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Abstract. Metallic nanoparticles as antibacterial agents have been studied for several years. The
most used antibacterial nanoparticles are silver nanoparticles. The mechanisms and antibacterial
properties of silver nanoparticles are well known, but the effects of gold nanoparticles, especially
gold nano bipyramids, are not considered. In this research, we synthesized gold nanobipyramids
by seed mediated method using cetyltrimethylammonium bromide surfactant. Gold nanobipyra-
mids was removed cetyltrimethylammonium bromide and modified the surface using polyethylene
glycol, polyvinyl alcohol and chitosan as the stabilizers. Besides, antibacterial effects of gold
nanobipyramids on both Escherichia coli (Gram negative) and Staphylococcus aureus (Gram pos-
itive) were investigated in this paper. The results showed that gold nanobipyramids have good
antibacterial activities even at low concentration. The optimal concentration of stabilizers and
gold nanobipyramids in antibacterial activities were also studied in this paper.
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I. INTRODUCTION

Antibiotics that can destroy or slow down the growth of bacteria, are used to treat infections
caused by bacteria which may cause illness for human and animals. The first natural antibiotic is
penicillin, was discovered by Alexander Flaming in 1928 [1]. Since then, there are many different
types of modern antibiotics was discovered, developed and saved millions of lives [2].

Unfortunately, bacterial infections are becoming resistance because of the overusing. An-
tibiotic resistance is a worldwide problem nowadays. It is found that the resistance has been seen
to almost antibiotics which have been developed [3]. According to the European Centre for Dis-
ease Prevention and Control (ECDC), an estimated 25,000 people die each year in the European
Union from antibiotic-resistant bacterial infections. In 2013, the US Center for Disease Control
and Prevention (CDC) estimated at least 2 million people accquire antibiotic resistance and more
than 23,000 people die because of antibiotic resistant infections each year in United States [4].
Especially, a new superbug was found that can resist colistin, an antibiotic used as a last resort [5].

Due to the bacteria resist many common antibiotics, infection diseases become one of the
problems for human. So that developing the new strategies to treat bacterial infections are re-
searched such as developing new antibiotics, disarming pathogens, starving microbes of nutri-
ents, [6] Among them, metallic nanoparticles are the potential materials as advanced antibacterial
agents [7]. Unlike antibiotics, bacteria cannot easily resist against metallic nanoparticles because
of their mechanisms. The exact toxic mechanisms of nanoparticles against microorganism are not
understood completely [8]. The antibacterial effects based on the interactions between nanopar-
ticles and bacterial cell, including biosorption, uptake cell, nanoparticles aggregation that lead to
the membrane damage and toxicity for bacteria [9].

Among inorganic antibacterial nanomaterials, silver nanoparticles are the most used and
well known. Besides, there are more types of metallic nanoparticles have been studied such
as TiO2, ZnO, NiO, CuO, Cu [10, 12]. And one of the most noticeable antibacterial agents as
well as silver during last year is gold nanoparticles. According to the investigations by Amin et
al. [13] and Mubarak Ali et al. [14], silver nanoparticles had higher antibacterial activities than
gold nanoparticles. However in our studied, it was found that the antibacterial activities of gold
nanobipyramids (NBPs), a rod-like gold nanoparticles, are effective on both Escherichia coli (E.
coli) and Staphylococcus aureus (S. aureus).

II. EXPERIMENTAL

Preparation of NBPs
Gold (III) chloride hydrate (HAuCl4 xH2O, ∼ 52% Au basis), sodium borohydride (NaBH4,

99%) were purchased from Sigma-Aldrich; cetyltrimethylammonium bromide (CTAB, 99%), sil-
ver nitrate (AgNO3, 99%) were obtained from Merck; ascorbic acid, sulfuric acid (H2SO4, 99%)
were purchased from Prolabo Company; polyethyleglycol (PEG, Mn 6000), polyvinyl alcohol
(PVA, Mw 31.000-50.000, 98-99% hydrolyzed), chitosan were provided from Merck. De-ionic
(DI) water (18 MΩ.cm) was used throughout experiments. All chemical materials were GR grade.

