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GREEN SYNTHESIS OF SILVER NANOPARTICLES

AND THEIR SPECTRAL PROPERTIES
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Spherical silver nanoparticles were synthesized by the chemical condensation method
using aloe vera or chamomile extracts as a reducing agent. Depending on the type of extracts
and its concentration, the size of AgNpcs varied from 7 to 50 nm by simply adjusting the
ratio of the starting reagents. These extracts show reducing properties due to the presence of
carbonyl compounds in their composition, in particular organic acids. It is shown that regu-
lation of concentrations and synthesis conditions allows control of particle size. A change
in the synthesis conditions affects the position of the surface plasmon resonance band, and
therefore the optical properties of the studied systems. It has been proven that the synthesized
silver nanoparticles do not require additional stabilization. Agglomeration processes occur
only with a significant increase in concentration and heating time.
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INTRODUCTION. The development of na-
notechnologies is constantly moving forward,
and the creation of new methods of synthesis
of nanoparticles of noble metals, or the im-
provement of existing ones, by replacing raw
materials in order to optimize and reduce the
price of final products, is an urgent task of
modern science [1-3]. It has been discovered
that silver nanoparticles (AgNPs) stop the
growth and reproduction of many bacteria,
such as Bacillus cereus, Staphylococcus aureus,
Citrobacter koseri, Salmonella typhii, Pseu-
domonas aeruginosa, Escherichia coli, Klebsiel-

la pneumonia, Vibrio parahaemolyticus and
the fungus Candida albicans, which defines
their use in medicine, cosmetic industry and
biotechnology. AgNPs have other physico-
chemical properties, in particular, high elec-
trical and thermal conductivity, surface com-
bined scattering, chemical stability, catalytic
activity, and nonlinear optical behavior [4].
These properties allow them to be used in
inks, microelectronics and medical imaging
[5-6], renewable energy sources, etc. Today,
AgNPs are introduced into the composition of
plastics, soaps, toothpastes, food and textile,
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which is a marketing ploy and allows increase
their market value [7-9].

The relevance of this research is evidenced
by numerous publications on the synthesis and
research of the properties of silver nanoparti-
cles. The synthesis of dispersed systems is ba-
sed on condensation and dispersion methods.
Among the physical methods, the evapora-
tion-condensation approach and the laser ab-
lation technique are popular. These methods
make it possible to obtain monodisperse sys-
tems of high purity, and exclude additional
loading of the system with a solvent. Of the
chemical methods, the main and most com-
mon is the method of chemical condensation.
Sodium citrate, sodium borohydride, EDTA,
glycerin, ethylene glycol, glucose, etc. are used
as reducing agents [6,10-14]. The use of plant
extracts as sources of reducing substances for
the synthesis of AgNPs attracts attention due to
the environmental friendliness and practicality
of this method [1, 2, 12-21]. The main advan-
tage of this synthesis is a natural reducing agent
that simultaneously acts as a stabilizer. Waste
from the processing of fruit and berry crops
and plant raw materials is a promising source of
substances (ascorbic acid, polyphenols, carbo-
hydrates, amino acids, glycosides, and others)
for use in the processes of obtaining metal na-
noparticles. The studied extracts of aloe and
chamomile include flavonoids (rutin, api-
genin, quartzetin, luteolin, etc.), glycoproteins,
some acids, vitamins B, C, E, beta carotene [15,
16, 22-29]. Nanoparticles of the required size
can be obtained by selecting a plant extract.
The disadvantages of this method include the
presence of secondary compounds and meta-
bolites, temperature limitations characteristic
of enzymes, but the advantage is the stability
of such systems. Of course, each method has
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its advantages and disadvantages, which can be
avoided by analyzing the studied systems in de-
tail. The choice of method depends on the field
of further application of the obtained AgNPs. If
we focus on the application of silver nanoparti-
cles in the cosmetic and medical industry, the
green method of synthesis is of particular in-
terest. It is not only a modern and promising
method of synthesis, but also avoids the use of
additional stabilizers, which reduces the chemi-
cal and toxic load on the body, skin or hair.
Thus, nanosystems obtained by reducing silver
with natural extracts are biologically active dis-
persed systems of a wide range of applications.
The choice of the extract depends on the
field of application of the synthesized nano-
particles. There are already many products
on the market of cosmetic products, includ-
ing creams, shampoos, lotions, shaving gels,
which contain AgNPs, which increases their
antibacterial activity. The idea of this work is
the synthesis and additions of AgNPs into the
composition of hair dye in order to intensify
the color and reduce the irritation of the scalp.
This will confirm the thesis regarding the sen-
sitizing action of AgNPs. Taking into account
the fact that the obtained colloids are planned
to be used in hair products, the extracts were
selected with this in mind. Natural alcohol
extracts aloe vera and Matricaria chamomil-
la with a concentration of active components
C = 4% were chosen as starting reagents.
EXPERIMENT AND DISCUSSION OF THE
RESULTS. For the study, water-alcohol-glyce-
rin extracts of aloe vera, matricaria chamomilla
produced by the company "Vilarus" were ta-
ken. The starting solutions consist from extract
4.0%, glycerol 10%, ethyl alcohol 20%, sodium
benzoate 0.08%, water >20%.0ne of the con-
ditions for obtaining stable dispersed systems
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is realization of synthesis in dilute solutions,
which will prevent solvation of particles of the
dispersed phase and rapid growth of their nu-
clei. Immediately before use, the extracts were
diluted 10 times, so the concentration of the
initial extracts for synthesis was 0.4%.

