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1. INTRODUCTION  
Recently, Ag metal nanoparticles (NPs) have 
been attractive because of  unique physical, 
chemical properties [1] and potential applications 
in surface-enhanced Raman scattering (SERS) 
[2], catalysis [3],  imaging [4], biomedical [1, 5], 
and antibacterial aspects [6]. Ag NPs due to the  
the high surface energy, aggregate and to solve 
this problem, templates or stabilizing molecules 
are used [7].  
The controlled synthesis of Ag NPs  on the 
surface of graphene (a 2-D nanomaterial) and its 
derivatives has attracted attention due to its 
unique physical and chemical properties [8-10] 
and  applications in catalysis [11], Surface-
Enhanced Raman scattering (SERS) [12], sensor 
and antibacterial applications [13]. Graphene-Ag 
nanocomposites have been synthesized by various 
methods [14] that some of these approaches have 
various disadvantages such as: use of toxic 
reducing agents (NaBH4, hydrazine, and 
hydroquinone), and aggregation of graphene and 
Ag NPs because of π-π stacking interactions 
between graphene sheets and Ag NPs [15]. 
Among different methods, in situ green synthesis 
is more critical because of its simplicity and 
biocompatibility [11, 13]. Sugar [16], ascorbic 
acid [17], starch-based materials [18], and amino 
acids [17] have been used as environmentally 
friendly, reducing agents for GO. GO containing 
functional groups (OH, epoxy, and carboxyl 
group) can be dispersed in polar solvents like 

water and hydrolyze to the carboxylic acid group 
[19]. So, modification of GO with various 
compounds such as polymers, organic crystals, 
and biomaterials is attractive for many scientists 
and can be a suitable template for Ag NPs [11]. 
These modifier groups allow Ag nanoparticles to 
interact with the GO sheets via electrostatic 
binding or charge-transfer interactions. Glycine, 
the essential amino acid, has been used as a 
reducing agent and modifier for GO [20] and 
noble metal NPs [21, 22]. So, the using of this 
compound in the preparation of Graphene-Ag 
nanocomposite without reducing agent can 
produce eco-friendly green nanocomposite with 
an appropriate application.   
4-Nitrophenol (4-NP) is a byproduct of the 
production reaction of pesticides and synthetic 
dyes and has a strong corrosive effect on body 
tissue (nervous system, liver, and kidneys) [23].  
This compound due to its high stability and 
solubility in aqueous media, pollute water and 
environmental. So, the removal of this toxic 
compound from the environmental and its 
converting to 4-aminophenol (4-AP) is essential.  
4-AP is a valuable intermediate in the 
manufacturing of dyes, pharmaceuticals, and 
antioxidants. In comparison to different 
techniques of elimination [24], catalytic reduction 
of 4-NP to 4-AP by the sodium borohydride 
(NaBH4) is one of the most appropriate methods 
[25]. Recently, noble metal NPs have been 
attractive as effective catalysts for the degradation 
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of different hazardous materials like dyes, phenol 
derivatives, etc. [11, 26]. The researchers have 
used Ag nanoparticles and graphene-Ag 
nanocomposites as a catalyst in the reduction of 
4-NP [11, 27]. Das and coworkers showed 
synthesized Ag-reduced graphene oxide in the 
presence of L-Arginine have high activity 
catalytic for the 4-NP reduction [11]. Aditya et al. 
studied the reduction of nitro phenol to 
aminophenol with a reducing agent in an aqueous 
medium by a metal or metal oxide catalyst [28]. 
Wu et al. [29]  used GO-Au–Ag nanocomposite 
in the reduction of 4-NP and displayed that owing 
to GO, NPs show high catalytic efficiency. In 
environmental for the removing of contaminants, 
graphene-silver nanocatalysts must be  
biocompatable. Therefore, the green method 
should be used for the preparation of these 
nanocomposites.  
In this work, an eco-friendly approach was 
selected for the preparation of reduced modified 
GO-Ag based on glycine. Then the catalytic 
activity in the reduction of 4-NP , electrocatalytic 
activity toward H2O2 determination, and 
antibacterial activity against Escherichia coli (E. 
coli) and S-arouses was studied.   
 
