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Novel anion receptors and sensors, HBIMANQ and BIMANQ fabricated from the imidazolole unit and
anthraquinone moieties were synthesized. 1H NMR spectroscopy and UV–vis titrations in DMSO-d6 and
DMSO, respectively, showed that both receptors underwent deprotonation at the NH– moiety of the
amide–anthraquinone unit in the presence of basic anions such as F� and AcO�. These phenomena gave
a dramatic color change due to charge transfer transition corresponding to the shift of lmax from 371 nm
to 489 nm. Redox chemistry of HBIMANQ and BIMANQ in the presence of anions (F�, Cl�, AcO�, BzO�,
and H2PO4

�) using cyclic voltammetry showed the different CV responses upon addition of various an-
ions. In the case of HBIMANQ with various anions, the CV changes are dependent on the basic strength of
anions in order of F�>AcO�, BzO�>H2PO4

�>Cl�, Br�. Interestingly, the CV responses of
BIMANQ with H2PO4

� exhibited the most significant changes. BIMANQ, thus, has an excellent electro-
chemical selectivity toward H2PO4

�.
� 2008 Elsevier Ltd. All rights reserved.
1. Introduction

In recent years, a number of research groups have used anthra-
quinone derivatives to function as potential naked-eye anion sen-
sors.1 Das and co-workers2 reported a novel colorimetric receptor
based on disubstituted-1,2-diaminoanthraquinone as a chromo-
genic signaling unit for detecting fluoride ion. Miyaji and Sessler3

evaluated the visual properties of the complexes of anthraquinone
derivatives with various anions, and found that the significant color
change depends on the basicity and the appropriate orientation of
anions to undergo hydrogen bonding interactions with the NH2-site
of anthraquinone. Brooks and co-workers4 investigated an anthra-
quinone-based anion receptor to study hydrogen bonding through
intra- or intermolecular interactions using the cyclic voltammetry,
in the presence of F�. Two one-electron quasi-reversible electro-
chemical properties were observed. Carneiro and coworkers5 used
anthraquinone-based chlorotriazine reactive dyes as dyeing agents
removed from aqueous solution using electrochemical reduction.

Imidazolium cations have been widely used in ionic liquids6–11

and for generation of carbenes in organometallic processes and
catalysts.12–16 Moreover, imidazolium derivatives are employed as
a complementary binding enhancement for anions. Particularly,
(C–H)þ/X� interaction at the C(2)H position is a powerful tool to
encourage strong hydrogen bonding interaction with concomitant
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electrostatic forces toward anions.17 Beer and co-workers synthe-
sized and studied interlock molecules, known as pseudorotaxanes
and rotaxanes employing the (C–H)þ/X� hydrogen bonding in-
teraction.18–22 Such fascinating behaviors prompted to synthesize
novel molecular sensors, HBIMANQ and BIMANQ, based on imi-
dazolium as a binding site, and anthraquinone as a visual and
electrochemical sensory unit. Herein, we studied the binding and
sensing behaviors of HBIMANQ and BIMANQ toward F�, Cl�, Br�,
H2PO4

�, AcO�, and BzO�. We would like to compare binding prop-
erties between receptors with and without the positive charge on
the benzimidazole unit, which was expected to enhance the
binding affinity toward anions. Binding and sensing properties of
HBIMANQ and BIMANQ were studied by 1H NMR spectroscopy,
UV–vis spectrophotometry, and cyclic voltammetry.

2. Results and discussion

2.1. Synthesis

Compounds HBIMANQ and BIMANQ were synthesized as out-
lined in Scheme 1. The synthesis of HBIMANQ was started by a re-
action between benzimidazole and 1-bromohexane using NaOH as
base in dimethylformamide at reflux to give compound 2 in 80%
yield. A coupling reaction of 2 with compound 3 in a mixture of
acetone and chloroform in the presence of NaI followed by con-
version of counter anions using KPF6 in THF yielded HBIMANQ in
85% yield. BIMANQ was synthesized in 80% yield by coupling
benzimidazole with compound 3 using NaH as base in THF. The
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Figure 2. The color change of (A) HBIMANQþ4 equiv CH3COO�, (B) HBIMANQ, (C)
HBIMANQþ4 equiv F�, (D) HBIMANQþ10 equiv F�, and (E) HBIMANQþ4 equiv
F�þH2O under each condition in DMSO.

