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Hydroquinone (HQ) was electrochemically measured using convolutive cyclic voltammetry and
differential pulse voltammetry (DPV) on a nano-architecture mesoporous platinum film electrochemically
grown from a hexagonal liquid crystalline template of C16EO8 surfactant in 1.0 mol/l HCIO4. The HQ
cyclic voltammograms produced one oxidative peak in the forward sweep of potential and one reductive
peak in the reverse sweep. The effect of HQ concentration was investigated using the different electro-
chemical methods mentioned above. The modified platinum electrode exhibits good sensitivity for the de-
termination of the HQ compound in 1.0 mol/l HCIO4. The best executive was found for the i-t curve
method developed from cyclic voltammetry of HQ. It exhibits a linear peak current response over the
concentration range of 8 to 55 pmol/l, with a detection limit of 0.5726 pmol/l and a quantification limit of
1.9088 pmol/l, confirming the accuracy and sensitivity of this quick, cheap, and easy method.
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KBAHTUTATUBHO ONIPEJEJYBAIBE HA XUJIPOXUHOH CO YIIOTPEBA
HA EJIEKTPOXEMUCKHU METOJIN HA HAHO-APXUTEKTYPHA IIJIATUHCKA EJIEKTPOJA

Enextpoxemuckuor oarosop Ha xuapoxuHoH (HQ) Oeme nerektupan co moOMOII Ha
KOHBOJYTHBHAa NWKJIMYHA BOJTaMeTpHja W OudepeHnujainHa myicHa Bontamerpuja (DPV) na nHano-
apXUTEKTYpeH Me30MopeH (uiaM ox TMiaTwHa, KOj Oelie eNeKTPOXEMHUCKH CHHTETH3UpPAaH Of
XEeKCaroHaJlHa TedHo-KpuctanmHa ¢opma Ha cypdakrantor CI6EO8 Bo CHiIHO KHCET MEIUYyM O]
MepXJopHa KHCceNnHa co KoHmeHtpamuja 1 mol/l. Bo mukmuaante BonaTamorpamm Ha HQ Oerre
perucTpupan eaeH 100po JeGUHUpaH MUK BO OKCHAAIMCKA HACOKA U €lIeH PeIyKINCKH MUK BO 00paTeH
MOTCHIMjaJICH IMKIyC Ha MPOMCHA Ha MOTCHIMjANOT. Biujanuero Ha KoHICHTpanujata Ha HQ Bp3
BOJITAMETPUCKUTE OJrOBOPU O€IllIe MCIUTAHO CO KOPHCTEHE Ha IMOrope HaBEACHHUTE ENIEKTPOXEMHCKU
TeXHUKA. Monudunupanara IUIATHHCKA EJICKTpoJa TIOKaka JgoOpa OCETIMBOCT BO OJHOC Ha
KBaHTUTATUBHOTO OTPE/CIyBamke Ha coequaeHneTo HQ Bo mepxiiopHa KHCEIHHA CO KOHIICHTparuja o 1
mol/l. HajnoOpu pe3ynTaT o aHaIMTHYKA TJIeIHa TOUKa Oea J00MeHH CO METOOT Ha i-f KpHBa Koj Oere
pa3BucH o uKiInmdHHTE BoaTamorpamu Ha HQ. OBOj KOHBOJYIIMCKH BOJITAMETPHCKH METOJ| MOKaXKa
JIMHEapeH OJrOBOP Ha CTPyjaTa Ha MUKOT BO KOHIeHTpamucku orncer Ha HQ ox 8 umol/l mo 55 umol/l, co
rpannma Ha nereknmja ox 0.5726 umol/l m rpanmma Ha kBanTudukammja ox 1.9088 umol/l. Osue
MOJIATOLU CITY’KaT KaKo PEJIeBaHTHU WHAMKATOPH HA TOYHOCTA M OCETIMBOCTA Ha OBOj Op3, BTHH M JIECCH
BOJITAMETPHCKU METO/I.