2. EXPERIMENTAL 
2.1.  Materials 
Silver nitrate (AgNO3), graphite, glycine (Gly), 
sodium hydroxide (NaOH), Sodium borohydride 
(NaBH4), 4-nitrophenol (4-NP), 4-nitroaniline (4-
NA), ethanol (EtOH), hydrogen peroxide (H2O2), 
and acetone were purchased from Merck. All 
compounds used in this experiment were of 
analytical grade. Deionized (DI) water was used 
during the preparation of samples. 
 
2.2. Synthesis of reduced modified GO–Ag 
(rMGO-Ag) nanocomposite  
Graphite oxide (GO) was prepared by the 
oxidation of graphite powder according to the 
improved Hummers method [30]. For the 
modification of GO, GO (200 mg) was dispersed 
in DI water (20 ml), and then the solution of Gly 
(600 mg) and NaOH (320 mg) in DI water (20 
ml) was added to the dispersed GO. The mixture 
was stirred for 24 h at room temperature and then 
centrifuged. Ethanol (10 ml) was poured into the 
colloidal dispersion, and the obtained precipitate 
was washed well with a mixture of H2O/EtOH 
(1:1) and acetone, and finally dried in vacuum at 
50 °C to obtain reduced modified GO (rMGO). 
After the modification of GO with Gly, AgNPs 
decorated rMGO was prepared by the best 
combination of rMGO and AgNO3. 
In brief, rMGO powder (3.75mg) was dispersed 

in water (5 ml) by sonication for one hour (h) to 
form exfoliated stable suspension. Then pH was 
adjusted at 12 with the solution of NaOH (1M). 
After that, the aqueous solution of AgNO3 (50 
mL, 0.24 mM) was poured into the suspension 
solution and mixed under ultrasonic for  one h. 
Finally, the mixture was stirred in an oil bath at 
80 °C for 16 hours, and then centrifuged to 
remove unreacted reagents. Finally, for the 
characterization and improving colloidal stability 
of nanocomposite, the resultant suspension was 
freeze-dried. 
 
2.3. The catalytic behavior of synthesized 
nanocomposite 
To investigate the catalytic activity of synthesized 
nanocomposite, rMGO-Ag nanocomposite (0.1 
mg) was poured into an aqueous solution of nitro 
aromatic compound (1 ml, 0.5 mM). Then, the 
freshly prepared aqueous solution of NaBH4 (1 
ml, 0.08 M) was poured into the mixture and 
stirred at room temperature. The reduction of the 
nitro compound was studied by UV-Vis 
absorption. Finally, the catalyst was separated 
from the reaction mixture by column 
chromatography (ethyl acetate as a solvent). The 
nanocomposite was adsorbed on silica gel 
surface, separated, repeatedly washed with ethyl 
acetate, evaporate, and dried at a vacuum for the 
next cycle to study the reusability of the catalyst.  
 
2.4.  Antibacterial activity of nanocomposite 
The antibacterial behavior of the rMGO-Ag 
nanocomposite against E-coli bacteria (ATCC 
25922) and S-arouses (ATCC 29213) was studied 
by the Broth-dilution method. In brief, microbial 
suspensions equaling 0.5 McFarland (1.5×106 
CFU) were prepared. As-synthesized rMGO-Ag 
colloidal solutions with different dilutions in 
nutrient broth (512, 256, 128, 64, 32, 16, 8 µg/ml) 
(2 ml) was poured into microbial suspensions (10 
µl), and the tubes were incubated for 24 hours at 
37°C. Müller-Hinton agar plates were cultured 
with 5µl of each tube and were incubated for 
another 24 h to determine the MIC. 
 
2.5.  Electrochemistry 
Pencil lead with a diameter of 0.5 mm was 
inserted into a Teflon tube, so only 1 cm of its tip 
and end was exposed. By soldering a copper wire 
to the end exposed side of the PGE, electrical 
contact was made. PGE was immersed into the 
electrochemical cell containing a suspension of 
rMGO-Ag nanocomposite (0.1 mg) and the 
potential of the electrode was 12 cycles scanned 
at 50 mV s-1 in the range 1.2 to -1.0 V. The 
modified electrode then rinsed and transferred to 
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the uninfected cell containing HCl 0.1 M and the 
electrode potential was scanned until the stable 
response was achieved.   
 