B. Wannalerse et al. / Tetrahedron 64 (2008) 10619–1062410620
structures of HBIMANQ and BIMANQ were characterized by NMR
spectroscopy, ESI MS spectroscopy, and elemental analysis. How-
ever, the elemental analysis result of HBIMANQ obtained from the
experiment is not in good agreement with those from calculation
since this ligand is very hygroscopic.

Scheme 1. Synthesis of HBIMANQ and BIMANQ.
2.2. Binding studies using 1H NMR spectroscopy and UV–vis
spectrophotometry

From the 1H NMR spectra, the characteristic peaks namely, the
NHamide on anthraquinone, C(2)H, and –NimidCH2Namide– of HBI-
MANQ and BIMANQ displayed at 11.30 and 11.13 ppm, 9.78 and
8.45 ppm as well as 5.60 and 5.28 ppm, respectively. Binding
studies of HBIMANQ toward F�, Cl�, Br�, H2PO4

�, AcO�, and BzO�

were carried out by NMR spectroscopy in DMSO-d6. Figure 1 shows
the 1H NMR spectra of the complexation of HBIMANQ and all
guests at 4 equiv.
Figure 1. 1H NMR spectrum in DMSO-d6 at 298 K of (a) HBIMANQ (5�10�3 M), (b)
HBIMANQþ4 equiv Bu4NBr, (c) HBIMANQþ4 equiv Bu4NCl, (d) HBIMANQþ4 equiv
Bu4NF, (e) HBIMANQþ4 equiv Bu4NH2PO4, (f) HBIMANQþ4 equiv Bu4NAcO, and (g)
HBIMANQþ4 equiv Bu4NBzO.
The NHant signals of HBIMANQ vanished upon addition of 0.1,
0.1, 0.1, and 2.5 equiv of F�, AcO�, BzO�, and H2PO4

�, respectively.
The features of the spectra for the bound ligand differ from the
spectral pattern for the unbound ligand indicating that HBIMANQ
can bind with all guests with the different binding abilities in-
dependent of size or geometry of the anions, only on the basicity.
From 1H NMR titrations for ligand and F�, it should be noted that
NHant resonances shifted downfield and were then followed by the
disappearance of a proton and the upfield-shift of aromatic protons
on further addition of F�. Moreover, an appearance of new triplet
signals of bifluoride (HF2

�) protons was found ca. 16.05 ppm (Sup-
plementary data). These evidences showed that H-bond in-
teractions occurred between NHant with F� prior to deprotonation.

Upon addition of 5 equiv of H2PO4
�, AcO�, BzO�, and F� into

BIMANQ solutions, it was found that the NHant signal disappeared
signifying deprotonation. However, the –C(2)H– signal of BIMANQ
slightly shifted downfield due to hydrogen bonding interactions.
We attempted to find the association constants of BIMANQ toward
anions, but they could not be obtained due to the deprotonation
process.

Concomitant with deprotonation, dramatically color changes
were observed upon addition of F� and AcO� to HBIMANQ and
BIMANQ. In the presence of 4 equiv F�, the color of the solution was
changed from yellow to orange, and further addition of F� shifted
the color to deep red (Fig. 2). However, the color change is less
intense in the case of AcO�. This is probably due to the stronger
basic character of F�. Upon addition of H2O, the red color of
HBIMANQ$F� turned to the initial color (Fig. 2). This signified that
the deprotonation of HBIMANQ is reversible. In the case of BzO�

and H2PO4
�, the color of the solutions of HBIMANQ changed slightly

upon addition of such anions. For Br� and Cl�, there was no color
change at all. This agrees with the 1H NMR spectra, which showed
that the NHant was still present. The behavior of BIMANQ has
a similar fashion to HBIMANQ. The UV–vis spectra of HBIMANQ
and BIMANQ with 4 equiv F� are illustrated in Figure 3. The new
peak at 489 nm developed in the spectrum (as shown in Fig. 3d) is
concomitant with color changes from colorless to yellow. Pre-
sumably, F� is able to deprotonate NHant and to induce charge
transfer from the negative charge of NHant to anthraquinone.3 Upon
addition of NH4OH to the solution of HBIMANQ, a new absorption
band displayed at 489 nm (green line in Fig. 3c) and the color of the
solution turned deep red similar to the case of F�. This band was
undoubtedly corresponding to the deprotonated HBIMANQ spe-
cies. This result agrees with Gunnlaugsson’s report on the depro-
tonation process of a urea-based anion receptor.23–25 For other
anions, UV–vis spectra of HBIMANQ exhibit a gradual decrease of
the initial absorption band without the appearance of a new peak.
Interestingly, the color change and a new absorption band were not



