
 Iranian Journal of Analytical Chemistry

Volume 7, Issue 2, September 2020 (12-21)            Origonal Research Article 

 

*Corresponding Author: eshaghi@pnu.ac.ir   

1. INTRODUCTION  
Graphene nanosheet has become as a new 
nanocrystalline support due to its high surface area 
(2630 m2g-1), excellent conductivity (103-104 Sm-

1), high chemical and thermal stability and low 
making cost [1-3]. It is made from carbon atoms 
with Sp2 hybridization in a honeycomb lattice [4] 
Meanwhile, in recent years, nano metal and metal 
oxides have been the basis of many kinds of 
research in various fields, including 
electrochemistry [5-10]. Small sizes of these 
materials cause unique properties such as large 
surface area, quantum effects, superparamagnetic 
effect, high diffusion and electrochemical 
conductivity. In addition, their electrocatalytic and 
catalytic characteristics cause electron exchange 
between the reduction-oxidation species and the 
electrode surface.  
Due to the extensive surface of graphene, it can 
strongly immobilize guest nanoparticles such as 
nano metals [11]. Also, the existence of some 
functional groups such as epoxide, hydroxyl, and 
carboxyl on each graphene oxide sheet (GO) in all 
directions assists to immobilization of the 
nanoparticles [12]. According to the above-
mentioned properties, metal ions and graphene 

 

sheets can be reduced concurrently [13-15]. 
Furthermore, loading of nanoparticles (NPs) on 
reduced graphene oxides (RGO) is prevented from 
their aggregation [16]. The common methods for 
the preparation of metal/GO or metal/RGO 
nanostructures are physical and chemical 
techniques [17-19]. These common methods aren't 
generally cost-effective and include utilization 
unsafe chemicals which are poisonous and bring 
ecological and biological dangers. Also, the use of 
chemicals such as hydrazine hydrate, sodium 
borohydride, and ethylene glycol to form 
nanometals in chemical reduction methods lead to 
adsorption of poisonous materials on the surface of 
metals and increased toxicity. Therefore, the use of 
more efficient, appropriate, economical and 
greener methods for the synthesis of metal/RGO 
nanocomposite is essential and inevitable. 
In recent years, scientists have made great progress 
in the chemical synthesis of nanomaterials with 
specific shape and size modified with different 
plant extracts, fungus, and bacteria [20, 26]. In the 
past few years, nanomaterials have been widely 
used in the electro analysis of drugs [27]. 
Acyclovir (ACV, acycloguanosine, 9-
carboxymethoxymethylguanine; Scheme 1) is the 
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Abstract 
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most common antiviral medicine. It is first applied 
to herpes therapy, virus infections, chickenpox, 
and shingles.  

 
Scheme 1. Chemical structure of acyclovir. 
 
Some electrochemical researches have been 
carried out for the quantitative determination of 
acyclovir in medicinal and biological specimens 
by voltammetry methods. Different electrodes like 
mercury drop [28], mercury film [29], glassy 
carbon and ultra-trace graphite [30] and carbon 
paste electrodes (CPEs) were used to investigate 
the electrochemical behavior of acyclovir [31]. In 
the meantime, many advantages of CPEs such as 
extensive potential range, reproducibility, cost-
effective, simple preparation, changeable feature 
and etc. have led to widespread use in 
electrochemical studies. By modifying CPEs with 
metal and RGO, the benefits of metal 
electrocatalytic properties and great conductivity 
of RGO are used simultaneously. 
Regarding the above contents, in this work we used 
rosemary leaf extract in order to the modified 
synthesis of copper NPs (Cu NPs) and its 
stabilization by reduced graphene oxide (Cu/RGO) 
without the use of any surfactant and chemical 
stabilizer. The method is moderately 
environmentally friendly, non-toxic and simple. 
After that the electrocatalytic oxidation of 
acyclovir on the modified carbon paste electrode 
was studied by various electrochemical techniques 
such as cyclic voltammetry and 
chornoamperometry. The mentioned 
electrochemical sensor exhibited acceptable 
sensitivity towards the ACV determination with 
outstanding reproducibility. The sensor also is well 
interpreting the electrochemical behavior of ACV. 
 