KiyuHu 300poBH: XUAPOXHMHOH; KOHBOJYTUBHA IUKIMYHA BOJITAMETPH]ja; XeKCarOHAIHA IUIATHHA.
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1. INTRODUCTION

Dihydroxybenzenes are important phenolic
compounds with high toxicity and low degradabil-
ity. They are suspected of being carcinogens and
are widely released into the environment since they
are used as chemical intermediates for synthesizing
a variety of pharmaceuticals and other organic
compounds such as dyes, photography chemicals,
plastics, flavoring agents, antioxidants, rubber, and
pesticides. Therefore, they have been listed as pri-
ority pollutants by environmental organizations
such as the US-EPA and the EU."? Hydroquinone
(HQ, 1,4-dihydroxybenzene) is a pharmaceutical
product extensively used for the treatment of skin
diseases. As a skin-whitening product, HQ inhibits
the enzymatic pathway of tyrosinase, preventing it
from producing the pigment melanin from dopa-
mine.>* Due to the extraordinary toxicity of HQ at
high concentrations, it causes nausea, edema of
internal organs, headaches, dizziness, and even
kidney damage in humans.’ Numerous analytical
procedures have been employed to quantify HQ,
including chromatography,® fluorescence,” spec-
trophotometry,® fluorometry,® and electrochemical
methods.>® Most of the mentioned instrumental
methods are time-consuming and costly and re-
quire complicated sample preparation procedures
and an expert operator, making them unsuitable for
routine analysis. In contrast, electrochemical tech-
niques have received extraordinary attention due to
their low cost, rapid response, ease of operation, low
detection limit, and relatively short analysis time.*!°
Coenzyme Q10 (CoQ10) is one of the essential
components of the mitochondrial electron-transport
chain (ETC) with the primary function of transfer-
ring electrons along and protons across the inner
mitochondrial membrane (IMM). It is able to bind
and transport Ca®" across artificial biomimetic
membranes.!! Cyclic voltammetry studies are re-
ported for two representative quinones, benzoqui-
none and 2-anthraquinonesulfonate, in buffered and
unbuffered aqueous solutions at different pH's.!?
Quinones constitute a big family of organic redox-
active compounds that are overwhelmingly in-
volved in important physiological processes. The
most important members in the class of quinones
are the plastoquinones and coenzyme Q (CoQ) de-
rivatives. Voltammetry of coenzyme Q family
members has attracted significant attention since
50 years ago." Protein-film voltammetry (PFV) is
considered the simplest methodology to study the
electrochemistry of lipophilic redox enzymes in an
aqueous environment. The PFV methodology ena-
bles access to the relevant thermodynamic and ki-

