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Abstract
In this study, an electrochemical sensor for the detection of 4-Nitrophenol (referred to as 4-NP) was developed based on 
templated silver nanoparticles (AgNPs) on reduced graphene oxide (rGO) nanosheets (Ag-rGO) and utilized as an electro-
catalyst. It was found that the resulting composite exhibits enhanced catalytic activity towards the reduction of 4-NP. The 
cubic shaped AgNPs templated on rGO nanosheets has been successfully fabricated by a chemical reduction method using 
sodium borohydride  (NaBH4), and it was well characterized through morphological and electrochemical techniques: Ultra-
violet–Visible spectroscopy (UV -Vis), scanning electron microscopy (SEM) equipped with energy-dispersive spectroscopy 
(SEM–EDS), transmission electron microscopy (TEM), X-ray diffraction (XRD), Fourier transform infrared spectroscopy 
(FT-IR), cyclic voltammetry (CV), and chronoamperometry. The obtained results revealed that the AgNPs scattered on 
rGO sheets are spherical in shape, and it’s estimated to be a dimension of ~ 60 nm in size. The prepared crystalline Ag-rGO 
nano sheets were further applied as an electrode material for the electrochemical examination with three electrode system 
to sense the hazardous material 4-NP in PBS. The electrochemical studies were conducted through CV under the condition 
of bare and coated electrode (Ag-rGO/GCE) with influence of concentration (4-NP from 2 to 150 mM), scan rate, reproduc-
ibility (RSD-2.87%) and stability test (4-NP-20 µM) were examined. The data reveal that the Ag-rGO/GCE exhibit highly 
reproducible and sustainable for the reduction of toxic 4-NP. The chronoamperometry study for current and time response 
was also studied at two different potentials (− 0.3 V & − 0.6 V), respectively.

1 Introduction

Over a decades nitroaromatic compounds particularly 
nitrophenols (NP) are widely utilized in many industrial 
and agricultural sectors as a precursor for phenetidine, ace-
tophenetidine, pesticides, peptides, explosive, dyes, and 
pharmaceuticals [1, 2]. Out of these nitrophenols, 4-NP is 

frequently used for the production of these chemicals [1]. 
Besides their valuable application, it has been considered 
as anthropogenic, toxic, inhibitory, and bio-refractory 
compounds and it causes adverse effects on health such as 
headaches, drowsiness, nausea, cyanosis, methemoglobine-
mia, fervescence, damage of liver and kidney by ingestion/ 
inhalation [3–5]. The hazardous compounds nitro phenol 
can damage the crop, water bodies and environment when 
released in to the soil [3–8]. Because of their heavier toxicity 
rate, even at a very trace level, its listed in US Environmen-
tal Protection Agency (USEPA) and the maximum recom-
mended value in effluents is set to less than 700 μM [9].

Thus, it’s an urgent need to develop techniques, which 
can detect very fast, at a very low detection limit, selec-
tive, handy, simple operation and cost effective to detoxify 
and convert in to small organic chain to degradate 4-NP. 
Among various well established methods mentioned in the 
literature [10–13], electrochemical techniques offer the eco-
nomic opport- unity for rapid detection of 4-NP and also 
other hazardous chemicals [8, 14–17]. Several strategies 
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have been applied on the electrode surfaces to get high sen-
sitivity, reproducible result and reduced over potential for 
4-NP reduction. The surface of the electrode can be modify 
with reliable tactic for accelerate the rate electron transfer 
process and to minimize the over potential. Many research 
groups are well established electrochemical redox mediator 
using noble metals, oxide of metals, and mixed metal oxide 
for detection of 4-NP and relatively obtained a wide range 
of linear detection as compared to the unmodified electrodes 
and modified by macrostructured molecules [7, 8, 14–17].