2. EXPERIMENTAL 
2.1. The chemicals 
All chemicals used in this work were high purity 
products from Merck or Aldrich Co. And were 
utilized without any refinement. Deionized water 
was used for the preparation of aqueous solutions. 
Acyclovir was given as a gift from Rouzdarou Co. 
Tehran, Iran. All experiments were done at 
ambient temperature. 

 
2.2. The cell and instruments 
The electrochemical trials were carried out by a 
potentiostat /Galvanostat (EG&G model 273) 
containing a common three-electrode cell with a 
carbon paste electrode, platinum wire, and an Ag-

AgCl as working electrode, counter electrodes, and 
reference electrode respectively. Surface structural 
identification was done by using scanning electron 
microscopy (SEM). X-ray diffraction (XRD) 
studies investigation was done by XRD-D8 
(Bruker, Japan). The structure of Cu/RGO was 
characterized by FT-IR (Bruker, Japan). The 
morphology and size particle data were obtained 
by transmission electron microscopy (TEM- EM 
10C-80 KV- ZEISS Germany).  
 
2.3. Synthesis of Cu nanoparticles (Cu NPs) 
The green synthesis of Cu NPs is summarized as: 
In a 500 mL flask, 30% methanol solution and 50 
g of powdered rosemary leaf were added blended 
well. The mixture was heated to 70oC and stirred 
for 30 min, then centrifuged and the supernatant 
solution was dissolved out of residual solid. 
Afterward, 15 mL of rosemary extract was added 
to 50 mL CuCl2 solution (0.003M), after 30 min, 
stirring at 80oC, the color of the reaction mixture 
changed, indicating the reduction of copper ions 
(Cu2+) to Cu0 and completion of the reaction. Then 
the colored suspension of Cu NPs was centrifuged 
for 45 min to complete settlement of Cu NPs. 
 
2.4. Synthesis of Cu/RGO 
The hard oxidation of graphite with the altered 
Hummers method was used for the graphite oxide 
synthesis [32]. Briefly, graphite powders (2.0 g) 
were sonicated in 98% H2SO4 (45 mL) for 30 min. 
The required amount of KMnO4 (6.0 g) was slowly 
added to the mixture, whereas the temperature was 
kept below 200C. The mixture was then stirred at 
350C for 2 h. After that, 90 mL of water was added 
to the gained solution by intensive shaking. Then 
10 mL of 30% H2O2 solution and 130 mL of 
deionized water were added to the suspension. 
Next, an aqueous solution of HCl 5% and 
deionized water were consequently used to wash 
the gained graphite oxide suspension until the pH 
of the solution became neutral. Thereafter, 160 mL 
of water was added to the resulting graphite oxide 
and it was placed in an ultrasonic bath for 1h to 
exfoliate of the graphite oxide into the graphene 
oxide mono-sheets (GO).The GO powder was 
added to aqueous solution of CuCl2 and then 15 
mL extracted solution from rosemary leaves added 
to the system. The solution was sonicated for 1 h 
then this uniformly dispersed suspension was 
stirred for a day at 40°C. Thereafter, the final 
mixture was filtered and rinsed with distilled water 
three times. The final resultant (Cu/RGO) was 
dried for 12 h at 50°C.  
 
2.5. Preparation of the working electrode 
To preparation of Cu/RGO modified carbon paste 
electrode (denoted as Cu/RGO CPE), the mixture 
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of graphite powder and Cu/RGO with a weighting 
ratio of (5:95) was added to deionized water, 
heated and stirred by a magnet to evaporate the 
water. Afterward, the resulting mixture and 
mineral oil were blended in a mortar and pestle 
with (75:25) ratio by hand mixing for preparation 
of carbon paste. The obtained paste was then 
compressed at the bottom of a resin tube with an 
area of 0.07 cm2. A copper wire is used in the resin 
tube to establish the connection electrically. To 
produce a new electrode surface, a small ball of the 
paste was placed with a stainless steel rod and 
rubbed over a piece of weighing paper to make it 
appear brilliant and soft. The carbon paste 
electrode modified with Cu NPs (denoted as Cu- 
CPE) was made in a similar way. 
 