netic parameters of the enzyme electrode reaction
and enzyme-substrate interactions, which are im-
portant to better understand many metabolic path-
ways in living systems and to delineate the physio-
logical role of enzymes.!* Recent advances in
square-wave voltammetry for analytical purposes
as well as for studying electrode mechanisms and
kinetics are reviewed, mainly covering results pub-
lished in the last decade.'> Voltammetry has made
a huge impact in many different scientific fields
such as physics, chemistry, pharmacy, medicine,
biofuel cells, and environmental protection.'® Re-
cently, a few modified electrochemical sensors
were developed for the determination of HQ in
biological and pharmaceutical samples.>> Among
the modified electrodes, the nano-architecture elec-
trode has received extraordinary attention due to its
advantages of easy preparation, generous surface
chemistry, stable response, wide potential window,
and low ohmic resistance. In addition to all the
benefits mentioned, the use of modifiers that effec-
tively accelerate and facilitate electron transport
between the analyte and the electrode has made the
nano-architecture electrodes suitable candidates for
the measurement of the analytes by reducing the
overpotential required for the electrode reac-
tions.'”!8 The unique physicochemical characteris-
tics of the mentioned materials have resulted in a
better electrochemical response of the modified Pt
electrode, particularly for the quantitative determi-
nation of trace analytes.!”** Pt powder in a pluron-
ic, lyotropic, liquid crystal template (LLC) with
remarkable chemical and thermal stability, ac-
ceptable electrochemical windows, and desirable
conductivity properties has received considerable
attention in modifying the ordinary Pt electrode.
The LLC provides benefits such as improving the
electron transfer rate, sensitivity, and conductivity
of the nano-architecture Pt electrode compared to a
bare Pt electrode.?! The metal nanoparticles pro-
vide a larger active surface area with desired cata-
lytic activity for facilitating the electron transport
between the analyte and Pt electrode surface, and
Pt metal nanoparticles have been extensively ap-
plied in the fabrication of electrochemical sen-
sors.?>?* Moreover, metal nanoparticles, as effi-
cient catalysts, enhance the electrochemical reac-
tions of electrochemical sensors.>**2¢ Recently,
the design and construction of electrochemical sen-
sors have attracted more interest in the field of ana-
lytical and bioanalytical electrochemistry. The de-
veloped sensors are normally based on the struc-
ture of a working electrode.?”® It is well known
that conventional plain electrodes display poor se-
lectivity and sensitivity along with fouling of sig-
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nals in the detection of HQ.?*3° Modification of the
conventional working electrodes is a smart method
to construct HQ sensors having high selectivity,
low oxidation potential, and high sensitivity. One
of the most promising methods to modify the elec-
trode is the electrochemical deposition of nano-
architecture mesoporous metal films. These meso-
porous metal films can be obtained with the aid of a
template formed by hexagonal, lyotropic, liquid
crystalline substances.>'* The mesoporous metal
layers have a very high surface area (roughness) due
to the presence of a highly arranged hexagonal array
of cylindrical nanopores. Electrodeposition condi-
tions and template mixtures represent the key pa-
rameters for determining pore radius and separation
distance, which are usually in the range of 1-10 nm.
The nano-architecture mesoporous Pt layer has at-
tracted much attention because of its uses in electro-
catalysis.>*3¢ Therefore, great attempts have been
made to develop a highly sensitive sensor for the
quantitative determination of trace amounts of HQ
using the proposed nano-architecture Pt electrode.
To the best of our knowledge, this is the first time a
convolution, deconvolution voltammetry method
has been developed for the determination of HQ.

2. EXPERIMENTAL

2.1. Reagents

The chemicals obtained were analytical
grade and used without further purification. HC1O,
and hydroquinone (HQ) were purchased from Al-
drich. Deionized and filtered water were taken
from an Elga water purification system.

2.2. Instrumentation

Electrochemical experiments were carried
out in a conventional three-electrode cell using a
Micro-Autolab Type III system (Eco Chemie, NL).
A saturated calomel electrode (SCE) was used as
the reference electrode, and about 1 cm? of plati-
num gauze as the counter electrode. The working
electrode was a 1 mm diameter Pt disc with a
surface area of 7.85-10 cm?. All the electrochem-
ical experiments were performed at room tempera-
ture (23 £2 °C).

2.3. Preparation of the nano-architecture
platinum film

A hexagonal liquid crystalline plating tem-
plate mixture was prepared using the method es-
tablished in the literature by dissolving hexachlo-
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roplatinic acid (HCPA) (20 wt%) in distilled water
(40 wt%).>” The resulting solution was mixed with
melted C16EOS surfactant (40 wt%) at 45 °C. Pri-
or to the electrodeposition of the mesoporous Pt
film, the working polycrystalline Pt disc electrode
with a 1 mm diameter was polished using 1um
alumina and washed with water, followed by elec-
trochemical cleaning by sweeping in 2mol/l H,SO,
in a potential range from +0.25 to +1.4 V vs. SCE
for 20 cycles at a scan rate of 100 mV s™'. The
mesoporous nano-architecture platinum films were
electrochemicallydeposited from the template mix-
ture at a constant potential of 100 mV vs. SCE. Af-
ter electrodeposition, the template mixture was
removed from the mesoporous Pt films by soaking
overnight in agitated water at 40 °C. This cleaning
process was also performed before each experi-
ment and afterward.

