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Abstract 
This study reports on the novel and simple green method involving the use 
of apple (Malus domestica) and tomato (Solanum lycopersicum) extracts in 
the synthesis of electroactive layers of silver nanoparticles|graphene oxide 
(AgNPs|GO) and zinc oxide nanoparticles|graphene oxide (ZnONPs|GO). 
The surface morphology of the green synthesized nanocomposites was stud-
ied using High-Resolution Transmission Electron Microscopy (HRTEM), 
High-Resolution Scanning Electron Microscopy (HRSEM) while the elemen-
tal analysis was studied using Fourier Transform Infrared Spectroscopy 
(FTIR), Raman spectroscopy and X-Ray diffraction (XRD) and their optical 
properties were further characterised using Ultraviolet Spectroscopy (UV-vis). 
The electrochemical studies of these nanocomposites were achieved using cy-
clic voltammetry (CV) where an increase in electron conductivity of the 
AgNPs|GO and ZnONPs|GO nanocomposite was observed. Comparatively, 
the silver nanoparticulate-based platforms were observed to have superior 
electrochemical properties as opposed to the zinc oxide-based platform. The 
observed electrochemical activities of the synthesized nanocomposites are a 
good indication of their suitability as electroactive platforms towards the de-
velopment of electrochemical sensors. Electrochemical sensors are popular in 
the Electrochemistry field because they may be developed using different 
methods in order to suit their intended analytes. As such, the synthesis of a 
variety of electrochemical platforms provides researchers with a vast range of 
options to select from for the detection of analytes. 
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1. Introduction 

Metal based materials are commonly regarded as nanoparticles (nano silver, 
nano gold etc.), quantum dots and oxides with metal bases. Nanoparticles of 
metals and metal oxides are identified to exhibit improved chemical activities 
and unique reactivities because of the presence of different surface crystal planes, 
high density of surface atoms and surface relaxations between layers [1] [2] [3] 
[4]. The primary focus in the last decade has been the development of green 
chemical methods for the synthesis of metal nanoparticles; hence, a majority of 
researchers have gained interest in investigating mechanisms of metal ions ap-
plication and bio-reduction and understanding the possible mechanisms of met-
al nanoparticle formation. As such, green chemistry has been studied and has 
found eco-friendly methods for the production of well-characterized nanopar-
ticles. Nanoparticles prepared by green methods have low toxicity and are more 
stable thus, the preparation of nanoparticles using plant materials provides the 
most suitable environment [5] [6] [7]. 

Furthermore, a variety of other green reductants such as microorganisms, 
glucose, plant extracts, amino acids, vitamin C, ascorbic acid and bovine serum 
albumin have been found to be useful for synthesizing metallic nanoparticles [8] 
[9]. A study by Alamdari et al. [10] illustrates this possibility through the prepa-
ration of zinc oxide nanoparticles using leaf extracts of Sambucus ebulus. Simi-
larly, the use of Prunus amygdalus was explored for the green synthesis of silver 
nanoparticles in a study by Srikar et al., 2015 [11]. In contrast, the nanoparticles 
prepared by chemical methods have been reported to be less suitable for biolog-
ical activities because of their toxicity and their lack of affordability. Additional-
ly, there is a great interest in incorporating nanoparticles in graphene oxide 
sheets to form graphene-based nanocomposites. These materials have unique 
structures and excellent properties that have allowed them to emerge as a class of 
fascinating materials with promising electrochemical applications. The high 
surface area of graphene oxide is also essential for dispersing the nanoparticles 
to sustain their electrochemical activities [12]. Also, nanoparticles supported by 
graphene oxide maximize the accessibility of the nanosized surface area for elec-
tron transfer. They also create enhanced mass transport of the reactants to the 
electroactive sites on the electrode surfaces. Furthermore, conductive graphene 
oxide supports also ensure the collection of nanomaterials and the transfer of 
electrons to the collecting electrode surface. Nonetheless, the functionalization 
of graphene oxide with nanoparticles has made nanoscale composite electrode 
modifications promising. Due to that, most recently plant extracts have also 
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been effectively used to reduce graphene oxide while a sequence of metallic na-
noparticles has also been prepared using plant extracts as reducing agents, and 
their application in the synthesis of graphene-based nanocomposites has so far 
been admirable [13] [14] [15]. Li et al., 2013 [16] reported the use of green syn-
thesized graphene|silver electroactive sensors for the detection of tryptophan. In 
a similar study, the one-step green synthesis of graphene|zinc nanocomposites 
for the nonenzymatic sensing of hydrogen peroxide is also reported [17]. 

