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Abstract

Purpose: To develop a novel approach to green synthesis of nano-polymer porous gold oxide
nanoparticles, and examine the effects of the temperatures on their surface.

Methods: Green synthesis of nano-polymer porous gold oxide nanoparticles (GONPS) using cetyle
trimethylammonium bromide (CTAB) surfactant with a mixture of Olea europaea fruit and Acacia
Nilotica extracts, was performed using sol-gel method. The nanoporous particles were characterized by
UV (ultraviolet (UV) visible spectroscopy and dynamic light scattering (DLS) while a zetasizer was
applied to determine their average particle size. Their surface morphology and shape were assessed by
transmission electron microscopy (TEM) and scanning election microscopy (SEM) while surface area
was measured using nitrogen gas adsorption method.

Results: TEM and SEM images showed a smooth, cylindrical or spherical, and cluster shapes, and
porous surface morphology. Increase in calcination temperature resulted in increase in surface area and
pore volume of nanopatrticles. This feature yielded GONPs that were unique with a high surface area of
146.706 m°/g.

Conclusion: The approach used in this study constitutes a new and rapid green synthesis of porous
nanoparticles of gold oxide under simple conditions. Furthermore, increase in GONPs surface area is
enhanced by increase in calcination temperature.

Keywords: Gold oxide, Nanoporous, Green synthesis, Olea europaea, Acacia Nilotica, Surface area,
Nanopolymer, Surface morphology
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INTRODUCTION

In recent years, nanomaterials have been a core
focus of nanoscience and nanotechnology: an
ever-growing multidisciplinary field of study
attracting tremendous interest, investment and
effort in research and development around the
world. Nanoporous materials as a subset of
nanostructured materials, possess unique
surface, structural, and bulk properties that

underline their important uses in various fields
such as ion exchange, separation, catalysis,
sensor, biological molecular isolation and
purifications. The presence of pores (holes) in a
material has useful properties that do not exist in
bulk material. Many inorganic nanoporous
materials are made of oxides. They have: a high
surface to volume ratio, a high surface area and
large porosity, and a very ordered uniform pore
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structure. They are often non-toxic, inert, and
chemically and are thermally stable [1].

Gold is an inert metal with high chemical stability
due to its high surface-to-volume ratio. This
enhances physical and chemical characteristics
not possible with the bulk material and thus
attracts distinct attention from the scientific and
industrial communities. It has been used for
catalytic oxidation of CO [2,3] as well as
production of: electrodes of fuel cells [4],
chemical sensors and biosensors [5,6] and as a
low-temperature heat exchanger [7]. Controllable
pore morphology of np-Au provides a highly
adaptable system for the fundamental study of
wide range of mechanical and surface properties
[8] in addition to a number of studies on various
aspects of np-Au, such as its catalytic and optical
applications [9], There are still many under-
explored features of this material, including
surface functionalization via thiol-conjugate
chemistry and biological applications [10].

There are several methods for preparing
nanoporous materials, such as electrochemical
erosion [11] electrochemical oxidation/chemical
reduction processes [12], chemical dealloying of
alloys [5,7,13,14], electrochemical alloying/
dealloying [4,15,16] and (the complicated)
template synthesis [17-19].

The aim of this study is to present a novel green
synthesis of gold oxide nanoporous particles
(GONPs) using surfactant CTAB with mix of Olea
europaea fruit and Acacia nilotica extracts and
few drops of sodium chloride under high
temperature; and study their characterization.
The preparation of GONPs by this approach has
advantages in physical and chemical approaches
since it produces a new type of high functional
GONPs which is eco-friendly, economic, clean,
nontoxic, simple to apply highly stable. To the
best of our knowledge, this is the first study that
discusses preparation of gold oxide nanoporous
using this method.

EXPERIMENTAL

The approach entailed the production of green
nano-polymer porous gold oxide nanoparticles
(GONPs) as follows: GONPs were synthesized
by adding 7 ml of aqueous solution of (5:5) mix of
Olea europaea fruit and Acacia nilotica extracts
to the aqueous solution of: 0.25 mole/L colloidal
chloroauric acid (HAuCl4), 0.05 mole/L cetyle
trimethylammonium bromide (CTAB) under high
temperature: 350 °C for 10 min, and finally
adding 3 drops of sodium chloride. The mixture

was then dried in air to get GONPs. The products
were calcined for 4 h at 400, 500, 600, 700 °C.
Gold oxide nanoporous structure was observed
by TEM. SEM and the surface area were
measured by BET method.

Characterization of nanopolvmer porous gold
oxide

Green synthesis of nanopolymer porous gold
oxide nanoparticles was characterized using:

A UV visible spectroscopy analysis of porous
GONPs was recorded as a function of time at
room temperature using Perkin ElImer UV- visible
spectrometer Lambda 25 (PerkinElmer. United
Kingdom). The electrical conductivity and the
average size of synthesized GONPs were
analyzed using dynamic light scattering (DLS)
Zetasizer. Nano series. HT Laser, ZEN3600 from
Molvem Instrument, UK. The samples, in dried
state, were characterized using elemental
analysis on a single particle which confirms the
elemental gold oxide using Oxford Instrument.

Incax-act energy dispersive spectrometer (EDS)
analysis equipped with scanning electron
microscopy (SEM, Jeol- Fesem) was used to
characterize the shape and morphology of the
biogenic, synthesized GONPs. Transmission
electron microscopy (TEM) JEM-1011, (JEOL.
Japan) was used to characterize the size, shape
and morphology of the resulting biosynthesized
GONPs. This was prepared by drop of GONPs
solution on carbon coated copper grid with a dry
film. TEM measurement was performed at an
accelerated voltage of 100KY. Specific surface
area, pore volume and average pore diameter
were measured with TriStar I 3020 VI.03,
(Micromeritics, USA). Specific surface area of the
samples was measured by adsorption of nitrogen
gas at 150 °C applying Brunauer Emmett Teller
(BET) model. Prior to adsorption, the samples
were automatically degassed. Pore size
distributions were derived from desorption
isotherms at P/Po of 0.3 using Barrett Joyner-
Halenda (BJH) method.

