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ABSTRACT
Paracetamol (PAR) is an effective antipyretic and analgesic drug utilized worldwide, safer at thera-
peutic levels but over-dosing and the chronic usage of PAR results in accumulation of toxic
metabolites, which leads to kidney and liver damages. Hence, a simple, rapid, cost-effective, and
sensitive analytical technique is needed for the accurate determination of PAR in pharmaceutical
and biological samples. Though numerous techniques have been reported for PAR detection, elec-
trochemical methods are being receiving more interest due to their advantages. Moreover, in the
past few decades, room temperature ionic liquids (RTILs) have been utilized in electrochemical
sensors due to their attractive properties. In this present review, authors gathered research find-
ings available for the determination of PAR using RTIL-based electrochemical sensors and dis-
cussed. The advantages and limitations in these systems as well as the future research directions
are summarized.
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Introduction

Paracetamol (Acetaminophene or N-acetyl-p-aminophenol,
PAR) which contains acetylated aromatic amide is being uti-
lized worldwide due to its antipyretic and analgesic action
and it is the main alternative of acetyl salicylic acid (aspirin).
PAR is safe with very few side effects at therapeutic levels
and generally used for the relief from pains, minor aches,
neuralgia, arthritis, and fever. But it was reported that over-
dose of PAR will result in the build-up of toxic metabolite
known as N-acetyl p-benzoquinoneimine (NAPQI) which
will damage liver and kidneys in human body and finally it
can lead to death.[1–4] Hence, the development of analytical
methods and techniques for rapid, selective, and accurate
determination of PAR present in pharmaceutical formula-
tions and various types of biological samples such as urine,
blood, and plasma are highly essential for the drug quality
control and clinical analysis. In this context, numerous
research findings have been reported worldwide.[5,6]

Actually, various methods such as Fourier-transform infra-
red (FTIR) spectroscopy, high performance liquid chroma-
tography (HPLC), spectrophotometry, titrimetry, liquid
chromatography with tandem mass spectroscopy (LC-MS-
MS), and capillary electrophoretic methods were explored
for the determination of PAR.[7–14]

Among the various techniques, electrochemical methods
are advantageous due to low cost, portability, easy operation,
accurate detection, etc.[15–20] Numerous types of

electrochemical sensors for the detection of PAR are being
reported worldwide. For example, glassy carbon electrode
(GCE) modified with nanocomposites based on nitrogen-
rich porous carbon (P-NC),[21] cerium oxide (CeO2/
CNT),[22] bismuth oxide (Bi2O3/MWCNT),[23] graphene-
platinum (GrPtNPs),[24] lanthanum doped copper oxide
(La3þ-CuO/MWCNT),[25] etc., have been explored for the
detection of PAR. Similarly, carbon paste electrodes (CPEs)
based on zeolitic imidazolate frameworks/cobalt and tannic
acid nanocomposite (ZIF-8@Co-TA/CPE),[26] grapheneox-
ide-Y2O3 nanomaterial,[27] aluminum oxide/palladium NPs
(PdNP@Al2O3),

[28] and poly (naphthol green B) film,[29]

etc., were also studied. Moreover, PAR detection at various
modified graphite,[30–32] gold,[33,34] and diamond[35–37]

electrodes have been also examined.
In the recent past, room temperature ionic liquids

(RTILs) are receiving great attention due to their fascinating
properties such as high thermal stability, negligible vapor
pressure, high solubility for organic species, wide liquid
range and electrochemical window, electrical conductivity,
and tunable properties.[38–40] Various RTIL-based detection
methods for PAR have been reported in literature. For
example, V�azquez et al. reported the determination of PAR
using ultrasound-assisted ionic liquid dispersive liquid–li-
quid microextraction (US-IL-DLLME) coupled with high-
performance liquid chromatography (HPLC) with a hybrid
triple quadrupole-linear ion trap-mass spectrometer (LC-
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QqLIT-MS). But the volatile organic solvents such as metha-
nol and acetonitrile are used.[41] Similarly, Yu et al. explored
DLLME coupled HPLC method using magnetic ionic liquids
(MILs) for the PAR determination and during the HPLC
analysis, acetonitrile was used. Moreover, the LOD of 1 mg/L
was reported which is high as compared to the values
reported by RTIL-based electrochemical method.[42] Among
the various techniques, RTIL- based electrochemical meth-
ods for PAR detection are advantageous due to low cost,
portability, easy operation, simplistic miniaturization, free of
organic solvents, rapid, sensitive, and accurate detection
with lower detection limit, etc.[43–47] Figure 1 depicts the %
of various types of IL cations used in electrochemical detec-
tion of PAR.