Figure 1 illustrates the novel green method synthesis of silver (Ag) and zinc 
oxide (ZnO) nanocomposites produced in this study using mixtures of Solanum 
lycopersicum and Malus domestica. Solanum lycopersicum (tomato) is a mem-
ber of the Solanaceae family and is known to be a good source of Vitamins C and 
A. The most abundant organic compounds found in tomatoes are citric acid, 
ascorbic acid, malic acid, proteins and amino acids thus, it is believed that ascor-
bic acid and citric acid in the aqueous extract of tomato juice are responsible for 
reducing metal salts [18] [19] [20]. The success of Solanum lycopersicum is illu-
strated in a study by Sutradhar et al., 2016 [21] reporting on the use of Solanum 
lycopersicum in the synthesis of zinc oxide nanoparticles for photovoltaic appli-
cation. Malus domestica (apples) are acquired from the medium-sized tree be-
longing to the Rosaceae family. They are rich in phytonutrients, antioxidants, 
polyphenolics and flavonoids which are believed to play an important role in 
synthesizing nanoparticles, alongside procyanidin B2, epicatechin, and quercetin 
[22] [23]. Research work by Ali et al., 2015 [24] and Kazlagić et al., 2020 [25] 
have reported on the successful use of apple extracts for the synthesis of AgNPs 
and to also explore their antimicrobial properties. Furthermore, Alves et al., 
2019 [26] reported on the use of apple phytochemicals in the synthesis of 
ZnONPs and their potential biomedical applications. Although there are some 
reports on the synthesis of AgNPs and ZnONPs from fruits and vegetables, to 
the best of our knowledge there are no available reports on the mixture of Malus  

 

 
Figure 1. A representation of the green method for the synthesis of AgNPs/GO and ZnONPs/GO na-
nocomposites using a mixture of Malus domestica and Solanum lycopersicum extracts. 
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domestica and Solanum lycopersicum extracts for the reduction of metal salts to 
synthesize nanoparticles coupled to graphene sheets. Thus, we report for the first 
time an inexpensive one-pot synthesis of AgNPs|GO and ZnONPs|GO nano-
composites through a green methodology stabilised using Malus domestica and 
Solanum lycopersicum extracts. 

2. Materials and Methods 
2.1. Reagents and Materials 

All reagents used in this study were of analytical grade and used without any 
further modification or purification. The reagents include dimethylformamide 
(DMF), ammonia (NH3 99.98%), ethanol (CH3CH2OH 99.5%), sodium phos-
phate monobasic dehydrate (H2NaPO4·2H2O, >99%), disodium hydrogen phos-
phate dibasic (Na2PO4·2H2O > 98%), zinc nitrate (Zn(NO3)2) and silver nitrate 
(AgNO3) which were all purchased from Merck, South Africa. Red apples (Malus 
domestica) and tomatoes (Solanum lycopersicum) were purchased from Spar su-
permarket in Belhar, Cape Town, South Africa. Prior to the synthesis of the nano-
composites, all glassware used was cleaned in freshly acidic solutions comprising 
1:3 HNO3/HCl followed by thoroughly rinsing with deionized water and oven 
drying to ensure thorough cleaning of the glassware. The supporting electrolyte in 
all the experiments was 0.1 M phosphate buffer solution (PBS), pH 7.4 prepared by 
mixing stock standard solutions of sodium and dihydrogen phosphate monobas-
ic. Unless otherwise stated, all experiments were conducted at 16˚C - 20˚C. The 
glassy carbon electrodes used in this study were cleaned by polishing on alumina 
micro polish obtained from Buehler, IL, USA prior to any modification. 