2.6. Procedures 
To prepare standard solutions of acyclovir, a 
certain amount of drug was dissolved in an 
appropriate of 1M NaOH solution (as the 
supporting electrolyte) and kept at 4 0C in the dark. 
More dilute solutions were made immediately 
prior to their usage. The prepared solutions were 
stable and their concentrations remained constant 
over time. The calibration curve for acyclovir in 
1M NaOH solution was evaluated with the cyclic 
voltammetry method. The amperometric 
experiments were carried out in working potential 
of 723mV. 
 
3. RESULT AND DISCUSSION  
3.1. Characterization of the synthesized 
nanocomposite 
The green and easy synthesized Cu NPs and 
Cu/RGO were identified using X-ray diffraction 
(XRD), FT-IR, SEM, and TEM. The crystalline 
structure of nanocomposite was specified by XRD. 
The XRD pattern of GO, Cu/RGO, and Cu NPs are 
shown in Fig. 1. As shown in Fig. 1a, an intense 

0 is the unique peak of 
GO [33] which corresponded to an interlayer 
spacing of about 0.76 nm, indicating the presence 
of oxygen functionalities, which facilitated the 
hydration and exfoliation of GO sheets in aqueous 
media. XRD pattern of Cu/RGO is shown in Fig. 
1b. It is clear that, in comparison with Fig. 1a, the 
specific peak of GO at 11.20(001) disappeared. 
That's because after reduction, the hydrophilicity 
of the water-dispersed GO sheets gradually 
decreased, leading to an irreversible agglomeration 
of RGO sheets. All these results indicate that GO 
has been reduced to RGO during the supporting of 
Cu NPs on GO sheets [34]. The diffraction peaks 
at 42.90, 50.40 and 73.870 correspond to the lattice 
of Cu NPs respectively, attributed to Cu2O and 
CuO because of the oxidation of Cu nanoparticles 
[35]. 

 

 

 
Fig. 1. XRD pattern of (a) graphene oxide, (b) Cu/ RGO 
and (c) Cu NPs 
 
Fig. 1c shows that Cu NPs prepared with rosemary 
are amorphous that can be attributed to the 
agglomeration of Cu NPs. Using RGO caused to 
uniform distribution of Cu NPs on the surface of 
RGO correspond to the sharp diffraction peaks. 
In order to get more direct information on particle 
size and morphology, TEM and SEM images were 
obtained. The TEM and SEM pictures of the 
Cu/RGO are presented in Fig. 2. It was obviously 
seen that the Cu NPs were distributed between 
RGO sheets, which indicates a good association 
RGO sheet with Cu NPs. Using TEM images, the 
diameter of the Cu NPs was around 21 nm (Fig. 
2.b). SEM image of Cu NPs (Fig. 3) shows that 
prepared Cu NPs using rosemary extract are 
spherical and also some particle aggregations are 
clearly observed. 
 

 
Fig. 2. (a) SEM and (b) TEM of Cu/ RGO 
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Fig. 3. SEM image of Cu NPs  
 
Fig. 4a presents the FT-IR spectra of Cu NPs to 
investigate the presence of functional organic 
groups in the surface of the Cu NPs generated by 
rosemary. The location of peaks at 3240, 1700, 
1357, 1263 and 1075 cm-1 pertain to the OH 
functional groups, carbonyl group (C=O), 
stretching C=C aromatic ring, C OH stretching 
vibrations and C H stretching vibrations, 
respectively. Phytochemicals could be adsorbed on 
the surface of metal nanoparticles, possibly by 
interactio -electrons interaction in the 
absence of other strong ligating agents. The FT-IR 
spectra Cu/RGO nanocomposite are shown in Fig. 
4b. The FT-IR spectrum of Cu/RGO 
nanocomposite highlighted that the reduction 
reaction eliminated the majority of oxygenated 
functional groups of GO, especially carboxyl 
groups. The present wide and strong band in the 
FT-IR spectrum of the Cu/RGO nanocomposite at 
3536 cm-1 is related to the stretching vibration of 
O H. 

