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Introduction

Abstract: This research aims at the synthesis and characterization of indicator electrode
membranes consisting of PVA-Enzyme/GA /PANI/PVC-KTpCIPB-0-NPOE, urea analyte.
PANI-HCI and PANI-p-toluensulfonate conducting polymers, 61% and 66% o-NPOE
plasticizer variations in PVC-KTpCIPB, as well as urease enzyme activity in one or three
drops of 0.5 mL PVA (50% water: 50% ethanol). The biosensor potentiometric method was
used with the technique of immobilizing the urea enzyme which is the urea analyte. The
multi-membrane indicator electrode is PVA-Enzyme/GA /PANI/PVC-KTpCIPB-0-NPOE,
PANI dissolved in HCl and p-toluensulfonic acid respectively at a concentration of 6 M and
2 M. Each membrane on the indicator electrode is coated with one time. Results of XRD
analysis of the spectrum pattern of the PANI-HCI indicator electrode with intensities of
4400 a.u, 1386 a.u, 1724 a.u with a 2theta angle of 28.6 degrees, PANI-p-toluensulfonate
with intensities of 10940 a.u, 9194 a.u, 5312 a.u with a 2theta angle of 18.2 degrees. SEM-
EDX analysis showed differences in the morphology of the o-NPOE plasticizer of 61% and
66% as well as an increase in cps/eV from the number of drops of the urease enzyme, one
drop was lower than three drops. FTIR analysis shows an increase in transmittance by
PANI towards PPy. Analysis of the properties of a multi-membrane indicator electrode
with one layer of the best sample is PANI-p-toluensulfonate.

Keywords: Elektroda indicator; HCl;, Multi membrane; PVA-Enzim/GA/PANI/PVC-
KTpCIPB-0-NPOE; p-toluensulfonat

acid in the PPy conducting polymer in the third layer of
the indicator electrode. The results of the XRD analysis

This electrode has four layers, the first layer is
urease enzyme immobilization, the second layer is GA
cross-linking, the third layer is PANI conducting
polymer with hydrochloric acid and p-toluensulfonic
acid. H2504 has stronger electrolyte properties than
HCI. P-toluensulfonic acid is stronger than HCL
Hydrochloric acid (HCI) is commonly used to clean
metal surfaces. Immobilization of the urease enzyme is
differentiated according to the number of drops of 0.5
mL of urease enzyme (50% water and 50% alcohol) in the
PVA solution. GA cross-linking is best at 2.9%. Sulfuric
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can be seen in Figure 4. The intensity against the 2theta
diffraction angle. Hydrochloric acid and p-toluent in the
PANI conducting polymer in the third layer of the
indicator electrode were analyzed by XRD, as can be
seen in Figures 5 and 6, respectively.

The acidic properties of H2504, p-toluent and HCI
are sequentially stronger. Sulfuric acid is a strong
mineral (inorganic) acid. P-toluenesulfonic acid or
abbreviated as TsOH, is an organic compound that has
the formula CH3C6H4SO3H. It is a white solid that is
soluble in water, alcohol, and other polar organic
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solvents. A powerful organic acid, one million times
stronger than benzoic acid. Hydrochloric acid with the
chemical formula HCI is a strong acid that is very
corrosive. HCl is usually used in industry for iron
purification and also for cleaning equipment. According
to figures 4, 5 and 6, it turns out that the nature of the
acid affects the intensity of the 2theta diffraction angle.
The H2504 sulfuric acid in the PPy conduction polymer
is lower in intensity than hydrochloric acid and p-
toluensulfonic acid in the PANI conduction polymer. So
it is true that the PPy conducting polymer is weaker than
the PANI conducting polymer.

There is a change in activity in the conducting
polymer PPy with the strong acid H25S0O4 8M according
to XRD analysis table 1. The intensity of H2504-1 224
a.u, H2504-3 236 a.u reflects the conduction properties
and the 2theta diffraction angle of around 44 degrees
reflects the activity. PANI conducting polymer with
hydrochloric acid HCl intensity 4400 a.u sample S2, 1902
a.u sample S5, 2652 a.u sample S7 2theta diffraction
angle of about 28 degrees. PANI conducting polymer
with p-toluensulfonate intensity 10940 a.u sample S3,
9194 a.u sample S6, 5312 a.u sample S8, diffraction angle
2theta about 18 degrees. Not only does cross-linking GA
increase conductivity (Hsu et al, 2022), conducting
polymers with high conductivity, large surface area, and
improved electron transfer kinetics, increase the
electrocatalytic activity of sensors (Teran-Alcocer et al.,
2021).