2.2. Instrumentation 

Electrochemical responses of the tomato and apple extract (TAE) mediated 
AgNPs|GO and ZnONPs|GO nanocomposites were investigated using cyclic 
voltammetry (CV) under aerobic conditions. CV experiments were performed in 
0.1 M PBS over a potential window range of +1.0 V to −1.5 V and scanned at 
various scan rates (10-100 mV/s) for both nanocomposites. The voltammograms 
were acquired using a PalmSens 3 Potentiostat (PalmSens BV, Houten, The 
Netherlands) connected to a three-electrode system comprising of a platinum 
wire counter electrode, a 3.00 mm diameter glassy carbon working electrode and 
an Ag|AgCl (3 M NaCl type) reference electrode. The characteristic functional 
groups of TAE|AgNPs|GO and TAE|ZnONPs|GO were measured using Fouri-
er-transformed infrared (FTIR) spectra recorded on a PerkinElmer Spectrum 
100-FT-IR Spectrometer (PerkinElmer (Pty) Ltd., Midrand, South Africa) in the 
region of 400 to 4000 cm−1 wavenumbers. Ultraviolet-visible (UV–Vis) absorp-
tion measurements for the developed nanocomposites were determined using 1 
cm quartz cuvettes in a Nicolet Evolution 100 UV-visible spectrophotometer 
(Thermo Electron Corporation, Johannesburg, South Africa) over the wave-
length range of 200 to 800 nm. The composition and morphological properties 
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of the nanocomposites were determined using high-resolution transmission 
electron microscopy (HRTEM) Tecnai G2 F2O X-Twin (FEI Company, Hillsboro, 
OR, USA), high-resolution scanning electron microscopy (HRSEM, Zeiss Auriga 
S40) operating at 50 kV (Carl Zeiss Microscopy GmbH, Jena, Germany) and an 
X-Ray diffraction (XRD) Model Bruker AXS D8 advance with radiation λCukα1 
=1.5406 Å (Bruker South Africa Pty Ltd, Sandton, South Africa. 

2.3. Preparation of Tomato and Apple Extracts (TAE) 

50 g of apple and 50 g of tomato were finely cut and thoroughly washed with 
distilled water. The skin of both fruits was kept intact before the cutting process. 
After several attempts, this combination was found to be best suited for the syn-
thesis of nanocomposites. Thereafter, they were combined in a 500 ml conical 
flask with 200 ml deionized water followed by heating and stirring for 1 hour at 
80˚C using an oil bath. The resultant solution in the flask was allowed to reach 
room temperature and then filtered to obtain the extract. 

2.4. Synthesis of |AgNPs|GO Nanocomposite 

GO was synthesized from natural graphite powder using the modified Hummers 
method [27]. AgNPs|GO nanocomposite was prepared by reducing silver ions 
directly on GO with the apple and tomato extract (TAE) as a reducing and stabi-
lizing agent. 15 mg of GO powder was dispersed in 15 mL of deionized water by 
ultrasonication for 60 minutes to form a stable GO colloid and then 40 mL of the 
TAE was dissolved in this solution under stirring. Secondly, 1.1 mL of ammonia 
was added slowly to 0.2 g of silver nitrate solution until the AgOH|Ag2O preci-
pitate dissolved. Subsequently, the Ag(NH3)2OH solution was mixed with the 
GO and the extract-containing solution and stirred for 30 minutes. The mixture 
was then allowed to sit undisturbed at room temperature for 2 hours followed by 
centrifugation of the slurry-like product which was washed with distilled water 
repeatedly to remove any impurities. Finally, the obtained product was dried 
overnight in an oven at 60˚C indicating the formation of the AgNPs|GO nano-
composite. For comparative purposes, AgNPs and ZnONPs were also synthe-
sized using both conventional and microwave-assisted methods to ensure that all 
the findings indicated in the nanocomposites would be accounted for. The con-
ventional synthesis of AgNPs took place under dark conditions where the conic-
al flask was covered in foil to avoid light that would oxidize the silver ions. The 
synthesis was prepared by using 40 mL of the prepared extract in 180 mL of 0.1 
M aqueous AgNO3 solution. The mixture was stirred and heated at 80˚C for 1 
hour and allowed to cool at room temperature prior to storage in a dark bottle. 
Alternatively, the microwave-assisted synthesis was carried out in a Microwave 
Reaction System (Anton Paar, Netherlands) using multiple 100 mL reaction 
vessels. Approximately 0.020 g of silver nitrate (AgNO3) was added to each of 
the four vessels along with 2 mL of the extract, 4 mL of deionized water and a 
stirrer bar. The reagent-containing vessel was reacted in the microwave at a 
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temperature of 90˚C for 15 minutes to a maximum temperature of 100˚C. The 
resultant aqueous solution of nanoparticles was collected and stored together in 
a dark bottle. 