The synthesis was carried out in a water-al-
cohol environment. The concentration of the
initial solution of argentum nitrate in ethanol
was 1.0%. The initial ratio of alcoholic solution
of silver nitrate: extract was 1:1 and 1:2, the con-
centration ratio was 2.5:1 and 5:1, respectively.
1 ml of 0.4% extract solution was added to 1 ml
of 1% solution of argentum nitrate, the resulting
mixture was brought up to 10 ml with water. To
achieve pH=7.5M8, 1-3 drops (depending on
the extract) of 0.1M NaOH aqueous solution
were added dropwise to the mixture while stir-
ring. After establishing the required pH level, 40
ml of boiling distilled water was added to the
solution with intensive stirring and heated for
20-40 min, depending on the selected reduc-
tant extract. A sign of the formation of a col-
loidal silver solution is the appearance of color
(the color depends on the extract). The fastest
recovery occurred in the system with aloe vera
extract, when heated. The resulting dispersed
systems have a bright light brown color, which
is due to the presence of AgNpcs in the system.
All synthesized systems were investigated by the
method of electronic absorption spectroscopy
and by electron microscopy.

Absorption spectra of solutions were re-
corded on a Specord M40 spectrophotometer
in the range of 300-600 nm.

The presence of a surface plasmon reso-
nance (SPR) band in electronic absorption
spectra, which is a collective vibration of metal
particles smaller in size than the wavelength of
electromagnetic radiation, indicates the prese-
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nce of nanoparticles in the system [13, 26-28].
Silver nanoparticles with plasmon resonance
(PR) have found application in nanobiotech-
nology and nanomedicine. Thanks to the abili-
ty to adjust the spectral position and amplitude
of the PR by changing the nature of the metal,
the size, shape, structure of the particles and
their dielectric environment. The latter means
both the local environment formed by the ad-
sorbed biomolecules and the global dielectric
properties due to the buffer medium or metal/
dielectric substrate on which the molecules can
be adsorbed. Such PR changes induced by the
adsorption of biomolecules are usually quite
small, they are successfully used for the detec-
tion of biospecific binding of macromolecules
and clinical rapid diagnostics. In addition, the
shape and position of this band can be used
to draw conclusions about the dispersion and
morphology of the particles [26-29].

In order to investigate the influence of the
nature of the extract on the dispersion of the
system, 2 hours after synthesis, the electronic
absorption spectra (EAS) of all samples were
recorded and the SPR band was identified. The
obtained result of spectral studies is in good
agreement with the experiment in Fig. 1.

