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ABSTRACT

The antimalarial drug hydroxychloroquine sulphate (HCQ) has taken much attention during the

first COVID-19 pandemic phase for the treatment of severe acute respiratory infection (SARI)

patients. Hence it is interest to study the electrochemical properties and photocatalytic degra-

dation of the HCQ drug. Copper oxide (CuO) nanoparticles, graphene oxide (GO) and CuO/

GO NC (nanocomposite) modified carbon paste electrodes (MCPE) are used for the detection

of HCQ in an aqueous medium. Electrochemical behaviour of HCQ (20 μM) was observed

using CuO/MCPE, GO/MCPE and CuO/GO NC/MCPE in 0.1 M phosphate buffer at pH 7

with a scan rate of 20 to 120 mV s−1 by cyclic voltammetry (CV). Differential pulse voltam-

metry (DPV) of HCQ was performed for 0.6 to 16 μM HCQ. The CuO/GO NC/MCPE showed

a reasonably good sensitivity of 0.33 to 0.44 µA µM cm–2 with LOD of 69 to 92 nM for

HCQ. Furthermore, the CuO/GO NC was used as a catalyst for the photodegradation of HCQ

by monitoring its UV-Vis absorption spectra. About 98% was degraded in about 34 min under

visible light and after 4 cycles it was 87%. The improved photocatalytic activity may be

attributed to decrease in bandgap energy and enhanced ability for the electrons to migrate.

Thus, CuO/GO NC showed good results for both sensing and degradation applications as well

as reproducibility.

Keywords : Hydroxychloroquine sulphate (HCQ), CuO/GO nanocomposite, Voltammetry, Pho-

tocatalytic degradation

1. Introduction

The coronavirus causes SARS-COV-2 (severe

acute respiratory syndrome) and spreads through

close contact with the affected person by inhaling

the droplet during sneezing and coughing. The first

case was discovered in Wuhan (China) in Decem-

ber 2019 and gradually spread all over the world.

Considering the seriousness of the coronavirus out-

break, WHO declared this viral disease as a pan-

demic on 11th March 2020.1) Since then, across

national borders, the virus has spread, affecting mil-

lions of people around the world. The chloroquine

(CQ) and hydroxychloroquine sulphate (HCQS/

HCQ) have been tagged as probable ‘Game-chang-

ers’ for COVID-19, according to the democratic

press.2) It was discovered that HCQ is a more

potent and safer antiviral drug than CQ.3) HCQ and

CQ have similar chemical structures and act as

weak bases and immune modulators.4) HCQ is cru-

cially cognate with viral burden reduction in

COVID-19 patients.5) It is a chlorinated aminoquin-

oline that shows wide biological activity, often used

as an antimalarial drug.6) Over the years, HCQ has

been used for the treatment of systemic and cutane-

ous lupus erythematous conditions, chronic Q fever,

rheumatoid arthritis, and various skin disorders.7) In

terms of metabolic benefits, HCQ is associated with*E-mail: jmanjanna@gmail.com
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improved lipid profiles, lower blood glucose levels,

lower thrombosis rates, retinopathy, hyperpigmenta-

tion, and myopathy. During pregnancy, intake of

HCQ is safe and mostly used in antibody screen-

ing.8) HCQ inhibits cellular lysosomal functions and

improves anticancer,9) antibacterial, antifungal, and

antiviral characteristics.10) Additionally, it is one of

the immune boosters and immune-modulatory drugs.

It balances auto-immune diseases by adopting the

T-cell subgroup function.11,12) HCQ could hinder the

replication process of coronavirus13) and it improved

the clinical outcome of patients infected by SARS-

COV-2.14) Patients who consume HCQ orally have

shown large concentrations in their liver, spleen,

kidney and lungs, which are 200–700 times more,

concentrated than their plasma and provide an

acidic environment that prevents the multiplication

of viruses. As a result, it is plausible that the HCQ

concentration in the tissues has been reached to

prevent SARS-CoV-2 infection. Recent research and

articles demonstrated that HCQ reduced SARS-CoV-

2 viral activity and inhibited COVID-19 infection

in vitro.15)

On the other hand, water pollution is a major

issue facing humanity worldwide. During the period

of pandemic, the production and usage of large

pharmaceutical products may led to their contamina-

tion and/or harmful effects on the environment.

HCQ was one of the maximum used/produced

drugs for Covid-19. Huge amounts of antiviral

drugs can inhibit the extreme growth of microbial

required for wastewater treatment.16) Hospitals,

research fields using therapeutic substances, human

and animal waste, the release of expired medication

into the environment are the main sources of phar-

maceutical pollutants in the ecosystem. Hospitals

are one of the main sources of drug leakage into

the environment.17,18) Humic acids, NO3
−, Cl−, HCO3

−,

Fe3+ and other naturally occurring components have

a considerable impact on the photodegradation of

organic pollutants.19,20) Pharmaceutical wastewater

has been subjected to adsorption, coagulation, sono-

lysis, and ozonation to extract HCQ. Alternatively,

photocatalysis seems to be effective process that is

both inexpensive and environmentally benign for

removing HCQ.21) Therefore, removal of HCQ from

the soil and aquatic environments is of interest.

