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Introduction
In many fields of human activity, the
environment free of harmful microbes, is required.
To combat the pathogenic organisms is a main
concern of health care or in the food production.
The prevention of the spread of infections or food
contamination may be ensured by proper
disinfection or sterilization.
The procedure of destroying microorganisms is
called sterilization. Heat, chemicals, irradiation,
high pressure or filtration are commonly used to
perform a sterilization. Removing all pathogenic
agents from objects, refers often to the term:
disinfection. Disinfectants are used to remove
microbes from surfaces, medical appliances, linen
etc., whereas antiseptics are antimicrobial
substances that are applied to living tissue in order
to protect against infection, sepsis, or putrefaction.
Many pathogenic species have the ability to
survive during the passage from person to person.
They may survive in the air or on the various
objects. It was demonstrated that many microbes
may survive on glass, fabrics, metals, plastics or
even computers, etc. 1, 2, 3, 4, 5.
Nanomaterials as antimicrobial agents
The application of nanotechnology and
nanomaterials has increased rapidly in the last
decade due to valuable and extraordinary
properties of these materials. By controlling the
phenomena that occur in nano-dimension, it is
possible to create a new class of materials with
tailored unique properties and functions. Various
types of nanomaterials may be produced, e.g. be
metals, ceramics, polymers, or composites. They
may have various shapes and geometry: they can
be one-, two- or three dimensional.
Many authorities worldwide believe that
nanotechnology may have a big impact on the
economic development and sustainable quality of
life (see e.g. the welcome letter6. to
EuroNanoForum 2009)

In the last years increased resistance of many
pathogenic species to commonly used disinfectant
and antibiotics, is observed. Therefore, many
studies are conducted in order to find new types of
safe and cost-effective antimicrobial active
materials. Performed studies demonstrated that
various
nanomaterials
exhibit
excellent
antimicrobial
properties
through
diverse
mechanisms (see Fig. 1).

Fig. 1 Types of mechanism of cytotoxic interaction of
nanomaterials.

Nanomaterials may interact with cellular wall
and disintegrate it. They can accumulate inside the
cell or may lead to ROS (reactive oxygen species)
production, thus to destroy the cell integrity. The
another cytotoxic mechanism is via DNA damage.
Recently, many papers were published,
presenting the results of examination of
antimicrobial activity of various nanoparticles.
One of the most popular study objects are silver
compounds and silver ions that have been
recognized as active antimicrobial agents. The
attempts are made to compare the activity of
various
nanomaterials.
The
examinations
demonstrate that the activity depends on the
microbial species, as well as on the type of ions7.
The activation with light may increase the
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antimicrobial activity of nanoparticles8.
Experimental
Materials
Silica nanospheres were prepared using
modified Stöber synthesis [9]. The method bases
on catalyzed hydrolysis of TEOS in water-ethanol
mixture. Ethyl alcohol (95%) ammonia solution
(25%), hydrofluoric acid (35%), all from Polish
Chemicals and tetraethylortosiliane (TEOS from
Aldrich) were successively added at room
temperature. Sediment was washed in methyl
alcohol, and dried in 70oC for 24 hours.
Impregnation process was performed basing on
Tollen's method [10].The spheres were dispersed in
the distilled water. Further, silver ammonia

complex Ag NH 3 2 [0.4 M] was added and the
Tollen’s-soaked silica spheres were formed.
Glucose solution [0.4M] at room temperature, was
used as the reducing agent. Sediment materials
were washed in methyl alcohol and double
distilled water . Following, the second reduction
reaction was performed by adding silver nitrate
[0.5 M], ammonia solution (25%) and solutions of
glucose [0.4M]. After 24 hours in 70oC
temperature
silica
spheres
with
silver
nanoparticles were prepared.
The Ag-Au doped material was prepared by
exploiting the cementation process. Solution of
hydrate chloroauric acid, hydrate potassium
carbonate, and distilled water were added to the
materials after first reduction reaction. After one
hour, cementation process was finished, and then
solution of glucose [0.4M] was added as a
reducing agent. After 24 hours in 70oC
temperature, sediment materials were washed in
methyl alcohol and double distilled water..
Total concentration of silver nanoparticles in
sediment materials Ag-SiO2 after I reduction
reaction was 9.4 [mg/dm3], and after II reduction
reaction was 35.6 [mg/dm3]. Total concentration
Ag and Au after cementation process were 8.7
[mg/dm3] (for Ag) and 16.3 [mg/dm3] (for Au),
respectively.


