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Introduction
Chemical sensors consist of a recognition element and a transducer. 

The recognition element recognizes only the analyte, and the transducer 
converts the recognized information to electrical signals. In the 
development of chemical sensors, the recognition element is therefore 
the important factor in detecting an analyte specifically and selectively. 
Biosensors using biological materials as the recognition element have 
been developed because enzyme–substrate [1,2] and antigen–antibody 
[3] reactions are highly specific. Biosensors are widely used in clinical 
applications such as self-monitoring blood glucose meters [4]. However, 
there are problems in using biological materials; e.g., they are unstable 
and expensive.

A molecularly imprinted polymer (MIP) is an artificial tailor-made 
receptor capable of selectively recognizing and binding target molecules 
with high affinity. As shown in Figure 1, an MIP is a highly cross-
linked polymer. The process usually involves initiating polymerization 
of a cross-linker with a functional monomer in the presence of 
a template molecule, which is subsequently extracted, leaving 
complementary cavities behind [5,6]. The MIP provides binding sites 
that are complementary in size, shape, and functionality to the template 
molecule; therefore, the template molecule preferentially rebinds to the 
cavity. MIPs have many advantages: they are tailor-made, stable, and 
inexpensive. Recently, MIPs have been studied for many applications 
such as high-performance liquid chromatography column packings 
[5,6], solid-phase extraction [7-9], drug-delivery systems [10-13], and 
sensors [14,15]. Chemical sensors based on MIPs can overcome some 
of the problems of biosensors.

Histamine (HIS), which is shown in Figure 2A, is important in 
inflammation, immediate allergic reactions [16], and gastric acid 

secretion, and acts as a neurotransmitter in the brain [17]. Also, HIS 
in fish causes allergy-like food poisoning in humans [18]. Because 
the determination of HIS in blood, urine, and food is therefore 
important, method developments in this field have been reported, e.g., 
amperometric determination [19-21] and fluorescent determination 
using ribonucleopeptide [22]. However, many of the methods employ 
biosensors.

For the development of MIP-modified potentiometric HIS sensors 
with good responsivity and selectivity, it is important to investigate the 
intermolecular interactions between HIS and functional monomers. In 
this study, we used four functional monomers, i.e., acrylamide (AA), 
atropic acid (AT) and methacrylic acid (MAA), and 4-vinylpyridine 
(4-VP), which are neutral, acidic, and basic functional monomers, 
respectively (Figure 2B-2E). The aims of this study were to elucidate the 
intermolecular interactions between HIS and each functional monomer 
and to clarify how each functional monomer affects the responsivity 
and selectivity of the HIS sensor. First, the intermolecular interactions 
between HIS and each functional monomer were investigated based 
on the chemical shift changes of each HIS proton in the presence of 
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Abstract
For the development of a histamine (HIS) potentiometric sensor based on molecularly imprinted polymers 

(MIPs), the effects of four functional monomers, namely acrylamide (AA), atropic acid (AT), methacrylic acid (MAA), 
and 4-vinylpyridine (4-VP), from which the MIP was synthesized, on the performance of the HIS sensor were 
examined by potentiometric and 1H nuclear magnetic resonance (NMR) spectroscopic methods. The intermolecular 
interactions between HIS as a template molecule and a functional monomer were investigated based on the 1H 
NMR spectra of HIS in distilled water in the presence of each functional monomer. Changes to the chemical shift 
of each HIS proton indicated that HIS typically formed a HIS-functional monomer complex at a ratio of 1:1 via 
hydrogen bonding with AA, AT and MAA, and interacted with 4-VP between the imidazole ring and pyridine ring of 
4-VP. The potential changes of the four HIS sensors were measured in 0.1 × 10-3 mol L-1 aqueous solution using Ag/
AgCl as a reference electrode; the order of the magnitudes of the changes was MAA>AA=4-VP>AT. The potential 
changes of three non-imprinted polymer-modified potentiometric sensors prepared without HIS were smaller than 
those of the corresponding HIS sensors, except in the case of AT. The potential response and selectivity of the 
HIS sensor using MAA were better than those of the other three HIS sensors. The 1H NMR spectroscopic and 
potentiometric results showed that the hydrogen bond between HIS and MAA strongly and effectively influenced 
the potential response of the HIS sensor.
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Kanto Chemical Co., Inc. (Tokyo, Japan). 2-Aminobenzimidazole 
and deuterium oxide (99.9%) were purchased from Sigma-Aldrich 
(St. Louis, MO, USA). HIS dihydrochloride and AT were purchased 
from the Tokyo Chemical Industry Co., Ltd. (Tokyo, Japan). Sodium 
dodecyl sulfate (SDS), 2,2'-azobis(2,4-dimethylvaleronitrile) (V-65), 
dibutyl phthalate, AA, MAA, 4-VP, ethylene dimethacrylate (EDMA), 
poly(vinyl alcohol) (PVA) 1000 (partially hydrolyzed PVA), methanol, 
pyrrole, histidine, and l(+)-lysine hydrochloride were purchased from 
Wako Pure Chemical Industries, Ltd. (Kyoto, Japan). The hydroquinone 
added to EDMA as a stabilizer was extracted with NaOH before use. 
Toluene was purchased from Nacalai Tesque, Inc. (Kyoto, Japan).
1H NMR spectra

