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Abstract: Research has been carried out on the indicator electrode PVA-Enzyme/GA-
2.9%/PPy+Sulfonic Acid/PVC-KTpClPB-o-NPOE, the amorphous spectral pattern is greatly 
reduced for variations of the enzyme 0.6 g in 0.5 mL (50% water + 50% alcohol) . PVA-
Enzyme/GA-2.9%/PPy+Sulfonic Acid/PVC-KTpClPB-o-NPOE indicator electrode, 
denoted As-1. Analysis of the linear curve of the As-1 sample with a sensitivity of 41.56 
mV/decade, a detection range of 10-4 - 10-1 M and a detection limit of 10-4 M, R2 = 97.51 %. 
To increase the sensitivity, detection range, detection limit and confidence level of R2. 
Indicator electrodes were made with variations of the urease enzyme on PVA and o-NPOE 
variations on PVC-KTpClPB 61% and 66% and replacement of PANI conductive polymer. 
PANI conductive polymer was dissolved in hydrochloric acid HCl denoted PANI-HCl and 
p-toluensulfonic acid is denoted by PANI-p-toluensulfonic acid. SEM analysis shows that 
the morphology of S3 is greater than that of S2. Analysis of the cps/eV EDX voltage range is 
greater than S3 to S2. Analysis of the XRD intensity spectrum pattern on the 2theta diffraction 
angle is greater than S3 to S2. Likewise, the analysis of the %Transmittance FTIR spectrum 
pattern for wave numbers S3, S6, S8 is higher than S2. The best result according to material 
analysis is S3.   
 
Keywords: Immobilization of urease enzyme; Potentiometric biosensor; PVA-Enzyme/GA-
2.9%/PANI+HCl; PANI-p-toluensulfonic Acid/PVC-KTpClPB-o-NPOE 

  

 

Introduction  

 
Modification of the indicator electrode membrane 

starts from; PVA-Enzyme/PVC-KTpClPB (Vlascici et 
al., 2012); PVA-Enzyme/GA-2.9%/PVC-KTpClPB 
(Aparicio-Collado et al., 2020; Vlascici et al., 2006); PVA-
Enzyme/GA-2.9%/PVC-KTpClPB-o-NPOE; PVA-
Enzyme/GA-2.9%/PPy+ H2SO4 /PVC - KTpClPB-o-
NPOE, PVA-Enzymes/GA-.9%/PPy+benzenasulfonate 
Acid/PVC-KTpClPB-o-NPOE (Hakim S, 2023). 
Modification of the indicator electrode membrane aims 
to increase the sensitivity, detection range, detection 
limit and confidence level of R2. The PVA-Enzyme/GA-

2.9%/PPy+ H2SO4 /PVC - KTpClPB-o-NPOE indicator 
electrode has a sensitivity of 43.79 mV/decade, detection 
range of 10-3-10-1 M, limit of detection of 10-3 M, R2 = 
98.83%.  

The indicator electrode PVA-Enzyme/GA-
2.9%/PPy+benzenasulfonic Acid/PVC-KTpClPB-o-
NPOE has a sensitivity of 41.56 mV/decade, detection 
range 10-4-10-1 M, detection limit 10-4 M, R2 = 97.51%. 
These electrodes are distinguished by the type of acid in 
the PPy conductive polymer solvent. Based on reasoning 
about the type of acid in the PPy conductive polymer, 
the researchers made a difference in the type of acid 
solvent and replaced the polypyrrole (PPy) conductive 
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polymer with polyanaline conductive polymer (PANI). 
ModificationofPVA-Enzim/GA- .9%/PANI+HCl/PVC-
KTpClPB-o-NPOE indicator electrodes are denoted S2, 
S5, S7; PVA-Enzim/GA-2.9%/PANI+p-toluensulfonic 
acid/PVC-KTpClPB-o-NPOE denoted S3, S6 and S8. 
Sample 2: PVA-Enzyme 1 drop/GA/PANI/HCl 
6M/PVC-KTpClPB-o-NPOE 61%. Sample 5: PVA-
Enzim 1 drop/GA/PANi/HCl 6M /PVC-KTpClPB-o-
NPOE 66%. Sample 7: PVA-Enzim 3 
drops/GA/PANI/HCl 6M/PVC-KTpClPB-o-NPOE 
61%. Sample 3: PVA-Enzyme 1 drop/GA/PANI/ p-
toluensulfonate 2M/PVC-KTpClPB-o-NPOE 61%. 
Sample 6: PVA-Enzim 1 drop/GA/PANI/ p-
toluentsulfonic 2M/PVC-KTpClPB-o-NPOE 66%. 
Sample 8: PVA-Enzim 3 drops/GA/PANI/ p-
toluensulfonate 2M/PVC-KTpClPB-o-NPOE 61%. Layer 
one PVA-enzyme immobilization; layer two GA 
crosslinks; PANI conduction polymer triple layer; and 
four plastesier layers of o-NPOE on PVC-KTpClPB (El-
Naby, 2019). 
 

