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Preparation and characterization of a novel
biological nanosilver fluoride synthesized
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Green tea extract was used to synthesize silver nanoparticles (AgNPs); sodium
fluoride was added at the end of the synthesis. Change of colour confirmed the
reduction of the silver ions; the formation of AgNPs was confirmed by the appearance
of a broad absorption peak at 420 nm. Scanning electron microscopy (SEM) showed
that the AgNPs were spherical and their average size was corroborated by dynamic
light scattering (DLS) as 8 nm; their zeta potential indicated high stability. The
advantage of this "green" method of synthesis of nanosilver fluoride for applications
in the dental field, especially in paediatric dentistry, is the absence of hazardous
chemicals.
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1. Introduction
A major part of nanotechnology is concerned with the synthesis of nanoparticles.1 Metal
nanoparticles, with sizes ranging from 1 to 100 nm, have been found to be useful in many fields
due to their unique physicochemical characteristics.2 Silver nanoparticles (AgNPs) have drawn
considerable attention in biomedicine and dentistry due to their antibacterial properties.3 There
are three basic methods for the synthesis of AgNPs: chemical, physical and biological.
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Traditional chemical and physical approaches are extravagant and require complicated
laboratory apparatus,4 however, which provides the motivation for seeking more efficient
methods based on sustainably procurable raw materials.
As a precaution during the current Covid-19 pandemic, dental practitioners and hygienists
are mainly providing nonaerosol treatments wherever possible, e.g. the application of fluoride
varnishes. In 2014, dos Santos et al. reported that a chemically prepared nanosilver fluoride
varnish was able to arrest carious lesions in children’s teeth.5 Sodium borohydride, a hazardous
chemical,6 was used in the synthesis. In the last decade, biological reagents have been
extensively researched for synthesizing silver nanoparticles with controlled structure.7 Some
plant leaf extracts can act as reducing agent and stabilizer. These “biological” or “green”
methods of synthesis are, furthermore, rapid, simple and low-cost.8
Green tea (Camellia sinensis) is one of the most-consumed beverages in Asian countries.
There are many favourable effects of consuming green tea as it contains health-promoting
bioactive components that may inter alia help prevent cancer and cardiovascular diseases.9,10
Prominent among these components are polyphenols, which have been thoroughly studied for
use in the synthesis of nanoparticles. The major active components of green tea are catechins
and other flavonoids, which can act as reducing and capping agents in the synthesis of AgNPs.11
Our interest, however, is in stomatological “silver fluoride” rather than pure elemental
silver. Here we propose a novel biological approach to rapidly synthesize nanosilver fluoride
(NSF) and investigate its characteristics.
2. Experimental
2.1 Materials
Silver nitrate (AgNO3), potassium carbonate (K2CO3) and sodium fluoride (NaF) were obtained
from Sigma–Aldrich. Green tea leaves were obtained from a local market. Ultrapure water was
prepared using an Elix Advantage water purification system (Merck, Darmstadt, Germany).
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2.2 Methodology
2.2.1 Green tea extract preparation
3 g green tea leaves were put in 200 mL distilled water and was heated at 80 °C for 20 min. The
extract was left at room temperature to cool and then filtered through Whatman filter paper #1.
Filtered green tea extract was used to synthesis AgNPs.
2.2.2 Nanosilver fluoride synthesis
An aliquot of 30 mL green tea extract was diluted into 250 mL ultrapure water and stirred until a
homogenous solution was obtained. Its pH was 6 as measured by a pH 211 meter (Hanna
Instruments, Padua, Italy). Potassium carbonate K2CO3 was added until pH 10 was reached
(Fig. 1). 20 mL of AgNO3 (1 mM) was added to the mixture in a single shot and any changes in
colour were noted. Finally, a solution of NaF (0.526 M) was added. The resulting nanosilver
fluoride was kept in a dark bottle until further experiments. The final concentrations of
each ingredient were: green tea extract [30 000 mg/mL]; AgNPs [400 mg/mL] and NaF
[5000 mg/mL].

Figure 1. Buffering green tea extract with K2CO3 until pH 10 was reached.