2.5. Synthesis of ZnONPs|GO Nanocomposite 

The ZnONPs|GO nanocomposite was prepared by reducing zinc oxide directly 
with GO using the TAE as the reducing and stabilizing agent. Firstly, 15 mg of 
GO powder was dispersed in 15 mL of deionized water and ultrasonicated for 60 
minutes to form a stable GO colloid followed by the addition of 20 mL of TAE 
while stirring. Thereafter, 1.1 mL of ammonia was added slowly to 0.54 g zinc 
nitrate until the resultant precipitate dissolved. The nitrate solution was then 
mixed with the GO and the extract-containing solution was stirred for 30 min-
utes. The mixture was allowed to sit undisturbed at room temperature for 2 
hours followed by centrifugation resulting in a slurry-like product. The product 
was then washed with distilled water repeatedly to remove any impurities and 
finally dried overnight in an oven at 60˚C to obtain the ZnONPs|GO nanocom-
posite. Additionally, the conventional synthesis of ZnONPs was achieved using 
40 mL of the extract in 180 mL of distilled water with 3.4 g of zinc nitrate 
Zn(NO3)2 solution. The mixture was stirred and heated at 80˚C for 60 minutes 
and on completion, it was allowed to cool at room temperature before storage. 
On the other hand, the microwave-assisted synthesis of ZnONPs was achieved 
using a mixture of 0.030 g zinc nitrate Zn(NO3)2 with 2 mL of the extract, 4 mL 
of deionized water and a stirrer bar in multiple 100 mL reaction vessels. The 
synthesis was also performed in a Microwave Reaction System at 90˚C for 15 
minutes to a maximum temperature of 100˚C. 

2.6. Preparation of the AgNPs|GO||GCE or ZnONPs|GO||GCE  
Platforms 

Glassy carbon electrodes (GCE) were mechanically polished with 0.05 mm and 
0.3 mm alumina slurry and then sequentially sonicated in anhydrous ethanol 
and distilled water for 15 min. The cleaned GCEs were dried under nitrogen fol-
lowed by modification. 5.0 mg of AgNPs|GO and ZnONPs|GO nanocomposites 
were added separately to 2.5 mL DMF solutions and sonicated for 30 min to 
form stable suspensions. For each, an amount of 5.0 µL was taken and drop cast 
onto the GCE surfaces, rinsed and dried under infrared lamps before use. The 
developed electrodes will be denoted and referred to as AgNPs|GO||GCE and 
ZnONPs|GO||GCE. 

3. Results and Discussion 
3.1. Structural Properties of AgNPs|GO and ZnONPs|GO  

Nanocomposites 
Fourier Transform Infrared Spectroscopy (FTIR) 
Studies Fourier Transform Infra-Red (FTIR) spectroscopy was employed to in-
vestigate the characteristic features of the nanocomposites. Figure 2(a) illustrates  
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Figure 2. FTIR spectra of green synthesized (a) ZnONPs|GO and AgNPs|GO nanocomposites (b) conventionally and microwave 
green synthesized silver nanoparticles and TAE (c) conventional and microwave green synthesized ZnONPs and TAE and (d) 
graphite oxide (GrO) and graphene oxide (GO). 
 

FTIR spectra of the green synthesized AgNPs|GO and ZnONPs|GO nanocom-
posites. The broad band at 3431 cm−1 in the FTIR spectrum of the ZnONPs|GO 
nanocomposite is attributed to the O–H stretching vibration of absorbed water 
molecules and the presence of the alcoholic substances is attributed to the TAE. 
The bands at 1074, 1234, and 1560 cm−1 are assigned to C=O stretching, sp2 hy-
bridized C=C groups, C–O stretching, O–H deformation and C–OH stretching 
respectively, confirming the presence of combined acidic and alcoholic com-
pounds from the extracts used. Also, in the spectrum, the bands at 452 cm−1 cor-
respond to the hexagonal nature of ZnO as indicated in the FTIR spectrum of 
ZnONPs (Figure 2(c)) [28]. These findings are similar to those reported in a 
study by Nagaraj et al., 2020 [29] where graphene oxide-based zinc oxide nano-
composite was synthesized using Dalbergia latifolia leaf extracts and in which 
their biological applications were explored. The FTIR spectrum for AgNPs|GO 
nanocomposites illustrated similar bands at 1095, 1381, and 1634 cm−1 which are 
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relatively strong compared to those of ZnONPs|GO. The main band for 
AgNPs|GO is indicated at 3452 cm−1 and is attributed to the O–H stretching vi-
bration which is attributed to the presence of the nanoparticles as seen in the 
conventionally synthesized nanoparticles in Figure 2(b). Similar findings are 
reported by Gnanaprakasam et al., 2014 [30] for a study using Abelmoschus es-
culentus extracts for the synthesis of AgNPs|GO. The band at 1560 cm−1 for 
ZnONPs|GO and at 1633 cm−1 for AgNPs|GO is attributed to the skeletal vibra-
tion of the graphene sheets. The additional stretching vibrations result from a 
combination of acidic and alcoholic compounds from apples and tomatoes. 
These results also evidently prove that GO (Figure 2(d)) was successfully exfo-
liated and that there is a strong interaction between AgNPs and ZnONPs with 
the remaining surface hydroxyl groups [31]. 