Method 
 

The material consists of 1.0 mm diameter tungsten 
267 562 99.99%, PVA [-CH2CHOH-]n, enzyme EC 3.5.1.5 
(Urease) U4002, Glutaraldehyde (GA), PANI, HCl, p-
toluensulfonic acid, PVC (CH2CHCl)n, potassium 
tetrakis 4-chlorophenyl borate (ClC6H4)4BK, 
tetrahydrofuran C4H8O, o-NPOE from sigma aldrech. 
The method in this study was the biosensor 
potentiometric method (Al-Mohaimeed et al., 2021; 
Bertel et al., 2021; Thakur et al., 2013)(Thakur and 
Ragavan, 2013); urease enzyme immobilization 
technique (Nimse et al., 2014)urea analyte. 

GA cross-linking increases the conductivity of 
Hsu et al. (2022), a high-conductivity conducting 
polymer, enhancing electron transfer and the 
electrocatalytic activity of sensors (Terán-Alcocer et al., 
2021). On the basis of Hakim (2021), Kaur et al. (2017), 
and Elbehery et al. (2019), four layers of the indicator 
electrode were made, each consisting of one layer with a 
variation of o-NPOE 61% (Hakim S, 2022) and 66% 
(Vlascici et al., 2006). The first layer of PVA-Enzyme one 
or three drops. GA second layer. The third layer is PANI-
HCl and PANI-p-toluensulfonic acid. Fourth layer PVC-
KTpClPB-o-NPOE, o-NPOE 61% and 66%. The products 
are samples S2, S5, and S7; S3, S6 and S8.  
 

Result and Discussion 
 
Analysis of SEM-EDX 

According to figure 1, the indicator electrodes (a) 
one drop of PVA-E/GA/PANI-HCl/PVC-KTpClPB-o-
NPOE 61%, (b) one drop of PVA-E/GA/PANI-p-

toluenesulfonat/PVC-KTpClPB -o-NPOE 61%, 
analyzed by SEM-EDX and FTIR (Alharthi et al., 2021; 
Ganesan et al., 2019), SEM-EDX, XRD and FTIR analysis 
(Al-Mohaimeed et al., 2021; Chen et al., 2022; Ghoniem, 
2016). In this session the researchers discussed SEM 
morphology, EDX spectral patterns and XRD spectral 
patterns, according to Ghoniem (2016). The EDX and 
XRD spectral patterns are related to the location of the 
working point of the indicator electrode on the Tungsten 
element as well as electron activity. Less crystal 
formation or electron activity on the indicator electrode 
of figure 1: PVA-E one drop/GA/PANI-HCl/PVC-
KTpClPB-o-NPOE 61%, than PVA-E one drop/GA/ 
PANI-p-toluensulfonate/PVC-KTpClPB-o-NPOE 61%. 
The location of the tungsten working points in the EDX 
spectral pattern matches the XRD spectral pattern. The 
location of the working point of the EDX spectral pattern 
at the first highest peak is in two places in Figure 2 for 
PANI-HCl and Figure 3 for PANI-p-toluensulfonate.  

 

 
(a) 

 
(b) 

Figure 1. SEM morphology of the indicator electrode (a) one 
drop PVA-E/GA/PANI-HCl/PVC-KTpClPB-o-NPOE 61%, 
(b) one drop PVA-E/GA/PANI-p-toluensulfonate/PVC -

KTpClPB-o-NPOE 61% 

 
There are differences in morphological patterns 

between the indicator electrode containing PANI-HCl 
and PANI-p-toluensulfonate. Smaller morphology of 
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PANI-HCl than PANI-ptoluensulfonate. There is also 
the influence of the number of EDX spectrum patterns 
that are formed with the XRD spectrum patterns 
(Abbasian et al., 2016). It's just that the determination of 
the location of the working point is the highest peak of 
the EDX spectrum pattern from the supporting element 
of the tungsten indicator electrode. Incidentally the 
highest peak in the first spectral pattern from EDX 
Figures 2 and 3 is close to 2 keV energy, if it is connected 
to the XRD spectral pattern the location of the first 
highest peak is in sample S2 Figure 2 sample S3 Figure 4 
(Joshi et al., 2021). 