 
Fig. 4. FTIR of (a) Cu NPs and (b) Cu/ RGO  

3.2. Cyclic voltammetric studies 
Fig. 5 represents cyclic voltammograms of 
unmodified carbon paste electrode (un-CPE) 
(curve a), Cu/ CPE (curve b) and Cu/RGO-CPE 
(curve c) in 1M NaOH solution. The potential area 
was between ±1 V (Ag/AgCl) by a sweep rate of 
10 mV/s. As can be seen, in the case of un- CPE no 
peak is observed, but voltammogram of Cu/RGO -
CPE agree well with those published in the papers 
for copper electrodes in alkaline solutions and 
similar basic conditions [36-38]. In the case of 
copper, depending on the used potential in alkaline 
electrolyte, both soluble and insoluble yields 
including various copper oxidation species are 
produced [39-41]. Miller and coworkers confirmed 
the presence of Cu (I), Cu (II) and Cu (III) ions 
during anodic scanning using a ring split disk 
electrode and a voltammetric technique [42]. It is 
worth mentioning that the species produced at the 
electrode surface and the resulting voltammograms 
depend on the electrode potential, the electrolysis 
time, scan rate, and so on. Meanwhile, Cu (III) 
peak is observed at the end of anodic limit near 
oxygen liberation [37, 38, 43 and 44]. It can be 
concluded from Abdel Haleem and Ateya's proof 
that the Cu (III) peak is not observed at 
concentrations lower than 0.1 M NaOH [45]. Both 
Fleischmann et al. and Meyestain et al. have 
postulated the existence of different Cu (III) 
species such as the corresponding oxide (Cu2O3), 
copper oxy-hydroxide and Cu (III) radical [46, 47]. 
Previous studies have shown that, following an 
electrochemical conversion reaction Cu (II) to Cu 
(III) at the anodic limit of voltammograms, some 
of the organic compounds can be oxidized in a 
chemical reaction with Cu (III) species in alkaline 
solutions (E -49]. It is also 
found from the comparison of curve c vs curve b 
(Fig.5) that currents produced by Cu/ RGO-CPE 
are greater than those obtained from Cu- CPE.  
 

 
Fig. 5. Cyclic voltammograms of (a) un-CPE, (b) Cu - 
CPE and (c) Cu/ RGO- CPE in the potential range of -1-
1 V in 1M NaOH.The potential sweep rate was 10 mV/s 
Inset: Derivative voltammogram of Cu/ RGO-CPE. The 
arrow indicates the location of the anodic peak. 
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Fig. 6 shows the cyclic voltammograms of un-
CPE, Cu- CPE and Cu/ RGO -CPE recorded in the 
presence of acyclovir (a,b,c). Acyclovir showed a 
very small anodic response at un-CPE while it s 
oxidation on both Cu/ RGO CPE and Cu- CPE 
surfaces provided a single anodic peak at 723 mV 
and reduces cathodic peak current on the contrary 
scan. It was further confirmed by differential puls 
voltammetry technique (Fig.5, inset).  
 

 

 

 
Fig. 6. Cyclic voltammograms of (a) un-CPE, (b) Cu - 
CPE and (c) Cu/ RGO- CPE in the presence of acyclovir 
in 1M NaOH.The potential sweep rate was 10 mV/s. 
 
It should be noted that the greater anodic current 
density of Cu/ RGO CPE in comparison to Cu- 
CPE can be attributed to the nature of the reduced 
graphene oxide (RGO) nanosheets with its unique 
properties, such as high electrical and thermal 
conductivity and high specific surface area. These 

curves indicate that Cu/ RGO performed the 
electro-oxidation reaction of acyclovir more 
effective than those of only Cu nanoparticles both 
from thermodynamics and kinetics viewpoint, 
therefore, in subsequent experiments, we only used 
Cu/ RGO CPE. The results of Fig.7 show that by 
increasing the concentration of acyclovir, the 
anodic current increases on the Cu/ RGO CPE. 
This increase is observed in the near range or 
added to the peak potential related to Cu (II) /Cu 
(III) redox couple, which confirms the 
participation of Cu (III) species as a catalyst in the 
acyclovir electro-oxidation process.  
 