Moreover, glassy carbon electrodes (GCEs), carbon-cer-
amic electrode (CCE), and carbon paste electrodes (CPEs)
designed with nanomaterials and RTILs have been reported
for the electrochemical detection of PAR. In this review art-
icle, these research findings are gathered and discussed in
detail. The structure of ionic liquids used in these studies is
shown in Figure 2.

Electrochemical behavior of PAR

Roston et al. reported the electrochemical behavior of PAR
at carbon paste electrode and proposed mechanism for the
electrochemical oxidation of PAR in aqueous solution
(Figure 3). It was reported that PAR undergoes electrochem-
ical oxidation by pH-dependent exchange of two electrons &
two protons and forms N-acetyl-p-benzoquinone-imine
(NAPQI) (step I). At pH � 6, NAPQI exists in the stable
unprotonated form and if the medium is more acidic,
NAPQI undergoes protonation (step II) and yield electro-
chemically active fewer stable species. Then it forms imme-
diately a electrochemically inactive hydrated form (step III)
which converts into benzoquinone (BQ) at highly acidic
condition (step IV).[48] Similarly, Nematollahi et al. reported
electrochemical behavior of PAR at glassy carbon electrode
in acidic and alkaline pH solutions. It was reported that
NAPQI involves in hydroxylation, dimerization or hydroly-
sis reactions based on pH of the solution.[49]

RTIL-based GCEs and CCE in the detection of PAR

Various types of modified glassy carbon electrodes based on
RTILs have been explored for the determination of paraceta-
mol (PAR). For example, Kianipour et al. reported GCE
modified with 1-ethyl-3-methyl-imidazolium tetrafluoroborate
([C2mim]þ[BF4]

�), multiwall carbon nanotubes (MWCNTs)
and chitosan (CHIT) (RTIL-MWCNTs-CHIT/GCE) to deter-
mine PAR along with ascorbic acid (ASC), uric acid (URI),
and mefenamic acid (MEF) simultaneously. Electrochemical
behavior of these compounds was examined using cyclic vol-
tammetry (CV), differential pulse voltammetry (DPV), and
chrono amperometry (CA) techniques. It was noted that as
compared to the bare GCE, RTIL-MWCNTs-CHIT/GCE
resulted significant current response for the oxidation of all
analytes tested due to the improved electron transfer occurred
by the presence of RTIL and MWCNTs. Moreover, the elec-
trochemical response was also studied as a function of pH (4
to 10) of the electrolyte. Up to the pH 7, the oxidation peak
current of PAR increased and after that it was found to be
decreased. The reason for this was explained based on the
enhanced deprotonation of CHIT at high pH and reduced
adsorption attitude of PAR toward highly charged electrode
surface. Limit of detection (LOD) was found to be 0.240lmol
L�1 and 0.555lmol L�1 (S/N¼ 3) at the modified electrode
from the DPV and CA responses of PAR, respectively. In
addition, RTIL-MWCNTs-CHIT/GCE was found to show sig-
nificant repeatability and it was explained based on antifoul-
ing property of chitosan. The modified electrode resulted
greater stability since CNTs-interspersed chitosan has more
mechanical strength and stability toward water. There were
no interferences in obtaining the data using MWCNTs-
CHIT/GCE for the simultaneous detection of ASC, URI,
PAR, and MEF present in human urine (PAR recovery:
96.8–99 %) and blood (PAR recovery: 99� 101.5 %) at opti-
mum conditions.[50]