Nowadays, carbon based nanomaterials having a different 
kind of morphology and is believed to provide a new path 
for the development of high performance electrochemical 
sensors due to their enhanced-renewable-rich surface chem-
istry, good electron transport property and low residual cur-
rent and wide potential window [3–6, 18–21]. Two more 
importantly and structurally different carbon nanostructured: 
carbon nanotubes and graphene are fundamentally and prac-
tically very useful for the detection of 4-NP because they 
developed efficient interfacial relationship, which are largely 
assist in electron transport properties. Efforts from past dec-
ades, it has been investigated that of these carbon families, 
graphenes are great concern from the electrochemical point 
of view and provides much better opportunity and reactivity 
towards chemical species because of its good conductivity, 
mechanical stability and its two-dimensional (2D) tightly 
packed honeycomb structure can be tuned, wrapped, rolled 
or stacked into other dimensional structure such nanotubes 
(1D), graphite (3D) or fullerenes (0D) as compared to other 
carbonaceous materials [22–27]. Thus, the graphene and 
their derivative, which is tightly bonded with oxygen and 
termed as graphene oxide (GO) and ideal material. The GO 
is a most desirable, suitable source material for the prepara-
tion of metal based graphene NPs composites, paid to their 
unique benefits for instance cost effective, easy to produce 
from the graphite, good electronic properties through NPs, 
easy to process in an aqueous medium and exhibit sites for 
functionalization etc. [28–39]. In the literature, noble metal 
NPs, mixed metal oxide have been studied as electrocata-
lysts for the reduction of 4-NP. Whereas, the graphene oxide 
(GO), reduced graphene oxide (rGO) structures not much 
explored for the development of electrochemical sensors 
[28–39].

Considering the exceptional properties and enhanced 
electrochemical output of graphene and its derivative, we 
reported here, the electrochemical reduction of 4-NP by sil-
ver NPs decorated on reduced graphene oxide (Ag-rGO) 
based sensor. The Ag-rGO was processed through the reduc-
tion  NaBH4 and utilized as a reformed glassy carbon elec-
trode (GCE). Further, the fabricated two-dimensional sen-
sors were characterized by various analytical, morphological 
and electrochemical techniques for the investigation of crys-
tal structure, morphology, and optical catalytic properties.

2  Experimental

2.1  Materials

Sliver nitrate  (AgNO3, 98.99%), Sodium borohydride 
 (NaHB4, 98.99%), and 4-nitro phenol (4-NP) were pur-
chased from D.F. Goldsmith-Producer & distributers of 
precious metals (USA); and Graphene oxide (GO) was 
recovered from Sigma Aldrich (999.99%, USA). Mono-
sodium di-hydrogen phosphate  (NaH2PO4), disodium 
monohydrogen phosphate  (Na2HPO4) were obtained from 
Aladin Ltd. (Shanghai, China) and used as received. The 
water used throughout experiments was purified through 
a Millipore system. Phosphate buffer saline (PBS) was 
prepared daily by mixing stock solutions of  NaH2PO4 and 
 Na2HPO4 in DI water.

2.2  Characterization

Numerous techniques were applied to identify the pro-
cessed material such as X-ray diffraction pattern (XRD, 
Rigaku, Japan) analysis was employed for to know the 
particles size materials, phase and crystallinity of rGO 
and Ag-rGO nanosheets with copper  Kα radiation 
(λ = 0.1540 nm). The materials functional characteristic 
were evaluated through Fourier transform infrared spec-
tra (FT-IR, Bruker Vector-22) with using KBr pellets 
ranges from 400 to 4000 cm−1. The thermal stability of 
the material was analyzed through Thermo gravimetric 
analysis (TGA, STA Jupiter 449 equipment (Netzsch, Ger-
many)) and carried out in the temperature range from 50 
to 1000 °C with heating rate of 20 °C/min, under nitrogen 
environment with using α-Al2O3 as a reference material. 
The optical characteristic of the material was examined 
through UV–Visible spectroscopy (UV-2550, Shimadzu, 
Japan). For this the formed material was completely dis-
solved in double distilled water and diluted well. The 
spectra were observed in the range of 200–800 nm with 
a UV Visible spectrophotometer. The particle diameter, 
polydispersity index (PDI) and Zeta (ξ) potential of sam-
ples were determined by dynamic light scattering (DLS) 
by Zeta Sizer-HT (Malvern, UK). For this analysis, the 
samples were suspended in deionized ultrapure water to 
obtain a concentration of 50 mg/mL, and sonicated at 
40 W for 30 min. The samples were sieved via 0.2 mm 
and the clear NPs solution was used and measurement was 
accessed at the respective range. The scanning electron 
microscopy (SEM, JEOL JSM-6380LV, Japan) was uti-
lized for to check the formed powder particles structural 
dimension enbuild with an energy-dispersive X-ray spec-
trometer (EDS). Furthermore, for more detail evaluation 
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of the materials structural detail, the transmission elec-
tron microscopy (TEM, HITACHI H-8100 Hitachi, Tokyo, 
Japan) measurements were conducted with an accelerating 
voltage of 80 kV. The sample for TEM characterization 
was prepared by placing a drop of colloidal solution on 
carbon-coated copper grid and dried at room tempera-
ture. The dried carbon-coated grid was further fixed with 
the sample holder and analyzed the structural measure-
ment. The electrochemical studies were performed with 
a Metrohm Autolab analyzer (PGSTAT30, Switzerland). 
The arrangement of three three-electrode cell system 
was used with a glassy carbon electrode (GCE, geomet-
ric area = 7 × 10–2  cm2). To this defined area the prepared 
Ag-rGO nanosheets were deposited as described above 
and used as a working electrode, reference electrode Ag/
AgCl (saturated KCl), and platinum foil were utilized as a 
counter electrode. The potentials are measured with a Ag/
AgCl electrode as the reference electrode. All the experi-
ments were conducted in an ambient atmosphere.

