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Abstract: The convenient synthetic strategy for the one-pot synthesis of silver nanoparticles capped
by tartaric acid with a controlled size is reported here. Their characterization is revealed through
spectroscopic protocols, such as UV /Vis and FTIR, while SEM, DLS and a Zetasizer revealed the
surface morphology, size distribution and surface charge on the nanoparticles. The surface plas-
mon resonance (SPR) band was observed at 406 nm with 1.07 a.u absorbance, the image for SEM
shows that the particles were monodispersed and spherical in shape, while the z-average size dis-
tribution of AgNPs/TA in a colloidal solution was found to be 79.20 nm and the surface charge
was monitored as —28.2 mV. The antibacterial activities of these capped nanoparticles alone and in
synergism with selected fluoroquinolones (ofloxacin, sparfloxacin, ciprofloxacin and gemifloxacin)
and macrolides (erythromycin and azithromycin) were assessed on selected Gram-negative as well
as Gram-positive organisms by employing the disc diffusion method. Antioxidant activity against
the DPPH (1,1-diphenyl-2-picrylhydrazyl) was also evaluated using the standard assay method. The
antibacterial activity of the antibiotics has been increased against studied microorganisms, showing
the positive synergistic effect of the capped nanoparticles. A potential therapeutic application of
AgNPs/TA in combination with antibiotics is determined from the results of the present research.
These capped nanoparticles also possess good antioxidant activity and, therefore, can be used in
various fields of biomedical sciences.

Keywords: silver nanoparticles; capped; tartaric acid; one-pot synthesis; antibiotics; antioxidant

1. Introduction

Metallic nanoparticles have been used in spectroscopy, biomedicine and catalysis due
to their size-dependent, electric, magnetic and optical properties [1,2]. Various methods
have been employed for the synthesis of AgNPs, such as chemical reduction [3], electro-
chemical reduction [4] and bio-reduction methods [5,6], and they have been fabricated in
biofilm with silver nanoparticles [7], while G-irradiation, UV-irradiation [8] and the sol-gel
method all have been observed to generate different sizes of AgNPs. Additionally, highly
stable AgNPs are used as colorimetric sensors [9].

A newly introduced wetted chemical technique for processing colloidal nanoparticles
with higher-level shape, size and phase consistency depends upon the capping of the
surfaces of the nanoparticles by organic surfactants to avoid aggregations and stabilize the
dispersion in the solution. Varieties of the stabilizers, such as organic surfactants, polymers,
dendrimers and ligands, have been employed between the structured nanomaterials in
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which van der Waals interactions have been overcome, resulting in monodispersed Ag-
NPs, which otherwise could cause agglomeration. In order to gain long-term stability,
surfactants are used by researchers as stabilizer or templates in synthesis for bringing
down surface energy, controlling the growth and shape of the nanoparticles and acting
against aggregations. In this research, tartaric acid has been used as a capping agent for the
production of negatively charged AgNPs, which are stable and remain dispersed for over a
month [10,11].

Another challenge in the current study is characterizing and understanding the ad-
sorptions and the structural configurations of the capped agent on the surfaces of the
AgNPs; this is essential for predicting descriptions of the nanoparticles’ stability.

Different characterization methods have been adopted in this study for obtaining
better configurations and images of the capped tartaric acid, while systematic exploration
of AgNPs/TA stability in varying pH conditions demonstrates wide applications in the area
of nano-scaled environmental processes and materials. Thus, the molecular arrangement
has been discussed to identify the thickness of tartrate as a capping layer; secondly, more
attention is paid to interactions between tartaric acid molecules and Ag-clustered surfaces,
and so the structures of the surfactant capped AgNPs, based on the refined capping
structures, are successfully established.