Babaei et al. explored GCE modified using single-walled
carbon nanotubes (SWCNTs), [C2mim]þ[BF4]

� and CHIT
(SWCNT-CHIT-IL/GCE) to determine adrenalin (AD) and
PAR simultaneously. The electrochemical behavior AD and
PAR were investigated using CV, DPV, and CA methods. In
CV, at pH 7 there were two stable and distinct redox peaks
for PAR with high peak current at RTIL-based modified
GCE and it was explained based on the higher conductivity
of RTIL. Moreover, higher value obtained for electron trans-
fer rate constant revealed that SWCNT-CHIT-IL system has
the capacity in supporting the electron transfer between
PAR and surface of the electrode. The voltammetric behav-
ior of AD and PAR were found be good in the pH range of
4 and 7. The LOD of PAR was found to be 0.06 lM and
0.54 lM from DPV and CA, respectively. SWCNT-CHIT-IL/
GCE was reported as a suitable electrochemical sensor for
the determination of PAR in human blood (PAR recovery:
96� 102%) and urine samples (PAR recovery: 98� 102%)
with higher sensitivity, repeatability, stability, and reproduci-
bility as well as without any interferences.[51]

Similarly, GCE modified by MWCNTs, amine functional-
ized magnetite nanoparticles and [C2mim]þ[BF4]

�

(IL–NH2-Fe3O4NP–MWCNT-GCE) was studied by

Figure 1. Percentage of different types of RTIL cations used in electrochemical
detection of PAR.
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Rajasekhar et al.[52] for the detection of PAR. This RTIL
modified electrode gave interesting results as compared to
bare and MWCNT modified GCE. The electrochemical
activity of PAR at the RTIL modified GCE was also studied
as a function of pH (6 to 12) (Figure 4). The peak current
corresponds to the oxidation of PAR increased until the pH
9.5 and then it diminished. Moreover, adsorption-controlled
progression was proposed for the oxidation of PAR at
IL–NH2-Fe3O4NP–MWCNT-GCE with a lower LOD of
0.04 mM in a reasonable linearity range. Selective detection

of PAR with free from interference using DPV technique
was reported by standard addition process. The electrochem-
ical mechanism for the PAR oxidation at the IL–NH2-
Fe3O4NP–MWCNT-GCE modified electrode was similar to
that reported in literature.

The performance of the modified electrode was evaluated
using commercial PAR tablets such as Grandpa, Panado,
and Paramol. The recovery percentage of PAR was found to
be in the range of 98.0 to 99.7% at IL-NH2-
Fe3O4NP–MWCNT-GCE without any interference.

Figure 2. RTILs used for electrochemical determination of PAR. Varied chemical structures are shown.
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Likewise, functionalized MWCNTs and 1-butyl-3-methyl-
imidazolium hexafluorophosphate ([C4mim]þ[PF6]

�) modi-
fied GCE (GCE/f-MWCNT-IL) was investigated by Gomes
et al.[53] and significant current response was obtained due
to the presence of RTIL. Based on molecular dynamics cal-
culations, it was suggested that van der Waals force
(Lennard Jones) is more substantial between PAR and RTIL
due to attractive coulombic contact between PAR and
[PF6]

� as well as a pi-type interaction between PAR and

[C4mim]þ. The adsorption behavior of PAR in neutral as
well as oxidized states was also investigated. Oxidation and
desorption behavior of PAR depended on the presence of
suitable quantities of RTIL. Moreover, they have also
reported[54] the electrochemical behavior of PAR present in
the tablets namely, TylenolVR 500 and TylenolVRDC at GCE
modified with different ratios of fMWCNT and
[C4mim]þ[PF6]

�. At the GCE modified with fMWCNT and
RTIL, the current response was higher than that obtained at

Figure 3. Electrochemical oxidative mechanism of PAR.[48] The steps involved are displayed.
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[C4mim]þ[PF6]
�/GCE and fMWCNT/GCE. Recovery of

PAR in tablets was found to be 82.84–94.75% at fMWCNT/
[C4mim]þ[PF6]

�/GCE. Electrooxidation of PAR at the
modified electrode was adsorption-controlled process and
occurred by the exchange of two electrons and two protons.
There was a significant electron transfer, stability, apposite
linear range, LOQ of 224 nM and less LOD of 67.3 nM at
fMWCNT/[C4mim]þ[PF6]

�/GCE. It was reported that dis-
persion of fMWCNT in the presence of RTIL was due to
the shear force and at high concentration of RTIL,
fMWCNT could be enfolded by the RTIL and it reduces the
benefits of fMWCNT.

