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ABSTRACT

A study has been conducted on the modification of indicator electrode membranes as urea sensors in four membrane
layers. The first layer is a urease enzyme in a PVA polymer, the second layer is glutaraldehyde GA as a cross-linker
between the first layer, and the third layer is a conductive polymer, PANI-p-toluene sulfonate or PANI-benzene
sulfonate. The fourth layer is a 61% PVC-KTp-CIPB-O-NPOE polymer. These layers are sequentially coated from
the tungsten indicator electrode. Then, continued on the cholesterol sensor by dissolving 6 mg of ChOx enzyme
(50% water: 50% alcohol) in 5 mL, which is dropped one drop into a solution of 0.0350 g PVA, 10 mL of warm
water that has been cooled. The purpose of this study was to determine the confidence level R?, sensitivity, detection
range, and detection limit. These indicator electrodes were analysed using potentiometric cells from each indicator
electrode whose third layer is made of PANI-p-toluene sulfonate or PANI-benzene sulfonate and a reference
electrode. The confidence level R? = 99.49%, sensitivity 20.82 mV/div, detection range 10”7 — 102 M and detection
limit 10”7 M of the indicator electrode made from PANI-p-toluene sulfonate conductive polymer. The confidence
level R? = 99.12%, sensitivity 38.84 mV/div, detection range 10”7 — 10* M and detection limit 10”7 M of the PANI-
benzene sulfonate conductive polymer. According to the confidence level and detection limit, the best results were
obtained on the tungsten indicator electrode made from PANI-p-toluene sulfonate.
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INTRODUCTION
The characterisation of the cholesterol analyte indicator electrode was carried out based on research on
the urea analyte indicator electrode, namely, on the electrode membrane consisting of four layers. The
layers use PVA polymer in the first layer, glutaraldehyde (GA) in the second layer, PANI conductive
polymer with p-toluene sulfonic acid or benzene sulfonic acid in the third layer, and PVC polymer with
KTp-CIPB-0-NPOE in the fourth layer. Each material is placed according to its function: PVA as an
encapsulation and entrapment of the cholesterol enzyme, GA as a cross-link between PVA cholesterol
enzyme ChOx with PANI p-toluene sulfonate acid or PANI benzene sulfonate acid, PVC with KTp-
CIPB-0-NPOE as the active substance, KTp-CIPB forms an anion, which is a negatively charged ion,
while 0-NPOE 61% as a PVC plasticiser. In the urea analyte indicator electrode as a urea sensor, an
increase in sensitivity, detection range and detection limit from the same coating pattern was continued on
the cholesterol analyte indicator electrode as a cholesterol sensor. To increase sensitivity, detection range
and detection limit, a third layer of PANI acid p-toluene sulfonate or PANI acid benzene sulfonate was
used. The method used at this stage is still the potentiometric biosensor method; after obtaining good
results, the voltammetric method was continued. The steps to the potentiometric biosensor method were
first carried out by synthesising and characterising the cholesterol ChOx enzyme with UV-vis!,
characterising the pattern of four layers of indicator electrodes (tungsten) with SEM-EDX, and the pattern
of four layers of membranes on glass with FTIR. Next, characterisation and analysis were carried out with
potentiometric cells on each of the 0.001M KH>PO, + KCI phosphate buffer solutions? and the cholesterol
ChOx enzyme in the range of 107, 10, 10, 104, 10, 102 and 10"! M. The KH>PO,4 phosphate buffer
was used because it has a high ionic strength and is low-cost.? There are two indicator electrodes analysed,
namely (a)PVA-ChOx/GA/PANI-p-toluene sulfonic acid/PVC-KTpCIPB-0-NPOE, denoted by PANI-p-
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toluene sulfonic acid, (b)PVA-ChOx/GA/PANI-benzene sulfonic acid/PVC-KTpCIPB-0-NPOE, denoted
by PANI-benzene sulfonic acid.

EXPERIMENTAL
Material and Methods
The materials used were 1.0 mm diameter tungsten wire, p-toluene sulfonic acid, benzene sulfonic acid,
Polyvinyl alcohol (PVA), Polyaniline (PANI), Polyvinyl chloride (PVC), ChOx cholesterol enzyme, all
obtained from Sigma-Aldrich.

General Procedure

SEM-EDX (Bruker-129 eV Zeiss) is a tool used for morphological analysis and mass and atomic
composition of an element, UV-Vis (Rayleigh UV-1601) for analysis of UV-A, UV-B and UV-C
absorbance spectrum patterns, XRD-6100 (Shimazu) for analysis of XRD spectrum pattern materials, and
FTIR for analysis of transmittance spectrum patterns.