3.2. Ultraviolet-Visible Spectroscopy (UV-vis) 

Ultraviolet Visible Spectroscopy (UV-vis) was used to study the electronic tran-
sitions of the green synthesized AgNPs|GO and ZnONPs|GO nanocomposites 
(Figure 3(a)). The UV-vis spectrum of AgNPs|GO showed typical characteris-
tics features such as a shoulder at 213.9 nm corresponding to a π–π* plasmon 
transition. The UV-visible spectrum of AgNPs|GO illustrates that there are AgNPs 
attached to the layers of graphene oxide by showing a typical characteristic band 
that is consistent with the surface plasmon resonance phenomena of AgNPs for-
mulation as shown in Figure 3(c), while GO showed a typical band around 208 
nm as illustrated in (Figure 3(b)) corresponding to the C=C aromatic bonding 
[32]. These findings are consistent with those reported in a study by Alsharaeh et 
al., 2017 [33] in which AgNPs|GO were synthesized using lemon juice extracts. 
The intensities and wavelengths are slightly different in this study since only one 
extract was used as opposed to our study. The UV–vis absorption spectrum of 
ZnONPs|GO revealed a characteristic absorption band at a wavelength of 205.6 
nm, which was assigned to the intrinsic band gap absorption of π–π*, owing to 
the electron transitions from the valence band to the conduction band. It is 
clearly seen that the peak position of the UV–vis spectrum of ZnONPs|GO has 
been affected by the absorption contribution from both ZnONPs (Figure 3(d)) 
and GO through the modification of the fundamental process of electron-hole 
pair formation. Although these findings are very similar to those reported by Lin 
et al., 2020 [34]; the two extracts used in this study caused lower wavelength 
readings as opposed to their study where a precipitation method was used to 
synthesize ZnONPs|GO. This is also noteworthy due to the small nature of the 
nanoparticles produced in this study. Therefore, from the spectrum in Figure 
3(a) the presence of AgNPs|GO compared to ZnONPs|GO has increased ab-
sorption and intensity which is a beneficial character for sensor performance. 

3.3. Raman Spectroscopy 

Raman spectroscopy is one of the most non-destructive and powerful techniques  
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Figure 3. UV-vis spectrum of (a) green synthesized ZnONPs|GO and AgNPs|GO nanocomposites (b) graphene oxide (c) conven-
tionally and microwave synthesized AgNPs and (d) conventionally and microwave synthesized ZnONPs. 

 
to extract useful structural information about nanocomposites. Figure 4 illu-
strates the Raman spectra obtained illustrating the D and G bands for both na-
nocomposites. The D band arises due to disorders at the edges of graphene, 
while the G band is due to in-phase vibrations of the graphene lattice. For 
AgNPs|GO, the D and G bands were estimated to be at approximately 1347 cm−1 
and 1608 cm−1, respectively. The G band narrates the tangential stretching mode 
of the E2g phonon of the sp2 carbon atom and the D band offers evidence of 
the breathing mode of the κ-point [32] [33] [34] [35]. Alternatively, for 
ZnONPs|GO the D and G bands were estimated to be at approximately 1339 
cm−1 and 1577 cm−1, respectively an indication that ZnONPs were anchored onto 
the GO surface. The intensity ratio in the Raman spectrum of ZnONPs|GO was 
found to be 1.17 while that of AgNPs|GO was found to be 1.19. The decreased 
intensity of the D peak with respect to the G peak observed indicates that there 
was a different restoration of the sp2 network on the surface of graphene oxide 
and a reduction of nanoparticles anchored on graphene. Therefore, from the 
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Raman spectra, it is observed that there is the attachment of ZnONPs or AgNPs 
onto the GO matrix leading to partial restoration of the sp2 network. Both these 
results are consistent with previous reports on the Raman spectra of AgNPs|GO 
and of ZnONPs|GO [34] [35] [36]. 