Wang et al. explored a modified GCE with 1-butyl-3-
methylimidazolium tetrafluoroborate ([C4mim]þ[BF4]

�)
incorporated into TiO2 NPs (nano-TiO2/ [C4mim]þBF4]

�/
GCE) and it resulted high peak current with lower over
potential at the PAR detection as compared to the bare elec-
trode. This modified electrode was effectively utilized for the
analysis of PAR in urine samples and the LOD was found to
be 0.01mM. Moreover, PAR recovery at nano-TiO2/
[C4mim]þBF4]

�/GCE was in the range of 100.7–103.1%.[55]

Carbon-ceramic electrode (CCE) modified with RTIL, 1-
allyl-3-ethylimidazolium tetrafluoroborate ([AlC2im]þ[BF4]

-)
have been examined by Majidi et al. for the simultaneous
determination of dopamine (DA) and PAR. LODs of 63mM
and 68 nM were reported for PAR and DA, respectively.
Pharmaceutical, blood and urine samples were analyzed and
excellent recoveries (96.3� 102.5% in urine sample), repeat-
ability, reproducibility along with stability was noted for the
[AlC2im]þ[BF4]

� modified electrode.[56]

Moreover, GCE modified with poly(ionic liquid) (PIL),
mesoporous carbon nanospheres (MCNs), and CHIT (PIL-
MCNs/CHIT/GCE) was examined for PAR detection by
Yingying et al. The PIL based on 1-vinyl-3-ethylimidazolium
tetrafluoroborate ([VC2im]þ[BF4]

�) was used in this study.
Redox peak current was found to be increasing up to pH 5
and a pair of well-distinct redox peaks obtained at PIL-
MCNs/CHIT/GCE as compared to the bare electrode. The
electrochemical behavior of PAR at PIL-MCNs/CHIT/GCE
was found to be diffusion-controlled process with a

detection limit of 0.164lM. This PIL-based sensor was
applied for the detection of PAR in commercial tablets and
99.6� 106.5% of recovery was reported.[57] The above dis-
cussed RTIL-based GCE systems in the determination of
PAR are briefly summarized in Table 1.

RTIL-based CPEs for the determination of PAR

Simultaneous determination PAR and morphine by CdO
NPs and 1,3-dipropylimidazolium bromide
([C4C4im]þ[Br]�)-based electrochemical sensor (CdO/NPs/
ILs/CPE) with good stability, sensitivity, and reproducibility
was reported by Cheraghi et al. Pharmaceutical and urine
samples were analyzed in this study using CdO/NPs/ILs/
CPE. The current response corresponds to oxidation of PAR
was found to be increasing from pH 5 until 8 and then it
diminished. It was observed that RTIL and the CdO NPs
provided active electron transfer between the modified CPE
electrode and PAR. As compared to bare electrode, CdO/
NPs/ILs/CPE resulted high oxidation peak current with less
over-potential and LOD of 0.07 mM. The 2 electron 2 proton
process of PAR oxidation was reported at CdO/NPs/
ILs/CPE.[58]

Similarly, Safavi et al.[59] studied 1-octyl pyridinium
hexafluorophosphate ([C8py]

þ[PF6]
þ)-based CPE for the

simultaneous detection of PAR and p-aminophenol (PAP)
in pharmaceutical samples. It was reported that electro-
chemical activity of PAR and PAP was improved effect-
ively and the peak currents also increased at RTIL-based
electrode as compared to the bare electrode. Due to the
efficient electro catalytical activity, [C8py]

þ[PF6]
� was pro-

posed as a suitable binder for the determination of PAR
and the LOD was found to be 5.0� 10�7 M with the rela-
tive standard deviations of < 2%. Significant recoveries in
the range of 97.2� 108.3% was also reported for PAR at
[C8py]

þ[PF6]
þ/CPE. Moreover, it was reported that PAR

oxidation is a 2-electron 2-proton process as reported
in literature.