Most bacteria form and grow in the form of biofilms, and this makes it difficult for
antibiotics to penetrate and produce their actions. These newly synthesized nanoparticles
were then evaluated for their altered biological and antioxidant activity, assessing whether
alterations were due to the change in their particle size and shape alone, or whether they
were acting in synergism with some members of fluoroquinolone and macrolide class
of antibiotics, in order to combat the resistance developed against the antibiotics by the
organisms [12,13]. Reportedly, changes in the physical attributes of particles will also
contribute to the change in the biological response of other drugs [14], as they can facilitate
the targeted delivery or penetration of the antibiotics.

In this report, we had successfully executed the aqueous phased synthesis of monodis-
persed tartaric acids capped with silver nanoparticles of various sizes through one-pot
chemical reductions synthesis at room temperature with low metal concentrations within
a shorter period and without maintenance of inert atmospheres. Beside these, significant
advantages are that the silver nanoparticles prepared via chemical reduction synthesis
persist in a stable form for about ninety days without agglomerations, and they possess
good antioxidant and antimicrobial activity alone and in synergism with selected antibi-
otics, proving that they can have a pivotal role in targeted drug delivery. Their role as sole
antioxidants might contribute to their uses against the oxidative stress-prone diseases, such
as CVS, diabetes and cancer, alone or as part of a targeted drug delivery system.

2. Materials and Methods

Silver nitrate, fluoroquinolones, macrolides and all the reagents and solvents used
were of analytical grade and purchased form Sigma-Aldrich, Darmstadt, Germany.

2.1. Synthesis of Capped AgGNPs/TA

In a 10 mL reaction flask, 1.00 mL (4 mM trisodium citrate) was taken and heated until
it reached 70 °C; then, a mixture of 7 mL tartaric acid and 0.50 mL of 0.10 M NaOH was
added dropwise under vigorous stirring with a magnetic stirrer. After 10 min, 1 mL of 10%
silver nitrate solution was added dropwise to the reaction flask. The reaction mixture was
stirred for about 15 min until the solution changed its color from being colorless to bright
yellow. The AgNPs/TA solution was kept in the dark at 4 °C.

2.2. Characterization of AGQNPs

Using a UV-Vis spectro photometer (Model # UV -1800 Parma Requirements of
Shimadzu in Tokyo, Japan), we examined pH-dependent AgNPs/TA synthesis. SEM
analysis (Model # JSM 63804, JEOL Ltd., Tokyo, Japan) was used to examine the shape and
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size of the produced and stabilized AgNPs/TA. Fourier transform infrared spectroscopy
(FTIR) was used to look for the functional groups of AgNPs/TA (Shimadzu, Tokyo, Japan,
IR-Prestige-21). Using a Zetasizer (Nano ZS, Malvern Instruments, Malvern, UK) fitted
with a red laser, the size distribution (DLS) and zeta potential measurement of AgNPs/TA
were examined (633 nm).

2.3. Ultraviolet-Visible Absorption Spectroscopy (UV-Vis)

UV-Vis spectrophotometer (Model # UV-1800 Parma Spec., Shimadzu, Tokyo, Japan)
was used to measure photosensitive attributes. A color transition from clear to light brown
was seen, and results were recorded after adding the dicarboxylic acid as the capping agent
at a given series of volumes. Various reaction combinations were produced with different
molar concentrations of AgNOs, tartaric acid, time of reaction and pH.

2.4. Fourier Transform Infrared Spectroscopy (FTIR)

The optimum combination of molarity, pH and duration for trisodium citrate-mediated
and TA-capped AgNPs was chosen after the standardization of the reaction parameters,
and the final product was dried in a 60 °C vacuum furnace to produce the fine powder
of AgNPs. After this was performed, the final product was dried. The FTIR method was
used to describe the acquired powder, revealing the adsorption of functional groups on the
surface of AgNPs. For functional groups, FTIR analysis was conducted using a Shimadzu
IR-Prestige-21. The operating spectral range was 400-4000 cm .