On the basis of (Elbehery et al., 2019; Hakim S, 2022;
Kaur et al., 2017) the indicator electrode is made of four
layers, one layer each with o-NPOE variations of 61%
(Hakim S, 2022) and 66% (Vlascici et al., 2008).

Method

Urase enzyme electrode membrane 6 mg 10 mL
(50% water : 50% alcohol). PVA : PVC 1:1, namely 35 mg
: 35 mg. Lipophilic cationic derivative (KTpCIPB): PVC
= 2:1, namely 50 mg : 35 mg (Vlascici et al., 2008). PVC
(Poly vinyl chloride) (Kaur et al., 2017) consists of a
plasticizer, o-nitrophenyloctylether (o-NPOE),
lipophilic salts, and sodium tetraphenylborate (NaTPB),
and a number of ionophores. Plasticizer o-
nitrophenyloctylether (o-NPOE) (Kaur et al., 2017) 61%
(Hakim S, 2022) and 66% (Vlascici et al., 2008).

The tungsten indicator electrode is coated with
PVA-Enzyme/GA /PANI-hydrochloric acid, p-
toluensulfonate/ PVC-KTpCIPB-o-NPOE. Materials
purchased at Sigma-Aldrich were tungsten with a
diameter of 1.0 mm 99.99% Aldrich 267562, PVAJ-
CH2CHOH-]n, enzyme EC 3.5.1.5 (Urease) U4002, 50 -
100 ku type ix, glutaraldehyde (GA) , PVC (CH2CHCI)n,
potassium tetrakis (4-chlorophenyl) borate (KTCIPB), o-
nitrophenyloctylether ~ (0-NPOE), Tetrahydrofuran
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C4HB80O; Phosphate Buffer KH2PO4, KCl, urea standard
56180, from Sigma-Aldrich. The potentiometer cell is
equipped with an Ag/AgCl MF-2052 RE-5B reference
electrode with an indicator electrode PVA-
Enzyme/GA/PANI+HCI or ptoluensulfonic acid/PVC-
KTpCIPB-0-NPOE connected to a microcomputer (ADI
Powerlab instruments, Australia), magnetic stirrer , and
flow injection (FIA). PANI dissolved with HCI or p-
toluensulfonic acid at the smallest concentration can be
dissolved respectively at 6 M and 2 M. Here the electrode
is sequentially coated with the first electrode PVA-
Enzyme/GA/PANI+HCl/PVC-KTpCIPB-o-NPOE, as
well as PANI p-toluensulfonate.

Result and Discussion
Results of SEM-EDX Analysis Characterization of PVA-

Enzyme-one drop/GA/PANI+HCI 6M/PVC-KTpCIPB-o-
NPOE

M= SEOKX
o =110mn

Ayd At TEY
EHT - 2000 W

Meg = SOOKX
WG = Brm

SgmIA=SE!
EHT = 2C.000

(b)
Figure 1. Morpology of PVA-Enzyme/GA/PANI+HCI
6M/PVC-KTpCIPB-o-NPOE, 61% (a) 1 drop, (b) 3 drops
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Figure 2. EDX spectrum pattern of PVA-Enzyme-one
drop/GA/PANI-HCl 6M/PVC-KTpCIPB-0-NPOE-61%

SEM-EDX analysis, Sample 1: PVA-Enzyme 1
drop/GA/PANi-HCl 6M/PVC-KTpCIPB-o-NPOE 61%
notated S1-Sem-edx; Sample 2: PVA-Enzyme 3
drops/GA/PANi-HCl 6M/PVC-KTpCIPB-0o-NPOE
61% notation S52-Sem-edx; Sample 3: PVA-Enzyme 1
drop/GA/PANi-p toluene 2M/PVC-KTpCIPB-o-NPOE
66% notation S3-Sem-edx; Sample 4: PVA-Enzyme 3
drops/GA/PANi-p toluene 2M/PVC-KTpCIPB-o-
NPOE 66% notation S4-Sem-edx.
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Figure 3. EDX spectrum pattern of PVA-Enzyme-three
drops/GA/PANI-HCI 6 M/PVC-KTpCIPB-0-NPOE-61%
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Figure 4. Morpology of PVA-Enzyme/GA/PANI+p-
toluensulfonate 2M/PVC-KTpCIPB-0-NPOE, 66%. (a) 1 drop,
(b) 3 drops
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Figure 5. EDX spectrum pattern of PVA-Enzyme-one
drop/GA/PANI-p-toluesulfonate 2 M/PVC-KTpCIPB-o-
NPOE-66%
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Figure 6. EDX spectrum pattern of PVA-Enzyme-three
drops/GA /PANI-p-toluesulfonate 2 M/PVC-KTpCIPB-o-
NPOE-66%

S1-Sem-edx and S2-Sem-edx have clearer
morphological differences (Bohari et al., 2020; Qiu et al.,
2020; Tudose et al., 2022; F. Usman et al., 2020) related to
pores in S1-Sem-edx figure 1. While the voltage range of
S1-Sem-edx is around 12 cps/eV, S2-Sem-edx is greater,
namely around 12.25 cps/eV Figures 2 and 3. Show an
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increase in the voltage range due to the increase in the
number of drops with o-NPOE equal to 61%.