The figure shows the maximum intensity,
the smallest half-width of the line (60 nm) and
Amax = 420 nm, which is characteristic of Ag-
NPs obtained by reducing aloe (Fig. 1, curve 1).
As mentioned above, recovery in this system
occurred the fastest, the solution acquired a
rich yellow-cognac color. This fact is apparent-
ly related to the higher content of ascorbic acid
in the aloe extract compared to the chamomile
extract [26] used for the study. For chamomile
extract (Fig. 1, curve 4) against the background
of lower intensity and shift of the band maxi-
mum by 15 nm, Amax = 436 nm, there is also a
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rather narrow line (width of 65 nm). The shift
of the band maximum to the long-wavelength
region may indicate the formation of larger
particles. At first, a high opalescence was ob-
served in the solutions, after which they ac-
quired a pink color, and only after a few hours
for the chamomile extract and after a day, a
change in color was observed. It is obvious that
the different renewable activity of the extracts
is due to their different chemical composition,
so the stability and dispersion of the systems
requires detailed research and analysis. How-
ever, there is no doubt that the studied extracts
are not only effective silver reducers, but also
stabilizers of the resulting dispersed systems.
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Fig. 1a Position of the SPR band of silver col-
loidal solutions obtained by reduction with alcohol
extracts (AgNO,: extract ratio 2.5:1): 1 - aloe, 2 -
chamonmile, 2.5 hours after synthesis, 1b — obtained
colloidal solutions of aloe (left) and chamomile
(right).
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For a final conclusion about the effective-
ness of the studied extracts, it is necessary to
investigate the properties of the system, in par-
ticular its stability over time. The hermetically
closed solutions were left, after which the elec-
tronic absorption spectra of the studied collo-
idal solutions were recorded for a month. As
can be seen from Figure 2, curve 2 after 14 days
did not shift the band maximum, but the shape
changed, in particular, the intensity of the band
decreased and the half-width increased to
70 nm. After 25 days, the shape of the band and
the position of the maximum remained un-
changed, but against the background of a slight
increase in intensity, there is an increase in the
half-width of the line up to 80 nm. Obviously,
during the entire studied period, processes of
recovery and recrystallization occur in the sys-
tem, which contributes to the increase in the
polydispersity of this system.

The microphotographs of dried solutions
were taken on a Mira 3 Tescan electron micro-
scope. The results of the microscopic analy-
sis confirm the above theses. As can be seen
from fig. 2a, 2d, spherical particles with a size
of 9 nm are formed in the system, which is in
good agreement with the shape and position of
the SPR band (Fig. 1, 2, curve 1). After 25 days
(Fig. 3b, 3e), the morphology of the particles
is disturbed, but the dispersity practically does
not change (Fig. 2, curve 2). After 2 months,
significantly more significant agglomeration
processes are visible, the concentration of
small particles becomes smaller, particles of
30-50 nm appear, Fig. 3¢, 3d. As a result of the
recrystallization of small particles and their
subsequent adsorption on larger particles, not
only the dispersion changes, but also the mor-
phology, the spherical symmetry of the parti-
cles is broken, they already have a slightly de-
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formed shape. These results also correlate well
with the position and shape of the SPR band
(Fig. 2 curve 3.)

The obtained results of EAS and micro-
scopic studies indicate the high reducing ac-
tivity of aloe extract, which is an effective sil-
ver reducer.

Considering the high reductive ability of
aloe extract, attempts were made to obtain
dispersed silver systems by reduction without
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heating. The process was much slower, and af-
ter 3 hours the solution acquired a barely no-
ticeable color, and a broad SPR band of low in-
tensity was recorded in the electronic spectra.
However, after a day, the color of the solution
became quite saturated, but with noticeable
opalescence, and it was possible to record the
SPR band (Fig. 2 curve 4) 1.3 times higher in
intensity compared to the colloidal solution
obtained by heating the reaction mixture.
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Fig. 2 The position of the SPR band of colloidal silver solutions obtained by reduction with alcoholic
aloe extract (ratio AgNO.: aloe extract 2.5:1): 1 — after 2.5 hours, 2 - after 14 days, 3 - after 25, 4 - after
1 day without heating of the original system - a, obtained colloidal solutions with a ratio of 2.5:1 - b,

aratio of 5:1 —c.

The band maximum is shifted to the long-
wavelength region A_ =455, and the half-width
of the line is 90 nm. Which indicates a large
particle size and polydispersity of the system.
A week later, a precipitate formed at the bottom
of the beaker, and the SPR band was not ob-
served in the solution obtained without heating.