3. RESULTS AND DISCUSSION

3.1. Cyclic voltammetry behavior of the
HQ Pt electrode in nano-architecture

In order to study the electrochemical behavior
of the HQ in acidic media, cyclic voltammograms
were recorded at a nano-architecture Pt electrode for
8 umol/l hydroquinone in a 1.0 mol/l HCIO4 solu-
tion at a scan rate of 50 mV s™'. As shown in Figure
1, the anodic and cathodic peak potentials are locat-
ed at 468 and 397 mV vs. SCE, respectively. The
peak-to-peak separation, AE,, of HQ was found to
be 71 mV, which clearly indicates that HQ oxida-
tion possesses moderately fast charge transfer kinet-
ics at the nano-architecture Pt electrode.
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Fig. 1. Cyclic voltammetry at a scan rate of 50 mV s!
for 8 pmol/1 HQ in 1.0 mol/l HC1O4 at the nano-architecture
Pt electrode

Figure 2 shows a set of representative cyclic
voltammograms for HQ at the nano-architecture
platinum electrode in 1.0 mol/l HCIO4 containing
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different concentrations of catechol (855 pmol/l).
The ratio of the cathodic peak current to the anodic
peak current, ip/ipa, is about 0.95, which is very
close to unity, indicating the stability of the 1,2-
benzoquinone oxidation product in the solution.

- 55 umol/L
300 50 umol/L
- 40 umol/L
36 umol/L
200 —
100
5 -
= 04
-100
200 —— T T T T T T T T 1
0.0 0.2 04 0.6 0.8
E/V vs. SCE

Fig. 2. Cyclic voltammetry of HQ at different concentrations,
scan rate 50 mV s7! in 1.0 mol/l HCIO4 at a nano-architecture
Pt electrode

Figure 2 displays the effect of increasing the
HQ concentration from 8 umol/l to 55 pmol/l on
the corresponding CV recorded at the nano-
architecture Pt electrode in 1.0 mol/l HC1O4 with a
scan rate of 50 mV s'. It was observed that the
anodic and cathodic peak currents increase with
the increase in HQ concentration, and the peak-to-
peak separation, AEp, increases slightly. For char-
acterization of the electrochemical method, the
limit of detection (LOD), correlation coefficient
(R?), and limit of quantification (LOQ) were calcu-
lated using eleven data points according to the Mil-
ler and Miller method.?® The calibration curve of
HQ at different concentrations is represented in
Figure 3. As indicated by Figure 3, the anodic peak

current response, iy, (peak height), and the concen-
trations of analyte (HQ) are linearly dependent
within the 8-55 pmol/l concentration, following
the linear regression Egs. 1 and 2:%

y=mx-+z Q)

where m is the slope of the regression line, and z is
the point at which the line crosses the y-axis (y-
intercept). In our case, the y-axis represents the
anodic peak current (/,,./pA), and the x-axis is the
analyte concentration ¢ (HQ)/umol 1. From Fig-
ure 3, we obtain the following equation:

ipa ipa
ha A @
The standard deviation (SD/uA) of the linear
regression for the anodic peak current vs. analyte
concentrations, shown in Figure 3, is 2.101. Con-
sequently, the calculated SD/pA value was then
used to determine the limits of detection (LOD)
and quantification (LOQ) values using the follow-
ing Eq.3.%

LOD or LOQ = F = 3)

where m is the slope, SD/pA is the standard devia-
tion, and F'is the factor 3 or 10 for LOD and LOQ,
respectively. To conclude, according to Eq. 2 and
Figure 3, the value of R? is 0.9995, which shows
excellent linear fitting within the studied concen-
tration range. Moreover, the nano-architecture Pt
electrode exhibits good LOD and LOQ for HQ,
with values of 1.53 and 5.102 umol/l, respectively.

