e72e06d49
https://app.ithenticate.com/report/8468526/similarity?source=3056313&dsc=1&id=465&node=37&dn=b8c5a1d3c4dc23a53cad08b7ed4303579ef653448fa8ee0ef17a9586e5eeae910eb721aa8bd2991cf767f5dbb4a6152955313cdf5a8d640b9926a686f801c51f
https://app.ithenticate.com/report/8468526/similarity?source=2838945&dsc=1&id=119&node=37&dn=d3d240e7a378088a65fbb95a7766ef167eca08dda06708a58be68061f5b1a4599d5dbd0201db0297e51c67efd765f0bbb93d851df3f587259103d70d1da081a0
https://app.ithenticate.com/report/8468526/similarity?source=2838945&dsc=1&id=122&node=37&dn=e2befc8ecec9db97dfea3338a5afa0ff9dc764510bca37c4dee620116b9d91624ca5b4ce313a125348fdbe1afa821c8e9699dc8710ac5c77b5a72d2a5c33995a
https://app.ithenticate.com/report/8468526/similarity?source=2838945&dsc=1&id=124&node=37&dn=f8753659d5bffdba5d9ecab657c0464a346d1036e91e449b8bd730e4c6f9bfc2060f0d1839e2a6453b90b39489e816376da4bfdaf69da1ea7b4ae4d6bb9fca8f

The spectral shift is similar to that which occurs in some colloid solutions due to the

aggregates of gold particles [24]. The

UV/visible spectrum of the product (Figure 3) exhibits a small plasmon peak at 520 nm, with a characteristic intensity of
gold nanoparticle samples which contain cores of approximately 22 nm [25,26]. It is interesting to note that the post-

reduction process produces

an increase in the peak intensity, which indicates a 15
larger size
of gold cores. On the other hand, 15

the plasmon peak remains in the same position, which rules out nanoparticle core aggre- gation.

different reagents reference materials used 16

particle prepa- ration are included in the Supporting Information. Fig.3

shows representative UV-vis absorption spectra characteristic of gold nanoparticles. By the

fine control of particle sizes,
the

color of the solution changes from yellow to brownish red. The peak assigned to HAuCI in
the UV-vis spectrums at 230,4300 nm disappears after this reaction, which indicates 3+

thatthe Au ions are reduced.
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Bulk

large gold particle sizes will cause a red-shift to longer wavelengths, lower frequency and Iower
energies [27-29]. Conversely smaller particle sizes will be blue-shifted to shorter

wavelengths, higher frequency and higher energies.

Fig.2. TEM image of Au/HPC nanocomposite.

Fig.3. UV-Vis absorption spectra of Au/ 17

HPC
On the other hand, when the progress of the reaction with time for
gold- hydroxypropy! cellulose (Au/HPC)

was monitored, it was observed (Fig. 4) that the intensity of this band (540 nm)

decreases with increase in reaction time thus demonstrating
M. Ghorchibeigy et al. / Journal of Nanostructure in Chemistry 2 (2) (2011) 114
the effect of reaction time on the particle growth.
This figure reveal that the time play
an important role in controlling the gold particle size and size distribution. Shift of

about 30 nm for this absorption for Au/HPC (Fig.4)
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probably indicates the formation of larger sized Au/HPC nanocomposites thus corroborating | 3

with the earlier report

[20]. Fig.4. TGA/DTG curve for Au/HPC.

The thermal analysis of Au/HPC nanocomposites was conducted to understand the effect of | 3
temperature on the stability of the particles as well as the weight loss due to presence of

organics around the particles. Thermogravimetry/Derivative thermogravimetry (TGA / DTG) profile of

Au/HPC

revealed that the weight loss mainly takes place below 300 °C and there is total loss of 3
about 2.5 % in two steps. The first step loss (~1%) may be due to the adsorbed solvent where
as the second step loss (~1.5%) may be due to removal of organic matter associated with the metal

particles. After removal of the

capped organic materials, slow weight gain is seen in TGA curve after 350 °‘C possibly due | 3

to the oxidation information of

gold nanocomposite [30].