Much worse results were observed for col-
loidal solutions obtained with a significant ex-
cess of silver nitrate to the extract, a ratio of
5:1, respectively. As can be seen from Figure 3,
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curve 1, the maximum of the band is shifted by
25nm (A =445nm) compared to the systems
obtained with a smaller excess of argentum salt,
and the half-width of the line is 85 nm. Already
after a week, significant changes in the color of
the solution were noticeable, and the results of
the spectroscopic study showed a decrease in
intensity and a shift of the maximum of this
band to the long-wave region (Fig. 4, curve 2).
This indicates that a ratio of 2.5:1 is optimal for
reduction with aloe extract.

45




GREEN CHEMISTRY

GREEN SYNTHESIS OF SILVER NANOPARTICLES AND THEIR SPECTRAL PROPERTIES

SEM HV: 20.0 kv
View field: 0.300 pm
SEM MAG: 632 kx

WD: 8.04 mm
Det: BSE 50 nm

MIRA3 TESCAN|  SEM HV: 20.0 kV
View field: 0.300 ym
SEM MAG: 632 kx

WD: 8.00 mm
Det: BSE

SEM HV: 20.0 kV.
View field: 0.600 pm
SEM MAG: 316 kx

MIRA3 TESCAN  SEM HV: 20.0 kV
View field: 0.600 pm
SEM MAG: 316 kx

d e

WD: 8.00 mm
Det: BSE

L

¥
WD:805mm |
Det: BSE

MIRA3 TESCAN  SEM HV: 20.0 kv
View field: 0.300 pm
SEM MAG: 632 kx

1l MIRA3 TESCAN  SEM HV: 20.0 kV
100 nm View field: 0.600 pm
SEM MAG: 316 kx

Fig. 3 SEM analysis of microphotographs of samples over time, reducing agent - aloe extract: a, d - 2
days after synthesis, b, e - after 14 days, c, f - after 25 days, scale mark g, b, c - 50 nm, d,e,f - 100 nm.

A completely different process was ob-
served when chamomile extract was used as
a reducing agent. In the first hours, this collo-
idal solution was inferior to the system based
on aloe, the maximum of the band was shifted
to the long-wave region (Fig. 1 curve 2, Fig. 5
curve 1) (A_ =436 nm), however, over time
the solution became increasingly transparent
and saturated, which was reflected in EAS. As
can be seen from the figure, the intensity of the
band increased over time (Fig. 5, curve 2), and
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the position of the maximum (A__ =436 nm)
and the half-width of the line did not change.
The highest intensity of the band was observed
on the 25th day (Fig. 5, curve 3), thereafter the
SPR band remained practically unchanged,
which is also confirmed by electron micro-
photographs of this system. Thus, colloidal sil-
ver solutions based on chamomile extract do
not need additional stabilization, however, to
avoid agglomeration processes, special storage
conditions must be observed (a cool place, no
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direct sunlight). The systems obtained with a
5-fold excess of argentum nitrate are unstable,
because immediately upon mixing the compo-
nents, the solution acquires a grayish hue, which
is reflected in the EAS (Fig. 5, curve 4). After
a day, a black sediment appears at the bottom,
which indicates an intensive recovery of silver.
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Fig. 4 The position of the SPR band of colloidal
silver solutions obtained by reduction with alcohol
extracts (AgNO3:aloe extract ratio 5:1): 1 - after
2.5 hours, 2 - after 7 days.
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Fig. 5 Position of the SPR band of silver collo-
idal solutions obtained by reduction with chamo-
mile alcohol extract: 1 — after 2.5 hours, 2 — after 14
days, 3 - after 25 (AgNO3: extract ratio 2.5:1), 4 -
after 2.5 hours with a ratio of AgNO3: extract 5:1.
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It can be seen from the microphotographs
(Fig. 6) that when chamomile extract is used
as a reducing agent, spherical particles are
formed, but their size differs significantly and
is in the range of 7-10 nm (Fig. 6a, f). After
25 days, the size of the particles increases
somewhat, which is due to the processes of
recrystallization of small particles (Fig. 6b), but
all particles have the correct spherical shape
(Fig. 6 e). After 2 months, the number of small
particles decreases, 20 nm particles appear, the
slight difference in morphology is due to ag-
glomeration processes (Fig. 6 c, e), which con-
firms the increase in the half-width of the SPR
line. Thus, the optical properties and stability
of the studied nanosystems depend on the re-
ducing extract, the ratio and concentration of
the starting reagents.