RESULTS

In liquid state, the sample had absorbance peak
(SPR) in the visible range at 577.06 nm; the
sharp peak indicates that the particles are mono-
dispersed (Figure 1).

The particles size of the nanoparticles green
synthesized was variable and had an average
value of 36 nm. Zeta potential shows the
electrical properties of nano-polymer porous gold
oxide, which has electrical conductivity of 6
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mS/cm. In our method the zeta potential was 26  Table 1 shows the elements (%) in the green
mV with positively charged nanoparticles. nanoparticle suspension.

Transmission electron microscopy (TEM) shows  Table 1: Elemental composition of the GONPs
that the nano- polymer porous gold oxide green

synthesized has cylindrical, rod and cluster (E)Ie}r(nent Wei%hgo(%) Atosrgigo(%)
shapes as shown in below (Figure 2). Zﬁ, K 4.99 4.94

. Au, M 77.82 25.56
SEM was used to characterize the surface Total 100.71 100

morphology of nano-polymer porous gold oxide.
Several bright cylindrical, rod-like, spherical, and
cluster-shaped particles were found (Figure 3).
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Figure 1: UV-Vis absorption spectrum of the GONPs
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Figure 2: TEM images of GONPs (A) 100 nm; (B) 200 hm
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Figure 3: SEM micrographs of dried GONPs calcined at 400 °C (100 nm)

The high reaction temperature and sufficient time
is favorable for the formation of large number of
the cores in short time. The calcination of the
production porous was useful to keep the porous
shape [20]. The results are listed in Table 2 and
it shows the variation of surface area, pore
volume and pore size of GONPs with the
calcination temperatures.

DISCUSSION

Ultraviolet (UV) spectroscopy confirmed the
reduction of AuCl,; to porous GONPs. Metal
nanoparticles such as silver and gold have free
electrons, which gives rise to surface plasmon
resonance (SPR) absorption band. The
characteristic surface plasmon resonance band
of GONPs was observed and exhibited an
absorption band at 577.06 nm and the sharp
peak indicates that the particles were mono-
dispersed and were in nano size.

For more characterization of porous GONPSs,
Dynamic light scattering (DLS) zetasizer was
employed for the measurement of the average
particles size. The particles size of the green

nanoparticles was variable and had an average
value of 36 nm. The polydispersity index (PDI)
was dimensionless with values between 0 and 1,
the values with 0.10 or less are considered highly
monodispersed [21]. DLS results of porous
GONPs exhibited the PDI as 0.157, which refers
to mono-dispersity of nanoparticles which gives
high stability to nanoparticles over a long time.
This result was in agreement with the results of
UV-vis absorption spectra.

Noble metals, such as gold and silver possess
high conductivity and operational stability and
require high temperature and vacuum deposition.
Gold nanoparticles have been successfully
explored as a low-temperature, high-conductivity
alternative [22]. Zeta potential shows the
electrical properties of nano-polymer porous gold
oxide, which has electrical conductivity of 6
mS/cm. In the method used in the present study,
the zeta potential was 26 mV with positively
charged nanopatrticles. The higher zeta-potential
value is a key parameter to maintain the stability
of suspension because causes a repulsive force
and keeps the gold nanoparticles away from
each other.

Table 2: Relationship between the calcination temperatures and particle properties of porous GONPs

Parameter Calcination temperature

400 °C 500 °C 600 °C 700 °C
Surface area (m?/g) 0.0766 0.179 1.8708 146.706
Pore volume (cm/g) 0.000303 0.002181 0.007490 0.603574
Pore size (nm) 22.3257 59.6814 21.4183 17.0949
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The result of TEM study gives a clear indication
regarding the shape, size and distribution of
GONPs. The surface morphology of the particles
is porous, spherical, cylindrical, rod, cluster
shapes and the display is highly dispersed. The
particles were well-dispersed in solution at
optimized gold salt concentration, which is due to
efficient activity of both reducing and capping
agents [23]. Variations in size can also be seen
in UV-vis spectra (Fig. 1) as SPR bands shift
towards longer wavelengths which indicate
increased size of synthesized particles [24].

Among all the microscopic methods of analysis in
literature, SEM and EDS are the most widely
tools used to characterize the surface
morphology of nano-polymer porous gold oxide.
Several bright, cylindrical, rod-like, spherical, and
cluster-shaped particles were observed in the
SEM images.

The EDS spectra of GONPs showed peaks for
gold and oxygen elements, which confirm the
occupancy of GONPs, and a peak of zinc
element which may have been produced from
the biomolecules that skipped to the surface of
the nanoparticles.

Results show that the calcined material at 700 °C
results in a larger surface area and pore volume
in comparison with the material calcined at 400
to 600 °C. An increase in these parameters may
be associated with a change in particle size as
well as the removal of impurities and water
molecules. GONPs exhibited smaller pore size at
600 and 700 °C; which might be due to the
blocking effects of the pore network.

CONCLUSION

A new environment-friendly approach to prepare
nanopolymer porous gold oxide nanoparticles
under simple conditions using sol-gel technology
has been successfully developed in this study.
The GONPs obtained are unique due to their
high surface area (146.706 m?/(g) and high
conductivity which makes them ideal for wide
applications. This new approach may open a
new window for the fabrication of various metal
nano-structures with novel morphologies and
varied applications.
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