 

 
Figure 2. EDX analysis of one drop of PVA-E/GA/PANI-

HCl/PVC-KTpClPB-o-NPOE 61% solution 

 
The EDX spectrum pattern from the voltage to 

energy range has fewer high and low peaks in Figure 2 
than in Figure 3. Where the indicator electrode is only 
distinguished by the difference in the third layer, 
namely PANI-HCl Figure 2 and PNAI-p-
toluensulfonate Figure 3. Differences in spectrum 
patterns Figures 2 and 3 are followed by the XRD 
spectrum pattern in Figures 4a and 4b (Javed, A, 2021). 

Figure 4a and 4b are also caused by the indicator 
electrode in the third layer between PANI-HCl and 
PANI-p-toluensulfonate. More crystals were formed 
from the pattern of the XRD intensity spectrum at the 
2theha angle in PANI-p-toluensulfonate.  

 

 
Figure 3. Analysis of the EDX PVA-E voltage range of one 

drop/GA/PANI-p-toluensulfonate/PVC-KTpClPB-o-NPOE 
61% 

 
The EDX spectrum pattern in the cps/eV range of 

voltage to energy keV is higher in the voltage range of 
the PANI-p-toluenesulfonate indicator electrode than 
the PANI-HCl voltage range. Based on these data from 
Figure 2 and Figure 3, p-toluensulfonic acid is better for 
PANI than hydrochloric acid HCl for PANI. This is also 
supported by the atomic weight percent of tungsten in 
PANI-p-toluensulfonate 76.35%wt compared to PANI-
HCl 71.86%wt with the supporting elements chlorine, 
oxygen and carbon except for the addition of sodium to 
the PANI-p-toluensulfonic electrode. In PANI-HCl the 
supporting elements are chlorine 8.96%wt, oxygen 
2.92%wt, carbon 16.26%wt. PANI-p-toluensulfonate of 
supporting elements chlorine 2.12%wt, oxygen 6.22%wt, 
carbon 14.20%wt and sodium 1.11%wt.

 
Table 1. Weight Percent of Indicator Electrode (a) One Drop, (b) Three Drops, PVA-E /GA/PNI-HCl/PVC-
KTpClPB-o-NPOE 61% 

Sample 
Atomic Weight Percent 

Tungsten Chlorine Oxygen Carbon Sodium 

PVA-E satu tetes/GA/PNI-HCl/PVC-KTpClPB-o-NPOE 61% 71.86 8.96 2.92 16.26 - 
PVA-E tiga tetes/GA/PNI-HCl/PVC-KTpClPB-o-NPOE 61% 76.35 2.12 6.22 14.20 1.11 

XRD Analysis 
The location of the working point of the XRD 

intensity spectrum pattern with respect to the diffraction 
angle 2theta (a) S2, S5 and S7, (b) S3, S6 and S8. Based on 
the EDX spectrum pattern according to the XRD 
spectrum pattern in Figure 4a table 2, samples S2 
intensity 4400 (a.u), S5 1386 (a.), S7 796 (a.u) at a 
diffraction angle of 2theta 28.64 degrees. The XRD 
spectrum pattern in Figure 4b table 3 is sample S3 
intensity 9451(a.u), S6 1386 (a.u), S8 5312 (a.u) at a 
diffraction angle of 2theta 18.2 degrees. 

There are differences (Ganesan et al., 2019; Hakim 
S, 2021; Joshi, 2022; Shawky et al., 2021) The significant 

intensity of the XRD diffraction angle between the PVA-
E/GA/PNI-HCl/PVC-KTpClPB-o-NPOE 61% indicator 
electrode and the PVA-E/GA/PNI-p-toluenesulfonate 
indicator electrode /PVC-KTpClPB-o-NPOE 61%. The 
difference between these indicator electrodes is only 
distinguished by the third layer, namely PANI-HCl and 
PNAI-p-toluensulfonate. 