CONCLUSION. The results of the conduct-
ed research showed that, in addition to high
biological activity, the studied extracts have
a pronounced reducing ability, which made
it possible to use these extracts as reducing
agents in the synthesis of silver nanoparticles
by the chemical condensation method. Green
synthesis of spherical silver nanoparticles us-
ing extracts of aloe vera, Matricaria chamomil-
la allows quick, simple and effective synthesis
of nanoparticles with the required optical pro-
perties. Depending on the extract and its con-
centration, the size of AgNpcs was varied from
7 to 50 nm by simply adjusting the ratio of the
starting reagents. These extracts show reduc-
ing properties due to the presence of carbonyl
compounds in their composition, in particular
organic acids. The conducted studies showed
the high efficiency of natural extracts of aloe
vera and Matricaria chamomilla. Aloe extract
has the best regenerative properties, which is
probably due to the presence of salicylic and
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Fig. 6 SEM analysis of microphotographs of samples over time, reducing agent - chamomile extract:
a, d - 2 days after synthesis, b, e — after 25 days, ¢, f - after 2 months, scale mark a - 100 nm, b, ¢, d,e,f - 50 nm.

acetylsalicylic acids in its composition. A com-
parison of the stability over time of the stud-
ied systems indicates a higher stability of dis-
persed systems based on chamomile extract,
which indicates the effectiveness of this extract,
and a high ability of the dispersed system to
self-stabilize.

Thus, the presence of biologically active com-
pounds with high reducing properties in the ex-
tracts, in particular flavonoids, glycoproteins,
salicylic and ascorbic acids, make them prom-
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ising for the synthesis of silver nanoparticles by
the chemical condensation method. The use of
natural extracts expands the range of practical
applications of the obtained AgNpcs.