Detection Method

Membrane matrix with Wpya: Wpyc ratio is 1:1%; PVC: active substance-1:2°, as the active substance is
KTpCL:PB, o-NPOE plasticiser used 61%, namely 0.0647 mg, cholesterol enzyme ChOx with 1: 1,
namely 2.5 mL alcohol, water 2.5 mL alcohol. PVA 0.0350 g was dissolved in 10 mL of hot water until
completely dissolved, then cooled. Then, one drop of ChOx enzyme was dropped into the cooled PVA
solution, as a PVA-ChOx solution. Glutaraldehyde 2.9 g was dissolved in 100 mL of water, as a GA
solution. PANI-p-toluene sulfonate and PANI-benzene sulfonate, each at 2 M, and PVC-KTpCl,PB-o-
NPOE in 10 ml THF with a composition of 0.0350 g PVC, 0.0700 g KTpCLL,PB, and 0.0647 mg of 61%
0o-NPOE. Four solutions were used, each representing the order of membrane coating on tungsten for
SEM-EDX analysis and on glass for XRD and FTIR analysis. The first layer was PVA-ChOx, the second
layer was 2.9% GA, the third layer was PANI-p-toluene sulfonic acid or PANI-benzene sulfonic acid, and
the fourth layer was PVC-KTpCL:PB-0-NPOE.

RESULTS AND DISCUSSION

The morphology of the indicator electrode membrane is of two types, namely (1) PVA-
ChOx1/GA/PANI-p-toluene sulfonic acid/PVC-KTp-CLPB-0o-NPOE, denoted as PANI-p-toluene
sulfonic acid; (2) PVA-ChOx-1/GA/PANI-benzene sulfonic acid/PVC-KTp-CLPB-0-NPOE, denoted as
PANI-benzene sulfonic acid, as can be seen in Fig.-1, with magnifications of 3000x and 5000x with a
voltage of 10 kV. More pores appear in the PANI-benzene sulfonic acid sample compared to PANI-p-
toluene sulfonic acid. Similarly, PANI-benzene sulfonic acid with an intensity of 32000 (a.u) has a small
energy of 2 kV and PANI-p-toluene sulfonic acid with an intensity of 11000 (a.u) has an energy greater
than 2 kV, Fig.-2.

Fig.-1: SEM Morphology of (a) PANI-p-Toluene Sulfonic Acid, (b) PANI-Benzene Sulfonic Acid

1554
INDICATOR ELECTRODE AS A CHOLESTEROL SENSOR A. Hakim S. et al.



RASAYAN J. Chem.
Vol. 19 | No. 3 | 1553-1558 | July-September | 2026

pwd 3 30000
1200 <

10300 4

=

G000+

=
=
1
K
K

800~

b~ 4

intencity (a.u}
Intencity (a.u)
=

=y
RO & &2 "
450+ é :
i

WL

30 = 3

Wb

1500

T 1 ! ! ! I T
07 ! ! I 1 00 100 200 300 400 20 600 R0 W 900 1000
000 100 200 300 400 500 600 700 RO 900 1000

Energy (keV) Energy (keV)

Fig.-2: EDX Spectrum Patterns of Indicator Electrodes (a) PANI-p-Toluene Sulfonic Acid, (b) PANI-Benzene
Sulfonic Acid

Table-1: Mass and Atomic Composition of edx for PANI-Benzene Sulfonic Acid

Element Mass Composition (%) Atomic Composition (%)
B 00.04 00.24
C 0.17 0,84
N 01.09 05.06
0 07.29 29.57
Na 00.05 00.13
Cl 09.48 17.36
K 00.17 00.28
W 78.23.00 27.62

The largest mass and atomic composition in the electrodes (a) PANI-benzene sulfonate acid, (b) PANI-p-
toluene sulfonate on each tungsten element in Table-1 and Table-2. This is supported by the morphology
of PANI-p-toluene sulfonate, which has more pore flowers that can be seen from the magnification of
3000x and 5000x. Likewise, the EDX intensity spectrum pattern has more peaks in the PANI-p-toluene
sulfonate electrode, even though the intensity is smaller than that of the PANI-benzene sulfonic acid
electrode. While the peak intensity of the PANI-benzene sulfonate acid electrode is only one, which is
very high compared to that of the PANI-benzene sulfonate acid electrode.

Table-2: Mass and Atomic Composition of edx for PANI-p-Toluene Sulfonate Acid

Element | Mass Composition (%) | Atomic Composition (%)

B 0,40 0,64

C 0,90 1,26

N 0,09 0,09

(0] 1,20 1,26
Na 0,59 0,42

S 0,35 0,19

Cl 0,35 0,19

K 0,11 0,04

W 96,00 95,9

FTIR Characterization

There are differences in the FTIR spectral patterns caused by the two types of acids in the PANI
conductive polymer. In the PANI-p-toluene sulfonic acid electrode membrane, the % transmittance
spectrum pattern increases, while in the PANI-benzene sulfonic acid electrode membrane, the %
transmittance decreases, as can be seen in Fig.-3.

