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ABSTRACT

	 In the present work, chemical reduction method has been used to synthesize silver 
nanoparticles using glycine amino acid as a capping agent in different concentrations. The 
synthesis is optimized for the time by observing the reaction at 30, 60, 120, 180, 240, 300 and 360 
minutes. The optimum time for this synthesis is 240 minuters. after this time there was no change 
in absorbance. Ultraviolet-visible spectroscopy and Dynamic light scattering (DLS) techniques are 
used to characterize these nanoparticles. The surface plasma resonance (SPR) peak in the range 
between 400–427 nm confirmed the synthesis of silver nanoparticles. These silver nanoparticles are 
50-60 nm in diameter. The antibacterial activity of synthesized nanoparticles is evaluated against 
E. coli and S. aureus. Nanoparticles show a bactericidal effect on Gram +ve and Gram -ve bacteria. 
As the concentration of glycine increased, the diameter of the zone of inhibition against E. coli as 
well as S. aureus also increased.

Keywords: Silver nanoparticles, Glycine, Ultraviolet-visible spectroscopy,
 Dynamic light scattering, Antibacterial.

INTRODUCTION

	 Nanoparticles are very promising particles 
because of their exclusive properties1,2. Silver 
nanoparticles (AgNPs) are good antibacterial agents 
against Gram-positive as well as Gram-negative bacteria. 
These are used to disinfecting medical equipment 
and to treat wastewater. Silver itself is a wide range 
of bactericidal agents therefore silver nanoparticles 
(AgNPs) are also used as disinfectants3.

	 S tud ies  have shown that  AgNPs 
antimicrobial activity is heavily dependent on size4. 

Silver nanoparticle's antibacterial properties also 
rely on there biological media stability, coating form 
and surface charge5–9. Therefore, it is not possible to 
properly control and measure the bactericidal activity 
unless the AgNPs are properly stabilized.

	 Because of the exclusive properties of 
AgNPs like electrical, optical and magnetic10,11, these 
can be applied in the field of electronics, optics and 
biological imaging12–17. These properties are generally 
controlled by shape, size, volume, and composition18. 
Different techniquess have been established for the 
synthesis of AgNPs by controlling some parameters 
like dimension and phase etc.19–21
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	 Amino acids are important compounds 
because they show molecular chirality, the absence 
of a strongly combined bond, and the molecule's 
zwitterionic behaviour22. Amino acids and vitamins 
are eco-friendly agents as they can be used as 
capping agents for the synthesis of nanoparticles23 
without any harmful effect.

	 As amino acids have carboxylic as well 
as amino groups and are water-soluble, in this 
work capping agent glycine has been used for the 
synthesis of metal nanoparticles. AgNO3 was reduced 
to AgNPs in the presence of sodium borohydride and 
capping agent glycine. Required shape and size 
of nanoparticles can be obtained with the help of 
capping agents. Glycine as a capping agent controls 
the morphology of synthesized particles during the 
synthesis processes.

EXPERIMENTAL

Materials
	 All the chemicals used in the experiment 
were from Central Drug House(P) Ltd. (CDH). 
Triple distilled water was used for all experiments 
performed in this work. Analytical reagent (AR) grade 
chemicals like glycine, silver nitrate and sodium 
borohydride are used to perform this work. Synthesis 
of silver nanoparticles.24

	 The glycine solutions of 50, 100, 150 
and 200 millimolar concentration were prepared 
in triple distilled water. A 20 mL solution of each 
concentration was stirred in a conical flask. A 10 
mL of a freshly prepared, ice-cooled solution of 
4 mM sodium borohydride was added dropwise 
in the stirred glycine solution, after the complete 
addition of sodium borohydride, started the addition 
of 10 mL of the aqueous solution of 1 mM silver 
nitrate(AgNO3) dropwise with continuous stirring at 
room temperature. The ratio of silver to glycine was 
maintained at 1:50, 1:100, 1:150 and 1:200 mM. 
After the completion of all addition, each solution 
color was changed from colorless to dark yellow. 
As the concentration of each solution is different so 
color observed of each solution was also different. 
Stirring was continued for 5-6 hours.
 