2.2.3 Nanosilver fluoride characterization
Colour change and UV–vis spectroscopy
After adding the stock solution of AgNO3 to the green tea extract, any changes of the mixture’s
colour were recorded. UV–vis spectroscopy was used to evidence the reduction of Ag+ and the
formation of nanoparticles. The nanosilver fluoride solution was placed in a quartz cuvette and
analysed from 200 to 900 nm using a Lambda 35 instrument (Perkin Elmer, Long Island, USA)
at room temperature. Ultrapure water was used as a reference.
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Scanning electron microscopy (SEM)
A VEGA II scanning electron microscope (TESCAN, Brünn, Czech Republic) was used to
determine the morphology of the synthesized nanosilver fluoride. The solution was first
centrifuged at 14 000 revolutions per minute for 4 min, repeated 3 times with washing between.
Then, thin films made by letting a few drops of the supernatant dry were sputtered with gold
prior to examination in the ultramicroscope.
Dynamic light scattering (DLS)
Size and stability of the nanosilver particles were analysed using a Zetasizer Nano ZS90
(Malvern Panalytical, UK). Particle size was measured using DLS at a scattering angle of 90° at
25 °C in a disposable cell. The Stokes–Einstein relationship was assumed in order to calculate
size and size distribution from the particle diffusivities. The polydispersity index is
dimensionless and scaled such that values smaller than 0.05 are rarely seen other than with
highly monodisperse standards. Values greater than 0.7 indicate that the sample has a very
broad size distribution and is probably not suitable for the DLS technique. The various size
distribution algorithms work with data that falls between these two extremes. The calculations
for these parameters are defined in ISO standard 22412:2017.
3. Results—characterization of nanosilver fluoride
After the addition of AgNO3 to the green tea extract, the light brown colour slowly turned
dark, indicating the reduction of Ag+ as shown in Fig. 2. The UV–vis spectrum showed a
broad absorption peak at 420 nm (Fig. 3). SEM showed that the AgNPs were mostly spherical
in shape and evidently they were not aggregated. According to the DLS, the average size of
the AgNPs was 8 nm, and the polydispersity index was 0.297. The ζ-potential was –0.39 mV.

Figure 2. Colour change of green tea extract a), and b) after adding AgNO3.
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Figure 3. UV–vis spectrum of nanosilver fluoride with green tea extract (corresponding to b) in Fig. 2).

Figure 4. Scanning electron micrographs of the final preparation of nanosilver fluoride.
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4. Discussion
Buffering green tea extract with alkali was adapted from previous studies reporting that it
produced controlled and stabilized AgNPs.12,13 NaF was added as a final step to improve the
stability, antibacterial potency and dental remineralization efficacy of the preparation.14
The change of colour upon adding AgNO3 is an indication of Ag+ reduction by the green tea
extract. Other studies have reported the same phenomenon when using green tea extract to
synthesis AgNPs. It is attributed to the excitation of surface plasmon resonance,15–17 which
engenders the broad absorption peak at 420 nm (Fig. 3). It is in agreement with earlier findings
of peak absorption of silver nanoparticles ranging from 415 to 430 nm.7,18
SEM revealed that the particles were spherical in shape and not aggregated. This
observation was in accordance with the UV–vis spectrum; the single absorption peak is
consistent with spherical AgNPs (while two or more peaks would imply irregular shapes).
The DLS result of an average size of the AgNPs of 8 nm is in agreement with the scanning
electron micrographs, which similarly corroborate the narrow size distribution inferred from
the polydispersity index.
The relatively high ζ-potential implies that the colloid is stable with respect to
flocculation,19 and indeed our preparation was found to be stable. Green tea components are
considered to act as a stabilizers of AgNPs, preventing undesired aggregation,13,15,20 albeit that
the flavonoid components are not ions,21,22 hence the origin of the negative ζ-potential may
have to be sought elsewhere. It has been reported that NaF increases the stability of AgNPs,14
presumably by the adsorption of fluoride ions to the silver. In effect we have a composite
structure with a silver core and a thin shell of silver fluoride.
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It was reported recently that the degree of antibacterial efficacy of AgNPs depends on the
shape and size of the particles. Small spherical ones demonstrated higher antibacterial efficacy
than others.23 In vitro studies found that AgNPs synthesized using green tea extract gives high
antibacterial efficacy.16 In vivo studies are required to assess the cariostatic efficacy of the novel
nanosilver fluoride described here.
5. Conclusions
In this study, an approach using biological ingredients instead of a chemical method was
proposed to synthesize nanosilver fluoride. The synthesis was simple, rapid, cost-effective and
avoided the use of hazardous reagents. This novel preparation may have beneficial uses as a
varnish in the dental field, especially in paediatric dentistry.
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