Aliquots of an HIS stock solution were placed in 2-mL volumetric 
flasks. A desired amount of a functional monomer stock solution, i.e., 
AA, AT, MAA, or 4-VP, was added, and distilled water was added to 
volume. The final concentrations of HIS and each functional monomer 
were 1.0 × 10-3 mol L-1, and 0.0, 1.0 × 10-3, 2.0 × 10-3, 3.0 × 10-3 mol L-1 
for AA, MAA and 4-VP, and 0.0, 1.0 × 10-3, 2.0 × 10-3 mol L-1 for AT 
(because of low water solubility), respectively. The flasks were shaken 
for a short time and then samples were transferred to NMR tubes of 
diameter 5 mm. A coaxial internal tube containing ca. 2.0 × 10-2 mol L-1 
3-(trimethylsilyl)propionic-2,2,3,3-d4 acid sodium salt (98 atom% D) in 
D2O was inserted into the sample tube to provide a reference signal. 1H 
NMR spectra were recorded with a Unity Inova 400NB spectrometer 
(Agilent Technologies, Inc., CA, USA) operated at 399.97 MHz, using 
a presaturation method to reduce the signal of protons derived from 
H2O. The probe temperature was 25 ± 1°C. An accumulation of 200 
free induction decays was used to improve the signal-to-noise ratio.

Sensor synthesis

The HIS sensor was prepared using a modified version of a 
previously reported procedure [23]. A graphite rod (diameter 3 mm, 
length 50 mm) was used as a transducer. The graphite rod was polished 
with sandpaper and then sonicated five times for 5 min in distilled 
water. A plasma polymerized thin film of ethylbenzene was deposited 
on the surface of the polished graphite rod using a plasma deposition 
system (BP-1, Samco Inc., Kyoto, Japan). The first swelling step was 
performed by immersing the plasma-coated graphite in a suspension 
of SDS (0.55 mmol) as a surfactant, V-65 (1.37 mmol) as a radical 
initiator, dibutyl phthalate (14.3 mmol) as a plasticizer, and distilled 
water (40 mL). The mixture was stirred at room temperature for 24 h. 
In the second swelling step, the graphite was immersed in PVA solution 
(10.67 g/500 mL) containing HIS (2 mmol) as a template molecule, a 
functional monomer (20 mmol), EDMA (25 mmol) as a cross-linker, 
and toluene (47 mmol) as a porogen. The mixture was stirred at room 
temperature for 24 h, and then degassed using helium and polymerized 
by heating at 70-75°C for 12 h. The graphite was then immersed in 
methanol to remove the HIS. This procedure was repeated until the 
ultraviolet absorption of HIS in methanol at 210 nm was not observed. 
The HIS sensor was stored in distilled water. Non-imprinted (NIP) 
sensors were prepared using the same procedure, but without HIS.

Sensor measurements

The HIS sensor and an Ag/AgCl reference electrode were immersed 
in distilled water (100 mL) and the potential response of the HIS sensor 
against the reference electrode was measured by a potentiometer (pH 
meter F-52, Horiba Inc., Kyoto, Japan). When the potential response 
was stable, record was started. After 1 min from the start, 1.0 × 10-2 mol 
L-1 stock solution (1 mL) of each chemical substance was injected into 

 

Template Functional monomer Cross - linker

Polymerization
Removal of 

The template

MIP

Figure 1: Schematic diagram of preparation of molecularly imprinted 
polymer (MIP).
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Figure 2: Chemical structures of (A) template molecule, i.e., HIS (log 
P-0.70), and functional monomers (B) AA, (C) AT, (D) MAA, and (E) 4-VP.

each functional monomer using 1H nuclear magnetic resonance 
(NMR) spectroscopy. Next, the responsivities and selectivities of 
four HIS sensors containing the functional monomers were assessed 
by measuring the potential changes in the presence of HIS and other 
chemical substances. The effects of the intermolecular interactions 
between HIS and the functional monomer on the performance of the 
HIS sensor were examined.