Optimization of the time for synthesis
	 The synthesis was optimized at different 
time intervals (30, 60, 120, 180, 240, 300 and 360 

min) for 1:200 mM silver to glycine ratio synthesis.
To optimize the synthesis,the synthesised AgNPs 
were analyzed by taking absorption spectra after 
each time interval , after a optimum time there was 
no change in absorbance.

Characterization
	 The synthesized AgNPs were characterized 
by absorption spectra in the wavelength range of 
200- 600 nm. The size and polydispersity index 
was determined by Zetasizer Nano ZS (Malvern 
Instruments, UK). By UV-Vis spectrophotometer,  
UV-Vis absorption spectra were obtained to confirm the 
presence of AgNPs The UV-Vis. spectra correspond to 
the surface plasma resonance(SPR) of AgNPs25.

Antibacterial Activity Preparation of Media
	 Bacteriology Manual26 was followed for the 
preparation of all media by standard formulation.

Composition

•	 Peptone - 0.5%
•	 NaCl - 0.5%
•	 Agar -1.5%
•	 yeast extract - 0.3%
•	 Distilled water
•	 pH - (6.8) at 25° C.

	 Yeast Extract(concentration of 0.3% - 
0.5%) is prepared by developing baker’s yeast, 
Saccharomyces spp., a plant medium which is rich 
in carbohydrate. For autolysis the yeast is harvested, 
washed, and again suspended in water. By heating 
this autolytic activity is ceased. The so obtained 
extract of yeast is then filtered and dried.

	 All the weighed quantities of dry ingredients 
were dissolved in triple distilled water. This so 
prepared media was sterilized by autoclaving for 30 
min at 121°C. About 15 mL of this autoclaved media 
was poured in Petri dishes aseptically and these Petri 
dishes were gestated for 24 h at 37°C.
 
	 By using the inhibition zone method, the 
antibacterial performance of glycine capped AgNPs 
was tested against the antibacterial resistance E. 
coli (Gram -ve) and S. aureus (Gram +ve). 10 μl of 
E. coli and 10 μl of S. aureus were spread into the 
nutrient agar medium plates.



336Sharma., Orient. J. Chem.,  Vol. 36(2), 334-338 (2020)

	 Sterile discs were prepared by dipping in 
1 mM AgNO3 solution and nano colloidal solution 
(50, 100, 150 and 200 mM glycine capped AgNPs) 
synthesized. The so prepared sterile discs were 
placed in the E. coli culture plate in the S. aureus 
culture plate to observe the zone of inhibition. All 
culture plates were gestated for 24 h at 37°C and 
the zone of inhibition was noticed.

RESULTS AND DISCUSSION

Synthesis of silver nanoparticles(AgNPs)
	 The AgNPs formation was confirmed by 
observing the color change of the solution from 
colorless to dark yellow (Fig. 1) and surface plasma 
resonance (SPR) band around 420 nm shows the 
synthesis of AgNPs in the suspension. The color of 
the reaction varied as the reaction proceed. Silver 
ions first combine with glycine and then sodium 
borohydride as well as silver nitrate, by this process 
atomic silver reduced to the zero-valent silver.

of nanoparticles  depends on the length of the carbon 
chain of capping molecule27.
 
	 The  concentration  of  capping  agent  also  
affects  the  dispersibility  of  nanoparticles.  Different 
concentrations of glycine solution were optimized for 
the synthesis of AgNPs (Figure 2).