Copper oxide nanoparticles (CuO nanoparticles)

are interesting materials owing to their stability,

non-toxicity, relatively low cost, facile preparation,

etc. It has a narrow bandgap of 1.2 eV and is a p-

type semiconductor.22) It is emerging as one of the

promising candidates as the active electrode mate-

rial. The CuO nanostructures exhibit unique charac-

teristics, which are different from their bulk

counterparts, and they are used in the development

of optical and semiconductor-based sulphide sen-

sors.23) CuO has been studied as a sensor for

hydrogen peroxide.24) It exhibits good L-cys detec-

tion and selectivity25) and CuO exhibited the best

adsorption and adhesion capacity with the sub-

strates, which promotes the transfer of electrons

toward the analyte.26) The CuO has multi-func-

tional properties with encouraging applications such

as superconductors, catalysts, solar energy, mag-

netic storage, gas sensors, photocatalyst, and elec-

trochemical sensors.27,28) Copper oxide/tin oxide

(CuO/SnO2) is one of the bimetallic electrocatalyst

for sensing applications,29) electrochemical deposi-

tion30) and high-conducting anodes for lithium-ion

batteries.31) The synthesis of CuO nanoparticles by

the sol-gel method is more facile and cost-effec-

tive.32) When CuO nanoparticles are in contact with

the electrolyte, they possess a sufficient electron

charge transfer efficiency.33)

When compared to bare CuO nanoparticles, the

nanocomposite (NC) produced by the combination

of CuO and GO have additional benefits, and they

improve CuO adsorptive capabilities by expanding

its surface area. The synthetic CuO/GO NC serves

as an antioxidant, a catalyst (reduction of aromatic

nitro compounds), and a non-enzymatic glucose

sensor for food.34) The CuO/GO acts as a photocat-

alyst for the elimination of methyl red (MR) and

as an effective diesel additive.35) The electrochemi-

cal pathway of HCQ sensing involves the oxidation

of HCQ by CuO/GO NC. In photocatalytic degra-

dation, light-induced reactive species (mainly OH

radicals) are formed to decompose HCQ molecule.

For the quantification of HCQ, analytical techniques

like chromatographic, fluorescence, chemilumines-

cence, and mass spectroscopy have disadvantages such

as the need for the pre-treatment of the sample,

high consumption of chemicals, and time for analy-
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sis, which results in high amounts of waste. The

electrochemical approaches are environmental

friendly for the detection of target analytes. There-

fore, electrochemical techniques have advantage

over traditional analytical techniques due to their

increased sensitivity, lower cost and fast analysis

times.36)

Although electrochemical detection of HCQ drug

using different electrodes is reported in the litera-

ture,6,14) there are no reports on the usage of CuO/

GO NC/MCPE. We have used this system for the

detection of HCQ as well as its photocatalytic deg-

radation. Thus, CuO/GO NC played an excellent

role in the two different applications. We showed

the detection of HCQ drug at the nM level which

is a significantly lower limit when compared to

detection limits reported (Table 1).

In this study, the main focus is to synthesize the

CuO nanoparticles, GO and CuO/GO NC for the

modification of the carbon paste electrode (MCPE).

Thus, the CuO/GO NC/MCPE is used as electro-

chemical sensor in phosphate buffer (PB) solution

at pH 7. Different techniques such as cyclic vol-

tammetry (CV) and differential pulse voltammetry

(DPV) were used for the detection of HCQ, and

photocatalytic degradation of HCQ was examined

using CuO/GO NC.

2. Experimental

HCQ tablets were purchased from the pharmacy

and used as analytes by dissolving in water (with-

out any further purification). The as-obtained analyt-

ical-grade chemicals are used throughout this study.

The graphite powder, HNO3, HCl, H2SO4, KMnO4 and

H2O2 were used in the synthesis of GO. The CuO

nanoparticles were prepared using [Cu(CH3COO)2·H2O]

and L-ascorbic acid. The graphite powder and sili-

cone oil were used as a substrate for the modifica-

tion of CPE with GO, CuO and CuO/GO NC. PB

was prepared using NaH2PO4 and Na2HPO4. For all

the experiments, freshly prepared solutions in dis-

tilled water were used.

2.1 Apparatus and electrochemical measurement

Powdered X-ray diffraction patterns were obtained

using a Rigaku MiniFlex powder 600 with Cu-Ka

radiation (λa = 0.154 nm) diffractometer. Thermo Sci-

entific Nicolet-iS5 spectrometer was used to record

FT-IR spectra using the KBr pellet method (1 mg

of the sample in 300 mg of KBr), TG/DSC was

recorded by using TA Instrument SDT Model 650,

Using a high-resolution transmission electron micro-

scope (HR-TEM, JEOL JEM F-200) and a field

emission scanning electron microscope (FE-SEM,

model JEOL JSM-7100F) the morphology of the

catalysts was examined. A spectrophotometer (Shi-

madzu, UV-1800) was used to record the UV-visi-

ble spectrum. Photoluminescence spectroscopy (PL)

was used to measure the recombination rate. An

Auto-Lab (PGSTAT, 204, Netherlands) three-elec-

trode system was used for the electrochemical mea-

surements. The bare CPE, CuO/MCPE, GO/MCPE,

and CuO/GO NC/MCPE were used as working

electrodes, Ag/AgCl as the reference electrode and

the Pt disc as the counter electrode. All the experi-

ments were conducted at room temperature (RT,

~27 oC).