Tajik et al. have examined CPE prepared with 1-(4-bro-
mobenzyl)-4-ferrocenyl-1H- [1–3]-triazole (1,4-BBFT), gra-
phene nano-sheets and the binder, 1-hexyl-3-
methylimidazolium hexafluoro phosphate ([C6mim]þ[PF6]

-)
(1,4-BBFT/IL/GPE), and explored for the simultaneous
determination of PAR, isoproterenol and theophylline pre-
sent in the tea, blood, and urine samples. Recovery of
97.3� 103.3 % was reported for PAR at 1,4-BBFT/IL/GPE.
A well-defined anodic peak potential for these analytes were
observed. The LOD obtained was 8.1� 10�6mol L�1 for
PAR and there was a high selectivity.[60] Shang Guan et al.
used 1-butyl-3-methylimidazolium hexafluorophosphate
([C4mim]þ[PF6]

�) as a binder for the preparation of a CPE
and it was explored for the PAR detection. As compared to
the non-conductive organic binders, [C4mim]þ[PF6]

� pro-
vided an improved reversibility and better current response
for the electrochemical reaction of PAR. The detection limit
for the determination of PAR at the RTIL modified CPE
was found to be 0.3 lM (S/N¼ 3) and the average % of
recovery for PAR was 98.5% in tablet samples and 99.3% in

Figure 4. Cyclic voltammograms of 0.1mM PAR at IL-NH2-Fe3O4NP–MWCNT-
GCE as a function of pH (6 to 12).[52]
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urine samples. The number of electrons and protons
involved in the PAR oxidation at the [C4mim]þ[PF6]

�

modified electrode was found to be two.[61]

Zinc oxide NPs and 1-methyl-3-butylimidazolium chlor-
ide ([C4mim]þ[Cl]�)-based CPE (IL/ZnO/NPs/CPE) was
proposed by Raoof et al.[62] for the determination of PAR in
drug, urine and serum samples. Electrochemical behavior of
PAR at the modified electrode was investigated using CV,
CA, and electrochemical impedance spectroscopy (EIS) tech-
niques. The oxidation of PAR at the [C4mim]þ[Cl]� modi-
fied electrode was found to be pH dependent and number
of electrons and protons involved were equal to two.
Detection limit of 0.07lmol L�1 for the detection of PAR
with superior stability and reproducibility was observed at

IL/ZnO/NPs/CPE. The sensitivity of modified electrode
toward the oxidation of PAR in the presence of dihydroni-
cotinamide adenine dinucleotide (NADH) was 0.115 lA
lM�1. Similarly, Atta et al. examined electrochemical sensor,
NiONps/ILMCPE… SDS-based on RTILs (1-butyl-1-methyl
piperidinium hexafluorophosphate ([C4mpip]þ[PF6]

�)/1-
hexyl-3-methyl imidazolium tetrafluoroborate
([C6mim]þ[BF4]

�), NiONPs, and sodium dodecyl sulfate for
the simultaneous determination of PAR and neurotransmit-
ters (dopamine (DA), norepinephrine (NEP), levodopa (L-
DOPA), serotonin (ST)). A graph for current response of
neurotransmitters and PAR as a function of pH values, at
the bare CPE and NiONps/ILMCPE… SDS was reported
and it is shown in Figure 5.

Table 1. Determination of PAR using RTIL modified CCE and GCEs.

