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Abstract

Silver particles are able to show
antibacterial and antiseptic properties at the
nanoscale [1,2]. These properties result from an
alteration in the binding capacity of silver atoms in
the nanosilver particles which enables them to Kill
harmful organisms through destroying their vital
enzymes. Given that currency notes are one of the
major sources of bacterial contamination and might
be a critical factor in enteric infections and other
health problems [3,4], here we propose a new
method for producing antibacterial banknotes by
using silver nanoparticles.

Materials and methods

In the present study, we used formaldehyde
in the gas phase to incorporate silver nanoparticles
into the banknote tissue in a homogenous way.
The materials and equipments used in the third
method included: (1) silver nitrate, (2) ammonia, (3)
formaldehyde (the reducing agent) , (4) deionized
distilled water, (5) acetone, (6) a heater , (7) 3
beakers (cap., 200ml), (8) a Petri dish, (9) a
banknote, divided into two halves, one of which was
used as experimental and the other as control.
First, we prepared a 0.025 M solution of silver nitrate
and ammonia by using deionized water, so that the
following reaction could occur:

AgNO:; (s) + 2NH; (I) ——>  Ag(NH;3),NOs (aq)
We also sprayed acetone thoroughly all over the
banknote to make it clean (Only the experimental
part of the banknote was involved in the procedure).
Note that this action is only necessary when a used
banknote is experimented, but unnecessary for new

banknotes that have just been printed. Then the
banknote was thoroughly impregnated with the
solution of silver nitrate and ammonia by putting it
into a Petri dish that contained the solution. Next, 50
ml of formaldehyde solution was poured into a
beaker (cap. 200 ml) and 100 ml of distilled water
was added toit. The beaker was put on a heater with
a temperature of 80 degrees Celsius. Then we put
an aluminum net on the beaker and put the
banknote on top of it to be exposed to formaldehyde
vapor so that the following reaction could take

place:
Ag(NH3);:NOs3 (aq) + H,CO —=>
Ag Vo NH3/]\+ HCOOH | + NH4NOs3

According to the reaction, formaldehyde can
lead to reduction of silver in the silver nitrate and
ammonia. We expected that the released silver
atoms would create small nanoparticles which
would be placed on the banknote and penetrate its
tissue. To produce an optimal amount of silver
nanoparticles, the heating was continued for 20
minutes. Among the side products of this reaction,
ammonia and formic acid were quickly evaporated
and did not remain on the banknote. In order to
remove the NH,NO,, the banknote was soaked in a
solution of water and acetone. Thus, after
evaporation of the acetone, all side products of the
reaction were eliminated and only the silver was left
on the banknote. Finally, the banknote was dried.
According to our inquiry, the method used here for
synthesizing nanosilver particles is novel. Also the
way used for reducing silver in a solution of silver
nitrate and ammoniais innovative.

Results
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The scanning electron microscope (SEM)
image showed that the silver particles on the
banknote had a size of less than 90 nanometers. To
examine the antibacterial property of the new
product, we conducted a few challenge tests using
some of the most prevalent pathogenic
microorganisms (i.e., escherichia coli,
staphylococcus aureus, and pseudomonas
aeruginosa). In all conditions, a statistically
significant higher level of antibacterial effect was
observed for the treated part of the banknote in
comparison with the other part. These results were
obtained in spite of the very low amount of silver in
the new product.

Conclusion

The proposed method can be helpful for
preventing the spreading of infectious diseases,
especially in countries having a high usage of
banknotes. The low amount of silver used in this
method ensures that it is not only economical but
also safe. Note that products with a high amount of
silver can be harmful for human beings [2]. The

method is especially economical for higher value
banknotes. Our procedure can be implemented by
adding a simple device to banknote printing
machines.
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