A comparison of the nano-architecture Pt
electrode with other modified working electrodes
for the magnitude of the LOD (umol/l) established
in the literature is summarized in Table 1.%#

250

200

1504 Parameter Value Error
g A -0.35756 1.59873
B B 4.09615 0.05438

2. 100 -
o
R SD N P
50+ 0.9993 2.15351 10 <0.0001
0 —— 1
0 10 20 30 50 60
¢ (HQ)/(umol/L)

Fig. 3. Plot of Ip.a /uA versus ¢ (HQ)/umol/1 built from Fig. 2
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Table 1

Comparison between the mesoporous Pt electrode and other modified working electrodes
used for HQ quantification

Working electrode LOD(uM) LOQ(uM) Method Ref.
PNR/MCPE? 6.40 - Ccv [39]
RGO-MWCNTSs/GCP 1.80 - Ccv [40]
Poly(calmagite) MCPE® 1.75 - CcvV [41]
Poly(BGA)/MCPE¢ 2.55 -—- cv [42]
Poly(oPD)/MCPE*® 1.10 -—- cv [45]
P4NA/MGCE'* 3.90 -—- DPV [49]
Mesoporous Pt 1.53 5.10 cv This work
Mesoporous Pt 0.57 1.90 Conv. This work
Mesoporous Pt 1.55 5.18 Decon. This work
Mesoporous Pt 1.49 4.99 i-t curve This work
Mesoporous Pt 1.69 5.66 DPV This work

aCarbon paste electrode modified with poly (neutral red), "Glassy carbon electrode modified with car-
bon nanotubes and reduced graphene oxide, ¢ Carbon paste electrode modified with poly (calmagite),
dCarbon paste electrode modified with poly (butyl glycol acetate), *Carbon paste electrode modified
with o-phenylenediamine, f Glassy carbon electrode modified with poly(4-nitroaniline)

3.2. Convolution voltammetric analysis of HQ
at a nano-architecture Pt electrode

Convolution voltammetry is a mathematical
procedure used in electrochemistry to analyze the
response of an electrode to a perturbation of its
potential. It involves convolving the current re-
sponse with a function that describes the perturba-
tion, which allows for the elimination of the effect
of the decrease of the concentration gradient from
the total response of the electrode.*® The method is
concerned with quantities that are directly related
to the concentration of electroactive species at the
electrode surface. Convolution voltammetry uses
the convolution principle to convert cyclic volt-
ammograms into steady-state curves.***’” The cur-
rent reaches its limiting value, which is independ-
ent of the excitation signal, in cases of diffusion-
controlled mass transfer of active species. The
convoluted current /i(¢) should theoretically reach a
limiting value /iim, as indicated by the presence of a
flat plateau in the data, as described by Eq. 4:

Ljjm = NFAcD®>, 4)

where » is the number of transferred electrons, F' is
Faraday’s constant (96485 C mol™), 4 is the sur-
face area of the electrode, D is the diffusion coeffi-
cient of the electroactive species, and c is the bulk
concentration of the electroactive species.

As shown in Eq. 4 and Figure 4, the result-
ing plateau (/iim) is flat and independent of the scan
rate used. So, the observed transformation of the
current remains constant, leading to the accuracy
of the /iim determination.
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The scale on the y-axis represents Cs(?)
nFAD'2, where Cs(?) is the concentration of the
product of the electron transfer step on the electrode's
surface. The effect of increasing the concentration of
HQ in the range of 855 umol/l on the corresponding
convolution voltammetry recorded at a nano-
architecture Pt electrode in 1.0 mol/l HCIO4 with a
scan rate of 50 mV s™! is shown in Figure 4. The an-
odic limiting current (/) increases as the concentra-
tion of HQ increases. Convolution voltammetry was
used to determine the limit of detection (LOD), de-
termination coefficient (R?), and limit of quantifica-
tion (LOQ) of HQ.*®

8 umol/L

00 02 04 06 08
EN vs. SCE

Fig. 4. Convolution voltammetry of HQ at different
concentrations, scan rate 50 mV s~! in 1.0 mol/l HC1O4
at a nano-architecture Pt electrode