Experimental
Materials

Graphite rods were purchased from Strem Chemicals Inc. 
(Newburyport, MA, USA). Ethylbenzene was purchased from the 
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the distilled water. The potential response value at the start of record 
was set to 0 mV and potential change was defined as the difference 
between the potential response values before and after the addition of 
each chemical substance. The sensor selectivity was tested by comparing 
the responses of the template molecule HIS and other chemicals with 
similar chemical structures or n-octanol/water partition coefficients 
(log P), namely histidine, 2-aminobenzimidazole, pyrrole, and lysine.

Results and Discussion
1H NMR study of intermolecular interactions between HIS 
and functional monomers

1H NMR spectra of HIS mixed with each functional monomer, i.e., 
AA, AT, MAA, and 4-VP, in H2O were recorded to determine which 
functional monomer had the highest affinity with HIS. 1H NMR spectra 
of HIS-functional monomer systems having a ratio of 1:1 are shown in 
Figure 3 as an example. The HIS (see structure in Figure 2A) proton 
signals were observed at 8.61 (H-1), 7.37 (H-2), 3.15 (H-3), and 3.35 
(H-4) ppm (Figure 3A). Figure 3B-3D shows that the addition of AA, 
AT, and MAA shifts the HIS proton signals to slightly lower fields. In 
contrast, in the presence of 4-VP (Figure 3E), the H-1, H-2 and H-3 
signals shifted to higher fields, with the H-4 signal showing almost no 
change.

The chemical shifts of the HIS protons were measured in the 
absence and presence of each functional monomer; the results for 
HIS H1–H4 are shown in Figure 4A-4D. As shown in Figure 4A and 
4B, the HIS H-1 and H-2 signals were shifted to lower fields in the 
presence of AT and MAA at concentrations of 1.0 × 10-3 mol L-1. In the 
presence of AA, small downfield shifts of the HIS H-1 and H-2 signals 
were also observed, however, the shifts were smaller than those in the 
presence of AT and MAA. Further increasing the concentration of the 
monomer above 1.0 × 10-3 mol L-1 resulted in no significant change 
to the chemical shift values. Additionally, Figure 4C-4D shows that 
regardless of the monomer concentration for AA, AT, and MAA, no 
significant change to the chemical shift values of the HIS H-3 and 
H-4 signals were observed. These results indicate that HIS can form a 
complex with the aforementioned functional monomers at a ratio of 1:1 
and the imidazole ring of HIS interacts with the functional monomer. 
The acid dissociation constants (pKas) of HIS are 6.15 and 9.84 for 
the nitrogen atom of the secondary amine on the imidazole ring and 
the primary amino group on the side chain, respectively [24,25]. The 
pKa values of AT [26], MAA [27], and 4-VP [26] are 4.0, 4.66, and 6.0, 
respectively. The pKa of AA is above 15 and the proton of the amide 
does not dissociate under normal conditions. Since the ionization 
states of HIS and functional monomers depend on the pH value of the 
sample solution, the pH values of the HIS solution and the mixtures of 
HIS and each functional monomer used in the 1H NMR experiments 
were therefore measured. These results were 4.7 ± 0.0 for HIS (n=3), 4.6 
± 0.1 for HIS/AA, 3.3 ± 0.1 for HIS/AT, 3.7 ± 0.2 for HIS/MAA and 6.0 
± 0.2 for HIS/4-VP (n=3 at each functional monomer concentration). 
Under the experimental conditions in the presence of AA, AT or MAA, 
the di-cationic form of HIS is protonated at the primary amino group 
on the side chain and the nitrogen atom of the secondary amine on the 
imidazole ring. Conversely, AA, AT and MAA are neutral. Previous 
1H NMR investigations have reported that the proton chemical shift 
is shifted to lower fields by the formation of a hydrogen bond between 
the template and the functional monomer, and the larger the chemical 
shift, the stronger the interaction between them [28,29]. Additionally, 
it has previously been reported that the di-cationic form of HIS forms 
a complex with MAA more easily than the mono-cationic form in 
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Figure 3: 1H NMR spectra of (A) 1.0 × 10−3 mol L−1 HIS alone, and mixtures 
of 1.0 × 10−3 mol L−1 HIS and functional monomer, (B) AA, (C) AT, (D) MAA, 
and (E) 4-VP, in distilled water. The 3-(trimethylsilyl)propionic-2,2,3,3-d4 acid 
sodium salt (98 atom% D) signal was set to 0 ppm as an internal reference.