In this report, we synthesize NBPs by seed mediated method using ascorbic acid reduction
with cetyltrimethylammonium bromide (CTAB) and AgNO3 as capping agents [15]. Firstly, an 50
µl aqueous solution of 10−2M HAuCl4 was mixed with 1 ml solution of 0.2M CTAB and 950 µl
DI water under stirring at room temperature. Then 200 µl of cold (4˚C) 0.1M NaBH4 solution was
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added into the mixture. The color of solution changed from yellow to brownish. The solution was
kept in room temperature at least 24h for using as the seed solution. Secondly, the growth solution
was made by added 500 µl aqueous solution of 10−2M HAuCl4 to 5 ml solution of 0.2M CTAB
and 4.5 ml DI water under stirring. After that, 37.5 µl solution of ascorbic acid (AA) 0.1M was
added. The color of solution immediately changed from brownish yellow to colorless. Next, 50
µl aqueous solution of 0.1M AgNO3 was dissolved in colorless solution with pH about 3 (using
H2SO4 20% for adjusting pH). Finally, 35 µl the seeds solution was dropped in the mixture. This
solution was kept in room temperature without strirring for 24h.

Purified and stabilized NBPs
After prepared, the CTAB layer on NBPs surface is exchanged by biocompatible ligands

such as polyethylene glycol (PEG), polyvinyl alcohol (PVA) and chitosan [16]. Under stirring, 10
ml NBPs colloids was added to 5 ml biocompatible polymer solution for 2h at room temperature.
After that, gold nanospheres, free CTAB and polymer molecules were removed using centrifu-
gation at 7000 rpm for 10 min. Then, NBPs were washed 1 time with DI water to remove any
residual CTAB and polymer (Fig. 1).

Fig. 1. Process of purification and stabilization of NBPs

Characterization of NBPs
Ultraviolet-visible (UV-Vis) spectroscopy measurements were carried out on Jasco V-670

to study the aspect ratio (A.R) and purity of NBPs and stabilized NBPs. The spectra of gold
colloids were recorded before and after centrifugation. The A.R which is a fraction of length over
the diameter of the NBPs particle, can be estimated from the UV-Vis results by Discrete Dipole
Approximation (DDA) theory [17] (λmax = 96 A.R + 418). According to the UV-Vis spectrum,
the surface plasmon resonance (SPR) of NBPs include two peaks: transverse plasmon resonance
(TSPR) peak and longitudinal plasmon resonance (LSPR) peak. The rod-like shape-yield can
be estimated based-on the ratio of LSPR/TSPR [18]. The higher LSPR’s intensity is, the higher
bipyramidal particles is. Otherwise, the higher TSPR peak’s intensity is, the higher spherical
impurity is.

Transmission electron microscopy (JEM1010-JEOL) was used to determine the size and
shape of NBPs.
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Assay for antibacteroal activity of NBPs against E. coli and S. aureus
Escherichia coli and Staphylococcus aureus are provided by Pasteur Institute in Ho Chi

Minh City. The antibacterial activities of NBPs were evaluated by plate counting method. Added
100 µl solution approximately 109 colony-forming unit per (CFU/ml) of E. coli into 900 µl NBPs
solution, similar with 107 CFU/ml of S. aureus. Then, 100 µl of E. coli-NBPs were inoculated
on Eosin methylene blue agar (EMB-Evine) plates or S. aureus-NBPs were inoculated on Baird
Parker (BP-BK055HA) agar plates. The positive control were used 108 (CFU/ml) of E. coli and
106 CFU/ml of S. aureus. All plates were incubated at 37˚C for 24h. Colonies that developed in
agar plates were counted after incubation.

III. RESULTS AND DISCUSSIONS

Characterization of prepared NBPs and stabilized-NBPs
The absorption spectra and transmission electron microscopy images of gold nanobipyra-

mids colloids are presented in Fig. 2 and Fig. 3. The UV-Vis results (Fig. 2) show two clearly
peaks: one in visible region of TSPR peak and the other in near infrared of LSPR. The max
wavelength (LSPR peak) are 753 nm of NBPs and 749 nm of stabilized-NBPs after purification.
From the LSPR’s absorption wavelength, both of the bipyramidal A.R are estimated approximately
3.5 by DDA theory. Besides, the LSPR/TSPR ratio of NBPs before purification is calculated as
2.27/2.46.

Fig. 2. UV-Vis spectra of prepared NBPs and stabilized NBPs.

According to the UV-Vis results, we can determine that spherical impurities were removed
out of stabilized-NBPs colloids without changing shape and size.

TEM images of NBPs were obtained before and after stabilized by PEG, PVA and chitosan.
We used ImageJ sofware to measure the length and diameter of NBPs particles from TEM images
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and statistical counting to calculate the average size. NBPs prepared in CTAB surfactant with
78±6 nm length and 33±3 nm diameter were observed (Fig. 3a). The average size of NPBs
particles which re-suspended in PEG, PVA and chitosan-NBPs (Fig. 3b-d) were almost 81±6 nm
and 33±3 nm.