Likewise, there are differences in the morphology
of the connected pores of samples S3-Sem-edx and S4-
Sem-edx, with larger pores in S3-Sem-edx. The voltage
range of the S3-Sem-edx sample is around 12.75 cps/eV,
the S4-Sem-edx sample is around 14 cps/eV, indicating
an increase due to the number of drops of one drop and
three drops of the urease enzyme. Energy dispersive X-
ray spectroscopy analysis was carried out to analyze the
elemental and chemical composition of the structure
(Alipour et al., 2021; Dulgerbaki, 2023; Gamal et al., 2022;
Pan et al., 2023; Pani et al., 2016).

Characterization Results of XRD Analysis of PVA-
Enzyme/GA/PANI-HCl/PVC-KTpCIPB-0o-NPOE indicator
electrodes

XRD characterization of indicator electrode PVA-
Enzyme/GA/PANI-HCl/PVC-KTpCIPB-o-NPOE:
PVA-E-one drop/GA-2.9% /PANI+HCIl/PVC-
KTpCIPB-oNPOE 61%, sample S2; PVA-E-one
drop/GA-2.9% /PANI+HCl/PVC-KTpCIPB-oNPOE
66%, sample S5; PVA-E-three drops/GA.
9% /PANI+HCl/PVC-KTpCIPB-oNPOE 61%, sample
S7.
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Figure 7. XRD diffraction spectrum pattern of PVA-
Enzyme/GA/PANI+HCl 6M/PVC-KTpCIPB-o-NPOE
indicator electrode (a) one drop of 61% S2, (b) one drop of
66% S5, (c) three drops 61% S7

According to table 1, there are three locations of
activity points for the PVA-Enzyme/GA/PANI+HCI 6
M/PVC-KTpCIPB-o-NPOE indicator electrode, one
drop or three drops of enzyme with variations in o-

November 2023, Volume 9 Issue 11, 10043-10050

NPOE of 61% and 66%. According to Figure 7 XRD
spectrum pattern (M. Usman et al., 2021) the intensity of
846 a.u of sample S2, 4981 a.u of sample S5, 4888 a.u of
sample S7 is around a 2theta diffraction angle of 11.8
degrees. The intensity of 1018 a.u of sample 52, 2249 a.u
of sample S5, 4353 a.u of sample S7 is around a
diffraction angle of 19 degrees. The intensity of 4400 a.u
of sample 52, 1902 a.u of sample S5, 2625 a.u of sample
S7 is around a diffraction angle of 28 degrees.

Characterization Results of XRD Analysis of PVA-
Enzyme/GA/PANI-p-toluensulfonate/PVC-KTpCIPB-o-
NPOE indicator electrodes PVC-KTpCIPB-oNPOE 61%

Sample S3; PVA-E- one drop/GA-2.9% /PANI+ p-
toluensulfonate/ PVC-KTpCIPB-oNPOE 66%, sample
S6; PV A-E-three drops/GA-2.9% /PANI+p-
toluensulfonic acid /PVC-KTpCIPB-oNPOE 61%,
sample S8

Table 1. PVA-Enzyme/GA/PANI+HCI 6 M/PVC-
KTpCIPB-0o-NPOE Indicator Electrode

Intensity (a.u)

2Theta (degrees) S2 S5 S7
11.782888159 846.0 4981.0 4888.0
19.135846458 1018.0 1061.0 1406.0
19.293409850 834.0 2249.0 4353.0
28.484607723 1331.0 1902.0 2162.0
28.563389419 3018.0 1616.0 2652.0
28.642171115 4400.0 1386.0 1724.0
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Figure 8. XRD diffraction spectrum pattern of PVA-
Enzyme/GA /PANI+p-toluensulfonate 2M/PVC-KTpCIPB-
0-NPOE indicator electrode (a) one drop of 61% S3, (b) one
drop of 66% S6, (c) three drops of 61% S8
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According to Figure 8, there is a lot of activity from
samples S3, S6, and S8. According to table 2 working
points of the XRD spectrum pattern (Beygisangchin et
al., 2021; Munaji et al., 2023; M. Usman et al., 2021) the
intensity is 10940 a.u for sample S3, 9194 a.u for sample
S6, 5312 a.u for sample S8 around the 2theta diffraction
angle of 18.1 degrees.