2.6. Instruments  
Potentiostat/Galvanostat Autolab30 was used for 
electrochemical measurements on a conventional 
three-electrode glass cell containing a Pt rode as 
auxiliary, Ag/AgCl (3M KCl) as a reference and 
pencil graphite as working electrodes. Fourier 
Transform Infrared (FT-IR) spectra were studied 
with samples on KBr pellets over a frequency 
range of 4000–400 cm-1 in a Shimadzu 8400 
spectrophotometer. X-ray diffraction (XRD) data 
were recorded by X Pert PRO made by Bruker-
D8 ADVANCE 3000 X-Ray diffractometer with 
a Cu Kα radiation source (λ = 1.5406 Å). UV-Vis 
spectra of samples were studied by a UV-Vis 
spectrometer (PG Instruments T80) in the range 
between 200 nm and 500 nm. The morphology 
was investigated by the scanning electron 
microscope (SEM, CamScan-MV2300) and 
Transmission electron microscopy (TEM, 
PHILIPS CM30). Energy-dispersive X-ray 
spectroscopy (EDX) was done by an EDX 
detector on a scanning electron microscopy. Zeta 
potential was studied using a Zetasizer 
(ZEN3600, Malvern Instruments, UK).  
 
3. RESULT AND DISCUSSION  
The reaction route for the synthesis of rMGO-Ag 
nanocomposite was summarized in scheme.1. 

 
Scheme 1. Schematic diagram of the preparation of the 
rMGO-Ag nanocomposite. 
 
3.1. Characterization of rMGO and rMGO-Ag 
nanocomposite 
The structural changes during the modification 
are reflected in the UV-Vis absorption spectra 
(Fig. 1A). In UV-Vis of GO, the absorption peak 
at 228 nm corresponds to π-π* transitions of 
aromatic C=C bonds and a shoulder around 300 
nm relates to n-π* transitions of C-O bonds [21]. 
After the modification of GO with Gly, the 
absorption peak of π-π* of GO shifted to a higher 
wavenumber (240 nm) and a new peak was 
appeared at 382 nm. This red-shifted could be 
attributed to modification and the increase in the 
electron density and structural reorganization in 
GO, due to its reduction in rMGO [21, 31]. 

Compared with the spectrum of rMGO, the 240 
nm and 382 nm peaks shifted to 244 nm and 400 
nm because of the high reduction of rMGO sheets 
and the SPR of Ag NPs. Furthermore, the peak at 
400 nm was broad, and its intensity increased, and 
this could approve the loading of Ag NPs on 
rMGO.  
The insets in Fig. 1A display dispersity of GO and 
rMGO-Ag nanocomposite in an aqueous solution 
with a concentration of 3 mg ml-1, was sonicated 
for one h, and then preserved at room temperature 
for six weeks. After one week, sheets of GO 
sediment, while the rMGO-Ag nanocomposite 
was stable for more than six weeks. This high 
stability in the aqueous solution can be related to 
the repulsion of charged ions on nanocomposite 
and was confirmed with the z potential data. 

 