Figure 3. UV spectrum of (a) HBIMANQ (7.5�10�4 M), (b) HBIMANQþ4 equiv Bu4NF,
(c) HBIMANQþ4 equiv Bu4NOH, (d) HBIMANQþ4 equiv Bu4CH3COO, (e) HBI-
MANQþ4 equiv Bu4NFþex. H2O, (f) BIMANQ, and (g) BIMANQþ4 equiv Bu4NF in
DMSO at 298 K.
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observed upon the addition of AcO� to HBIMANQ, possibly caused
by the low concentration of HBIMANQ. The naked-eye detectability
of HBIMANQ and BIMANQ with F� is independent of its concen-
tration. Deprotonation was found to be completely reversible be-
cause HBIMANQ$F� showed the original color and spectrum of
HBIMANQ in the presence of H2O (blue line in Fig. 3e).

Anion binding constants of receptors HBIMANQ and BIMANQ
were measured by UV–vis titrations in DMSO. The titration graph of
HBIMANQ with F� is shown in Figure 4. Job’s plot measured by UV
spectrophotometry indicated that ligands bind anions in a 1:1
fashion. Results of titrations of BIMANQ toward anion guests are
similar to those of HBIMANQ. All log K values were calculated by
Spectfit 32 program in the model of 1:1 complexation. The log K
values of HBIMANQ with various anions are of 3.71 for Cl�, 3.63 for
Br�, 4.22 for H2PO4

2�, and 5.63 for BzO�. Unfortunately, we could
not obtain the binding constants between HBIMANQ with F� and
AcO� because of the occurrence of two processes toward ligands
including binding and deprotonation. The log K values of HBIMANQ
with anions are in order of Br�<Cl�<H2PO4

�<C6H5COO�. The re-
sults showed that HBIMANQ appreciated Y-shape anions over
spherical anions. In the case of BIMANQ, its binding constants could
not be refined because this receptor contained one NH amide and
no positive charge on benzimidazole. Therefore, the binding site
may not have enough binding affinity.
2.3. Electrochemical properties of HBIMANQ and BIMANQ

HBIMANQ and BIMANQ have anthraquinone moiety, which
typically exhibits two redox couples. The reversible first wave
represents an electron transfer of the quinone moiety (AQ) to form
Figure 4. UV–vis titrations of HBIMANQ with Bu4NF in DMSO.
[HBIMANQ]¼7.5�10�4 mol L�1 and [Bu4NF]¼0–0.004 mol L�1.

Figure 5. Cyclic voltammograms of ligand HBIMANQ upon addition of 4 equiv of (a)
Bu4NBr and Bu4NCl, (b) Bu4NH2PO4, Bu4NCH3COO, and Bu4NC6H5COO, and (c) Bu4NF.
a semiquinone anion radical (AQ��). The second irreversible re-
duction wave corresponds to the subsequent addition of a second
electron to the semiquinone anion radical, producing a hydroqui-
none dianion (AQ2�).26,27 To explore the electrochemical behaviors
of HBIMANQ and BIMANQ with anions, both ligands were exam-
ined by cyclic voltammetry.

The electrochemical studies of HBIMANQ upon adding 4 equiv
of various anions. The cyclic voltammograms are shown in Figure 5
and the potential values are collected in Table 1. In the case of Br�

and Cl�, the CVs showed slight shifts from the initial electro-
chemical potential because both anions can bind to the ligand with
a weak interaction.



Table 1
The potential values of compound HBIMANQ with 4 equiv of various anions

Epc (V) Epc (V) Epa (V) Epa2 (V) DEpc (V) DEpc (V) DEpa (V) DEpa (V)

M N O P M N O P

HBIMANQ �1.083 �1.392 �1.257 �1.041 d d d d

þCl� �1.083 d �1.038 �1.251 0 d �0.219 0.200
þF� �1.193 �1.443 �1.352 �1.120 0.110 0.051 0.095 0.079
þH2PO4