Fig. 1. Silver nanoparticles

Physicochemical characterization
	 UV-Vis spectroscopy is a precious method 
for examining metal nanoparticles because particle 
size controls the shape and peak position. The 
UV-Vis. spectra correspond to the surface plasma 
resonance(SPR) of AgNPs25. The optical absorption 
band that formed are as follows: for 50 mM glycine 
sample of AgNPs absorption band at 413 nm, for 
100 mM glycine sample of AgNPs absorption band 
at 411 nm, for 150 mM glycine sample of silver 
nanoparticle absorption band at 400 nm and 200 
mM glycine sample of AgNPs absorption band at 
427 nm was found.

	 The absorption peak at 427 nm was noticed 
which shows the presence of spherical AgNPs in the 
nano colloidal solution. It is also clear from the spectra 
(Fig. 2) that synthesized AgNPs are monodispersed 
because polydispersed nanoparticles show an 
asymmetric peak. Literature shows that dispersibility 

Fig. 2. UV-Vis spectra Wavelength (nm)

Fig. 3. Particle size

	 The metal nanoparticles which show 
surface plasma resonance in the visible range can 
be characterized by UV-Vis spectroscopy. The surface 
plasma resonance causes by the swinging of electrons 
present on the surface of metal nanoparticles when 
the external energy source is used. By the surface 
plasma resonance, one can find out the physical 
properties of the AgNPs as particle size and dielectric 
medium affect the SPR band28–31. In the UV-Vis 
spectra, a narrow band indicates monodispersed 
nanoparticles while broadband shows the aggregation 
of nanoparticles32. The size distribution of the particles 
was determined by DLS and was found to be 50-60 
nm. The most intense particle size is 54.61 dnm with 
a percentage intensity of 99.7% (Figure 3).
 
Optimization of time for synthesis
	 The synthesis of nanoparticles depends 
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on time as the time passes concentration of 
nanoparticles in the nano colloidal solution increases 
because as the time passes reduction of metal 
ion to nanoparticles increases. It is well clear from 
the absorption spectra of nano colloidal solution 
at different time intervals. After 4 h synthesis was 
optimized i.e. at this time all reduction process 
completed as there was no increase in the 
absorption at 5 h and 6 hours. The characteristic 
peak Wavelength (nm) was noticed at around 427 
nm as shown in Figure 4.

Antibacterial activity
	 By using the inhibition zone method, the 
antibacterial performance of glycine capped AgNPs 
was tested against the antibacterial resistance 
of gram-ve E. coli and gram+ve S. aureus. These 
experimental plates were kept in an incubator for 24 
h at 37°C. The diameter (mm) of the zone of inhibition 
was measured. Disc in each plate is marked with 50, 
100, 150 and 200 mM (Fig. 5, 6). The zone of inhibition 
of these different concentrations is reported in Table 
1. It is clear from the zone of inhibition that as the 
concentration of glycine increased in the synthesis 
of AgNPs bacteriocidal effect also increased.

Fig. 4. UV-Vis spectra for the optimization of time

Fig. 5. Zone of inhibition against S. aureus

Fig. 6. Zone of inhibition against E. coli

Table 1: Zone of inhibition (in mm)

Silver nanoparticles of	 Zone of inhibition	 Zone of inhibition
differentconcentration	 E. coli culture	 S. aureus culture
         of glycine	 plate	 plate

          50mM	 6mm	 6mm
         100mM	 6mm	 7mm
         150mM	 7mm	 7mm
         200mM	 7mm	 8mm
    1mM AgNO3	 6mm	 12mm

 CONCLUSION

	 This work successfully shows that capping 
agent glycine can be used to synthesize AgNPs 
in an aqueous medium. The AgNPs formed were 
highly stable and monodispersed as it is cleared 
from UV-Vis spectra. The synthesized AgNPs are 
spherical as confirmed by a narrow SPR band30-31. 
The absorbance peaks were remained narrow up 
to 5 months which shows the monodispersity and 
stability of synthesized AgNPs. As the concentration 
of glycine increased, the diameter of the zone of 
inhibition against E. coli as well as S. aureus also 
increased a little.
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