 
Fig. 7. Cyclic voltammograms of Cu/ RGO- CPE 
electrode in 1M NaOH solution with different 
concentrations of the acyclovir (0-3  M) in scan rate 10 
mV/s. The inset shows the dependency of the anodic 
peak current on the concentration of acyclovir in 
solution. 
 
Kano et al. [37] found that the presence of CuO in 
any two-electron oxidation reaction is essential, 
although it does not directly participate in the 
carbohydrates oxidation reaction, and some higher 
Cu (II) oxides (CuO+ or CuOOH) act as a catalyst 
in the chemical reaction. In addition, there have 
been many reports of the role of oxidation-
reduction intermediates of various copper species 
in the oxidation of some compounds in copper or 
copper-based electrodes [40-42, 43, 46-48]. For 
example, Helli et.al [50, 51] investigated the 
catalytic effect of Cu (III) species in the oxidation 
of acyclovir and etidronate and confirmed the 
hypothetical electrochemical mechanism, in which 
rate-limiting step included the chemical reaction of 
copper species with organic compounds and the 
formation of intermediate substances, or products. 
The proposed mechanism for multi-stage acyclovir 
oxidation on Cu/ RGO CPE based on the above 
results is as follows: 
 
Cu (II)                Cu (III) + e      (1) 
Cu (III) + Acyclovir                   Intermediate/Product 
1+ Cu (II)               (2) 

2catK 
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Cu (III) + Intermediate/Product 1                  Product 
2 + Cu (II)        (3) 
It turns out that the anodic signal generated in the 
electrode, resulting from the simultaneous or 
multi-stage oxidation of one or more functional 
groups in the acyclovir structure. Since acyclovir 
is synthesized from nucleic acid guanine, it can be 
oxidized to the corresponding oxoguanine 
(Scheme.2) [52, 53].  

 
Scheme 2. Oxidation of acyclovir to the corresponding 
oxo-guanine analog. 
 
Another hypothesis is that for the transfer of 
electrons from acyclovir to Cu (III), the formation 
of a metal alkoxide between the alcoholic oxygen 
and soluble Cu (III) ions to produce radical 
intermediate and Cu (II) is inevitable. The radicals 
should be oxidized immediately and, according to 
the reactions shown in Scheme.3, alcohol of type 
one is converted to an aldehyde or corresponding 
carboxylic acid [54].  
 

 
 
Scheme 3. Oxidation of acyclovir to the corresponding 
aldehyde (a) and/or carboxylic acid (b). 
 
Meanwhile, Cu (II) ions are oxidized to produce 
Cu (III) catalytic species. In another test, in order 
to confirm the high stability and resistance of Cu/ 
RGO CPE, repeated cyclic voltammograms, in 

obtained by the above electrode, which showed a 
slight change in peak current. The results also 
show the electrode´s resistance to the conventional 
problems of oxidation-based sensors [40] such as 
electrode fouling or accumulation of intermediate 
products and compounds or contamination on the 
electrode surface.  

The plot of peak current vs. concentration is shown 
in Fig. 7, where the linear dependency of current 
peak and acyclovir concentration extends up to the 

 
The limit of detection (LOD) and quantitation 
(LOQ) of the procedure was calculated according 
to the 3 SD/m and 10 SD/m criteria, respectively, 
where SD is the standard deviation of the intercept 
and m is the slope of the calibration curve [55]. The 
determined parameters for the calibration curve of 
the drug, accuracy and precision, LOD and LOQ, 
and the slope of calibration curve are reported in 
Table 1. 
 