Fig. 3. UV-Vis spectra of prepared NBPs and stabilized NBPs.

III.1. Stability of modified NBPs
NBPs were removed CTAB by ligand exchange reaction using biocompatible polymer. To

investigate the stability of modified NBPs, different polymer concentration from 0.5%-2.5% were
used in NBPs suspension as stabilizer. Comparison of SPR of PEG modified and prepared NBPs
after 4 weeks was shown in UV-Vis results (Fig. 4a). Inspecting the UV-Vis curve of NBPs at
0.5% PEG, since the concentration of PEG is so low (0.5%), not enough to cover NBPs particles,
that they were aggregated by time. In higher PEG concentration, it can be seen that the UV curves
of PEG-NBPs at 1.0% - 1.5% and prepared NBPs are the same, that mean the stability NBPs
suspension was also maintained. However, when PEG concentration was increased from 1.5%
to 2.5%, UV-Vis curve changed clearly. The LSPR/TSPR ratio decreases with increasing PEG
concentration because of the aggregation of NBPs particles. According to the UV-Vis results,
1.0% PEG is the optimal concentration stabilizer for NBPs.
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Fig. 4. Stability of modified NBPs in different concentration stabilizers: PEG-NBPs (a);
PVA-NBPs (b); chitosan-NBPs (c).
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Fig. 4b shows the influence of PVA concentrations to the stability of NBPs. At 0.5%
PVA, the UV-Vis of PVA-NBPs were similar to CTAB-NBPs that approve NPBs suspension is
relatively stable after 4 weeks. But the UV-Vis curves changed when PVA concentration increases
from 1.0% to 2.5%. The higher PVA concentration is, the lower LSPR peak’s intensity is. From
the UV-Vis result, we can conclude 0.5% PVA is the suitable concentration to stabilize NBPs.

Chitosan stabilized NBPs was presented in Fig. 4c. After 4 weeks, the chitosan-NBPs
curves of 0.5% and 1.0% concentrations have changed slightly. But it can be seen the chitosan-
NBPs curves changed clearly with increasing chitosan concentration due to NBPs particles aggre-
gated together.

From the above results, we can realize each polymer and their concentration have influences
on the stability of NBPs suspension. If the polymer’s concentration is too high, it will be lead to
the aggregation of NBPs particles.

Antibacterial activities of stabilized NBPs

Fig. 5. Antibacterial activities of NBPs against E. coli (a) and S. aureus (b).
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Antibacterial tests were performed against E. coli and S. aureus using different concentra-
tions stabilized NBPs (5 ppm, 10 ppm and 40 ppm). Fig. 5a shows the antibacterial efficiencies
of stabilized NBPs on E. coli. From the results, it can be seen the killing efficiencies are about
60∼70% indicated the antibacterial activities were not effective at 5 ppm. By increasing the NBPs
concentration up to 20 ppm, the antibacterial activities are more effective, over 90% killed bac-
teria. Comparing with the others, chitosan-NBPs have better killing efficiencies because chitosan
also have antibacterial activity [19, 20]. The antibacterial efficiencies were greatest at 40 ppm on
which concentration almost 100% bacteria cells were killed. Fig. 5b shows the antibacterial activ-
ities against S. aureus. From the results, it can be seen that all of stabilized NBPs at 5 ppm-40 ppm
have 100% antibacterial efficiencies. Antibacterial tests were performed NBPs is more effective
on S. aureus than E. coli, even at low concentration of NBPs. The different antibacterial effects
are because of the bacteria structure. According to the reports of M. Hajipour et al. [21] and Y.
Cui et al. [22], the toxic mechanism of gold nanoparticles against bacteria is two ways: attaching
to membrane, decreases the metabolism; permeating and destroying the nucleus of bacteria cell.
Gram negative bacteria (E. coli) have an outer wall (lipopolysaccharide layer) as a permeability
barrier, therefore NBPs are more difficult to get inside and damage the E. coli bacteria cells than
S. aureus.

IV. CONCLUSIONS

In conclusion, we have demonstrated gold nanobipyramids is a potential material as an-
tibacterial agent. NBPs display their great performance against both Gram positive and Gram
negative bacteria at 40 ppm. At lower concentration of NBPs, the antibacterial activity on Gram
positive is higher than on Gram negative because of the different wall structure of bacteria cells.
By changing the surface modification agents using biocompatible polymer, the stability of NBPs
was maintained after 4 weeks. Due to antibiotic resistance is a worldwide problem nowadays, gold
nanobipyramids with antibacterial properties can be a promising material to develop nanomedicine
against the bacterial infections for human in future.
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