Figure 5 depicts the calibration curve for HQ
at various concentrations. As indicated in Figure 5,
the anodic limiting current response (/iim height)
and the analyte (HQ) concentrations are linearly
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dependent within the 8-55 pmol/l concentration
range, following the linear regression equations 1
and 4.% In this case, the y-axis represents the anod-
ic limiting current (Zim, pA. S?) and the x-axis the
analyte concentrations (¢, umol/l). Then from Fig-
ure 5, we get the following:

umol

=713¢ (T) +0.904

Iiim

UAS -1/2

©)

Herein, the SD/uA of the linear regression
for the anodic limiting current vs. analyte concen-

A
B

trations stated in Fig. 5 equals 1.36118. Conse-
quently, the calculated SD/pA value was then used
to determine the limits of detection (LOD) and
quantification (LOQ) values according to Eq. 3.4
Based on Eq. 5 and Figure 5, the value of R? is
0.99993, which shows excellent linear fitting with-
in the studied concentration range. Moreover, the
mesoporous Pt electrode exhibits good LOD and
LOQ for HQ, with values of 0.5726 and 1.908
umol/l, respectively.

0.90406
7.13101

0.9241
0.02837

R

SD N P

0.99993

1.36118 1 <0.0001

¢ (HQ)/umol/L

Fig. 5. Graph of I / pA s7'2 versus c(HQ)/pmol/1 built from Figure 4

3.3. Deconvolution voltammetric analysis of HQ
at a nano-architecture Pt electrode

The principle of deconvolution voltammetry
is that a mathematical data processing procedure is
used in electrochemistry to separate overlapping
signals from different electrochemical reactions. It
involves fitting whole voltammetric curves to sepa-
rate the signals, which is most effective for bell-
shaped voltammetric signals. The approach can be
applied to enhance the detection of signals that are
delayed and smeared, such as in the case of ring
signals. It is also used to measure the kinetics of
adsorption-controlled reactions at carbon elec-
trodes.*® Deconvolution voltammetry actually sug-
gests a range of tricks that may improve voltam-
metric measurements. It has the advantages of high
sensitivity and accuracy for the determination of
species and provides a better baseline for the HQ
analysis. The deconvolution of the current (d/,/df)
as a function of the potential of a reversible pro-
cess is defined as follows:

_ (4L _ nFAcVDal
epr = (dt) T (+Q)? (6)
where ep is the height of the deconvolution peak, a
= mF/RT, and { = exp[nF/RT(E — E°)], n is the

number of transferred electrons, F' is Faraday’s
constant (96485 C mol™!), v is the scan rate in mV
s, 4 is the surface area of the electrode, D is the
diffusion coefficient of the electroactive species, ¢
is the bulk concentration of the electroactive spe-
cies, R is the universal gas constant, T is the abso-
lute temperature, E is the electrode potential, and
E’ is the standard electrode potential.

It was established that Eq. 6 had been de-
rived for the height of deconvolution peak current
ep = (dI1/dt), and it corresponds to a reversible

reaction (Eq. 7).4648
_ (9L _ n2F2¢c\JD
ep = (dt) =0.2972 Av (7)

According to Egs. 6 and 7 and Figure 6, the
resulting deconvolution voltammogram is peak-
like (ep) and dependent on the electroactive sub-
stance concentration and scan rate. This means that
as HQ concentration and scan rate increase, the
current of deconvolution voltammetry increases,
reflecting the accuracy in determining the decon-
volution peak height (ep). The presentation of
(dZi/dr) vs. the potential of HQ is indicated in Fig-
ure 6, and the peak height of deconvolution (ep) is
described on the y-axis, while the potential is de-
scribed on the x-axis.
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E/V vs.SCE

Fig. 6. Deconvolution voltammetry of HQ at different
¢(HQ)/umol I!, scan rate 50 mV s in 1.0 mol/l HC104
at a nano-architecture Pt electrode

Figure 7 shows the increasing concentration
of HQ in the range of 3-55 umol/l at the nano-
architecture Pt electrode in 1.0 mol/l HCIO4 at a

180~
160
1404
120
100

80

ep/(uAs™)

60 -
40 -

20

B

scan rate of 50 mV s'. It was noted that the de-
convolution peak height current (ep) increases with
increasing HQ concentration. Here, the limit of
detection (LOD), determination coefficient (R?),
and limit of quantification (LOQ) of HQ were cal-
culated via deconvolution.