2.2 Synthesis of graphene oxide

The modified Hummer’s method37) was used here

to prepare the GO. Accordingly, about 3 g of

graphite powder was taken in a round bottom flask

with mixture of 25 mL each of HNO3 and H2SO4

was added in it. To this, KMnO4 (3 g) was added

slowly with stirring for two hours, the suspension

was agitated in an ice-cold environment. Then, it

was brought to room temperature and about 200 mL

of warm distilled water was added with 4 h of contin-

uous stirring. 10 mL of H2O2 (30 vol.%) was added

carefully (drop-wise) and diluted with hot water. The

solid product was separated by centrifugation. To

get rid of the sulphate ions, it was repeatedly

rinsed with a 5 vol.% HCl solution and then dis-

tilled water. To form a stable GO dispersion, the

cleaned GO was eventually dissolved in water

using an ultrasonic bath and then dried for 6 h in

a hot air oven at 80 oC.

2.3 Synthesis of copper oxide nanoparticles

A 500 mL (0.1 M) cupric acetate monohydrate

solution received approximately 100 mL (0.2 M) of

L-ascorbic acid in an aqueous solution while being

continuously stirred on a magnetic stirrer for about
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30 minutes at room temperature. The solution’s

colour changed from blue to reddish-brown quickly

as metallic copper formed, indicating a rapid reduc-

tion process of cuprous oxide (Cu/Cu2O) particles.

The final product was filtered and washed with dis-

tilled water followed by a drying period of 4 h in

a hot air oven at 80 oC. The final red powder was

thoroughly ground to a fine powder and annealed

at 600 oC for approximately 5 h to get the entirely

oxidized black-coloured product, CuO.

2.4 Synthesis of CuO/GO NC

1 g of GO and 0.5 g of CuO were taken in 50 mL

of water kept in stirred condition. To this, 100 mL of

0.1 M NaOH solution was added slowly and kept

stirred continuously for about 4 h at 100 oC. The solu-

tion was cooled to room temperature, and centrifuged

at 6000 rpm. The final product was separated, washed

with distilled water and ethanol, and then dried at

60 oC in an oven for about 6 h.

2.5 Modification of carbon paste electrode (Sensor)

Before modification, the carbon paste electrode

(CPE) was cleaned thoroughly using distilled water

in an ultrasonic bath. In an agate mortar, 1.0 g of

graphite powder and 0.5 mL of silicone oil were

combined and pulverized. The end of a Teflon

tube’s hollow was filled with this homogeneous

paste. A copper wire attached to the paste in the

tube’s inner hole provided the electrical contact,

which has a geometrical surface area of 0.08 cm2.

Further, the MCPE was prepared with CuO, GO

and CuO/GO NC. The MCPE is indicated as CuO/

MCPE, GO/MCPE and CuO/GO NC/MCPE.

2.6 Photo catalytic experiment

In a typical experiment, 100 mL of HCQ solu-

tion and 20 mg of the catalyst (i.e., CuO, GO and

CuO/GO NC) were taken and kept stirred under

visible light. A UV-Vis spectrophotometer was used

to assess the change in HCQ concentration (i.e.,

absorption intensity) by collecting sample through

syringe filter at different intervals. The photocata-

lytic degradation efficiency was determined.38) After

the photodegradation studies, the photocatalyst was

collected back by centrifugation and cleaned with

alcohol and dried for the reusability test.

3. Results and Discussion

3.1 Structural analysis of CuO/GO NC

Fig. 1 is the XRD patterns of GO, CuO and

CuO/GO NC. The (001) and (101) planes of GO

are seen at 2θ = 10.02o and 42.23o, which matches

with JCPDS No. 75-1621. The peak at 10.02o con-

firms the formation of GO by the Hummer’s

method through the oxidation of graphite.39,40) The

XRD peaks of CuO could be indexed to mono-

clinic structure with a space group of (C 1 2/c 1),

and matched with COD entry number 96-721-

224341) as shown in Fig. S1 along with matching

report from MATCH!. The lattice parameters found

to be a = 4.6837 Å, b = 3.4226 Å, c = 5.1288 Å.

There are no additional peaks found, which indi-

cates the formation of CuO here.42) The GO peaks

are marked (*) in CuO/GO NC. 

It is presumed that the carbonyl groups of car-

Fig. 1. XRD patterns of GO, CuO, and CuO/GO NC.
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boxylic acids and ketones present on GO are asso-

ciated with the Cu (II) of CuO that create a layer-

on-layer network. Thus, hydrophilicity of CuO/GO

NC is expected to increase due to porous 3D net-

work.34) Fig. S2 shows the XRD pattern of HCQ.

The sharp and intense diffraction peaks here indi-

cate the crystalline nature.