2.3  Formation of silver doped reduced graphene 
oxide (Ag‑rGO)

The dispersion of rGO was formed by the use of chemical 
reduction of GO with  NaBH4 as a reducing agent. For this, 
about 50 mg of GO nanosheets were sonicated in 20 mL 
of distilled water and to kept 30 min to get a stable disper-
sion and to add ~ 10 mL of a freshly prepared solution of 
 NaBH4 (1 mM). From this prepared solution, the 18 ml of 
1 mM  AgNO3 solution was mixed and sonicated further for 
additional 15 min. The whole mixture was well sonicated 
(~ 10–15 min) and thereafter, transferred in a beaker and 
to preserve for 12 h at room temperature, a green Ag-rGO 
precipitate was obtained. The recovered precipitate was 
washed thoroughly with Milli-Q water and centrifuge at 
6000 rpm for 30 min, and dried in an oven at 85 °C.

2.4  Fabrication of Ag‑rGO/GCE modified working 
electrode

At initial the GCE was polished with 0.05 mm alumina 
slurry and Buehler polishing cloth, thereafter washed with 
DW and sonicated for about 5 min in water and ethanol 
(EtOH), to remove the any dirt or particles adsorbed on the 
surface and dried. Once it was cleaned well the electrode 
was fabricated with the use of Ag-rGO (5 μL) deposited 
as drop-casting process on to the GC electrode surface and 
allowed it to dry at 60 °C for 2 h in an oven. The fabricated 
electrode was used as sensor for the electrochemical detec-
tion studies against the 4-NP.

3  Results and discussion

3.1  X‑ray diffraction (XRD) of Ag‑rGO nanosheets

Figure 1 describes the X-ray diffraction pattern of rGO and 
Ag-rGO nanosheets. The rGO displays a sharp diffraction 
peak at 26.1° in XRD profile which is assigned for (002) 
plane [40–42]. The interlayer spacing of rGO was 0.35 nm, 
slightly larger than that of graphite and fabricated composite 
(0.34 nm). The as-synthesized silver decorated rGO shows 
four peaks at 2θ = 38.08°, 43.96°, 64.10° and 77.24° which 
are assigned for (111), (200), (220), (311) planes of crystal-
line face-centered cubic (fcc) AgNPs, respectively [43]. The 
(111) plane of AgNPs (JCPDS No. 04-0783), indicates that 
the NPs are composed of pure crystalline silver. The phase 
(004) at 54.3° denotes the formation of graphene sheets, 
which is evident in both rGO and composite Ag-rGO [44]. 
The XRD data justify that the AgNPs were effectively 
loaded onto the rGO nanosheets.

