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Antimicrobial Silver Nanomaterials
Synthesized by HVPCG Technique

Wilfred V. Espulgar, Gil Nonato C. Santos

Abstract—Triangular silver nanoplates, of different orientations, and other nanostructures were successfully synthesized
using the Horizontal Vapor Phase Crystal (HVPC) Growth technique for antimicrobial purposes in this study. This finding
demonstrates HVPC as an alternative and simple technique to synthesize ordered silver nanomaterials for antimicrobial study.
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1 INTRODUCTION

NTEREST has arisen in the manufacture and the cha-

racterization of silver nanomaterials because of their

unusually enhanced physicochemical properties and
biological activities compared to the bulk parent mate-
rials or macro scaled counterparts. These properties
provide the wide potential use of silver for numerous
applications like antimicrobial applications in medical
devices and supplies and in various consumer products
[1], [2], [3], [4], utilization of fluorescence and surface
plasmon resonance (SPR) for sensing applications [5], [6],
[7], [8], and span in electronic applications [9], [10], [11].

Among the properties and applications of silver na-
nomaterials, its antimicrobial property earns the greatest
interest among the existing studies because of its simplic-
ity and great importance. The search for a better and
stronger antimicrobial agent is unending because of the
microorganisms’ continuous adaptation to develop re-
sistance to the manufactured drugs.

Bulk silver is known for its antimicrobial properties
and has been used for several years in the medical field
for antimicrobial applications. Silver has even shown to
prevent HIV binding to host cells [12]. In fact, colloidal
silver or the bulk form of silver was used as an antibiotic
before the discovery of penicillin. In addition, silver had
been used in water and air filtration to eliminate micro-
organisms [13], [14], [15]. This antimicrobial property of
bulk silver is expected to be carried over and, perhaps,
enhanced in silver nanomaterials. However, the hypothe-
sized mechanisms that govern the fate and transport of
bulk materials may not be directly applied to materials at
the nanoscale and thus, remains to be understood. Sever-
al studies proposed that silver nanoparticles may attach
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to the surface of the cell membrane, disturbing the per-
meability and the respiration functions of the cell [16]. It
is also possible that the silver nanoparticles do not only
interact with the surface of membrane but can also pene-
trate inside the bacteria [17]. Also, the shape of silver
nanomaterials may interfere with their antimicrobial ef-
fect. Triangular silver nanomaterials displayed greater
biocidal action against E. coli than rod or spherical na-
nomaterials. [18]. Still, the question remains on when and
how silver nanomaterials can be a microbicidal or a mi-
crobistatic and the effects of different nanostructures to
this behavior.

Different synthesizing techniques have been em-
ployed to successfully grow silver nanomaterials of dif-
ferent structures. Majority of the techniques employed
suggested that the bottom-up technique is predominant-
ly used in the synthesis of silver nanomaterials relative to
the top-down technique [19]. However, this majority
posed environmental issues associated with the manu-
facture while taking into account its antibacterial effect
[19]. This is due to the production of other chemicals
aside from the material of interest, where disposal is a
major concern.

This study presents the use of the Horizontal Vapor
Phase Crystal (HVPC) Growth Techique as an alternative
technique in synthesizing silver nanomaterials for anti-
microbial purposes. The major advantages of this tech-
nique, employing the evaporation-condensation process,
compared to liquid phase routes are higher purity and
good thermal stability [20]. The synthesized and charac-
terized silver of different nanostructures grown in a sim-
ple technique, hopefully, will be helpful as a contribution
for building a framework in understanding its antimi-
crobial property by providing researchers the desired
silver nanostructures.
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Fig.1. SEM images of the synthesized silver nanomaterials: (a) nanoparticles and nanowries, (b) triangular and hexagonal nanoplates in
different sizes, (c) nanoplate with 232-nm thickness, and (d) spherical nanoparticles with average size of 500 nm in diameter; and (e) EDX

spectrum of a triangular silver nanoplate.

2 EXPERIMENTAL SECTION

2.1 Synthesis and Characterization of Ag
Nanomaterials

The starting material for the synthesis was thirty-five (35)
mg of 99.99 % pure silver powder ordered from Aldrich
Corporation. Silver nanomaterials were synthesized us-
ing the Horizontal Vapor Phase Crystal (HVPC) Growth
Technique; a procedure that is similar to a previous Mas-
ter’s Thesis [21]. Briefly, a vacuumed (~ 10 Torr) and
fully sealed amorphous silica tube containing the silver
powder was inserted halfway through a Thermolyne
furnace. The furnace was set at a certain growth tempera-
ture (800 °C, 900 °C, 1000 °C, or 1100 °C) and at a certain
growth time (4 hours, 6 hours, or 8 hours). After cooling
to room temperature, the products were collected for
characterization using a scanning electron microscope
(JEOL 5310) and energy dispersive x-ray analysis (Ox-
ford with Link Isis). Parametric analyses on the growth
time, the growth temperature, and the zone of deposition
were done to determine the optimum parameters for the
desired structures of silver.