Material Electrode Method pH Linear range, lM
Detection
limit, lM

Sensitivity
lA mM�1 RSD (%) Sample analysis Ref

[C2mim]þ[BF4]
�,

MWCNTs & CHIT
GCE DPV

CA
7.0 1–400

3–650
0.240–0.555 – 0.96 Human serum

and urine

[50]

[C2mim]þ[BF4]
�,

SWCNT & CHIT
GCE DPV

CA
7.0 0.5–400 0.06–0.54 0.847� 0.7108 1.8 Human urine

and blood

[51]

[C2mim]þ[BF4]
�, NH2-

Fe3O4NP
and MWCNT

GCE DPV 9.5 0.01–0.7 0.04 – 1.2 Pharmaceutical
samples

[52]

f-MWCNT
& [C4mim]þ[PF6]

�
GCE CV 5.0 – – – – – [53]

f-MWCNT
& [C4mim]þ[PF6]

�
GCE SWV 5.0 0.3 to 3.0 0.0673. – 2.56 Tablet [54]

Nano-TiO2

& [C4mim]þ[BF4]
�

GCE SWV 5.9 0.05–50.0 0.01 – 4.8 Human urine [55]

[AlC2im]þ[BF4]
� CCE DPV 7.0 0.1–20 0.063 – 1.4 Human urine,

serum and blood

[56]

[VC2im]þ[BF4]
� &

MCNs/CS
GCE DPV 5.0 1–300 0.164 – 3.49 Paracetamol

tablets

[57]

Figure 5. Current response of neurotransmitters and PAR at various pH conditions, (A) at the bare CPE, (B) NiONps/ILMCPE… SDS.[63]
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The limit of detection for PAR at the modified electrode
was found to be 8.61 nM which is significantly low as com-
pared to the LODs reported for the other RTIL-based sen-
sors discussed here. Commercial tablets and urine samples
were examined using the modified electrode and the recov-
ery % was in the range of 100.24� 101.78 and 99.6� 102.5
in drug and urine samples, respectively. LOD value of
1.11� 10�8 M and LOQ value of 3.67� 10�8 M for small
dynamic ranges were reported. For the large dynamic
ranges, LOQ and LOD values were 6.72� 10�7 M and
2.02� 10�7 M, respectively. The LOQ values represent the
lowest concentration of PAR which can be measured with
acceptable level of repeatability, precision and trueness. LOQ
values reported for PAR determination at RTIL-based elec-
trodes are 3.3 times higher than LOD values which can
decide the presence of analyte.[63] Some of the data obtained
for the above discussed RTIL-based CPE systems for the
detection of PAR are summarized in Table 2.

Conclusion

In this article, electrochemical detection of paracetamol
(PAR) using RTIL-based electrochemical sensors has been
discussed. Electrochemical techniques such as DPV, SWV,
and CV were used in these studies. Several types of RTILs-
based GCEs, CCE, and CPEs were explored for the electro-
chemical detection of PAR. GCEs modified with RTILs and
various types of materials such as MWCNTs, SWCNTs, chi-
tosan, amino group functionalized magnetite NPs, mesopo-
rous carbon nanospheres and TiO2 NPs have been
examined. Similarly, CCE modified with [Almim]þ[BF4]

� IL
and also CPEs based on RTILs together with different types
of materials such as CdO, NiO, and ZnO NPs, 1,4-BBFT
and sodium dodecyl sulfate were also reported in
PAR detection.

Several advantages such as easy fabrication procedure,
reproducibility, low LOD, free from interferences and wide
dynamic range, etc., were observed in the most of the RTIL-
based electrochemical sensors discussed in this article as
compared to the bare electrodes. The LOD was found be
generally less at RTIL-based GCEs as compared to CPEs
modified with RTILs and the sensor based on nano-TiO2/
[C4mim]þ[BF4]

-/GCE has shown a very good LOD of
0.01 mM. In the case of CPEs, NiONps/ILMCPE… SDS
resulted excellent LOD of 0.00867 mM. Determination of

PAR was carried out at neutral pH condition mostly and
there were no interferences in obtaining the data in most of
the studies. Relative standard deviation (RSD) values of 0.96
to 4.8% for RTIL modified GCEs, 1.4% for RTIL modified
CCEs and 1.6 to 2.1% for RTIL modified CPEs revealed that
RTIL-based sensors have good reproducibility.