3.2  FT‑IR study

The FT-IR observation for the rGO and AgNP are illus-
trated as Fig. 2, which shows the chemical characteristics 
of AgNPs and rGO. The spectrum of rGO exhibits a broad 
peak at 3400 cm−1, ascribed to the intercalated water mol-
ecules [45], whereas the peaks at 2919, 1717, 1615, 1411, 
1378 and 1108 cm−1, suggest the presence of C–H, C=O, 
C=C, C–OH, C–O–C and C–O groups, respectively [46]. 
In this experiment, there is no peak related to the C–OH at 
1230 cm–1 stretching mode were observed, which further 
confirm the formation of rGO. Very similar characteristic 
of absorption was also observed for Ag-rGO composite and 

Fig. 1  XRD patterns for rGO and Ag-rGO nanosheets
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it denotes that the presence of Ag does not influence the 
rGO. On The obtained data again indicate the formation of 
nanocomposite. Typically, the FT-IR peaks belonging to the 
rGO either disappear or their intensities are significantly 
reduced after the reduction process, which in turn confirms 
the formation of AgNPs modified rGO. The broad band at 
3443 cm−1 for hydroxyl groups shows the reduction of rGO 
to Ag-rGO.

3.3  Thermal study (Thermogrivimetric analysis)

Figure 3 showed the TGA curves of rGO and its silver com-
posite. In both, the mass loss decompositions are observed 
above 300 °C and rGO shows higher thermal stability as 
compared to Ag-rGO. In rGO, total mass loss is around 10% 

while in Ag-rGO is 50%. Ag-rGO nanosheets represents 
two decompositions: the first mass loss (10%) was observed 
upto 300 °C due to removal of physically adsorbed water 
molecule, and the second mass loss (40%) displayed above 
300 °C upto mostly decomposition of oxygen containing 
functional groups like hydroxide, alcohols, carbonyl, esters 
and lastly nitrates of sodium and silver. At the end of decom-
position, there are no any kinds of residual of nitrates and 
organic compounds, confirmed that the high purity and sta-
bility of fabricated materials.

3.4  UV–Visible and dynamic light scattering 
analysis

Figure 4 shows the UV–Vis absorption spectra of rGO and 
Ag-rGO nanocomposites. The observed peak at 279 nm 
denotes the absorption band and it’s attributed the reduction 
of GO which deals the π–π* transitions of aromatic C=C 
bonds [47]. The absorption peak at 279 nm in rGO was red-
shifted to 307 nm (4.03 eV), suggesting the reduction of Ag 
ions and the formation of Ag-rGO nanocomposite.

As described in the characterization section the DLS 
was utilized to get the particle size in liquid medium/hydro-
dynamic size, polydispersity index (PDI) and surface zeta 
potential of the rGO and Ag-rGO. The hydrodynamic size 
distribution and Zeta (ξ) potential of fabricated NPs are 
shown in Fig. 5. It is observed that the particle size of rGO 
(300 nm) is larger than its silver composite (60 nm) in DI 
water, (Fig. 5a and c). Because the NP in aqueous suspen-
sion have a tendency of agglomeration to make primary and 
secondary size. Because of agglomeration, the NPs size was 
differing from TEM to DLS may be the reason of particles 
agglomeration. Furthermore, the zeta potential of the NPs 
of rGO and Ag-rGO were found at − 29.75 and − 33.05 V, 

Fig. 2  FT-IR spectra of rGO and Ag-rGO nanosheets

Fig. 3  TGA curves of rGO and Ag-rGO nanosheets Fig. 4  UV–Vis spectra of rGO and Ag-rGO nanosheets
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respectively (Fig. 5b and d). The negative values of zeta 
potential were specified the good stability, well dispersed 
and might be presence of secondary size [48]. The enhance 
rate of zeta potential signifies a high electrical charge, devel-
oped on the surface of the NPs and can develop a strong 
repellent force with the particles to prevent agglomeration 
[49, 50]. The PDI values of rGO and its composite was 
found 0.623 and 1, respectively. Here if the PDI value ‘0’ 
signifies monodisperse distribution whereas the value ‘1’ 
denotes poly- disperse distribution [49, 50].