� �1.099 d �0.967 d 0.0160 d �0.290 d

þCH3COO� �1.077 d �0.983 d �0.006 d �0.274 d

þC6H5COO� �0.970 �1.047 �0.784 d �0.113 �0.345 �0.473 d
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In the presence of Cl�, Br�, CH3COO�, C6H5COO�, and H2PO4
�,

CVs of these anions with HBIMANQ showed a similar shape but
gave different shifts of reduction and oxidation waves, which de-
pend on the basicity of the anions. As with NMR and UV–vis results
mentioned above CH3COO�, C6H5COO�, and H2PO4

� could bind to
HBIMANQ by electrostatic forces and hydrogen bonding in-
teraction, which occurred from the intermolecular proton transfer
of the NHant amide and anions. These complexes might inhibit
further reduction process of the semiquinone species to dianion
species resulting in the high current intensity of semiquinone peak
with concomitant low current intensity or disappearance of dianion
peak.

In the case of F�, both redox couples of HBIMANQ show the
cathodic shifts because of the enhancement of negative charge by
the deprotonation of the NH amide moiety.4,28,29 Therefore, it is
difficult to reduce the anthraquinone of HBIMANQ. Since the F�

anion is a strong base, it prefers to deprotonate the NH amide
without the hydrogen bonding formation. Possibly, this anion could
not obstruct the further reduction process to the dianion species.
Therefore, this receptor has the ability to detect the F� anion se-
lectively, correlating to the significant change of CV response.

The complexation behaviors of BIMANQ with anions were in-
vestigated by cyclic voltammetry. Unlike the typical cyclic vol-
tammogram of anthraquinone, BIMANQ showed two redox
couples, which were not the reversible processes. The first redox
couple was a one-electron irreversible process, corresponding to
the semiquinone species and the second one was attributed to the
dianionic species as shown in Figure 6. The CV responses of
BIMANQ with 4 equiv of Cl�, CH3COO�, C6H5COO�, and F� changed
slightly with the intensities of the oxidation peaks but BIMANQ
with F� and AcO� displayed the largest changes of intensities of the
semiquinone species (see in Supplementary data).
Figure 6. Cyclic voltammograms of ligand BIMANQ upon the addition of 4 equiv of
Bu4NH2PO4

�.
Interestingly, H2PO4
� induced the significant change in cyclic

voltammogram most depicted in Figure 6. CV response exhibits
three reduction and oxidation peaks. The appearances of the new
reduction and oxidation peaks were observed at�1.624 V and�1.470 V,
respectively. The semiquinone peak of BIMANQ and H2PO4

� showed
the shift to a more negative potential and the enhancement of the
current.

In addition, BIMANQ has no charge on benzimidazole to en-
courage the electrostatic interactions toward anions. The significant
changes of CV responses possibly stemmed from multiple hydrogen
bonding interactions between the reduced form of BIMANQ and
H2PO4

� leading to the strong binding affinity compared to other
anions.

3. Conclusions

We have developed novel colorimetric anion sensors for F� and
AcO�. Interestingly, HBIMANQ in the presence of F�, AcO�, BzO�,
and H2PO4

� underwent deprotonation on NHant. From complexation
studied by UV–vis and NMR techniques, HBIMANQ prefers Y-shape
anions over spherical anions due to the complementary p–p
stacking interactions. Meanwhile, BIMANQ could bind with anions
with a weak interaction. Cyclic voltammograms of HBIMANQ in the
presence of various anions showed changes of redox signals. It
means that this receptor has responded to all anions electro-
chemically. However, it was found that CVs showed the most sig-
nificant changes by shifting to more negative potentials in the
presence of F�. Interestingly, CVs of BIMANQ with all anions except
H2PO4

� exhibited only small changes. The electrochemical study of
BIMANQ with H2PO4

� showed a larger change than other anions
probably due to multiple hydrogen bonding interactions between
two hydrogens of H2PO4

� and the oxygen of anthraquinone.
Therefore, BIMANQ was a powerful electrochemical sensor for
H2PO4

�.