The Scherer equation was used to determine the

average crystallite size,  where l

= 0.154 nm, wavelength of Cu Ka line and is the

FWHM in radians of the 100% peak in the XRD

pattern. Accordingly, D of CuO, GO and CuO/GO

NC are found to be 47.9 nm, 1.69 nm and

8.45 nm, correspondingly.

3.2 FTIR spectra of CuO/GO NC

The FT-IR spectra of GO, CuO and CuO/GO

NC are depicted in Fig. 2. In the FTIR spectra of

GO, the oxygen functionalities present at 3408 cm−1

are equivalent to the stretching vibration of –OH.

The –CH symmetric and asymmetric stretching is

seen at 2921 cm−1 and 2853 cm−1, respectively. The

peaks at 1626 cm−1 is assigned to the stretching

vibration of –C=C. The stretching and bending

vibrations of epoxy group (C–O–C) are seen at

1384 cm−1 and 1122 cm−1. The C–O and –C=C

groups found here confirm the oxidation of graphite

to GO. In the case of CuO nanoparticles, symmet-

ric and asymmetric stretching of O–H bond (due to

adsorbed moisture) are seen at 3446 cm−1, 2932 cm−1

and bending vibration at 2866 cm−1. A strong peak

around 530 cm−1 corresponds to Cu–O stretching of

monoclinic CuO.43,44) In the IR spectra of CuO/GO

NC, there are no bands for C=O as GO is associ-

ated/ conjugated with CuO. The peak at 1400 cm−1

is from carbonyl group C–O and it showed more

intense than in GO and CuO. Strong and sharp IR

peaks at 571 and 522 cm−1 are attributed to the

stretching caused by the Cu–O bond, which had

slightly displaced from 533 cm−1 and indicated the

presence of the Cu–O bond. Thus, FTIR spectra

confirm the synthesis of CuO/GO NC. Fig. S3 indi-

cates the FTIR spectra of HCQ. The broadband of

–O–H stretching vibration was observed at 3421 cm−1.

A small peak at 2923 cm−1 was attributed to –C–H

stretching vibration. The two peaks at 1617 and

1558 cm−1 correspond to the –C=C stretching vibra-

tion of an aromatic ring. A sharp peaks at 1054 and

1124 cm−1 are due to –C–Cl and –C–N stretching

vibrations, respectively. The IR bands observed here

for HCQ matches with the earlier study.45)

3.3 Thermal analysis of CuO/GO NC

The TG/DSC plots provide structural details and

thermal stability of composite material here. If there

are any impurities, the nature of the TG/DSC

would be different from the expected behavior. Fig.

3 shows TG/DSC plots of GO, CuO and CuO/GO

NC recorded at a scan rate of 4 oC min−1 under

ambient condition. In the case of GO, about 7%

weight loss occurred below 150 oC owing to the elimi-

nation of surface adsorbed water. Thereafter, about

20% weight loss was observed up to 700 oC due to

loss of labile oxygen-containing functional groups.46,47)

The resultant DSC curve in Fig. 3a shows the decom-

position of GO at 220 oC. In the case of CuO, as

shown in Fig. 3b, it is stable up to 700 oC. A negligi-

D( ) 0.9λ βcosθ⁄=

Fig. 2. FTIR spectra of GO, CuO, and CuO/GO NC.
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ble weight loss of 0.7% was observed due to the loss

of surface bound water. The TGA curve of CuO/GO

NC is shown in Fig. 3c, and the weight loss around

120 oC is due to the removal of adsorbed water. The

second degradation stage begins around 300 oC and

ends at 500 oC. In this temperature, GO layers are sta-

ble. The gradual weight loss in the 600–700 oC range

is due to the depletion of more stable oxygen func-

tions. Additionally, the DSC plot shows two endother-

mic peaks at 177 oC and 691 oC. Fig. S4 depicts the

TG/DSC of HCQ. A weight loss of about 2% was

seen between 150 to 200 oC. A major weight loss of

about 30% was observed between 240 and 300 oC.

About 23% of weight loss was observed between 300

to 700 oC. Similar thermal behaviour was reported for

HCQ in the earlier report.48)

3.4 Morphological analysis of CuO/GO NC

Fig. 4 shows the FESEM image of GO, CuO

and CuO/GO NC. The GO shows wavy, wrinkled

and layered morphology whereas CuO and CuO/GO

NC show polydispersed (irregular size and shape)

morphology. As shown in the TEM image, the

sizes of CuO/GO NC are in the range of 10–50 nm

but in agglomerated form. The ring pattern of

bright spots in the selected area electron diffrac-

tion (SAED) indicates the single crystalline nature.

However, the axial orientation in a single crystal

has random directions.49–51)

3.5 UV-Vis spectra of GO, CuO, and CuO/

GO NC

The UV-Vis spectra of GO, CuO and CuO/GO

NC are shown in Fig. 5a. The CuO/GO NC exhib-

Fig. 3. TG/DSC plots of (a) GO, (b) CuO, and (c) CuO/

GO NC.

Fig. 4. SEM images of (a) GO, (b) CuO and (c) CuO/GO NC.