Herein, the standard deviation (SD/pA) of
the linear regression for the anodic deconvolution
peak height vs. analyte concentrations stated in
Figure 7 equals 1.588. Consequently, the calculat-
ed SD/pA value was then used to determine the
limits of detection (LOD) and quantification
(LOQ) values according to Eq. 3.4*3* Based on Eq.
8 and Figure 7, the value of R? is 0.9994, which
shows the existence of a positive correlation within
the studied concentration range. Moreover, the
nano-architecture Pt electrode exhibited good LOD
and LOQ for HQ, with values of 1.555 and 5.185
umol/l, respectively.

-2.14342 1.07874
3.0641 0.03312

R

SD N P

0.99947

1.58897 11 <0.0001

c(HQ)/umol.L"

Fig. 7. Graph of ep versus ¢(HQ)/umoll™, built from Figure 6

3.4. Current-time curves built from CV
for analysis of HQat a nano-architecture
Pt electrode

The current-time curve arises from con-
verting the cyclic voltammogram (i-E curve)
into the current-time curve, and this conversion
allows measuring the height of peak current in a
simple and more accurate manner. Figure 8 dis-
plays the i-¢ plot of HQ in the range of 8-55
umol/l at a nano-architecture Pt electrode in 1.0
mol/l HCIO, with a scan rate of 50 mV s'. It
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was noted that the anodic and cathodic peak cur-
rents of the i-f curve increase with increasing con-
centrations of HQ. The limits of detection
(LOD), determination coefficient (R?), and limit
of quantification (LOQ) were calculated using
eleven data points as established by the Miller
and Miller method.?? The i-¢ curves of HQ at dif-
ferent concentrations are displayed in Figure 8.
As shown in Figure 9, the forward anodic peak
currents of the i-t plot (peak height) versus the
analyte (HQ) concentrations are linearly depend-



8 A. A. Al-Owais, I. S. El-Hallag, E. H. El-Mossalamy

ent within the concentration range of 855 pmol/l,

following the linear regression equations (1) and
(2). From Figure 9, we found the following:

umol

Ip(uA) = 4128 ¢ (*2%) +1399  (8)

Herein, the SD/pA of the linear regression

for the anodic peak current vs. analyte concen-

trations stated in Figure 9 equals 2. Consequent-

28 tmallt
2004 40 umol/L

{ Bimlt

150 -

ol 4
] umo

504 12umo

8 umol/L

)
=

ly, the calculated SD/pA value was then used to
determine the limits of detection (LOD) and
quantification (LOQ) values, as indicated in Eq.
3.4 The value of R? is 0.99951, which shows
excellent linear fitting within the studied con-
centration range. Moreover, the nano-
architecture Pt electrode exhibited good LOD
and LOQ for HQ, with values of 1.4977 and
4.992 umol/l, respectively.

Fig. 8. Current-time curves built from the CV of HQ at different concentrations were recorded
at a scan rate of 50 mV s ! in 1.0 mol/l HC1O, at a nano-architecture Pt electrode

250

200

150 -
gﬁ -6.01987 1.39924
2 100 4.12841 0.04296

50 sb N =
0.99951 2.06106 11 <0.0001
0 T 1 T 1 T 1 1 T 1 T 1
0 10 20 30 40 50 60

c(HQ)umol/L

Fig. 9. Current versus different concentrations of HQ, built from Figure 8

3.5. Differential pulse voltammetry study of
HQ at a nano-architecture Pt electrode

Differential pulse voltammetry was used to
investigate the sensitivity of a nano-structured Pt

electrode for the detection and quantification of
HQ (DPV). The DPV experiments were recorded
at the optimum conditions: 10 mV s! scan rate, 50
ms pulse width, and 30 mV pulse amplitude. Fig-
ure 10 shows the DP voltammograms for 5 pmol/l

Maced. J. Chem. Chem. Eng. 42 (1), xx—xx (2023)
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HQ in 1.0 mol/l HCIO, at mesoporous Pt elec-
trodes. It is obvious that the height of the oxidative
peak increases with increasing the concentration of
HQ at the mesoporous Pt electrode. Figure 10 clar-
ifies the dependence of the DPV peak current on
the concentration of HQ.