Table 2. PVA-Enzyme/GA /PANI+p-toluensulfonate 2
M/PVC-KTpCIPB-o-NPOE Indicator Electrode

Intensity (a.u)

2Theta (degrees)

S3 S6 S8
18.164205539 10940.0 8040.0 4855.0
18.190466105 9451.0 9194.0 5312.0
XRD  Analysis  Characterization  Results of PVA-

Enzyme/GA/PPy+H2504 or PPy+sulfonic

KTpCIPB-0-NPOE indicator electrodes
According to Figure 9, the XRD diffraction

spectrum pattern of H2504-1 intensity is 224 a.u at a

acid/PVC-
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2theta diffraction angle of 44.54 degrees. XRD diffraction
spectrum pattern of H2504-3 intensity 236 a.u at 2theta
diffraction angle 44.48 degrees. XRD diffraction
spectrum pattern of AS-1204 a.u intensity at a diffraction
angle of 2theta 44.54 degrees. XRD diffraction spectrum
pattern of AS-3 intensity 228 a.u at 2theta diffraction
angle 44.5 degrees. According to the analysis of figure 7
PANI+HCI 6M and figure 8 PANI+p-toluensulfonate
2M and the properties of p-toluensulfonic acid are
stronger than hydrochloric acid HCIl. The intensity of
PANI+p-toluensulfonate 2M is two times greater than
PANI+HCI 6M. Likewise, according to Figure 9, the
intensity of PPy+H2504 8M is greater than the intensity
of PPy+sulfonic acid 2M (Martinez-Cartagena, 2022;
Arslantiirk & Ugraskan, 2023).

Based on Figures 7, 8 and Figure 9, the intensity
shows that the intensity of the strong acid is large and
the PPy conducting polymer is smaller than PANI and
the intensity of PPy is smaller than PANL
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Figure 9. XRD diffraction spectrum pattern of PVA-Enzyme/GA/PPy+H2504 8M indicator electrode, PPy+2M sulfonic acid
/PVC-KTpCIPB-0-NPOE

Table 3. Indicator electrodes (a) H2SOs-1, (b) H2SO4-3,
(c) AS-1, (d) AS-3

2Theta (degrees) H,S0,-1 H,SO4-3 AS-1  AS-3
4448 166 236 140 220
445 210 216 164 228
44.54 224 172 204 176

FTIR Characterization Results of PVA-Enzyme/GA/PPy+
H2504 or PANI+HCI /PVC-KTpCIPB-0-NPOE indicator
electrodes

According to Figure 9, the FTIR spectrum pattern
decreases in transmittance between wave numbers 3500
- 500 cm? (Katowah et al., 2021) for the PVA-Enzyme-
one drop/GA/PPy+H2504 /PVC-KTpCIPB-o-NPOE
indicator electrode (Hakim S, 2023).
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Figure 9. FTIR transmittance spectrum pattern of the PVA-
Enzyme-one drop/GA/PPy+H2504 /PVC-KTpCIPB-o-
NPOE indicator electrode
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Figure 10. FTIR transmittance spectrum pattern of the
indicator electrode PVA-Enzyme-one drop/GA/PANI+HCI
/PVC-KTpCIPB-0-NPOE 61%

According to Figure 10, the FTIR spectrum pattern
increases in transmittance between wave numbers 3500
- 500 ecm? (Aizamddin et al., 2022; Bohari et al., 2020;
Guerrero et al., 2018; Katowah et al., 2021; Yao et al.,
2019) for the indicator electrode PVA-Enzyme-one
drop/GA/ PANI+HCl /PVC-KTpCIPB-0-NPOE 61% .
The increase in transmittance properties is related to the
polymer conduction properties of PANI being greater
than the conduction properties of PPy. The rate
capability of conductive hydrogels decreased in the
order of polypyrrole (PPy) > polyaniline (PANI) >
poly(acrylic acid) (PAA) (Alipour et al., 2021; Gao et al,,
2019; Li, 2017; Nawaz et al., 2014).

November 2023, Volume 9 Issue 11, 10043-10050
Conclusion

Based on the data above, SEM-EDX analysis
determines the membrane pore morphology and EDX
determines the voltage range in cps/eV which increases
with the number of drops of urease and o-NPOE
plasticizer enzymes. XRD analysis determined that the
acidic properties and conduction properties of PANI
polymer were stronger than PPy. FTIR analysis
determines the transmittance properties, meaning the
conductivity properties of the polymer.
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