aqueous media [30,31]. Therefore, since the change in chemical shift for 
the HIS H-1 signal was larger than the corresponding H-2 shift in the 
presence of AA, AT and MAA, HIS may complex with the functional 
monomers at a ratio of 1:1 as shown in Figure 4E - an example 
illustration of the HIS-MAA complex. Furthermore, the strength of the 
hydrogen bond to form the HIS-functional monomer complex was in 
the order of HIS-AT>HIS-MAA>HIS-AA.

In contrast, in the presence of 4-VP, all HIS H1–H4 signals shifted 
to higher fields depending on the 4-VP concentration. Under the 
experimental conditions in the presence of 4-VP, i.e., pH 6.0, HIS is 
present in equal quantities of mono-cationic and di-cationic forms 
with the former protonated only at the primary amino group on the 
side chain. Meanwhile, 4-VP is 50% neutral and 50% as a mono-
cationic species, which is protonated at the nitrogen atom of the 
tertiary amine on the pyridine ring. The large upfield shifts of the HIS 
H-1 and H-2 signals in the presence of 4-VP is thought to be the result 
of the proton exchange between the tertiary and secondary amine 
on the imidazole ring of HIS and the tertiary amine on the pyridine 
ring of 4-VP. It has been previously reported that the electrostatic 
interactions between the protonated amino group and the π-electron-
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rich pyridine ring can result in chemical shift changes to higher fields 
[32-34]. If the protonated amino group on the HIS side chain interacts 
with the pyridine ring of 4-VP, the HIS H-4 shift to higher fields will 
be greater than the H-3 shift. However, since changes to the chemical 
shift was in the order of H-1>H-2>H-3>H-4, the results indicate that 
HIS can interact with 4-VP between the HIS imidazole ring and the 
pyridine ring of 4-VP, but not between the protonated amino group 
on the HIS side chain and the pyridine ring of 4-VP. Unfortunately, 
the results of the 1H NMR investigations could not yield details on how 
HIS complexes with 4-VP. The results of this 1H NMR study partly 
clarify the intermolecular interactions between HIS and the functional 
monomers in bulk water and show that the order of magnitude of the 
interactions is: 4-VP>AT>MAA>AA.

Responsivities of four HIS sensors

The potential response values of four HIS sensors and NIP sensors 
prepared using each functional monomer on addition of 1.0 × 10-2 mol 
L-1 HIS stock solution was recorded; the curves are shown in Figure 5. 
The potential response value of each HIS sensor increased immediately 
after addition of HIS stock solution, reached a plateau after 15 s, and 
then showed a stable potential until 25 min. Potential changes of each 
HIS sensor at 1500 s after addition of HIS stock solution were shown 
in Figure 6. As shown in Figure 6, the order of the potential change 
magnitudes tended to be MAA>AA=4-VP>AT; i.e., the HIS sensor 
containing MAA showed the largest potential change among the four 
HIS sensors. These results and those of the 1H NMR spectroscopic 
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Figure 4: Chemical shift of each HIS proton, (A) H-1, (B) H-2, (C) H-3, and (D) H-4, in the absence and presence of the functional monomers as a function of 
concentration. (□) AA, (∆) AT, (○) MAA, and (×) 4-VP. (E) Three-dimensional structure of the hydrogen bond between HIS and MAA.
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study show that the relationship between the potential responses of 
the HIS sensors and the interactions between HIS and each functional 
monomer can be described as follows. The hydrogen bond between 
HIS and MAA plays an important role in the potential response of the 
HIS sensor. However, the potential change of the HIS sensor using AT 
as the functional monomer was smaller than the others, although the 
1H NMR spectroscopic results show that HIS also formed a complex 
with AT via hydrogen bond. This is considered to be the result of 
steric hindrance by the AT benzene ring, which is oriented towards 
the template cavity of the MIP. As the AT benzene ring occupies the 
cavity void, HIS ingress into the template cavity is hindered because 
of the aforementioned steric hindrance. As a result, HIS, especially the 
tertiary and protonated secondary amine on the imidazole ring, cannot 
bind to the carboxyl group of AT in the template cavity. The 1H NMR 
spectra also show that HIS has the strongest and weakest interactions 
with 4-VP and AA, respectively; the potential changes of the HIS 
sensors using these monomers were almost the same. Although there 
are strong interactions between HIS and 4-VP, these interactions did 
not greatly affect the potential changes of the HIS sensors. The HIS di-
cationic form interacts with AA via weak hydrogen bond, but the HIS 
sensor using AA responded to these hydrogen bonds and showed the 
same potential response as that of the HIS sensor using 4-VP. Our HIS 