(d,e) TEM images and (f) SAED pattern of CuO/GO NC.
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its a relatively higher absorption around 290 nm

when compared to GO and CuO. Tauc’s equation,

(ahν)1/n = A (hν – Eg) was used to get the band

gap value, where a is the absorption coefficient (a

= 2.3030 (A)/t, where t is the sample thickness.), h

is the Planks constant (6.626×10−34 J·s), ν is the

photons frequency, A is the proportionality constant,

and Eg is the band gap energy (n = ½ and 2 for

direct and indirect band gap). The direct bandgap

was obtained here by plotting (aһν)2 vs. һν as illus-

trated in Fig. 5b. Thus, the band gap of GO, CuO

and CuO/GO NC were found to be 3.42, 3.28, and

3.20 eV, respectively, whereas Eg of bulk GO

(around 2.2 eV) and CuO (around 1.2 eV) are well

known. The higher bandgap value indicates the for-

mation of nanostructure here.

3.6 Photoluminescence (PL) spectra

The charge separation and recombination process

of photogenerated electrons and holes is a crucial

aspect of photocatalytic activity. Examining the pho-

toluminescence (PL) spectra of the as-prepared sam-

ples reveals the catalytic activity of the samples.

The photo catalytic activity is enhanced by limiting

the recombination of photoinduced electrons and

holes. On the CuO and GO surface, oxygen sites

and defects are produced. Fig. 5c is the PL spectra

of GO, CuO and CuO/GO NC in water at room

temperature, with an excitation wavelength of

307 nm. The emission peaks are seen at 324, 323

and 320 nm for GO, CuO and CuO/GO NC,

respectively. When compared to GO and CuO, the

emission intensity of CuO/GO NC is reduced,

which indicates the increased e––h+ migration and

lower recombination.52) Thus, CuO/GO NC is

expected to provide increased photocatalytic effi-

ciency for drug degradation.

3.7 Electrochemical behaviour of MCPE

Fig. 6(a) shows the cyclic voltamogram (CV) for

5 mM [Fe(CN)6]
3−/4− in 0.1 M KCl using different

working electrodes. Both oxidative (anodic) and

reductive (cathodic) peaks are seen for this revers-

ible one electron transfer system. The current

obtained with CuO/GO NC/MCPE increased signifi-

cantly when compared to bare CPE, GO/MCPE and

CuO/MCPE. This indicates the advantage of com-

posite electrode due to higher electron transfer and/

or increased electronic conductivity. Fig. 6b shows

Nyquist plot for the same system with Randles

equivalent circuits to analyze the electron transmis-

Fig. 5. (a) UV-visible spectra, (b) Tauc’s plot, and (c)

Photoluminescence spectrum of GO, CuO and CuO/GO

NC.
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sion (Rct) performance. The semi-circular component

at lower frequency is related to the diffusion pro-

cess, and a linear portion at higher frequency is

related to the electron transfer restricted process.

The Rct for bare CPE, CuO/MCPE, GO/MCPE and

CuO/GO NC/MCPE were found to be 18908 W,

15413 W, 9227 W and 8597 W, respectively.

Decrease in the Rct value indicate the increase of

electron transfer rate. Thus, the presence of the

CuO/GO NC enabled more efficient electron trans-

fer between the solution and the electrode surface.

As  pe r  Rand les -Sevc ik  equa t ion ,  I p a  =

(2.69 × 105) AD
1/2 

n
3/2

 n1/2
 C where n is the number

of electrons exchanged, A is the surface area of the

electrode (cm2), C is the concentration (mol cm–3),

D is the diffusion coefficient (cm2 s–1) and n is the

scan rate (V s–1). The linear behaviour is seen for

plot of Ipa vs. n1/2 which indicates fast electron

transfer reactions with CuO/GO NC/MCPE. Sur-

face area A of the MCPE here are 0.067, 0.083,

0.85 and 0.90 cm2 for the bare, CuO, GO and

CuO/GO NC respectively. In comparison to a bare

electrode, the CuO/GO NC shows higher A and

hence adsorption of analyte is expected to be

higher on its surface to facilitate redox reactions. 

3.8 Electrochemical response of HCQ using

modified electrodes

Electrochemical detection of HCQ in 0.1 M

phosphate buffer (pH 7) was done in a conven-

tional three-electrode arrangement with bare (CPE),

GO/MCPE, CuO/MCPE and CuO/GO NC/MCPE as

a working electrode. As shown in cyclic voltam-

metric behaviour of HCQ (Fig. 7), high current is

observed for the oxidation of HCQ using CuO/GO

NC/MCPE, unlike other electrodes here. The nano-

composite of GO and CuO can lead to a synergis-

tic effect in terms of electrocatalytic activity. The

presence of both materials may enhance the effi-

cient catalytic reaction for HCQ, leading to

improved current. HCQ is expected to be neutral

species at pH 7 and hence its interaction with

CuO/GO NC/MCPE is enhanced through catalytic

activity. HCQ shows two oxidation peaks: the first

peak around 0.77 V with an Ipa of 9.1×10−6 µA is

due to deprotonation of –OH group and the second

around 0.99 V with a Ipa of 1.7×10−5 µA is due

Fig. 6. (a) CVs and (b) Nyquist plot using bare (CPE),

CuO/MCPE, GO/MCPE and CuO/GO NC/MCPE for 5

mM [Fe(CN)6]
3−/4− in 0.1 M KCl.