3.5  Morphological analysis of rGO‑Ag nanosheets

The structural description of rGO and Ag-rGO were 
accessed through scanning electron microscopy (SEM). 
Figure 6a–d shows the SEM images at different magnifi-
cations (Fig. 6a–b), confirm the presence Ag on the rGO 
nanosheet surfaces, and the immobilized particles are spher-
ical in shape. Invariance, rGO reveals randomly aggregated 
and oriented as thin, rippled, crumpled and entangled with 
each other (Fig. 6a–c). The sheets are seems to be transpar-
ent and lateral in dimensions with ranged from 100 nm to 
several μm [51, 52]. It’s very clear from the images (Fig. 6d) 
that the rGO sheets that are highly decorated with spheri-
cal Ag particles (Fig. 6d), and shows good interactions 
between Ag and rGO. The surface attached Ag particles are 

spherical in shape with an average diameter ranges from 25 
to 60 nm (Fig. 6d inset). From the images, it’s evident that 
the distribution of AgNPs on the surface of rGO is irregu-
lar. The irregular nanocrystals agglomerates tethered to 
rGO surface arise as the repulsive interactions, which are 
dominated through weak Van der Waals forces of attraction 
and Brownian motion [51, 52]. The composition of rGO 
and AgNPs were analyzed from the SEM equipped EDX 
with a specified area and presented as Fig. 7. The EDX dia-
gram (Fig. 7a and b) confirmed that the white spots of AgNP 
(Fig. 7a) and its conform that the composition of Ag-rGO 
sheets like structures exhibit mostly of C and O, but also 
the Ag element with atomic ratios 10.89, 80.50 and 8.61%, 
respectively (Fig. 7b). Based on the received results such as 
X-ray diffraction pattern, FT-IR, TGA, UV–Visible absorp-
tion spectro -scopy, DLS and zeta potential, it discloses that 
the presence of AgNPs act as a template material for rGO.

Detailed morphology and structural features of the Ag-
rGO sample was further analyzed through electron micros-
copy (TEM) measurement. The corresponding result is 
shown that the graphene sheets overlap with each other 
and thus it behaves as a three-dimensional network. From 
the recovered images (Fig. 8a and b), it seems that the gra-
phene sheets are decorated with cubic shaped silver par-
ticles included an edge size of 100–250 nm. These cubic 
crystals are distributed randomly on the surface and edges 

Fig. 5  Particle size and zeta 
potential of rGO (a, b) and Ag-
rGO (c, d) nanosheets
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of the graphene sheets, just like the particles adhering to 
Scotch tape (Fig. 8a). Moreover, the highly crumpled and 
folded graphene nanosheets with dense edge planes were 
observed. The dark nanoparticles are observed and cannot 
be distinguished to each other (Fig. 8a), represent the for-
mation of poly-dispersed AgNPs well accommodated on 
the GO matrix with a wide particle size distribution vary-
ing from 25 to 60 nm. The high magnified image clarifies 
wide particle size distribution varying from 25 to 60 nm 
(Fig. 8b). Several small AgNPs are also appear in TEM 
image of Ag-rGO with dissimilar shape including spheri-
cal, twinned structure, triangles etc. (Fig. 8b and inset).

3.6  Electrochemical activity of 4‑NP

3.6.1  Electrochemical determination of 4‑NP

The bare and modified electrode in presence and absence 
of 4-NP with 0.1 M PBS, scan rate of 100  mVs−1 are pre-
sented in Fig. 9. From the obtained spectra it shows that in 
absence of 4-NP no peaks were observed at bare GCE, but 
in presence of 4-NP at modified electrodes (GCE/rGO-Ag) 
peaks are observed. The cathodic peak (Ipc) was observed 
in the absence and presence of 4-NP (4 μM) at potential 
of  − 0.46 and − 0.49, respectively, thus hybrid of AgNP/ 

Fig. 6  SEM images Ag-rGO 
nanosheets at low (a–b) and 
high (b) magnification, whereas 
(d) shows the AgNPs tempe-
lated on rGO nanosheets and 
inset display the size of NPs

Fig. 7  a Shows the SEM image specified area to capture EDX spectra and b displayed the elemental atomic ratios of C, Ag and O, respectively
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rGO is improved the electrical conductivity and transfer-
ability of electron. From the obtained graph it is also clear 
that reaction is completely irreversible reduction in both 
cases, as confirmed by the absence of an anodic peak. And 
GCE/rGO-Ag electrode in presence of 4-NP exhibited 
substantially higher current (− 4.98 mA) as compared to 
absence of 4-NP (− 4.43 mA) due to the high surface ratio, 
enhanced conductivity with fast electron transfer rate, 
again justifies the crucial role of the reduced graphene 
sheets in the electrocatalytic detection towards the reduc-
tion of 4-NP. Based on the required results, the GCE/rGO-
Ag electrode showed a synergistic effect with the combi-
nation of AgNP and it reduces the graphene sheets on the 
electrochemical reduction of it. It is known that the reduc-
tion of the Ar–NO2 group of 4-NP produces Ar–NHOH as 

the product through a single-step, four-electron transfer 
process in a phosphate buffer with pH 7.2 [53].