2.5. Scanning Electron Microscopy (SEM) of AGNPs

SEM analysis was used to evaluate the morphologies of AgNPs/TA and the size
distribution of particle aggregates was measured using a JEOL Ltd., Tokyo, Japan, SEM
Model: JSM 6380A. For morphological examination and to quantify the diameter of particle
aggregates, the fine powder of AgNPs was attached to a double-sided carbon tape on
aluminum stubs and inspected via SEM at a 15 kV accelerating voltage.

2.6. Dynamic Light Scattering and Zeta Potential Analysis of AGNPs

The hydrodynamic size of the produced AgNPs in solution was measured to verify
their aggregation behavior. The hydrodynamic size of nanoparticles in solution is im-
portant for their biological processes. It also gives data on a nanoparticle’s toxicological
profile. To evaluate the hydrodynamic size and net positive or negative potential, DLS and
zeta potential parameters were measured in double-distilled water at a concentration of
50 pg/mL of AgNPs.

2.7. Microbiological Assay of AgNPs Alone and in Synergism with Antibiotics

The disc method for assessing susceptibility was used to test the antibacterial prop-
erties of nanoparticles alone and in combination with different antibiotics, developed by
Bauer et al. 2009 [15], against selected organisms. For in vitro studies, Escherichia coli ATCC
117757, Klesbellia pneumoniae ATCC 43816, Escherichia.Coli ATCC 8739, Salmonella typhi
ATCC 2881, Pseudomonas aeruginosa 9353 and Staphylococus aureus ATCC 8868 isolates were
gifted by Dr. Essa Laboratory and Diagnostics (Pvt.) Ltd. Nanoparticles were purified
via the centrifugation method [16] and then loaded onto discs, placed on the Petri dishes
containing sterilized Muller-Hinton agars with the inoculums of bacteria. Nanoparticles,
antibiotics (with ofloxacin and azithromycin as positive controls), silver nitrate and dis-
tilled water paper discs (as a negative control) were prepared through soaking in 100 ppm
solutions of the drugs, followed by drying. The dish was then incubated at 36 °C £ 1 °C
for up to twenty-four hours. For each concentration, three replicate experiments were
conducted against each bacterial strain. Using Digimatic calipers, the zones of inhibition
were precisely measured (Mitutoyo Rochester, New York, NY, USA). Here, 0.50 McFarland
standard (1.0 x 10% CFU per mL) bacterial strains were used for the study [17-19].
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2.8. Antioxidant Activity and ICsy Calculations

The antioxidant activity or radical scavenging activity of the nanoparticles were
determined by using the DPPH assay method [20,21]. In this method, 3 mL of a 0.1 molar of
DPPH (ethanol) was added to 2 mL of five different concentrations of nanoparticles. Then,
100-500 pg/mL. solutions were allowed to stand for 30 min in the dark to prevent the effect
of light. The absorbance of the standard ascorbic acid (2:3), control DPPH (DPPH: Ethanol;
3:1) and samples were observed using a UV-Vis spectrophotometer at a wavelength of
517 nm, in a triplicate manner. Results were analyzed as a percentage of DPPH inhibition
activity using the formula:

Inhibition ratio (%) = (A1 — Aj)/Aq x 100

where A; is the absorbance of the standard and A; is the absorbance of sample solution of
a variable concentration.
The ICs) of each concentration was as calculated via the interpolation method, where
m (slope) and b (intercept) values were determined by plotting a linear graph. These values
were then put in the formula:
X=sY —-m/b

where sY is the concentration of the sample [22].