This provides a new route for construction of complex nanogold structures. In a 7

plausible reaction scheme (Scheme 2), the Au precursor (HAuUCI ) is reduced by CH CH SH, 4 3 2 producing Au_SR
(R=CH -CH ) oligomers (steps 1 2 3 and 2) [31, 32]. As HSR is added in defect with respect to HAuCl (considering the
3:1 stoichiometric 4 relation), some HAuUCI remain in Excess [33]. Then, 4 this reactant and the Au_SR produced in
steps 1 and 2 react with NaBH to form the Au-HPC nano- 4 composites already described. Shon et al. reported that the
reducing agent causes fragmentation of the Au intermediate en route to gold nanoparticles [34]. Furthermore, it was

stated that there is a complete breakup of the Au-thiolate species upon addition of NaBH to the reaction mixture. Then, it
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is not 4 yet clear whether the observed kinetic hindrance is simply related to the nanocomposite passivation by the
polymer layer or if it is also connected to a low rate of the polymer decomposition upon NaBH 4 addition. The final
products obtained in both systems (the as prepared and the post-reduced Au-HPC nanocomposites) could be seen as
intermediates in the synthesis of thiolate monolayer-protected metallic nanocomposites that, somehow, were not able to
be fully reduced. In this regard, the possibility of partially reducing the Au () by carrying out the post-reduction indicates
that the Au-HPC nanocom- posites are not a thermodynamically stable product when NaBH is used. Therefore, a
complete reduction 4 of the Au-HPC nanocomposites would lead to thiolate monolayer protected gold nanocomposites.
In the current case, as an incomplete reduction of Au (I) was achieved; the metallic gold core is surrounded by a
multilayer Au-HPC nanocomposites [35-37]. From the above proposed reaction scheme, it could be claimed that the
Au(l)_RS oligomers are the precursors of the motifs observed at the surface of thiolate covered gold nanoparticles. 115
M. Ghorchibeigy et al. / Journal of Nanostructure in Chemistry 2 (2) (2011) However, as a thick Au-HPC layer covers the
Au cores, it is not possible from our data to propose a structure for the interface between metallic Au and Au-HPC.

Scheme 2. Possible reactions involved in the Au/HPC nanocomposite synthesis. HPC

is a kind of strong anionic polyelectrolyte. Therefore, it is reasonable to consider that the
negatively charged HPC chains can further absorb at such positively charged particle
surface. However, it may be expected that the adsorption ability of HPC to various planes of gold

particle is different.
This polymer can gradually cover the growing Au clusters, finally blocking completely their growth. Therefore,

different growth kinetics of such planes of gold particles occurs due to the selective adsorption
of these chains of HPC to such crystallographic planes of gold particles, which results in the
for- mation of gold nanocomposite with preferential growth direction along the gold {111} plane.

However, the detailed formation mechanism is presently not clear and needs further investigation.

In our present study, NaBH4 severs as areducing -agent toreduce AuCl4 into
metallic gold, because there are no other reducing reagents in this system. When gold particles
are formed by chemical -3+ reduction of AuCl 4, they can absorb Au ions giving positively

charged particle surface
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[38]. 4. Conclusion

The present work presents an easy strategy for the controlled synthesis of highly pure gold 10

nanostruc- tures that have many potential applications, such as in sensors, microelectronic systems,

and optical coatings.

Analysis of the composite materials by TEM and XRD has allowed the measurement of average

crystallite sizes, whilst UV-vis
has
confirmed these nano-crystallites to be gold in nature.
The obtained Au particles exhibited little aggregation. The Au/HPC nanocomposites

by this chemical method not only have better crystalline nature but also uniform particle size

distribution.

We also reveal that the glass-transition temperature (Tg) of the Au/HPC nanocomposites is
lower than that of the bulk

HPC.

The current method would provide a simple and cheap way to produce the nanocomposites
of gold metal, which has great commercial potential. Acknowledgments The financial and

encouragement support
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