2.2 Antimicrobial Test of the Grown Ag
Nanomaterials

Pour-plate technique was employed to confirm that the

antimicrobial property of bulk silver is carried over or

perhaps enhanced in the grown silver nanomaterials. A

105 CFU/mL of E coli was prepared through serial dilu-

tion of the original 108 CFU/mL bacterial solution. Four
sealed amorphous silica tubes were prepared for this
test: tube a - a tube that doesn’t contain silver but was
placed inside the furnace, tube b - a tube that contains 35
mg of silver powder but was not placed inside the fur-
nace, and tubes ¢ and d - two tubes that contain silver
nanomaterials (mostly triangular nanoplates). The ends
of the tubes (the ones exposed outside the furnace) were
cracked and served as the entry points of the bacterial
solution. Five milliliters of the bacterial solution was
poured into the silica tubes and was then shaken for 30
minutes using an orbital shaker. One mL of the bacterial
solution from each silica tube is poured in separate ste-
rile petri dishes to which is then poured 9 mL of sterile
and cold (at 45 °C) nutrient agar medium. The contents
were thoroughly mixed and allowed to solidify. After
incubating at 35 °C for 24 hours, the plates were then
compared.

3 RESuULTS AND DISCUSSION

Fig. 1 presents some of the SEM images of the silver na-
nostructures synthesized in this technique. Structures
such as nanowires, nanorods, triangular and hexagonal
nanoplates, and nanoparticles were successfully synthe-
sized. Optimum size and number of nanoplates, whether
triangular or hexagonal, were best grown at a low
growth temperature of 800°C and a short growth time (4
hours and/or 6 hours). The desired size of spherical na-
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noparticles can be achieved by increasing the growth
time regardless of the growth temperature. Optimum
thickness and length of the nanowires and nanorods are
best grown at a high growth temperature (1100°C) and at
a short growth time (4 hours). Such result is in coherence
to the vapor-deposition process [22]. Deposition of par-
ticles was affected by the growth temperature. The silver
powder in vacuum is believed to melt at 800°C. At 800°C
and 900 °C, vaporization is believed to be slow that pro-
moted the growth of 2-dimensional nanostructures. At
1000 °C and 1100°C, vaporization is believed to be fast
that promoted the growth of one-dimensional nanostruc-
tures.

Synthesized triangular silver nanoplates were sub-
jected for antimicrobial test as it has the greatest biocidal
action to E. coli [18]. The energy-dispersive x-ray analysis
(Fig. 1e) of a sample triangular nanoplate provides evi-
dence that the product grown was indeed silver. The Si
and O peaks are attributed to the amorphous silica tube
substrate.

Fig. 2 presents the result of the antimicrobial test us-
ing the pour plate technique. It can be seen from the pic-
tures that the number of colonies in plates ¢ and d are
lesser, compared to plates a and b. Comparing plates 1
and 2 does not show any significant difference. This indi-
cated that the 35 mg of silver powder was not enough to
kill E. coli in a 10° CFU/mL bacterial solution within 30
minutes.

However in plates c and d, there was a distinct dif-
ference from plate b. Plates c and d had a lesser number
of grown colonies as compared to plate b. This indicated
that the antimicrobial property of bulk silver was not
only carried over but was enhanced on the grown silver
nanomaterials counterpart. Since, the most number of
triangular nanoplates were synthesized and that they
have high {111} active facets, such enhancement was due
to the increase in surface contact of the silver atoms to
the bacteria [18] and their high surface to volume ratio.

4 CONCLUSION

This study demonstrated the potential of the Horizontal
Vapor Phase Crystal (HVPC) Growth Technique in syn-
thesizing silver nanomaterials for antimicrobial study
and purposes. The grown silver nanomaterials exhibited
enhanced antimicrobial property that is consistent and
comparable with other studies. The synthesis does not
require of any templates or surfactants since the process
is in solid route and thus eliminating the factor of un-
wanted wastes and its disposal. Thus, this finding pro-
motes the HVPC technique as an alternative and simple
technique for the said purpose.

Fig.2. E. coli colonies grown when 10° CFU/mL of bacterial solution was exposed to (a) a plane amorphous silica tube, (b) an amorphous
silica tube with silver powder, and (c-d) two amorphous silica tubes with grown silver nanomaterials (mostly triangular plates)
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