sensor therefore mainly responds to surface potential changes caused 
by hydrogen-bond formation between the template molecule and the 
functional monomer.

Figure 6 also shows the potential changes for NIP sensors using 
each functional monomer at 1500 s after addition of HIS stock solution. 
The potential changes of the NIP sensors using AA, MAA, and 4-VP 
were significantly smaller than those of the corresponding HIS sensors; 
however, the potential change of the NIP sensor using AT was larger 
than that of the corresponding HIS sensor. Usually, the potential 
change of an NIP sensor is smaller than that of the corresponding HIS 
sensor because the NIP sensor does not have a HIS template, which 
provides highly specific HIS-binding sites. The NIP sensors should 
show no potential response to HIS, but small potential changes were 
observed for AA, MAA, and 4-VP. This is considered to be the result of 
non-specific binding and adsorption of HIS on the NIP sensor surface. 
Both MIP and NIP are hydrophobic polymers prepared using EDMA 
as a cross-linker. Additionally, the larger numbers of functional groups 
of each functional monomer may be exposed from the NIP surface 
when compared with the MIP surface, because the majority of the 
functional monomers used in the MIP preparations are involved in the 
construction of the template cavity. Although the di-cationic form of 
HIS non-specifically binds to the functional group, or adsorbs onto the 
hydrophobic MIP and NIP surface, the contribution of non-specific 
binding and hydrophobic adsorption will be larger on NIP than MIP. 
As a result, the NIP sensor showed a small potential change in response 
to the non-specific binding and adsorption of HIS on its surface. 
The surface of the NIP sensor using AT was more hydrophobic than 
those of the other NIP sensors because AT has a benzene ring in its 
molecular structure. The increase in non-specific adsorption of HIS on 
the hydrophobic surface, in addition to the hydrogen bonds between 
di-cationic HIS and AT, leads to a larger potential change for the NIP 
sensor using AT than for the other NIP sensors.

The specificities of HIS sensors using each functional monomer 
were easily compared by calculating the ratio of the potential change 
of each HIS sensor to that of the corresponding NIP sensor and 
their ratios were 1.8, 0.6, 3.3, and 2.1 for AA, AT, MAA, and 4-VP, 
respectively. Therefore, the specificity of the HIS sensor using MAA 
was also higher than those of the other HIS sensors.

The potentiometric results show that the HIS sensor using MAA 
gave the best response of the four HIS sensors because of the specific 
recognition of HIS based on hydrogen bonds between HIS and the 
carboxylic group of MAA in the MIP template cavity.

Selectivities of HIS sensors

The selectivities of the HIS sensors using different functional 
monomers were investigated by comparing their responses to four 
other chemicals, i.e., histidine, 2-aminobenzimidazole, pyrrole, and 
lysine (the structures are shown in Figure 7), with their responses to 
HIS. Histidine is very similar in chemical structure to HIS and has a 
carboxyl group. The log P values are -0.70, -3.56, 0.91, 0.75 and -3.05 for 
HIS, histidine, 2-aminobenzimidazole, pyrrole, and lysine respectively 
[35-38]. Figure 8 shows the potential change curves of the HIS sensor 
using MAA after addition of each chemical as an example. The 
potential response curve of HIS differed significantly from those of the 
other chemicals. For HIS, the HIS sensor showed a potential response 
value with a large gradient immediately after the addition of HIS stock 
solution. For the other four chemicals, there was no response or the 
potential response values gradually decreased with time. These results 
indicate that this sensor specifically recognized HIS but responded 
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non-specifically to other chemicals adsorbed on the MIP surface of the 
HIS sensor. The same results were obtained for the other HIS sensors 
using AA, AT, and 4-VP.