4. Experimental

4.1. Materials and methods

Nuclear magnetic resonance (NMR) spectra were recorded in
DMSO-d6, CDCl3, and CD3CN on a Varian 400 MHz spectrometer.
Electrospray mass spectra were determined on a Micromass Plat-
form quadrupole mass analyser with an electrospray ion source
using acetonitrile as solvent. All melting points were obtained on
an Electrothermal 9100 apparatus. Infrared spectra were carried
out on a Nicolet Impact 410 FTIR spectrometer at room temperature
with potassium bromide (KBr) disks. Elemental analyses were
carried out on a Perkin–Elmer CHON/S analyzer (PE 2400 series II).
Absorption spectra were measured by a Varian Cary 50 UV–vis
spectrophotometer. Cyclic voltammetry was performed using
a mAutolab Type III potentiostat. Unless otherwise specified, the
solvents and all materials were reagent grade without further pu-
rification prior to use. Commercial grade solvents such as acetone,
dichloromethane, hexane, methanol, and ethylacetate were puri-
fied by distillation before use. Acetonitrile, dimethylformamide,
and dichloromethane were dried over calcium hydride and THF
was dried over benzoquinone and sodium and freshly distilled
under nitrogen atmosphere prior to use. All anion salts and ligands
were dried in vacuo prior to use.

4.2. Synthesis

4.2.1. 1-n-Hexylbenzimidazole (2)
To a stirred solution of benzimidazole (0.50 g, 4.2 mmol) and

sodium hydroxide (0.17 g, 4.2 mmol), a solution of hexylbromide
(0.60 mL, 2.3 mmol) in 65 mL dimethylformamide was slowly
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added and heated at reflux for 24 h under nitrogen atmosphere.
The mixture was evaporated in vacuo. The residue was purified by
column chromatography (SiO2) using 50% ethylacetate/dichloro-
methane as eluent to afford compound 2 as colorless liquid (80%
yield). 1H NMR (400 MHz, CDCl3) d 8.20 (s, 1H, –NCHN–), 7.58 (m,
2H, –ArH–), 7.22 (m, 2H, –ArH–), 4.21 (m, 2H, –NCH2–), 1.75 (m, 2H,
–CH2–), 1.22 (m, 6H, –CH2–), 0.80 (m, 3H, –CH3); FTIR (KBr disk) n

[cm�1] 2928 (m), 1496 (s), 1457 (s), 1368 (s), 743 (s).

4.2.2. Chloroethyleneamidoanthraquinone (3)30

A solution of aminoanthraquinone (1.00 g, 4.5 mmol) and pyri-
dine (0.86 mL, 5.4 mmol) was stirred in 50 mL dichloromethane
and cooled to 0 �C. After slowly adding a solution of chloroacetyl-
chloride (0.61 g, 5.4 mmol) in (15 mL) dichloromethane, a brown
precipitate appeared. HCl (3 M) was added to the mixture and the
organic layer was extracted with water (3�50 mL). The organic
layer was dried with anhydrous sodium sulfate and evaporated
in vacuo to obtain a brown solid and further crystallized with
dichloromethane/hexane. The purified compound 3 yielded as
the brown crystalline solid in 70%. Mp 250 �C. 1H NMR
(400 MHz, CDCl3) d 8.64 (s, 1H, –NH–), 8.36 (m, 4H, –ArH–), 8.26 (s,
1H, –ArH–), 7.85 (m, 2H, –ArH–), 4.30 (s, 2H, –CH2–); FTIR (KBr
disk) n [cm�1] 3344 (m), 1720 (s), 1669 (s), 1420 (m); ESI MS:
m/z¼299.03.

4.2.3. 2-(1H-Benzo[d]imidazol-1-yl)-N-(9,10-dioxo-9,10-
dihydroanthracen-2-yl) hexyl actamide, HBIMANQ

To a solution of 2 (0.20 g, 1.0 mmol) and a catalytic amount
of sodium iodide in (15 mL) acetone/chloroform, 3 (0.29 g,
1.00�10�3 mol) was added and the mixture was stirred. The pre-
cipitate was separated and recrystallized in a mixture of dichloro-
methane/hexane to obtain the product HBIMANQCl (10% yield).
Anion exchange of HBIMANQCl was carried out using KPF6 in THF
for 24 h to afford HBIMANQ (85%yield); mp 355–357 �C. 1H NMR
(400 MHz, DMSO-d6) d 11.30 (s, 1H, –NH–), 9.78 (s, 1H, –NCHN–),
8.48 (s, 1H, –ArH–), 8.22 (m, 2H, –ArH–), 8.15 (m, 2H, –ArH–), 8.08
(m, 2H, –ArH–), 7.90 (m, 2H, –ArH–), 7.70 (m, 2H, –ArH–), 5.60 (s,
2H, –CH2CON–), 4.58 (m, 2H, –NCH2–), 1.91 (m, 2H, –CH2–), 1.30 (m,
6H, –CH2–), 0.83 (m, 3H, –CH3). 13C NMR (400 MHz, DMSO-d6)
d 183.4, 182.6, 165.2, 144.5, 143.8, 135.3, 135.3, 134.9, 134.1, 134.1,
132.8, 131.7, 129.7, 129.4, 127.8, 127.6, 127.5, 127.5, 125.0, 117.1, 114.5,
114.3, 50.1, 48.0, 31.4, 29.3, 26.2, 22.8, 14.2; FTIR (KBr disk) n [cm�1]
3384 (m), 2925 (s), 1724 (s), 1672 (s), 841 (s); HRMS (positive ESI)
m/z calcd for C29H28N3O3 (Mþ) 466.213, found 466.223; UV–vis
(DMSO) lmax¼368 nm.