200-
160 -

55 umol/L

T 45 umol/L

120 4 32 umol/L

< 20 umol/L

s 16 umol/L

80 - 12 umol/L
40 4

0 Iffffflfffffrfffffl*
0.2 0.3 04 05
E/N vs. SCE

Fig. 10. Differential pulse voltammograms of HQ at differ-
ent concentrations in the range from 12 to 55 pmol/l at a
nano-architecture platinum electrode in 1.0 mol/l HCIO,

Clearly, we can see that the HQ peak current
increases linearly with the concentration, in the
range of 12—55 umol/l. The detection limit (LOD),
determination coefficient (R?), sensitivity, and re-
peatability (RSD%) of HQ were determined via

DPV.3* As indicated in Figure 11, the peak height
(i,) of the DPV and the analyte (HQ) concentra-
tions are linearly dependent within the 1255 pmol/l
concentration range, following the linear regression
Equations 1 and 4. In this case, the y-axis repre-
sents the height of the peak current (i,, pA), and the
x-axis is the analyte concentrations (¢, umol/l), from
Figure 11, we obtained the following:

umol

Ip(uA) = 17.872 ¢ (*22) +17.677  (9)

The standard deviation of the linear re-
gression for the anodic peak height of the DP
voltammogram vs. analyte concentrations is
10.11638, as shown in Figure 11. Consequently,
according to Eq. 3* and the SD/pA value, the
detection limit (LOD) and quantification limit
(LOQ) were determined. Based on Eq. 9 and
Figure 11, the value of R? is 0.9841, which
shows excellent linear fitting within the studied
concentration range. Moreover, the nano-
architecture Pt electrode exhibited good LOD
and LOQ for CC, with values of 1.6981 and
5.6604 numol/l, respectively.

The limits of detection (LOD) and quanti-
fication (LOQ) calculated in this work were
compared to those determined in the literature
and presented in Table 1. As shown in Table 1,
the mesoporous nano-architecture Pt electrode
exhibits good LOD and LOQ for HQ in 1.0
mol/l HCIO,.

200
160 -
120 - Parameter Value Error
g_ 1 A 17.67797 9.54286
=3 B 17.87288 1.61304
80 -
R sD N P
40 -
| 0.9841 10.11638 6 3.77337E-4
o U 1

c(HQ)umol/L

55

Fig. 11. Plot of dpv peak current at a nano-architecture Pt electrode vs. HQ concentration in 1.0 mol/l HC1O,4

4. CONCLUSION

In this study, we established techniques for
assessing the hydroquinone content of diverse sub-
stances, including pharmaceutical and cosmetic
preparations, at nano-architecture platinum elec-

Maced. J. Chem. Chem. Eng. 42 (1), xx—xx (2023)

trodes. The platinum electrode with a nano-
architecture demonstrated high electrocatalytic
activity and reversibility when it came to the oxi-
dation of HQ. It was determined that the oxidation
and reduction peak-to-peak separation (AE,) is 71
mV. A wide linear range, strong repeatability, high
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precision, and accuracy are also provided by the
nano-architecture mesoporous platinum film elec-
trode for a low detection limit and quantification of
the HQ compound in 1.0 mol/l HCIO4 using a vari-
ety of contemporary electrochemical techniques.
The three entirely novel, precise, and quick tech-
niques (conv, deconv, and i-¢ curve) offer easy-to-
use instruments for locating low concentrations of
HQ chemicals with excellent LOD and LOQ val-
ues. The validity of the response to HQ attained in
the current study also holds promise for the future
effectiveness of this strategy in other analyses.
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