3. Results
3.1. Ultraviolet-Visible Absorption Spectroscopy (UV—-Vis)

The formation of AgNPs/TA was confirmed by the visual observation as well as by the
evaluation of the UV-visible spectrum at different pH levels. The color of the solution was
a transition from colorless to yellowish brown with respect to pH, and this is an indication
for the formation of AgNPs/TA. This color change was due to the excitation of surface
plasmon vibrations in the metal NPs. At 406 nm with 1.07 a.u absorbance, the strong
surface plasmon resonance (SPR) band was identified (Figure 1). This was also indication of
the reduction of Ag* into AgY, as well as for the formation of AgNPs/TA [23]. Furthermore,
the intensity of the SPR band also progressively increased as a function of pH. Additionally,
with the pH increases, the net charge on the capped AgNPs/TA changed from positive
to negative, which resulted in extreme repulsion among the negatively charged particles.
Furthermore, the spectrum reveals that the solution is free of aggregated particles.

During the study, it was also observed that tartaric acid (dibasic acid) here worked
as a capping agent instead of as a reducing agent and prevented the aggregation of the
silver nanoparticles [24,25]. This is evident from the clear solution obtained at a concen-
tration of 1 milli molar at a wavelength of 450 nm using only trisodium citrate and the
appearance of a peak at 633 nm when applied in combination with tartaric acid, indicating
a bathochromic shift.

3.2. Fourier Transform Infrared Spectroscopy (FTIR)

Here, we discuss the FTIR spectra of pure TA and AgNPs/TA (Figure 2). The spectra
show the presence of various types of bands at 3433, 2370, 1639, 1388 and 605.65 cm™!.
In the FTIR spectra, the first peak appeared at 3433 cm ™!, which was assigned into the
hydroxyl group. During the oxidation process, few of the hydroxyl groups remained
unreactive, and moisture was also absorbed on the highly reactive surfaces of the AgNDPs.
A carboxylic acid frequency range was observed in the range of 1700 to 1300 cm~!. Given
their unique signature, the hydroxyl groups have direct interactions with carbonyl groups,
as shown by the formations of the stable hydrogen bonding structure. A peak appeared
at 2370 cm~! belonging to the ~CH stretching bands [26]. The highly intense peaks were
obtained at 1639 cm~! and 1388 cm ™!, which were attributed to the symmetrical stretching
of CO and C-O~, correspondingly, from the COOH group of the tartaric acids. The peak
that appeared at 605.65 cm ™! was due to the metal vibration (Ag-O). FTIR data confirm the
role of tartaric acid as a capping agent within the formation of AgNPs. The spectrum of
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AgNPs /TA shows a decrease in signal intensities, and shifts in the bands were identified
that reveal their differences to pure TA compounds. We see the binding of the TA group
upon the surfaces of AgNPs because of chemisorptions of carboxylated ions. The role
of COO™ in capped AgNPs/TA with regard to electrostatic attraction demonstrates the
formation and stabilization of silver nanoparticles in an aqueous medium.
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Figure 1. (a—c) SPR and optical images of synthesized and capped AgNPs/TA generated using
trisodium citrate with various reactant ratios and reaction conditions. (d) Synthesized and capped
AgNPs/TA at different pH values.
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Figure 2. FTIR spectral representation of AgNPs Capped with tartaric acid.
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3.3. Scanning and Transmission Electron Microscopy

The SEM technique was used for visualizing the sizes and shapes of AgNPs/TA
(Figure 3). The image also shows that the particles were monodispersed and spherical in
shape. Electrical repulsion among the silver nanoparticles was caused by the surrounding of
the citrate and the COO™ of dicarboxylic acid, which would be the source of negative charge.
The image confirmed that the optimizations of the experimental condition with regard to
temperature, pH and concentrations of the Ag* ions were suitable for the production of
monodispersed and uniformly shaped NPs.

Figure 3. SEM image of synthesized and capped AgNPs/TA.