 
Fig. 1. UV-Vis spectra of A: GO, rMGO, and rMGO-
Ag nanocomposite, Dispersions of GO rMGO-Ag 
nanocomposite (3mg ml-1) in distilled water (inset), B: 
Zeta potential distribution of rMGO, and rMGO-Ag 
nanocomposite. 
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To measure the stability, and the surface charges 
on rMGO and rMGO-Ag, the Zeta potential of 
samples was studied in an aqueous medium with 
pH:12 (Fig. 1B). The average value of zeta 
potential in the surfaces of rMGO and rMGO-Ag 
is -29.4 mV and -34.8 mV, respectively. The 
negative charge on the rMGO is due to the 
presence of functional groups on the surface. The 
high negative charge of rMGO-Ag sheets shows 
the colloidal stability of nanocomposite in the 
aqueous media due to the electrostatic repulsive 
interactions between interlayer surface charges 
and the presence of Ag NPs. Comparison of 
colloidal stability Ag NPs in this work with Gly-
Ag NPs (-23.1 mV) and rGO-Gly-Ag NPs (-32.5 
mV) [21] shows high stability of this work and 
this could be attributed to the modification of GO 
with Gly and then synthesis of Ag NPs on 
modified GO.  
Fig. 2 shows the XRD patterns of GO and rMGO-
Ag nanocomposite. In XRD of GO, the sharp 
peek with an interlayer distance of about 0.82 nm 
at 10.8◦ attributes to the (001) diffraction peak of 
GO [13, 32, 33]. For rMGO-Ag nanocomposite, 
the diffraction peak (001) of GO was disappeared, 
and new peaks appeared. A peak at 2θ= 24.4 
attribute to the (002) of reduced GO [13], and 
other new peaks at about 15.5, 19.1, 30.3, 34.3, 
and 36.2 correspond to the organized crystal 
structure of Gly [34].  Furthermore, in the XRD 
pattern of the nanocomposite, the diffraction 
peaks at 38.3 (111), 44.3 (200), 64.6 (220), and 
77.6 (311) attributes to the planes of silver NPs 
[13, 32]. Based on Debye-Scherer's equation [33], 
the crystallite size of Ag is about 12.7 nm 
(FWHM=0.79°) that is proved with the TEM 
image.  
 

 
Fig. 2. XRD patterns of GO, and rMGO-Ag 
nanocomposite. 
 

Fig. 3 presents the FT-IR spectra of GO, rMGO, 
and rMGO-Ag nanocomposite. GO exhibits 
various bands  at ν (cm-1): 3408, 1727, 1621, 
1228, and 1032 correspond to stretching vibration 
of the hydroxyl group, the carboxyl C=O, 
aromatic C=C, epoxy C–O and alkoxy C–O, 
respectively [13]. The presence of a peak at 1422 
cm-1 attributed to the C-O peak of carboxy groups 
shows the highest oxidation of graphite to GO 
[35]. The presence of C=C groups displays that 
although graphite has been oxidized into GO, the 
main structure of layer graphite has still been 
retained. A comparison of the FT-IR spectra of 
GO and rMGO shows that the peaks due to 
carbonyl (1727 cm-1) and epoxy (1228 cm-1) of 
GO have entirely disappeared, the peak attributed 
to the alkoxy group (C–O) at 1032 cm-1 in GO 
also became relatively weak and broad [36]. On 
the other hand, in rMGO, the intensity of the C-O 
peak of carboxy groups decreased and shifted to 
1380 cm-1, and new peaks attributed to the CH2 
groups of Gly were appeared at 2932 and 2856 
cm-1 [20]. These changes display the modification 
of GO with Gly and the complete reduction of 
modified graphite oxide (MGO) to rMGO using 
Gly as a reducing agent. In the FT-IR of the 
rMGO-Ag nanocomposite, the intensity of all 
peaks that attributed to the oxygenous groups 
decreased, which can be related to interaction 
rMGO sheets and Ag NPs [13].  
 

 
Fig. 3. FT-IR of GO, rMGO, and rMGO-Ag 
nanocomposite. 
 



Iranian Journal of Analytical Chemistry 7 (2020) 100-110 | 104 
 

The formation of layered GO, modification of 
GO, and the loading of Ag on rMGO were 
confirmed by the FESEM and TEM studies. As 
shown in Fig. 4, the SEM image of GO is as 
layered nanosheets with folded edges. With the 
modification of GO, the crumpled structure is 
seen that can be attributed to the presence of 
modifiers and reduction process. The thin 
structure of the rMGO sheets and smooth surface 
with some corrugation propose a flexible structure 
of the rMGO sheets. Fig. 4 displays FE-SEM 
images of the rMGO-Ag nanocomposite at two 
magnifications. With the formation of silver 
particles on the surface of rMGO, the crumpled 
thin layers became more, and fine particles have 
appeared as the anemone flower on the surface.  
To study the surface element contents and the 
presence of Ag on the surface of rMGO, the EDX 
technique can also be used (Figure 4, inset). The 
signals of elements confirmed the presence of N, 
C, and O on rMGO and also Ag on the surface of 
the rMGO-Ag.  
 