4.2.4. 2-(1H-Benzo[d]imidazol-1-yl)-N-(9,10-dioxo-9,10-
dihydroanthracen-2-yl) actamide, BIMANQ

To a solution of benzimidazole (0.123 g, 0.5 mmol) and a cata-
lytic amount of sodium iodide in (60 mL) DMF, 3 (0.179 g, 0.6 mmol)
and NaH (0.012 g., 0.5 mmol) were added and the reaction mixture
was stirred for 24 h under nitrogen atmosphere. Then, the mixture
was evaporated in vacuo. The residue was purified by column
chromatography (SiO2) using ethylacetate as eluent to afford
compound BIMANQ as brown solid (80% yield). Mp 300–301 �C. 1H
NMR (400 MHz, DMSO-d6) d 11.13 (s, 1H, –CONH–), 8.45 (s, 1H,
–NCH]N), 8.27 (s, 1H, –ArH–), 8.20 (m, 3H, –ArH–), 8.07 (d, 1H,
–ArH–), 7.89 (m, 2H, –ArH–), 7.59 (d, 1H, –ArH–(benzimidazole)),
7.56 (d, 1H, –ArH–(benzimidazole)), 7.23 (m, 2H, –ArH–(benz-
imidazole)), 5.28 (s, 2H, –COCH2–); 13C NMR (400 MHz, DMSO-d6)
d 31.2, 36.2, 47.9, 110.9, 116.4, 119.7, 122.2, 123.0, 124.4, 127.1, 127.2,
128.7, 129.0, 133.5, 134.7, 135.1, 144.4, 145.4, 162.7, 181.8, 182.8; FTIR
(KBr disk) n [cm�1] 3366 (w), 3058 (m), 1712 (s), 1663 (s), 1423 (s);
ESI MS (ESþ): m/z(%)¼381.764 (100) [MþHþ]. Anal. Calcd for
C23H15N3O3: C, 72.43; H, 3.96; N, 11.02. Found: C, 72.15; H, 3.97;
N, 11.02.
4.3. NMR studied on host and guests

The NMRexperiments were measured in DMSO-d6. The solution of
ligand in DMSO, which was added with 4 equiv of solid tetrabutyl-
ammonium salts (F�, Cl�, Br�, AcO�, BzO�, and H2PO4

�) was recorded.

4.4. UV–vis titrations for binding constants of host–guests

All UV–vis experiments were carried out in DMSO with tetra-
butylammoniumhexafluorophosphate as supporting electrolyte.
The solutions of HBIMANQ (7.5�10�4 M) and BIMANQ (1.5�10�4 M)
were prepared and gradually added with the solution of guests
(0.02 M) until the system reached the equilibrium point observed
by a small change in UV–vis spectrum. Each addition was recorded
and all data were used for the calculation of the stability constants
with Spectfit 32 program.

4.5. CV studies on host and guests

Typically, a 0.001 mol dm�3 solution of a ligand (5�10�6 mol) in
0.1 mol dm�3 supporting electrolyte (5 mL of NBu4PF6 in freshly
distilled DMSO) was prepared. A stock solution of an anionic
0.5 mmol in supporting electrolyte (0.1 mol dm3) was prepared. All
electrochemical experiments were carried out in a three-electrode
cell designed in-house comprising of a working electrode, a counter
electrode, and a reference electrode. The working electrode was
a glassy carbon disk with a diameter of 3 mm embedded in Teflon
and the counter electrode was a platinum coil. Ag/AgNO3 electrode
was used as a reference electrode in DMSO solution.
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