3.4. Dynamic Light Scattering

The DLS data demonstrate that the z-average size distribution of AgNPs/TA in the
colloidal solution was found to be 79.20 nm. The average particle size peak 1 determined
using dynamic light scattering (DLS) and was found to be 125.4 nm, whereas the PDI
value for the AgNPs/TA was found to be 0.445 (Figure 4). The PDI value indicates
an increase in the broadness of non-spherical shapes of the dispersed particles. The
values of PDI larger than 0.7 indicate a very broad size distribution of the sample. The
PDI values < 0.7 indicate a monodispersed sample wherein all particles have the same
size and shape, as found in the present study (0.445) [26]. The presence of a single peak
confirms that the particles are monodispersed. In addition, using a hard-sphere model,
the z-average calculates the AgNPs” hydrodynamic size. In reality, the NPs are encased
in a thin layer of solvent molecules, and the DLS is used to determine the diameter of the
solvated particles. It is expected that the measured z-average is greater than the AgNPs’
actual size. Broadly speaking, this research shows that the peak 1 size and PDI significance
of capped AgNPs/TA increased with the addition of the capping agent.

3.5. Zeta Potential

The observed zeta potential for the AgNPs/TA was found to be —28.2 mV (Figure 5).
Since the colloidal AgNPs hold a negative charge due to the adsorbed citrate and tartrate
ions, a repulsive force operated along the particles and prevented aggregation. The intensity
of these nanoparticles shows the relative intensity of the enticing interactions of the van der
Waals forces versus the electrostatic repulsion on the particle surface of the dicarboxylic
acid groups. These negatively charged AgNPs/TA could help to enhance the antimicrobial
activity against the Gram-negative bacteria via metal depletion.



Processes 2022, 10, 716 7 of 11

Z-Average(d.nm:79.20) size(d.nm) %Intensity stDev(d.nm)
Peak I: 125.4 983 83.00
Pdl: 0.455
Peak 2: 4818 17 716.5

Intercept: 0.890.
Peak 3:  0.000 0.0 0.000

Size Distribution by Number
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Figure 4. Size distribution by number (percentage) of AgNPs/TA measured using the DLS technique.

Mean (mV) Area (%) stDev(mv)
Zeta Potential(mV): -28.2 Peak 1: -37.2 635 12.0
Zeta Devision(mV): 16.9 pPeak 2: -115 365 861
Conductivity (mS/cm): 0.187

Peak 3: 0.00 0.0 0.00

Zeta Potential Distribution
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Figure 5. Zeta analysis result of Capped AgNPs/TA.
3.6. Synergistic Antibacterial Effect of AQNPs/TA

These newly synthesized nanoparticles were then evaluated for their antimicrobial
activities alone and in synergism with the antibiotics used most commonly in infections
caused by Gram-positive and Gram-negative organisms. The antibacterial activities of
selected fluoroquinolones (ofloxacin, gemifloxacin, sparfloxacin and ciprofloxacin) and
macrolides (erythromycin and azithromycin) classes of antibiotics were selected to study
their synergistic effects in combination with AgNPs/TA against test strains of E. coli’,
S. typhi, S. aureus, K. pneumoniae, Pseudomonas aerogenosa and E. coli [27]. These two classes
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of antibiotics are most commonly prescribed for infections. The disc diffusion method
was used and their mean zone of inhibition (mm) was determined in triplicate against

organisms, as shown in Table 1.

Table 1. Mean zone of inhibition (mm) of studied synergistic drugs alone and with AgNPs/TA

against selected organisms (Gram-positive and Gram-negative bacteria).