Fig. 7. Cyclic voltammograms of 1 mM HCQ in

phosphate buffer (pH 7): (a) Blank, (b) bare CPE, (c)

CuO/MCPE, (d) GO/MCPE and (e) CuO/GO NC/MCPE

with HCQ; Accumulation time 30 sec.
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to deprotonation from primary carbon atom for con-

version to aldehyde,53) as shown in Fig. S5. It is

an irreversible reaction as there is no cathodic

peak/s during the reverse scan.

3.8.1 Effect of catalyst dose on oxidation of HCQ

The CV of HCQ on varying dose of CuO/GO

NC was examined to optimize the catalyst concen-

tration. The maximum anodic peak current (Ipa) was

obtained at 50 mg of catalyst due to increase in

active sites as shown in Fig. S6, a plot of CuO/

GO NC dose vs. peak current. At higher catalyst

appropriate homogeneity is hindered thereby active

sites are less available. Thus, 50 mg of CuO/GO

NC was used here for further investigation.

3.8.2 Effect of accumulation time of HCQ

The peak current response to HCQ adsorption on

the electrode surface can be understood by deter-

mining the accumulation time, as shown in Fig. S7.

The maximum peak current was obtained at an

accumulation time of 30 s. At longer accumulation

time (> 30 s), there occurs an adsorptive equilib-

rium of HCQ on the modified electrode surface

leading to decrease in charge transfer.54) Thus, ideal

accumulation time of 30 s was used throughout this

study.

3.8.3 Effect of pH

The optimum pH for detection of HCQ is deter-

mined here by varying pH from 4.0 to 11.0 at a

scan rate of 100 mV s–1 by recording CV as

shown in Fig. 8a (pH 4 to 7) and Fig. 8b (pH 8

to 11). It is clear that Ipa increased with increase

in pH up to pH 7 and thereafter, Ipa decreased

(Fig. 8c). This behavior is typical of electrode

process, wherein appearance of possible acid/base

equilibrium is indicated by the protonic concentra-

tion of the solution (pH ≤ 7). When a pH is

raised (> 7) to a point where almost no acid is

Fig. 8. (a,b) Effect of pH on the shape of the anodic peak in the presence of 1 mM HCQ at different pH. (c,d) The first line

(black/1st step) and second line (red/ 2nd step) indicates the relationship between the peak current (Ipa) and peak potential

(Ep) vs. pH, respectively, for the two-step oxidation process of HCQ.
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formed and conjugate bases can undergo reduction,

typically at higher negative potentials, the rate of

such de-protonation rises.53) Thus, pH 7 is the

optimised pH for all the measurements here. Fur-

thermore, Fig. 8d is the Ep vs. pH which follow

linear equation Ep (V) = –0.0456 + 1.1230 pH;

R2 = 0.92 for first peak and Ep (V) = –0.0485

+1.3773 pH; R2 = 0.95 for second peak. As the

pH of the solution increased, the peak potential

changed towards a less positive value, showing

that protons are involved in the electrode action,

as seen from the plot of Ep against pH. Based on

the slope of Ep versus pH, it is revealed that

there are equal number of protons and electrons

present, which is related with earlier report.55)

HCQ is in its negatively charged state at pH 7,

which may increase the electrode surface and lead

to a greater peak current at pH 7, despite the pH

being optimal for biological fluids. 

3.8.4 Effect of scan rate

CV of HCQ was recorded at pH 7 with different

scan rates (20 to 120 mV s–1) as shown in Fig.

9a. The Ipa increased linearly with increase in scan

rate as depicted in Fig. 9b, Ipa vs. ν1/2 which fol-

lows Ipa = 4.1532 ν1/2 – 1.8339 (R2 = 0.91) for

first peak and Ipa = 7.2569 ν1/2 – 3.1371 (R2 =

0.92). The relationship between the slope of the

logarithm of the peak current vs. the logarithm of

the scan rate is plotted in Fig. 9c. The derived lin-

ear correlation is obtained as log Ipa =1.2625 log ν

– 7.1796; R2 = 0.98 for first peak and log Ipa
=1.239 log ν – 6.8768; R2 = 0.99 for second peak.

Based on the slope obtained here, the electrode

reaction is presumed to be adsorption-controlled.56)

Further, as shown in Fig. 9d, linear relationship is

seen for Epa vs. log of scan rate, and the correspond-

ing equation is Epa (V) = 0.06462 log ν + 0.6475 (R2

= 0.82) for first peak and Epa (V) = 0.00134 log ν +

Fig. 9. (a) CVs of 1 mM HCQ at various scan rates (20 to 120 mV s
−1). (b–d) The first line (black; 1st step) and second line

(red; 2nd step) indicates the relationship between the (b) Ipa vs. v
1/2, (c) log Ipa vs. log v, and (d) Ep vs. log v, respectively for

the two-step oxidation process of HCQ.
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0.9870 (R2 = 0.01) for second peak.