According to the analysis of the relationship 
between Figure 2 and Figure 4, it can be seen from the 
relationship between Figure 3 and Figure 5 that the 
crystalline properties of the indicator electrode with the 
third layer of PANI-p-toluensulfonate are more 
pronounced than PANI-HCl. 
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Figure 4. The pattern of the XRD intensity spectrum at 2theta 
diffraction angles (a) S2, S5 and S7, (b) S3, S6 and S8, (Joshi, 

N.C.,  2022) 
 

Table 2. Intensity Against Diffraction Angle 2theta 
Sample S2, S5 and S7 PVA-E/GA/PNI-HCl/PVC-
KTpClPB-o-NPOE 61% Indicator Electrode 

Diffraction Angle 2Theta (degrees) 
HCl Intensity (a.u) 

S2 S5 S7 

11.78 846.0 4981.0 737.0 
18.87 773.0 858.0 6024.0 
28.64 4400.0 1386.0 796.0 

 
The location of the PANI-HCl working point at 

the XRD 2theta diffraction angle is around 18.2 degrees 
according to the EDX spectral pattern, whereas at the 
diffraction angles of 11 degrees and 18 degrees are not 
tungsten working points for multi-layer indicator 
electrodes each one layer of membrane per membrane 
layer. Likewise, the location of the PANI-p-
toluensulfonate working point is at a diffraction angle of 
2theta around 28 degrees. Based on the same reasoning, 
the location of the PANI-p-toluensulfonate working 
point outside an angle of 28 degrees is not the working 

point of the multi-membrane PANI-p-toluensulfonate 
indicator electrode, each layer consisting of one layer. 
 
Table 3. Intensity with Respect to Diffraction Angle 
2theta Sample S3, S6 and S8 PVA-E/GA/PNI-p-
toluensulfonate/PVC-KTpClPB-o-NPOE 61% Indicator 
Electrode 
Diffraction Angle 2Theta 
(degrees) 

Intensitas p-toluensulfonat (a.u) 

S3 S6 S8 

18.16 0940.0 8040.0 4855.0 
18.19 9451.0 9194.0 5312.0 

 
SEM-XRD and FTIR analysis 

SEM, XRD and FTIR analysis according to 
Ganesan et al. (2019), Javed et al. (2021), Brini et al. 
(2021), Kim et al. (2020), Bibi et al. (2022), (Sanjay Krishna 
et al. (2019), and (Alipour et al., 2021), it is very clear the 
difference between the PANI-HCl indicator electrode 
and the PANI-p-toluenesulfonate indicator electrode. 
The larger pores of the PANI-p-toluenesulfonate 
indicator electrode, as well as crystal properties and 
transmittance properties starting from the wave number 
basins 500 – 1250 cm-1, 1250 – 1750 cm-1 and 2750 – 4000 
cm-1. On the basis of SEM-EDX, XRD and FTIR the best 
material from a sample of one drop of PVA-E indicator 
electrode/GA/PANI-p-toluensulfonate/PVC-KTpClPB 
-o-NPOE 61% is sample S3. 
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Figure 5. (a) SEM morphology, (b) XRD and (c)  FTIR spectral 
patterns of one-drop PVA-E/GA/PANI-HCl/PVC-KTpClPB-

o-NPOE 61% indicator electrodes (Wang et al., 2016) 

 
The decision to determine the best S3 sample is 

supported by a larger pore, a stress range from EDX 
greater than 12 cps/eV, a greater percent atomic weight 
of 76.35 %wt, an intensity of 9451 (a.u) to a diffraction 
angle of 2theta 18.2 degrees, and a large number of 
concavity changes, reflects the many crystal patterns of 
the XRD spectrum pattern (Al-Mohaimeed et al., 2021; 
Alharthi et al., 2021; Bertel et al., 2021; Bibi et al., 2022; 
Chen et al., 2022). 
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Figure 6. (a) SEM morphology, (b) XRD and (c) FTIR spectral 
pattern of one drop PVA-E/GA/PANI-p toluensulfonate/ 

PVC -KTpClPB-o-NPOE 61% (S3, S6, S8) 
 

Conclusion 
 

Based on the data As a conclusion from the 
analysis of XRD, SEM-EDX and FTIR, the best sample of 
the four-layer multi-membrane indicator electrode is the 
indicator electrode PVA-E one drop/GA/PANI-p-
toluenesulfonat/PVC-KTpClPB-o-NPOE 61%. 
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