3.4. X-Ray Diffraction (XRD) 

X-Ray diffraction (XRD) is a suitable technique for determining crystalline 
structure and interlayer distances of substances. Figure 5 illustrates XRD patterns  

 

 
Figure 4. Raman spectra of green synthesized ZnONPs|GO and AgNPs|GO nanocomposites. 

 

 
Figure 5. X-Ray diffraction spectra of green synthesized ZnONPs|GO and AgNPs|GO 
nanocomposites. 
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of both green synthesized AgNPs|GO and of ZnONPs|GO nanocomposites. For 
the ZnONPs|GO nanocomposite the appearance of characteristic diffraction 
peaks is illustrated by the red curve. The ZnO nanoparticles present in 
ZnONPs|GO corresponds to the (100), (002), (101), (102), (110), (103), and 
(112) crystal lattice planes. All these diffraction peaks confirm that crystalline 
ZnO has a hexagonal quartzite structure while the sharp diffraction peak at 2θ = 
10.16˚ is a confirmation of the presence of GO [37]. Moreover, the disappear-
ance of the (001) reflection of GO in the XRD pattern of ZnONPs|GO is attrib-
uted to the intercalation of ZnONPs that impaired the regular stack of graphene 
oxide [38]. The XRD pattern for the AgNPs|GO nanocomposite illustrated 
amorphous phases with peaks at approximately 38.2˚, 44.2˚, 64.6˚ and 77.5˚ 
which were allocated to the (111), (200), (220) and (311) crystal lattice planes of 
face-cantered cubic (fcc) silver nanoparticles while the peak for GO disappeared 
due to the attachment of the nanoparticles onto the inlayers of GO which led to 
shielding the signals of the GO peaks. Evidently, the sharp peak at 38.2˚ con-
firmed that the nanoparticles are composed of pure crystalline silver [39]. 

3.5. Microscopic Properties of AgNPs|GO and ZnONPs|GO  
Nanocomposites 

The representative HRTEM images of AgNPs|GO and ZnONPs|GO nanocom-
posite is shown in Figure 6(a) and Figure 6(b), respectively. In both images, 
large GO sheets with dimensions in the nanometers range were found posi-
tioned at the top of the grid where rippled silk waves and transparent appear-
ances where demonstrated. In the case of the HRTEM image of ZnONPs|GO 
(Figure 6(b)), the dark spots on the GO flake are attributed to the presence of 
ZnONPs and were determined to be between 3 and 9 nm. As a result, the image 
proves that the nanoparticles and nanosheet GO are present in the nanocompo-
site. Similar findings are reported in a study by Ezeigwe et al., 2014 [40] where  

 

 
Figure 6. HRTEM images of green synthesized (a) ZnONPs|GO and (b) AgNPs|GO nanocompo-
sites. 
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ZnONPs|GO was synthesized in a one-step process for application in electro-
chemical capacitors. For the AgNPs|GO nanocomposite (Figure 6(a)) the GO 
sheets are observed with few crumpled silk waves while the oval or spherical 
shape AgNPs are evident on the GO sheets. The examined particle sizes were 
determined to be between 8 and 12 nm. Zeng et al., 2016 [41] also reported sim-
ilar HRTEM images and particle sizes in a study using four different green re-
ducing agents for the synthesis of AgNPs|GO nanocomposites. 

HRSEM was used to further study the surface morphology of AgNPs|GO and 
ZnONPs|GO nanocomposites as shown in Figure 7(a) and Figure 7(b). The 
HRSEM images of ZnONPs|GO (Figure 7(a)) illustrate ZnONPs and uniformly 
dispersed covered on rippled GO silk wave sheets while some ZnONPs are seen 
to be agglomerated. In the case of AgNPs|GO (Figure 7(b)), the AgNPs were  

 

 
Figure 7. HRSEM images of green synthesized (a) ZnONPs|GO, (b) AgNPs|GO nanocomposites and (c) the 
EDX spectrum of AgNPs|GO nanocomposites. 
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randomly and well distributed onto grumbled GO silk wave sheets. The 
AgNPs|GO images are consistent with a study by Vi et al., 2018 [42] involving 
the synthesis and characterization of graphene oxide-silver nanocomposite even 
thorough a conventional method was utilized. 