Pure PVA exhibits strong band formation at 3430 — 3244 cm’!, which is associated with O-H stretching
vibration. Asymmetric and symmetric stretching vibration of the C—H bond at 2941 and 2855 c¢cm™'. The
doping level depends on the position and height of certain IR absorption peaks to identify the structural
modification of the PVA main chain.®
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Fig.-3: FTIR Spectral Patterns of (a) PANI-p-Toluene Sulfonic Acid, (b) PANI-Benzene Sulfonic Acid

O-H stretching vibration peaks at 3435¢cm™ and 3310cm!, hydroxyl groups at 3450cm™, free hydroxyl
groups of PVA at 3570cm™ 7. GA pattern peaks at 3297.5cm™! (N-H) stretching group, at 1158.7cm™! (C—
O) stretching group, (C-H) band peak at 1425cm™!, (N-H) bending peak at 1506cm™, O-H group at
3359cm™.® -OH and —CH3 stretching groups were observed at 3450 and 2850cm’!, at 1377 and 1416cm’!
represented C=0 and C-O stretching vibrations of the group ionized carboxyl and at 1066 and 1127c¢m’!
the C-Ostretching vibration of the hydroxyl group together with the S=O stretching vibration at1239¢m-'.°
PANI chain at % transmission peak at wave number 1299 cm™!, % transmission peak at wave number 500,
621 and 1032 cm™! indicates the presence of sulfonate group in PANI from p-toluene sulfonate, %
transmission peak at 735, 707 and 757 cm™! indicates the spectrum of benzene ring.'%!!:!> Benzene ring at
1164, 690 cm! 3, C-H stretching band peak at 742 cm! is the characteristic peak of PANI benzene ring,
characteristic peak at 1686 cm™ stretching -C=C- benzene ring, at 1570 cm™ N-H bond stretching
vibration. FTIR spectrum of PVC 646, 815, 1335 and 1390 cm™"!'4, peak at 1735 cm™!, peak at 1710 cm™'.
C-Cl stretching peak at 835 cm™!.13

Characterisation of Potentiometer Cells

The FTIR spectrum pattern in Fig.-3 is similar to the buffer analysis at various concentrations of 10”7, 10,
103, 104, 10, 102 and 10! M against time in Fig.-4, both for the PANI-p-toluene sulfonic acid and
PANI-benzene sulfonic acid polymer membranes. The potentiometer voltage increases when the
potentiometer cell contains a solution with a KH,PO4 buffer concentration of 107 -10-2 M for the PANI-p-
toluene sulfonic acid membrane (Fig.-4a); while for the PANI-benzene sulfonic acid membrane, it
decreases from a buffer concentration of 107 - 10* M (Fig.-4b). The voltage response over time of the
solution at buffer molarity conditions (biosensor interference) is very influential, as seen in Fig.-4a and 4b.
The real-time response to concentration variations greatly affects sensitivity. !¢
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Fig.-4: Effect of Buffer at Concentrations of 107, 10, 10-, 104, 10-3, 102 and 10" M in a Time Span of One
Second For Indicator Electrodes (a) PANI-p-Toluene Sulfonic Acid, (b) PANI-Benzene Sulfonic Acid

The voltage versus time graph patterns in Fig.-4a and 4b were converted to voltage versus -log buffer
concentration graph patterns, aiming to obtain a linear curve. The linear curve is used to determine
sensitivity, detection range, detection limit, and confidence level R?. Figure-5a shows that for the PANI-
p-toluene sulfonate acid indicator electrode, the sensitivity is 20.82 mV/div, the detection range is 107 —
102 M, the detection limit is 107 M, and the confidence level is 99.67%. Figure-5b shows that for the
PANI-benzene sulfonate acid indicator electrode, the sensitivity is 36.84 mV/div, the detection range is
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107 — 104 M, the detection limit is 10”7 M, and the confidence level is 99.12%. Thus, the best results were
obtained on the PANI-p-toluene sulfonate acid indicator electrode.
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Fig.-5: Linear Curves of Potentiometer Cell Analysis Indicator Electrodes for (a) PANI-p-Toluene Sulfonic Acid, (b)
PANI-Benzene Sulfonic Acid

According to 17, those with a low detection range have high sensitivity. Phosphate buffer plays a role in
maintaining pH balance in the body, while cholesterol is a fat that has an important role in various cellular
functions, such as building cell membranes and producing hormones. Potentiometer cell analysis using
phosphate buffer is appropriate, only need to increase the sensitivity of the conductive polymer
parameters and the type of acid used. PANI conductivity 10 Secm!, Polythiophene (PTH) conductivity
100 Sem™! (Siemens per centimetre), PANI conductivity 0.0045 Scm™! ¥, SWCNT/PANI composite super
high conductivity of 4000 Scm™!."

CONCLUSION
Based on SEM-edx analysis, the mass and atomic composition are greater in the PANI-p-toluene sulfonic
acid element, as well as in (a) % Transmittance increases linearly, (b) the effect of buffer at
concentrations of 107, 10, 105, 104, 103, 102 and 10" M in a time span of 1 second for the indicator
electrode, and (c) Linear curve of the potentiometer cell analysis indicator electrode. The best results were
obtained on the PANI-p-toluene sulfonic acid indicator electrode with a sensitivity of 20.82 mV/div, a
detection range of 107 — 102 M, a detection limit of 10”7 M and a confidence level of 99.67%.
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