Figure 9 shows the potential changes of the four HIS sensors in 
the presence of each chemical substance. Three HIS sensors, i.e., those 
using AA, AT, and 4-VP, showed large potential changes in response 
to 2-aminobenzimidazole. This large potential change was derived 
from adsorption of 2-aminobenzimidazole on the hydrophobic surface 
of MIP because of the large log P value of 2-aminobenzimidazole. In 
contrast, the HIS sensor using MAA showed a larger potential change to 
HIS than to the other four chemical substances, because MIP template 
cavity formed complementary to HIS and hydrogen bonds between 
HIS and MAA acted effectively to catch HIS in the sample solutions. 
As a result, the HIS sensor using MAA gave better selectivities than the 
three HIS sensors using AA, AT, and 4-VP.

To prove that the responsivity and selectivity of the HIS sensor 
using MAA were as a result of MIP specifically recognizing HIS, the 
potential change of the bare graphite rod electrode and the graphite 
rod electrode coated with the polymerized thin film of ethylbenzene 

were recorded as a function of sequential addition of each chemical 
substance (Figure 10). The bare graphite rod electrode responded to all 
chemical substances the same as the HIS sensor, however, the electrode 
shows a greater potential response for histidine, 2-aminobenzimidazole 
and pyrrole, and a smaller potential response for HIS when compared 
with the HIS sensor. No potential response was observed for lysine. 
Meanwhile, the graphite rod electrode coated with the polymerized 
thin film of ethylbenzene shows smaller potential response than 
the bare graphite rod electrode across all the chemical substances. 
However, comparing the HIS sensor using MAA (Figure 8) with the 
bare graphite rod electrode and the graphite rod electrode coated with 
the polymerized thin film of ethylbenzene, the potential response of the 
HIS sensor using MAA is significantly larger toward HIS and smaller to 
other chemical substances than that observed for both of the electrodes. 
Therefore, these results show that the HIS sensor using MAA enhanced 
the responsivity and selectivity to HIS as MIP specifically recognized 
HIS compared with other chemical substances.

Thus, these potentiometric results clearly show that the HIS sensor 
using MAA had good responsivity to, and selectivity for, HIS as a 
template molecule.

Conclusion
An MIP-modified sensor for HIS with good responsivity and 

selectivity using MAA as a functional monomer was manufactured. 
Unlike sensors prepared using other functional monomers, i.e., AA, 
AT, and 4-VP, the HIS sensor using MAA has three-dimensional HIS-
recognition cavities in the MIP and can specifically recognize HIS in the 
cavities. The di-cationic form of HIS strongly binds with the carboxyl 
group of MAA via hydrogen bonds. The responsivity and selectivity of 
the HIS sensor using MAA are therefore better than those of the other 
HIS sensors. This shows that the type of intermolecular interaction 
influenced the potential response of the MIP-modified potentiometric 
sensor. It is therefore important to elucidate the intermolecular 
interactions between the template molecule and functional monomer 
for fabrication of MIP-modified potentiometric sensors. Based on the 
evidence obtained in this study, suitable ratios of template molecule, 
functional monomer, and cross-linker for MIP preparation, and 
quantification of the HIS sensor are currently investigated. HIS sensor 
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Figure 7: Chemical structures of (A) histidine, (B) 2-aminobenzimidazole, (C) 
pyrrole, and (D) lysine.
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Figure 8: Potential response curves of HIS sensor using MAA to (A) HIS, 
(B) histidine, (C) 2-aminobenzimidazole, (D) pyrrole, and (E) lysine. Final 
concentration of chemical substances was 0.1 × 10−3 mol L−1. 
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Figure 9: Selectivities of HIS sensors using each functional monomer to HIS, 
histidine, 2-aminobenzimidazole, pyrrole, and lysine. The determination of 
each HIS sensor was in triplicate.
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showed a good response to HIS concentrations of 0.1 × 10-3 mol L-1 and 
has sufficient capability to sense HIS when compared with other HIS 
sensors previously reported.
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Figure 10: Potential response curves of (a) bare graphite rod electrode and (b) graphite rod electrode coated with the polymerized thin film of ethylbenzene to (A) HIS, 
(B) histidine, (C) 2-aminobenzimidazole, (D) pyrrole, and (E) lysine. Final concentration of chemical substances was 0.1 × 10−3 mol L−1.
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