Due to the unclear nature of Figure 7(b), the sample was also studied using 
Energy-dispersive X-rays spectroscopy (EDX) (Figure 7(c)) in order to deter-
mine the elemental composition (Table 1) of the green synthesized AgNPs/GO 
nanocomposites in order to prove the attachment of the AgNPs on GO. 

The EDX spectrum for AgNPs/GO clearly illustrated the Ag peak indicating the 
presence of silver nanoparticles therein the sample. The elements that were present 
and listed as percentage values were, oxygen (O) peak was from graphene oxide 
present in the nanocomposite and the presence of copper (Cu) results from copper 
grids used throughout for sample preparation to precede the analyses. 

3.6. Electrochemical Characterisation of TAE|AgNPs|GO and 
TAE|ZnONPs|GO Nanocomposites 

Cyclic Voltammetry (CV) 
The electrochemical responses of green synthesized AgNPs|GO nanocomposites 
and ZnONPs|GO nanocomposites are illustrated in Figure 8. Represented here  

 
Table 1. Elemental composition of AgNPs/GO nanocomposite. 

Element Weight Percentage (%) Weight Percentage Sigma (%) 

C 19.02 2.77 

O 23.07 3.66 

Ag 57.9 3.66 

Total: 100  

 

 
Figure 8. CV of bare glassy carbon electrode (GCE) (black curve), green synthesized 
AgNPs|GO nanocomposite (red curve) and green synthesized ZnONPs|GO nanocompo-
site (blue curve) in phosphate buffer solution (pH 7.4) at 30 mV s−1. 
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is a bare glassy carbon (GC) electrode (black curve), AgNPs|GO||GC electrode 
(red curve) and ZnONPs|GO||GC electrode (blue curve) evaluated in 0.1 M PBS, 
pH7.4 buffer at a scan rate of 30 mV/s and at a potential window of −1000 to 
1000 mV. The potential window demonstrates a well-defined redox couple of 
anodic and cathodic peaks for both nanocomposites. The results shown indicate 
that ZnONPs|GO||GC and AgNPs|GO||GC have different redox responses 
compared to the bare GCE. The anodic and cathodic current peaks of the nano-
composites increased linearly with increased scan rates with slight positive shifts 
in the potential values. The shift is indicative of the electrochemical nature of the 
nanocomposites [43]. 

Moreover, the effect of scan rate on the peak current was examined by run-
ning a series of cyclic voltammograms at different scan rates from 10 to 100 mV 
s−1 as shown in Figure 9(a) and Figure 9(b) where the ZnONPs|GO||GC and 
AgNPs|GO||GC electrodes were studied independently. The results presented by 
CV display that the anodic peak current varies linearly with the scan rate and a 
shift in the potential to more positive values with increasing scan rate was ob-
served for each attached nanocomposite. This indicates that these nanocompo-
sites were conductive while transferring electrons with the electrode surface. CV 
analysis of these nanocomposites at different scan rates led to the preparation of 
linear plots (not shown) whose slopes provide additional information about the 
redox properties of the nanocomposites. The slopes of plots of log scan rate versus 
log current were used to identify adsorption-controlled or diffusion-controlled 
processes. The plot for the green synthesized ZnONPs|GO||GC electrode re-
vealed the linear equation y = 0.6071x − 0.7595 with correlation coefficient (r2) 
of 0.9955 while that for AgNPs|GO||GC revealed the linear equation of y = 
0.7341x + 0.0873 and correlation coefficient (r2) of 0.9865. The slopes of these 
equations indicate that the electron transfer reactions for each nanocomposite 
were adsorption controlled. Additionally, the analysis of the peak-to-peak sepa-
rations (ΔEp) for each nanocomposite was determined and confirmed that the 
electrochemical processes were classified as quasi-reversible since ΔEp was de-
termined to be larger than the value of 57/n mV associated with the reversible 
process at 25˚C within the scan rates employed [44]. 