 
Fig.4 SEM-EDAX of GO, rMGO and rMGO-Ag 
nanocomposite. 
 
The TEM images show the formation of spherical 
Ag nanoparticles on the crumbled surfaces of the 
rMGO sheets with an average particle size of 14 
nm (Fig. 5). The FE-SEM and TEM images 
indicate the formation of spherical nanoparticles 
on crumpled layer rMGO. 
 

 

 
Fig. 5. A: TEM image of rMGO-Ag nanocomposite. B: 
The size distribution of Ag NPs in rMGO-Ag 
nanocomposite. 
 
3.2. Reduction of 4-NP and 4-NA with rMGO-Ag 
nanocomposite  
The catalytic activity of rMGO-Ag 
nanocomposite was studied for the reduction of 4-
NP by NaBH4. The aqueous solution of 4-NP 
displayed an absorption maximum at 320 nm due 
to the n - π* transitions that with the addition of 
NaBH4, this peek shifted to 400 nm because of 
the producing of 4-nitrophenolate (Fig. 6A) [37]. 
Without a nanocatalyst, this peak stayed 
unchanged until 24 h. When the rMGO-Ag 
nanocomposite was added to the reaction mixture, 
compound's color became colorless; the peak 
height at 400 nm decreased and disappeared after 
240 s (Fig. 6B).  
All of these changes indicate the successful 
reduction of 4-NP. For 4-NP, Ln (At/A0) 
decreased linearly with reaction time (Fig. 6C). 
Based on the pseudo-first-order reaction, the rate 
constant (k) was calculated by equation Ln 
(At/A0) =-Kt  via measuring the changes in 
absorbance of 4-NP (At) at 400 nm nm [38] (Fig. 
6D). K, At, and A0 are rate constant, initial 
absorbance, and absorbance at time t that,  the 
rate constant was determined as 1.2×10-3 s-1 for 4-
NP. The comparison of the catalytic behavior of 
rMGO-Ag nanocomposite for the reduction of 4-
NP with previously reported catalysts was shown 
in Table 1. 
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Table 1. Comparison of the catalytic activity of rMGO-Ag nanocomposite for the reduction of 4-NP with other catalysts. 
Catalyst 
 
  

Dosage of 
catalyst  
(mg) 

4-NP 
Concentration  
(mM) 

NaBH4 
Concentration  
(mM) 

Reaction 
Time 
(min) 

K 
(S−1) 

k 
(S−1) 

Ref. 
 

rMGO-Ag 
nanocomposite 

0.1 5×10 -1 , 1ml 80 , 1ml 4 1.2×10−3 12×10−3 This 
work 

Ag-carbon sphere 1 5×10 -5, 3 ml 100, 0.2 25 1.69×10−3 1.69×10−3 [44] 
Ag-GO-
poly(amidoamine) 
dendrimer 
nanocomposite 

2.5 5, 1 ml 5 2 21.7*10-3 8.68×10−3 [45] 

hollow silver 
nanospheres 

0.1 5×10 -1 , 1ml 80 , 1ml 6 1.83*10-3 1.83×10−3 [46] 

L-Arginine – Ag-
rGO 
nanocomposites 

1 2×10 -1, 20 ml 100, 5 ml 12 6.91×10−3 6.91×10−3 [11] 

LrGO-Ag20Au80 12 9.6 × 10−5 0.1 1.7 11×10−3 0.92×10−3 [47] 

k: K/ Dosage of catalyst  
 

 
Fig. 6. Successive UV–Vis absorption spectra of A: 4-
NP and 4-nitrophenolat, B: the reduction of 4-NP by 
NaBH4 in the presence of rMGO-Ag nanocomposite 
and C: Plot of ln At/A0 versus time for the reduction of 
4-NP using rMGO-Ag, D: Reusability of rMGO-Ag 
nanocomposite towards 4-NP reduction. 
 