Laviron equation was used to calculate the het-

erogeneous rate constant (ko) and number of elec-

trons transported (n) for the irreversible electrode

process.57)

Epa = Eo + (2.303 RT/α nF) log (RT ko/α n F)

+ (2.303 RT/α nF) log ν 

The n = 1.79 (i.e. ~2) is obtained here from the

slope of the Epa vs. log scan rate plot. Therefore,

two protons and two electrons will be transported

during HCQ oxidation,53,58−60) Fig. S7. The charge

transfer coefficient (α) value for the irreversible

process was about 0.5. The intercept value of the

Ep vs. n plot can be used to calculate the value of

(Eo) by inducing it to the vertical axis at v = 0. In

this case, Eo and ko were determined to be 0.7311

and 1.5891, respectively. 

Differential pulse voltammetry (DPV) is used

here for detection threshold and sensitivity of HCQ

using CuO/GO NC/MCPE as working electrode.

Fig. 10a is the DPV for different concentration

(0.6 µM to 16 µM) of analyte, HCQ. The peak

current increased linearly with increase in HCQ

concentration (Fig. 10b), the equation for linear

regression is Ipa(mA) = 0.2978 [HCQ] (mM) +

1.5371 (R2 = 0.98) for first peak and Ipa(mA) =

0.3982 [HCQ] (mM) + 2.9898 (R2 = 0.99) for sec-

ond peak. We have determined the relative sensitiv-

ity (= slope/area) and LOD (= 3 × SB/S) where S

is the slope of the calibration curve and SB is the

standard deviation of three measurements made

from the signal acquired from the blank. The 3 is

a result for 90% confidence level in the distinc-

tion between the observed signal and the blank.61)

The sensitivity was found to be 0.3 to 0.4 µA µM−1

cm−2 and LOD was found to be 69 to 92 nM. The

relatively high sensitivity for HCQ with CuO/GO

NC/MCPE is ascribed to its good electro-catalytic

activity and enhanced surface area which enables

rapid transfer of electrons during oxidation of HCQ

with increasing active sites or connected structures

of the electrode.62–64) As a result, the peak current

in CV and DPV is ascribed to irreversible oxida-

tion of OH group in HCQ to –CHO. Fig. 11 is the

Fig. 10. (a) DPV of HCQ with various concentrations of

HCQ ranging from 0.6 to 16 µM obtained at CuO/GO

NC/MCPE in pH 7 PB (n=3). (b) The first line (black; 1st

step) and second line (red; 2nd step) indicates the

relationship between the peak current (Ipa) vs.

concentration of HCQ for the two-step oxidation process

of HCQ.

Fig. 11. Schematic representation of plausible mechanism

for electro oxidation of HCQ on CuO/GO NC/MCPE.
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schematic representation of the electrode process

involved in the oxidation of HCQ. As shown in

Table 1, LOD and linear range values obtained

here for  HCQ are compared with previous

reports.65,66)

3.8.5 Stability and reproducibility of CuO/GO

NC/MCPE

In order to ensure the reproducibility of the elec-

trode surface, CV data from the four cycles for 1

mM HCQ using freshly prepared CuO/GO NC was

compared. It was found that the modified elec-

trode retained Ip up to 97%. Furthermore, when the

freshly prepared CuO/GO NC electrode was kept

for different interval of time before its use, only

about 2 to 3% of the current is decreased after 4

h. This demonstrates the reasonable stability and

reproducibility of the modified electrode here.

3.9 Photodegradation of HCQ

Fig. 12 shows the UV–Visible spectra of HCQ

(0.1 ppm) before and after irradiation under visible

light by adding GO, CuO and CuO/GO NC sam-

ples. The amount of HCQ degradation was deter-

mined based on the calibration curve (absorbance at

l = 342 nm vs. concentration) by using (1 – Ct/Co)

× 100 where C0 is the initial concentration of HCQ

and Ct is the concentration at different interval of

irradiation time.

The maximum degradation (93%) occurred with

CuO/GO NC under visible light irradiation for

about 34 min. The GO and CuO showed 73% and

3% degradation of HCQ, respectively, under the

same experimental conditions. The poor degrada-

tion with CuO may be due to the drawbacks of

monophasic catalyst and quick recombination of

photo-generated charge carriers. On the other hand,

the maximum efficiency with CuO/GO NC is due

to efficient charge carrier migration between hetero-

junctions, and decrease in recombination rate.67,68)

Fig. S8 shows the CuO/GO NC catalyst dose (5–

25 mg/100 mL) vs. photodegradation efficiency. The

catalyst dose must be sufficient to generate electron-

hole pairs at a certain rate and generate favourably

OH radicals. The % degradation increased marginally

as the catalyst dose increased from 5 to 20 mg due

to the increase in active sites (point of saturation

limit is reached even at 5 mg). Thereafter (i.e.,

active regions have already been fully used), degra-

dation decreased as a result of the increased turbid-

ity. Consequently, fewer photocatalysts are activated

with increased light scattering and lower photon pen-

etration depth.69) The % photodegradation with 5, 10,

15, 20 and 25 mg of catalyst was 96.33, 96.58,

96.81, 97.07, and 96.93%, respectively, in about 34

min under visible light. As shown in Fig. S8b, %

degradation of HCQ increased with irradiation time.