Furthermore, the Brown-Anson equation (Equation (1)) was used to deter-
mine the surface concentration Γ* (mol∙cm−2) of the nanocomposites. From the 
equation, F is the faraday constant (96485 C∙mol−1), A is the surface area of the 
glassy carbon electrode (3.00 mm), n is the number of electrons transferred, ʋ is 
the scan rate (V∙s−1), T is the operating absolute temperature of the system (25˚C 
T in 298 K), R is the gas constant (8.314 J∙mol−1∙K−1), Γ* represent the surface 
concentration of the AgNPs|GO and ZnONPs|GO (mol∙cm−2). The surface con-
centration (Γ*) of AgNPs|GO nanocomposite was established to be 7.1854 × 10−4 
mol∙cm−2 while that of ZnONPs|GO nanocomposite was determined to be 
5.8645 × 10−3 mol∙cm−2. This indicates that the AgNPs|GO nanocomposite is less 
dense than that of ZnONPs|GC nanocomposite as indicated by the reduced surface  

https://doi.org/10.4236/jsemat.2022.124005


R. F. Ajayi et al. 
 

 

DOI: 10.4236/jsemat.2022.124005 75 J. Surface Engineered Materials and Advanced Technology 
 

 
Figure 9. CV of green synthesized (a) ZnONPs|GO nanocomposite (b) AgNPs|GO na-
nocomposite in 0.1 M phosphate buffer solution (pH 7.4) at 10-100 mV∙s−1. 

 
concentration value. 

2 2 *

4
pI n F A

RT
ν= Γ

                        (1) 

Similarly, the diffusion coefficient of the nanocomposites was determined using 
the Randel-Sevcik Equation (Equation (2)). For the AgNPs|GO nanocomposite a 
value of 1.8213 × 10−4 cm2/s was determined and a value of 1.5979 × 10−4 cm2/s 
was determined for the ZnONPs|GC nanocomposite. As predicted the value ob-
served for the AgNPs|GO nanocomposite is slightly higher than that observed for 
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the ZnONPs|GO nanocomposite an indication of a faster electron transfer reac-
tion taking place. Thus, the AgNPs|GO nanocomposite allows efficient transfer of 
electrons hence it would be preferred towards sensor development [45] [46] [47]. 

1/2

0.4463 e
p

nFvD
I nFAC

RT
 =  
 

                   (2) 

A study by Low et al., 2016 [48] is an illustration of the use of ZnONPs|GO 
nanocomposites in sensor construction. Similarly, a facile and green approach 
has been used in this study to synthesize highly electroactive sensor platforms 
which have been used successfully for the detection of single-stranded RNA. 
Furthermore, Ajayi et al., 2020 [49] also reported on the use of pear-capped 
AgNPs|GO nanocomposites in the construction of electrochemical sensors for 
the detection of Tuberculosis treatment drugs. This is enough evidence to illu-
strate the potential use of the reported AgNPs|GO and ZnONPs|GO in sensor 
applications. 

4. Conclusion 

This study reports for the first time the use of apple (Malus domestica) and tomato 
(Solanum lycopersicum) extracts for the green method synthesis of AgNPs|GO 
and ZnONPs|GO nanocomposite by means of conventional heating. The struc-
tural properties of the nanocomposites were interrogated by means of Fourier 
Transform Infra-Red spectroscopy and Raman spectroscopy where the role of 
the apple and tomato extracts was evident in the synthesis of the nanocompo-
sites as demonstrated by the recorded functional groups. Optical studies with 
Ultraviolet-visible spectroscopy revealed the absorbance bands attributed to the 
nanoparticles embedded in the graphene oxide sheet while the morphology of 
the nanocomposites was determined using High-Resolution Scanning Electron 
Microscopy and High-Resolution Transmission Electron Microscopy in which 
the size of the embedded nanoparticles was determined to be 8 to 12 nm for 
AgNOs and 3 to 9 nm for ZnONPs. The nanocomposite was later compared since 
they showed a good degree of dispersion as well as excellent size distribution 
which contributed to the good electrochemical properties of these nanocompo-
sites as observed through voltammetric studies. The AgNPs|GO nanocomposites 
were established to have a higher diffusion coefficient than the ZnONPs|GO 
nanocomposites an indication of their superior ability to be used in sensor de-
velopment. 
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