The results displayed that rMGO-Ag 
nanocomposite with low dosage is more active 
that this could be related to Ag NPs or modified 
reduced graphene oxide surface. The recycling of 
the nanocatalyst was studied and displayed in Fig. 
6B (inset). After each reaction, the nanocomposite 
was recycled and reused four times with high 
efficiency. Low activity of nanocomposite after 
the fourth run may be due to the aggregation of 

Ag NPs or saturation surface of rMGO. In the 
reduction process, 4-nitrophenolate anions are 
adsorbed onto the rMGO-Ag nanocatalyst, and 
then the electron released from BH4- reduces the 
4-nitrophenolate ion to 4-aminophenol. [39]. The 
electron transfer process depends on the available 
surface area of the catalyst and the number of 
nanoparticles on the surface [39, 40], with 
increasing the number of nanoparticles and the 
surface area of the nanocatalyst, the reaction rate 
increases. 
 
3.3. Antibacterial activity of resultant 
nanocomposite  
The MIC of the rMGO-Ag nanocomposite, GO, 
and rMGO was investigated by the Broth-dilution 
method. The results displayed that GO and rMGO 
have no inhibition in bacterial growth. Based on 
preview researches, some of GO sheets showed 
no antibacterial activity, and some of them 
showed high antibacterial activity because of the 
sharp edges and the oxidant nature of GO sheets 
[13, 41]. Fig. 7 displays the bacteria growth on 
agar plates at different concentrations of 
rGO/MAg nanocomposite against E-coli and S-
arouses.  
 

 
Fig. 7. The bacteria growth on agar plates at different 
concentrations of of rMGO-Ag nanocomposite against 
E-Coli (upper) and S-aureuses (bottom). 
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The MIC values of rMGO-Ag nanocomposite 
against E-coli and S-arouses are 32µg/ml, and 
64µg/ml, respectively. The antibacterial activity 
of resultant nanocomposite is higher than it for 
our previous researches [13]. The size, shape, 
environment of silver nanoparticles, and the 
difference in the structure of the bacterial wall 
have displayed significant impacts on their 
antibacterial activity [42, 43]. The antibacterial 
effect of rMGO-Ag nanocomposite could be 
described according to this method: Ag NPs, 
sharp edges of rMGO, or both can attach to the 
cell surface, penetrate inside bacteria and disturb 
them [41, 42]. 
 
3.4. Electrochemical determination of H2O2 
The cyclic voltammogram of the bare PGE in HCl 
0.1 M was recorded, and the obtained 
voltammogram is presented as the dotted line in 
Fig. 9. As expected, no obvious redox peak can be 
observed on the PGE in the studied potential 
range. However, at the PGE modified with 
rMGO-Ag nanocomposite, a reversible redox 
peak can be observed indicating the successful 
immobilization of rMGO-Ag nanocomposite on 
the electrode surface (Fig. 8 dashed line). In the 
presence of 1 mM H2O2, there was a dramatic 
enhancement of cathodic peak current due to 
intense electrocatalytic activity of rMGO-Ag 
nanocomposite for electroreduction of H2O2 (Fig. 
8, the solid line). The cathodic peak potential of 
reduction of H2O2 at rMGO-Ag-PGE was about -
0.3 V. On the other hand, on the bare PGE, the 
very weak peak was observed at the more 
negative potential in the presence of the same 
amount of H2O2. Consequently, compared with 
PGE, on the rMGO-Ag-PGE signicant reduction 
of overpotential and dramatic increase of peak 
current was achieved in the presence of H2O2. 
 

 
Fig. 8. Cyclic voltammograms obtained in HCl 0.1 M 
at 50 mVs-1 on the (dotted line) bare PGE and (dashed 
line) rMGO-Ag-PGE. The solid line was the cyclic 
voltammograms obtained in HCl 0.1 M containing 1 
mM H2O2 at 50 mVs-1 on the   

Fig. 9 shows the influence of the concentration of 
H2O2 on the cyclic voltammograms of the rMGO-
Ag-PGE. Upon the successive addition of H2O2 
(10-1000 µM), the cathodic peak current were 
increased accordingly. The CV peak currents 
showed a linear correlation to H2O2 
concentrations in the range from 10 to 1000 μM 
H2O2. Detection limit of H2O2 was estimated from 
the calibration equation as 9.4 µM (based on 
S/N=3). From the slope of the calibration curve, 
the concentration sensitivity was obtained as 0.52 
µA µM-1.  