Method
Bacterial cultures of Escherichia coli were
prepared on Mac Conkey’s agar (Sis Biomed
product). Three types of nanomaterials (I

reduction reaction, II reduction reaction and
cementation process) in various proportions, with
different amount of silver were used in this study
(see Tab. 1). Nanomaterials were added to the
bacteria cultures.
Tab. 1 Volumetric contents of nanomaterials
Sample
Bacteria
Volume of sediment
suspension
materials in distilled
volume [ml]
water [ml]
1.0 : 2
1.0
2
1.0 : 10
1.0
10
1.0 : 15
1.0
15
1.0 : 20
1.0
20
1.0 : 50
1.0
50
1.0 : 100
1.0
100
1.0 : 250
1.0
250

After 24h incubation in 37oC, the antimicrobial
activity against Escherichia coli was evaluated by
counting the number of colonies.
Results
The goal of the research was to examine the
antibacterial properties of silica based materials
(nanosilver and nanogold). Figure 2 shows some
exemplary results.

Fig. 2 Exemplary results of antimicrobial activity of
sediment materials prepared by cementation process:
Ag-SiO2-Au doped nanomaterial.
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Fig. 3 Survivability of Escherichia coli bacteria treated three types of silica compound doped nanosilver and nanogold.

The antimicrobial activity Ik% was determined as
I K%

I
 K 100%
C
, where IK is an average number of

bacterial cultures (CFU – colony forming units)
treated with nanomaterial, C is the average
number of CFU in control group. The results are
shown in 3 and Tab. 2.

bacteria were seeded on agar plates and the
samples were incubated. To 1 ml of bacteria
suspension 0,25, 0,5 or 1 ml of supernatant was
added. The CFU indices (colony forming units)
were counted. Some of the results (for Ag-Au
nanoparticles) are demonstrated on Fig. 4.

Tab. 2 The rate of bacterial survivability.

1.0 : 2
1.0 : 10
1.0 : 15
1.0 : 20
1.0 : 50
1.0 : 100
1.0 : 250

II reduction
reaction

Ik% [%]
78.81
34.26
9.01
2.19
0.43
0.00
0.03

Ik% [%]
40.89
2.91
0.71
0.58
0.00
0.00
0.03

Cementation
process
Ik% [%]
46.16
54.18
34.43
34.39
12.84
0.17
0.21

All
tested
nanomaterials
materials
demonstrated an antibacterial activity. The most
efficient material was that one produced on the
way of II reduction reaction.
Analogical experiments were performed with
supernatant materials. The antimicrobial activity
was tested and compared with the activity in case
of photosterilization. For irradiation TopGan laser
emitting at 410 nm, peak optical power 200 mW,
was used. The exposure time was 4 minutes. The
nanomaterials in various concentrations were
added to the bacterial suspension and then the

Cementation process
800
600

CFU

Samples
symbol

I reduction
reaction

400
200
0

Control 1 ml :
1 ml :
0.25 ml 0.5 ml
Laser irradiatiated

samples

1 ml :
1.0 ml

Samples without
irradiation

Fig. 4 The influence of laser irradiation on Ag-Au
nanomaterials antibacterial activity. A decrease of CFU
is seen after 4 minutes laser irradiation.

The rate of bacterial survivability after the
laser irradiation depicts Tab. 3. One can see that
there is a synergy in antimicrobial activity of
nanomaterials and additional laser irradiation.
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Tab. 2 Survivability rate in % of bacteria treated with
nanomaterials and irradiated by 415nm laser light.
I red
II red
cemen
Sample
-tation

1 ml : 0.25 ml
1 ml : 0.5 ml
1 ml : 1.0 ml

0,22
0,12
0,05

0,00
0,00
0,00

0,01
0,00
0,00

Conclusion
Recently, many reports were published from
the studies on various materials with antimicrobial
activity. The growing resistance of microbes
against popular sterilization methods, caused the
great interest in a new type of materials and new
methods. Here, nanotechnology may offer
promising solutions. Nanomaterials may be used
as antimicrobial agents on solid bodies, as well as
in water11.
In our study, it was proved that silver and
silver-gold doped silica nanospheres revealed
antibacterial activity against Escherichia coli. For
the higher nanoparticles concentration, the
antimicrobial effectiveness was higher.
Sol-gel route is a very convenient method to
produce various materials and it is frequently
exploited for nanomaterials. Composite materials
in form of nanopowders may be produced or they
may be deposited on various substrates, e.g. fibers,
metals etc. The photocatalytic properties of such
materials may be used for photosterilization
processes. Morover, it is possible to apply not
only UV but the light in visible range12.
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