Table 1. Comparison of statistical parameters of 
electro-catalytic oxidation of acyclovir on Cu/ RGO- 

CPE (n=5) 
Statistical 
Parameters 

This work Ref. [50] Ref.[3
1] 

Linear range 
(µM) 

1.0-6.0  27-521 1.4-
15.7  

Slope  
(µA.µM -1) 

21.4 ± 1.2 24.6 0.44 

Intercept 
(A) 

(8.0±0.5)10-5 (18.2)10-5 (10.8) 
10-5 

 0.63 2.64 40 
 1.0 8.8 120 

RSD (%) 2.1 4.2 4.4 
 
3.2. Chronoamperometric studies 
Double potential step chronoamperometry was 
used to verify of the processes that took place on 

-step 
chronoamperograms for Cu/RGO CPE are shown 
in Fig. 8. The working electrode potential is set at 
723 mV (first step) and 300mV (second step) both 
in the lack (curve 1) and in the existence of 
acyclovir (curve 2-8) over a wide concentration 
range. The forward and reverse potential step 
chronoamperometry of the modified electrode in 
the blank solution showed an almost symmetrical 
chronoamperograms with almost equal charges 
consumed for the oxidation and reduction of 
surface-confined Cu (II)/ Cu (III) sites. The 
transient currents rise upon increasing acyclovir 
concentration and when the potential step took the 
reverse values (300 mV), no considerable currents 
are reached indicating that the electrocatalytic 
oxidation of acyclovir is irreversible. Furthermore, 
the transient currents declined by the time in a 
Cornelian manner. This indicates that the 
electrocatalytic oxidation of acyclovir on Cu/RGO 
-CPE was controlled by diffusion in the bulk of the 
solution.  
Therefore, chronoamperometry used for 
evaluation of the rate of the chemical reaction 
between the acyclovir and modified layer (k) 
according to the following equation [56]: 
IC/IL 1/2 1/2 1/2) + exp (- 1/2]              (4) 
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Where IC and IL are the currents in the existence 

of the error function, k is the catalytic rate constant, 
C is the bulk concentration of acyclovir and t is the 
passed tim
nearly equal to one and the upper equation can be 
summarized to [57]: 
IC/IL 1/2 1/2 1/2 (kCt) 1/2      [5] 
From the slope of the IC/IL versus t1/2 plot, 
presented in Fig. 9, inset B, the mean value of k for 

was obtained as (1.80 ± 0.03) ×105 cm3mol s . 
Also, by using the slope of the line represented in 
Fig. 8, inset A, the diffusion coefficient of 
acyclovir can be obtained according to Cottrell 
equation [56]: 
I = nFAD1/2 -1/2 C 1/2 t -1/2       (6) 
Where D is the diffusion coefficient, the electrode 
surface area, C the bulk concentration and t is the 
elapsed time. The mean value of the diffusion 
coefficient for acyclovir was found to be (4.00± 
0.05) ×10 6 cm2 s 1. 
 

 
Fig. 8. Double steps choronoamperograms of Cu/ RGO- 
CPE electrode in 1M NaOH solution with different 

300 mV, respectively. Inset A dependence of transient 
current (e) on t-1/2. Inset Bdepence of IC/IL on t½. 
 
4. CONCLUSION 
We have successfully synthesized Cu NPs and Cu/ 
RGO nanocomposite via the reduction of aqueous 
Cu2+of Cu (0) by using rosemary leaf extract. The 
use of rosemary leaf extract is economic, easy 
access and friendly environment. Flavonoids in 
rosemary leaves work as a reducing and fixing 
agent. XRD, FT-IR, SEM, and TEM were used for 
characterizing of the morphology and structure of 
the Cu NPs and Cu/RGO nanocomposite. Also, the 
synthesized Cu NPs and Cu/ RGO nanocomposite 
were successfully used for modification of a 
carbon paste electrode. The altered electrode 
showed high catalytic activity toward the electro-
oxidation of the acyclovir with a cyclic mediation 
electron-transfer process. The electrocatalytic 

activity of the Cu/ RGO- CPE was greater than that 
of the Cu  CPE. This is mainly due to the really 
large surface area and higher electrical and ionic 
conductivity of Cu/ RGO. An amperometric 
procedure was successfully progressed for the 
determination of the catalytic rate constant and 
diffusion coefficient of the acyclovir. Furthermore, 
the synthesized Cu NPs and Cu/ RGO 
nanocomposite by this way are completely durable 
and can be guarded below an inert atmosphere for 
too many months. 
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