 
Fig. 9. Cyclic voltammograms obtained at 50 mVs-1 on 
the  rMGO-Ag-PGE in HCl 0.1 M containing 10-1000 
µM H2O2. Inset shows the calibration carve obtained 
from the reduction electrocatalytic peaks currents. 
 
4. CONCLUSION 
A green method was used for in situ nucleation, 
and growth of AgNPs on rMGO using Glycine-
modified GO as reducing as well as a stabilizing 
agent of Ag NPs. Modification and reduction of 
exfoliated GO (rMGO) sheets were carried out in 
an aqueous medium by glycine amino acid, and 
then rMGO acted as reducing and stabilizer agent 
of AgNO3 at 80 ◦C. The chemical structure of the 
resultant suspension nanocomposite was analyzed 
after the freeze-drying by UV-Vis, XRD, FT-IR, 
FE-SEM, EDAX, and TEM. Zeta potential data 
showed that, the modification of GO with Gly, 
improve the stability of Ag NPs rather than Gly 
modified Ag–GO. Therefore, this obtained 
nanocomposite is a biocompatible component and 
method is an eco-friendly synthesis to layer 
graphene sheets, and in situ AgNPs decorated 
rMGO. Finally, the resultant nanocomposite 
showed high catalytic and electrocatalytic activity 
towards the reduction of 4-NP  and H2O2, and 
also excellent antibacterial behavior against E-
coli and S-arouses.  
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نانوذرات نقره در بستر گرافن اكسيد اصالح شده با گليسين براي كاربردهاي كاتاليزوري، 
 الكتروكاتاليزوري و ضد ميكروبي

 
 ٢، رسول بولگار١، ساناز لطفي،*١، سيما پور بيرام١سهراب فتحعلي پور

 ايران تهران، ،پيام نورگروه شيمي، دانشكده علوم پايه، دانشگاه . ١

 . دانشكده علوم، دانشگاه شهيد مدني، آذربايجان، ايران٢

 ١٣٩٩  مرداد ٨تاريخ پذيرش:             ١٣٩٩  خرداد  ١٣تاريخ دريافت: 

 
به عنوان كاهنده  نيسيشد. گل هيو اصالح شده ته افتهيكاهش  دينانوذرات نقره درسطح گرافن اكس يدرجا ييهسته زا قياز طر افته،يگرافن كاهش  دياكس-نقره  تينانوكامپوز

 يانجام م يآب يها طيدر مح گراديدرجه سانت ٨٠ يدما دراستفاده شد. هسته شدن نانودرات نقره  تينانوكامپوز يهيدر ته ديگرافن اكس يعامل اصالح كننده نيسبز و همچن
مورد  TEMو  SEM ريبا تصاو تينانوكامپوز يحال، مورفولوژ نيشد. در هم دييتأ XRDو  UV-Vis ، FT-IR يها كيح و سنتز نانو ذرات توسط تكنشود. كاهش، اصال

الكترود مغز مداد اصالح  يستينشان داد. رفتار الكتروكاتال يعال يزوريرفتار كاتال ديدريبوروه ميتوسط سد تروفنولين-٤سنتز شده در كاهش  تيمطالعه قرار گرفت. نانوكامپوز
و  كروموالريم ٩,٤ صيبا حد تشخ ديپراكس دروژنيمطلوب ه طيشد. در شرا يبررس يچرخه ا يتوسط ولتامتر ديپراكس دروژنيه يكيكاهش الكتر يبرا تيشده با نانوكامپور

 يعال يضد باكتر تيفعال يدارا بيترك ني، مشخص شد كه اتينانوكامپوز MIC يداده ها يبا بررس ن،يشد. عالوه بر ا نييموالر تع كرويكروآمپر بر ميم  ٠,٥٢ تيحساس
 است.

  هاي كليديواژه
 .يكروبيضد م ؛يزوريالكتروكاتال ؛سنتز سبز ؛نانوذرات نقره ؛ديگرافن اكس

 
  