3.6.2  Influence of concentration and scan rate variation 
of 4‑NP

Figure  10 shows the CVs of GCE/rGO-Ag electrode 
with a series of concentration of 4-NP (2 to 150 μM) in 
 N2-saturated 0.1 M PBS (pH 7.4). Moreover, upon the addi-
tion of 4-NP into the electrolyte, the current increase with 
the increase of 4-NP concentration and peak potential little 
shifted positively. The voltammetric studies indicate that the 
as-synthesized GCE/rGO-Ag can effectively electro catalyze 
to 4-NP reduction.

Figure 11a shows the scan rate of formed Ag-rGO/GCE 
electrode in presence of 4-NP (4 μM). In our result, the 
cathodic peak current (Ipc) rise linearly with increasing scan 

Fig. 8  TEM images with low 
(a) and high (b) magnifica-
tions of Ag-rGO nanosheets. 
Also inset (b) show the surface 
attached particles of AgNPs on 
rGO nanosheets

Fig. 9  Cyclic voltammograms of bare and modified electrodes in the 
absence and presence of 4-NP (4 μM) in 0.1 M phosphate buffer (pH 
7.4). Scan rate: 100  mVs−1

Fig. 10  Cyclic voltammetric responses of Ag-rGO nanosheets in 
0.1 M phosphate buffer at different concentrations (2, 30, 70,120 and 
150 μM) of 4-NP
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rate from 5 to 100 mV/s, such characteristic shows the a 
surface-confined electrode process; the potential of cathodic 
peak moved in a positive direction at their higher scan rate 
and negative at lower scan rate, respectively. The linear data 
for Ipc of scan rate are presented as Fig. 11b. The linear 
regression equation for the reduction process of 4-NP can be 
written as Ipc =  − 3.9 6E−4ν − 6.28E−4;  R2 = 0.968, where, 
n is the scan rate. The obtained results are kinetically con-
trolled by diffusion process and it’s clearly justified that the 
electrostatic interaction are developed between the electrode 
and 4-NP [54, 55]. Also, the AgNPs gave more surface area 
with the surface electrostatic interaction of exposed AgNPs 
with 4-NP molecules causing enhanced electron transfer and 
improvement in the electrochemical reduction of 4-NP.

3.6.3  Reproducibility and stability

To evaluated the sensing properties of fabricated electrode 
reproducibility and stability were investigated in presence 
of 4-NP (20 µM) in 0.1 M PBS. Figure 12a and b shown 
the five parallel reproducible cycles and stability, respec-
tively of electrode. The reproducibility of sensor (Ag-rGO/
GCE) displayed an excellent result in a five consecutive 
measurements with 4-NP (Fig. 12a). The relative standard 
deviation (RSD) was found 2.87%, again confirm that the 
modified sensor is satisfactory reproducible. In addition to 

this, the stability of the sensor (Ag-rGO/GCE) was further 
also evaluated (Fig. 12b).The stability tests was carried out 
in one and after 15 days, during this period the sensor was 
stored at an ambient conditions and it doesn’t reflect any 
change in curve of voltammetric cycle with a difference of 
the reduction current of ~ 13.38% as associated with its ini-
tial value, further confirm their long storage stability. These 
results show that Ag-rGO on GCE surface has appreciable 
reproducibility and stability for the reduction of toxic 4-NP.

4  Chronoamperometry study

The chronoamperometric measurment is largely employed 
to know the activity and stability of the catalyst. The chron-
oamperometric measurements for the fabricated Ag-rGO/ 
GCE are shown in Fig. 13 to compare the catalytic stability 
at − 0.3 V and − 0.6 V, respectively, in 0.1 PBS by successive 
addition of 4-NP at 5 μL under stirring condition. In this 
condition the current and time response reveals that once 
the potential upsurges, the current of modified elctrode is 
reduced, which clarifies that the poisoning of catalyst by 
intermediate species during the reduction process.