Despite of many advantages, there are few drawbacks in
some of these RTILs-based electrochemical sensors reported
for PAR detection. That is, only a few of RTIL-based sensors
were examined for a wide range of PAR concentrations. For
example, [C8py]

þ[PF6]
þ/CPE, 1,4-BBFT/IL/GPE, and

[C4mim]þ[PF6]
�/CPE were explored for a wide range of

PAR concentrations 2� 2200 mM, 10� 1000 mM, and
2� 2000 mM, respectively. Detection limits were in the range
of 0.00861� 0. 555mM at RTIL modified electrodes and in
some systems, it needs to be improved.

Moreover, reports on sensitivity of RTIL-based PAR sen-
sors is limited and simultaneous determination of PAR with
many types of structural analogues need to be focused. In
order to know about sensitivity and selectivity of a proposed
sensor toward paracetamol (PAR), it is essential to study in
the presence of structural analogues which may interfere
with the results obtained for PAR. Some of the RTIL-based
sensors have been explored for the simultaneous determin-
ation of PAR with some analogues such as ascorbic acid,
uric acid, mefenamic acid, adrenalin, dopamine, hydroquin-
one, catechol, morphine, p-aminophenol, isoproterenol,
theophylline, and adenine dinucleotide (NADH). But deter-
mination of PAR in the presence of some more compounds
such as methocarbamol, chlorpheniramine, ibuprofen and
paracetamol-glucuronide, etc., are yet to be studied.

Actually, in these studies, imidazolium, pyridinium, and
piperidinium cations-based RTILs were explored and among
them imidazolium cation-based RTILs have been used
mostly and hence various other types of suitable cations
have to be explored for the electrochemical detection of
PAR. The development of biocompatible ILs (Bio-ILs)-based
electrochemical sensors is being a focus of intensive research
in the recent past for many applications in biomedical field
as well as in electrochemistry as sensors due to their bio-
degradable and non-cytotoxic properties. In order to avoid
the environmental impact, biocompatible sensors are gener-
ally proposed. Hence in this direction, research works need
be carried out to achieve the biocompatible RTIL-based elec-
trochemical sensors for the detection of PAR present in the
pharmaceutical and biological samples.

Table 2. Determination of PAR using various RTIL modified CPEs.

Material Method pH Linear range, mM Detection limit, mM
Sensitivity
lA lM�1 RSD (%) Sample analysis Ref

CdO NPs and [C4C4im]þ[Br]- SWV 8.0 0.1� 600 0.07 0.151 1.6 Pharmaceutical and human
urine samples

[58]

[C8py]
þ[PF6]

þ DPV 7.0 2� 2200 0.5 – 1.97 Tablets [59]

1,4-BBFT and [C6mim]þ[PF6]
� SWV 7.0 10� 1000 8.1 0.731 – Pharmaceutical, tea, blood and

urine samples

[60]

[C4mim]þ[PF6]
- DPV 4.6 2� 2000 0.3 – 2.1 Tablets [61]

ZnO-NPs and [C4mim]þ[Cl]� SWV 7.0 0.1� 550 0.07 0.115 1.6 Human urine, serum and
pharmaceutical samples

[62]

[C4mpip]þ[PF6]
� or

[C6mim]þ[BF4]
� and

NiO-NPs and SDS

DPV 7.4 4.44� 33.3 0.00861 – – Tablets and human urine [63]
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In addition, there is a growing research interest on poly(-
ionic liquid)s (PILs)-based materials due to combined
advantages of both ionic liquid and polymer network which
offer interesting properties such as enhanced stability, flexi-
bility, improved control over its meso- to nano-structure,
improved process ability, etc., and also they are able to
interact with other molecules via ion exchange, hydrophobic
and hydrophilic interactions, hydrogen bonds, p–p stacking
and electrostatic interactions. But only one PIL-based elec-
trochemical system have been reported for the determin-
ation of PAR and hence studies on various other PILs-based
sensors in PAR detection need to be considered in detail.
Very few studies on determination of PAR using of RTIL-
based electrochemical sensors have been reported in litera-
ture. Some more development and commercialization of
RTIL-based electrochemical sensor systems for PAR detec-
tion have also to be focused for different types of
real samples.
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