> The study was carried out within the
g/r frameworkofthe project "Functionally
oriented nanoscale heterostructures
based on compounds of transition
metals with antiviral, antitumor and
antibacterial action" No. 31/20-H
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XiMIYHOIO KOHJEHCAIli€l0 CUHTE30BaHO
cepuyHi HAHOYACTUMHKM Cpib/a 3 BUKOPUC-
TaHHAM €KCTPAKTIB a/1oe Bepa Ta POMAILKY JIi-
KapChKOI SIK BifHOBHUKIB. HasABHICTD y cKmazi
eKCTPAaKTiB 0i0/I0riYHO aKTMBHMX CIONYK i3
BJYICOKVMM BiJHOBHMMM BJIaCTUBOCTSIMMU, 30-
Kpema (IaBaHOIMiB, IMIIOKONPOTEiNiB, caji-
IVIOBOI Ta aCKOpOiHOBOI KUCIOT, pobIATh iX
MEePCHEKTVBHUMY IIPY CMHTE31 HAHOYaCTUHOK
cpibna metomoM XimiuHOI KOHpeHcaljii. 3a-
JIEXKHO BiJj €KCTPaKTy Ta JOro KOHIEHTpallil
posmip AgNpcs 3MiHIOBaBcA Bif 7 go 50 HM
IUIAXOM IIPOCTOTO PEryIoBaHHA CIiBBiJHO-
LIeHHA BUXIJHUX peareHTiB. BodyeBupp pisHa
Bi/[HOB/IIOBaHA AKTVBHICTb €KCTPAKTIB 3yMOB-
JieHa IXHIM pisHUM XiMiyHMM ckmagom. Kpa-
11i BiTHOBHI BJIaCTMBOCTI Ma€ €KCTPAKT ajioe
Bepa, 110, IMOBIPHO, 3yMOBJIEHO HasABHICTIO B
JIOTO CKJIafii He yuile acKopOiHOBOI, a 71 cajti-
LIMIOBOI Ta alleTUJICAIIIIMIOBOI KUCIIOT. Bike
B Iepuri rogyHy GOpMYETbCS MOHOIVCIIEPC-
Ha CUCTEMA 3 PO3MipOM HAaHOYACTVHOK 9 HM.
EXcTpakT pomMaliky, BOY€BUb, MiCTUTb MEH-
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I KOHIIEHTpallil BiITHOBHMKIB, TOMY IIpOIeC
TPOXM 3MillleHUil B 4Yaci i B Ilepuii roguHu
IiC/IA CUHTE3Y YTBOPIOETHCA IMOIAMCIIEPCHA
cucrema 3 posMmipoMm 7-10 HM, IpoTe 3 YacoM
BiflOyBa€eThCA peKpUCTaTi3allid YaCTUHOK i, AK
HaC/TiJIOK, 3MEHIIYETbCA MOMiAUCIEPCHICTD —
Ha 25 JleHb po3Mip YaCTMHOK CTa€ 9 HM. 3MiHa
KOHIIEHTpallill Ta YMOB CMHTE3Y I03BOJIAE Ke-
pyBaTy po3MipoM 4acCTMHOK. 3MiHa YMOB CHH-
Te3y BIUIMBA€ Ha IIOJIOKEHHA CMYIU ITOBEPX-
HEBO IIA3MOHHOT'O pPE30HAHCY, a OTXKe, 1 Ha
ONTUYHI BIACTUBOCTI JOCIPKYBaHNUX CUCTEM.
Qopma Ta IONOXKEHHA CMYI B €IeKTPOHHUX
CIIEeKTpaX IOIVIMHAHHA Ta €JIeKTPOHHI MiKpoO-
dororpadii cBifyaTh mpo yTBOpeHHS Ce-
puuynux AgNpcs. JloBeneHo, 10 CMHTe30BaHi
HAHOYACTVHKM Cpiblla He BUMAraloTb JOJaT-
KOBOI crabimizauii mpu JOTpUMaHHI 3a3Have-
Hux ymoB. Kpim 1poro, enekTpoHHi Mikpodo-
torpadii 3paskiB yepe3 KiJibKa TVDKHIB Iic/Is
CMHTe3y CBiff4aTh Mpo (OPMYBaHHA 3 YACOM
CTIIKMX IVCIIEPCHUX CUCTeM. [Ind yHUKHEH-
Hsl arIoMepaliiiHUX MpolieciB MOTpPiOHO He
TOIyCKAaTH MOTPAIUIAHHA NPAMUX COHAYHMX
IIPOMEHIB, AKI CHPUATUMYTH IOAATIBLUIOMY
($OTOBiHOBIEHHIO HAHOYACTVHOK Ta Ilepera-
OiB Temueparyp, fAKi BUKIMKATUMYTb KOary-
nAnivHl nponecu. 3a TpuBanoro 36epiraHHA
PO3YMHIB Y IMCIIEPCHUX CUCTEMAX IIPOTIKAIOTh
IpoLeCH BiJHOBJIEHHA Ta peKpucTaiisanii,
10 3YMOBJIIO€ IIOJTIJVICIIEPCHICTD 3a3HAYEHOI
CUCTEMM, NPOTE Ha 1i CTIMKICTh He BIUIMBAE,
OCKIZIBKM POSIIOfi/I 3a po3MipaMy B MeXKax
opHiel cucremn He nepesumye 10 HM. Buxo-
PUCTaHH: BUCOKOKOHILIEHTPOBAaHMX PO3YMHIB
I CMHTE3y BUK/IMKA€E aryioMepaliifHi mpo-
1[eCu Ta pylHyBaHHA CUCTEM. Je/leHUil CUH-
Te3 chepnyHnx AgNpcs i3 BUKOPUCTAHHAM
eKCTpaKTiB anoe Bepa (Aloe vera) Ta pomaiku
nikapcbkoi (Matricaria chamomilla) nosBonsie
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IIBYJKO, TIPOCTO Ta e()eKTUBHO CHHTE3yBaTH
HAaHOYACTMHKM 3 PETYIbOBAHVMM ONITUYHUMUI
BIaCTUBOCTAMU. 3aCTOCYBaHHA IPUPOJHUX
€KCTPAKTIB pO3MIMPIOE CHEKTP MPaKTUIHOIO
3aCTOCYBaHHA OTpuMaHMX AgNpCs.

KirouoBi cmoBa: HaHOYaCcTUHKM CpibIa, Om-
TUYHI BJIACTUBOCTI, JUCIIEPCHICTD, a/10€ Bepa,
poMarixka.
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