Based on the synthesis, characterization and discussion 
of the prepared materials a possible discussion and mecha-
nism is presented. As described in the material and medthod 

Fig. 11  a Cyclic voltam-
metric responses of Ag-rGO 
nanosheets in the presence of 
4-NP (4 μM) as a function of 
scan rates and b Linear calibra-
tion curve

Fig. 12  a Five consecutive 
cycles of Ag-rGO nanosheets in 
presence of 20 mM (4-NP) in 
0.1 M PBS at 100 mV/s. b Sta-
bility test first and after 15 days 
at the same conditions
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section, initally, the commecially purchased graphene oxide 
was reduced in a laboratory with various applied chemi-
cals such as sodium borohydride  (NaHB4), monosodium 
di-hydrogen phos- phate  (NaH2PO4) and disodium mono-
hydrogen phosphate  (Na2HPO4) etc.) and silver NPs was 
templated on it with the chemical modidification. The syn-
thesized material was characterized via various techniues 
such as XRD for crystallinity, SEM, TEM for morphological 
and dimension examination of nanosheets with silver NPs. 
The EDS was used to know the % elemantal composition of 
the material, whereas other characterizations (FT-IR,TGA, 
Zeta and UV–Vis) were used to show the chemical char-
acteristics of the materials (Ag-rGO). The templated silver 
nanoparticles on reduced graphene (Ag-rGO) were used as 
an electrode material to check the effeciecy against haz-
ardous nitrophenol with three electrode system. For this, 
various parameters were opted to test the processed sesnsor 
material pasted on glassy carbon electrode (Ag-rGO/GCE). 
The different concentration of 4-NP (from 2 to 150 μM) 
was opted and analyzed the efficacy of the formed sensor. 
The response of current was increases with the sucessive 
addition of 4-NP and potential also influences. The differ-
ent potential was (5 to 100 mV/s) also justifies the surfaced 
immobilization of the material and electrode process. The 
reproducibility and chronoamperometry studies well justi-
fies the sensors applicability against the 4-NP. Its assume 
that during the sensing of reduced graphene sheets with sil-
ver nanoparticles the nitrophenol was converted in to the 
aminophenol as previous published litrature (Fig. 14) [56, 
57]. This electrochemical reduction facilitates to change the 
hazardous material in a smaller organic molecule which are 
easily and detecred and degredated in liquid medium. Vari-
ous other parameters which influence the study of hazardous 
4-NP need to study in detail, which is in due course.

5  Conclusions

The summary of the current work shows a new synthetic 
Ag nanoparticles (AgNP) were utilized for to reform of a 
reduced graphene paste electrode (rGO). The processed 
materials were well scrutinized through a number of tech-
niques for instance SEM, TEM, EDX, XRD and UV–Vis-
ible spectroscopy to identify their structural and chemical 
properties. The formed electrode (Ag-rGO/GCE) displays 
a high electrocatalytic activity towards the determination 
of 4-NP by significantly reducing the oxidation over poten-
tial and improving the reduction peak current. The formed 
electrochemical approach for rGO and Ag-rGO prepara-
tion are easy and effective for the larger scale production. 
The fabricated sensor exhibited good linear response, low 
detection limit (2 μM), high selectivity (5 to 100 mV/s, 
RSD) was found 2.87%) and a wide detection range (2 
to 150 μM) due to the increased electrocatalytic surface 
area and the improved electron transferability of the gra-
phene silver nanoparticles-hybrid nano structure. With 
the combination their synergistic outcome of AgNPs and 
rGO holds the promise for to boost the electrocatalytic 
performance and reduction of 4-NP. Moreover, the elec-
trochemical sensor was applied for the detections of traces 
of 4-nitrophenol at a very low concentration in a very 
less time also it exhibit a favorable sensing performance. 
Therefore, these novel nano composites have great poten-
tial and could be used to fabricate sensitive sensors to 
detect the hazardous chemical and industrial effluents for 
the environment, medicine and biotechnological purposes.
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Fig. 13  Chronoamperometric current–time curve of AgNP-rGO with 
successive addition of 5 μL in 0.1 M PBS at − 0.3 V and − 0.6 V

Fig. 14  Possible diagrammatic mechanism for 4-NP and AgNP-rGO
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