. E. coli % P. aeruginosa %
Drugs (100 ug/Disc) (M.ZI mm =+ S.D) Increase (M.ZI mm =+ S.D) Increase
Ofloxacin(a) 25 +1.57 124+1.43
Ofloxacin + AgNPs/TA(b) 21 +£0.54 —16.00 18 £0.94 50.00
Sparfloxacin(a) 20 + 0.57 10 +£1.33
Sparfloxacin + AgNPs/TA(b) 10 £ 1.52 —50.00 13+ 1.45 30.00
Ciprofloxacin(a) 18 £0.93 7 +0.67
Ciprofloxacin + AgNPs/TA(b) 30+£1.52 66.67 12+1.24 7143
Gemifloxacin(a) 20 £ 0.57 10+ 1.23
Gemifloxacin + AgNPs/TA(b) 30 + 1.49 50.00 12 £1.67 20.00
Azithromycin(a) 20 + 0.57 6 + 0.45
Azithromycin + AgNPs/TA(b) 20 + 0.56 0.00 54 0.95 —16.67
Erythromycin(a) 18 +£0.96 9+0.76
Erythromycin + AgNPs/TA(b) 20 £0.57 11.11 5+£036 —44.44
AgNO;3 10+£1 12 £1.59
AgNPs/TA alone 7.00 £473 0
Overall % fold increase 10.30 18.39
. S. typhi % K. pneumoniae %
Drugs (100 ug/Disc) (M.ZI mm =+ S.D) Increase (M.ZI mm + S.D) Increase
Ofloxacin(a) 16 £ 1.73 17 £ 1.67
Ofloxacin + AgNPs/TA(b) 16 £1.15 0.00 22+ 1.15 29.41
Sparfloxacin(a) 15+ 1.54 12+ 174
Sparfloxacin + AgNPs/TA(b) 16 £ 0.59 6.67 15 £ 1.58 25.00
Ciprofloxacin(a) 20 £+ 0.56 10+ 1.34
Ciprofloxacin + AgNPs/TA(b) 22 +1.15 10.00 17 £1.78 70.00
Gemifloxacin(a) 14 +£1.15 17 £ 0.57
Gemifloxacin + AgNPs/TA(b) 15+ 1.56 7.14 15+ 1.56 —11.76
Azithromycin(a) 20 £0.57 9+ 0.731
Azithromycin + AgNPs/TA(b) 20 + 0.56 0.00 25+ 0.34 177.78
Erythromycin(a) 19 +£1.15 9+0.64
Erythromycin + AgNPs/TA(b) 20 +0.58 5.26 20 + 0.57 122.22
AgNO;3 14 £1.13 20 + 0.61
AgNPs/TA alone 0 6+0.87
Overall % fold increase 4.85 68.77
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Table 1. Cont.

T o o

Drugs (100 ug/Disc) (M.ZIE ﬁf:f\hi S.D) Incr/;ase (M.Zi'nT:l:e;Il:SS.D) Incr/:ase
Ofloxacin(a) 13+ 1.63 10+ 1.23
Ofloxacin + AgNPs/TA(b) 21 +0.57 61.54 19 £145 90.00
Sparfloxacin(a) 16 +0.59 9+ 0.57
Sparfloxacin + AgNPs/TA(b) 19 £ 1.15 18.75 17 £0.78 88.89
Ciprofloxacin(a) 12 £1.87 16 +0.89
Ciprofloxacin + AgNPs/TA(b) 16 + 0.93 33.33 22+ 1.15 37.50
Gemifloxacin(a) 28 +£0.34 10+1
Gemifloxacin + AgNPs/TA(b) 12 + 1.65 —57.14 12 +1.53 20.00
Azithromycin(a) 14 + 0.86 19+1.14
Azithromycin + AgNPs/TA(b) 15+ 0.56 7.14 19+1.21 0.00
Erythromycin(a) 17 £ 0.78 18 +0.89
Erythromycin + AgNPs/TA(b) 24 £+ 0.64 41.18 19+ 1.15 5.56
AgNO; 12 +1.87 15+ 0.74
AgNPs/TA alone 9+ 0.571 5+0.53
Overall % fold increase 17.47 40.32

M.ZI (mean zone of inhibition), S.D. (standard deviation) n = 3, percentage change has been determined using the
formula ((b — a)/a) x 100.