3.9.3 Effect of pH on degradation of HCQ

Fig. S9 shows % degradation of HCQ (0.1 ppm)

at different pH with a catalyst dose of 20 mg/

100 mL under visible light irradiation for 34 min.

Table 1. Comparison of the detection of HCQ using different modified electrodes

Electrode Material
Supporting 

Electrolyte
Technique Sample Linear range LOD Ref

GCE BR DPV HCQ 2×10–5 to 4×10–6 112 nM [6]

SDSMCNTPE PBS CV HCQ 10×10–6 to 40×10–6 850 nM [55]

GCE/VS2QDs BR DPV HCQ 0.84–22.5×10–8 277 nM [59]

GrRAC H2SO4 DPV HCQ 5×10–6 to 65×10–6 1050 nM [60]

ZnO@CPE PBS SWV HCQ 1×10−3 to 0.8×10–3 1331 nM [65]

3D-CB/PLA BR SWV HCQ 0.4×10–6 to 7.5×10–6 40 nM [66]

CuO/GO NC/MCPE PB DPV HCQ 0.6×10–6 to 16×10–6 69 nM Present work

GCE: Glassy carbon electrode; CPE: Carbon paste electrode; SDSMCNTPE: Sodium dodecyl sulphate modified carbon
nanotube paste electrode, VS2QDs: Vanadium sulphide quantum dots; GrRAC: Cork graphite sensor; ZnO@CPE: Zinc oxide
carbon paste electrode; 3D-CB/PLA: 3D-printed CB-PLA electrode. BR: Britton Robinson buffer; PBS: Phosphate buffer
saline; H2SO4 as electrolyte, PB: Phosphate buffer.
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The % degradation increased with increase in pH

up to 9 and thereafter decreases significantly. Fig.

9b is the % degradation vs. irradiation time in dif-

ferent pH conditions. Due to biological stability of

HCQ over a wide pH range, the degradation varies

slightly with increasing pH. There is no information

in the literature concerning the effect of pH on

HCQ degradation. The photocatalysis process is

affected by many factors such as semiconductor

surface, the generation of OH radicals, presence of

electrostatic forces, etc. These process accounts for

the enhanced degradation efficiency here at pH 9.

At higher pH (above pH > 9), there is a repulsion

between the catalyst surface and the contaminant

molecule, which slows down the rate of OH radical

formation.52,70) The photodegradation efficiency

obtained at pH 3, 5, 7, 9 and 11 are 93.28, 96.29,

98.07, 98.15, and 70.64%, respectively. We have

not analyzed the nature of HCQ degradation prod-

ucts, unlike the previous reports.71,72) Desethylhy-

droxychloroquine and desethylchloroquine are the

main byproducts of HCQ, and they are less potent

and have less harmful effects to human beings.

3.9.4 Reusability of catalyst

The optimal photodegradation conditions (0.1 ppm

HCQ, 20 mg of CuO/GO NC, pH 9, irradiation

under visible light) have been evaluated for catalyst

reuse. The catalyst was cleaned, rinsed, and dried

at 60 oC for 24 h after each cycle to remove impu-

rities before being placed to use again to check for

chemical stability. Fig. S10 shows that the catalyst

efficiency is marginally reduced by about 3% in

comparison with initial results and 1st cycle. How-

ever, after the 4th cycle, the photocatalytic activity

decreased by about 11% indicating adsorption of

degradation or foreign products and/or surface poi-

soning, which prevents exposure to active sites.

Additionally, CuO/GO NC structural stability is

confirmed by comparing the XRD patterns (Fig.

S11). It is clear that the pattern remained same

except decrease in the intensities of the characteris-

tic peaks related to crystallinity.

4. Conclusions

The highly sensitive CuO/GO NC/MCPE was

developed for detecting antimalarial drug (HCQ),

which was used for COVID-19 patients during the

initial stages. Sensitive MCPE is developed here by

Fig. 12. UV-Visible spectra of HCQ (0.1 ppm) before and

after irradiation under visible light by adding (a) GO, (b)

CuO and (c) CuO/GO NC samples. 
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using the techniques CV and DPV. The CuO/GO

NC facilitates the rapid transfer of electrons to the

oxidation of HCQ. The sensitivity was found to be

0.33 to 0.44 µA µM cm–2 and LOD was 69 to

92 nM for CuO/GO NC/MCPE. Thus, CuO/GO

NC/MCPE is highly sensitive toward the detection

of HCQ. The CuO/GO NC had a photocatalytic

degradation efficiency of about 98% (for 0.1 ppm

with 20 mg catalyst at pH 9) in 34 min for HCQ,

based on UV-visible spectra; the recycle photocata-

lytic degradation of the HCQ demonstrated the high

degree of reusability of CuO/GO NC.

Supplementary Information (SI)

The characterization of XRD MATCH! For CuO/

GO,HCQ by XRD, FTIR, TG/DSC, reaction mecha-

nism, catalyst dose, accumulation time, % degradation

of HCQ (0.1 ppm) vs. catalyst dose, % degradation

of HCQ (0.1 ppm) vs. pH, stability and XRD of

fresh and recovered CuO/GO NC (Fig. S1–S11) are

provided as supplementary information.
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