The percentage increase in comparison to the AgNPs alone and in combination has
shown that the synergistic phenomenon is there, and that it has increased the antibiotic
response specifically of the macrolide (azithromycin) against K. pneumoniae. The active
groups, such as amido and hydroxyl groups that comprise the antibiotics molecules, easily
react with the large surface of the AgNPs via chelation, causing an increase in the synergistic
effect of the AgNPs/TA bonded with antibiotics [28].

Therefore, these capped silver nanoparticles can provide a better drug delivery system
to overcome the development of microbial resistance, dose-dependent toxicities and side
effects of the antibiotics.

3.7. Antioxidant Activity

The DPPH assay is the easiest, most convenient and most rapid test for the determina-
tion of the antioxidant characteristics of the compounds. A visible change in color from
purple to yellow is indicative of the antioxidant activity. This can be further confirmed
by the change in absorbance at a reported wavelength of 517 nm. Purified capped silver
nanoparticles synthesized using tartaric acid possess mild to moderate free radical scav-
enging activity as the concentration increases. Ascorbic acid is used as the standard while
the DPPH solution is the control (Table 2).

Table 2. Antioxidant activity of silver nanoparticles capped by tartaric acid.

Concentration (ug/mL) %RSD ICsg
100 13.38777 9.59
200 12.47378 2091
300 11.85945 28.93
400 10.92298 39.43

500 9.124963 43.35
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The antioxidant property is indicative of its use and application in various disease
conditions, such as diabetes, cardiovascular disease, inflammation and cancer, alone or in
synergism, that involve scavenging free radicals. Therefore, we can say that these capped
silver nanoparticles possess antioxidant activities which indicate that further studies should
be conducted concerning their use in various disease related to oxidative stress.

4. Conclusions

We have shown, by using a UV-Vis spectrophotometer and conducting FTIR, SEM, DLS
and zeta potential analyses, the formation of synthesized and capped silver nanoparticles
with trisodium citrate as a reducing agent and tartaric acid as a capping agent. The opti-
mization of the procedure variables is essential in order to achieve the optimum conditions
of silver nanoparticle formation. The operating factors involved in this procedure were
silver ion concentration, the concentration of tartaric acid, the time of synthesis reaction
and temperature. Silver nanoparticles synthesized at optimum conditions exhibit surface
plasmon resonance spectra at 406 nm and at 1.07 a.u absorbance, with a brownish-yellow
color. Representative FTIR spectra of synthesized and capped silver nanoparticles revealed
bands at about 1639 cm~! and 1388 cm~!, which confirms the bonding between silver
nanoparticles and the -OH/COO- groups of the tartaric acids. The SEM image of synthe-
sized and capped AgNPs showed that they were well dispersed and clearly showed that
the product comprises extremely fine and spherically shaped particles with sizes ranging
between 30 and 85 nm. The z-average size of the synthesized and capped silver nanoparti-
cles was 79.20 nm, as shown by the DLS. The average particle size peak 1 was determined
using dynamic light scattering (DLS) and was found to be 125.4 nm, whereas the PDI value
of AgNPs/TA was found to be 0.445. The polydispersity value signifies the good quality of
the synthesized AgNPs. In the present work, the observed zeta potential for the AgNPs/TA
was found to be —26.2 mV. The zeta potential of synthesized NPs, capped by tartaric acid,
confirmed that the particles accumulate negative charge. These values were found to fall
to the negative side, which showed the efficiency of the capping materials in stabilizing
the nanoparticles by providing intensive negative charges that keep all the particles away
from each other. The tartaric acid used as capping agent is used for isolating NPs from each
other, and the nearly monodispersed NPs appear to be transparently colored solutions with
no precipitate formation. These nanoparticles also possess good synergistic antimicrobial
activity in combination with a macrolide antibiotic (azithromycin) against K. pneumoniae,
along with good antioxidant activity. Therefore, these synthesized nanoparticles can be
further studied for their antidiabetic, anti-inflammatory and anticancer activity, along with
their role as part of a drug delivery system, to overcome the development of microbial
drug resistance.
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