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Is the research design 
appropriate? 

(x) ( ) ( ) ( ) 

Are the methods adequately 
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Comments and Suggestions for Authors 

The authors have presented the use of imprinted zeolite electrode for detection of blood glucose. 

They recommend this methodology for routine analysis of blood glucose in the medical industry. They 
have published a similar idea in Indonesian Journal of Chemistry in June 2020. The idea is apparently 
not intended for non-invasive glucose detection. 

The following is a list of discovered issues which should be corrected before publication: 

1) In the introduction section, the last paragraph that reads "The introduction should briefly place the 
study in a broad context and highlight .........for further details on references." should be removed. 

2) In the introduction section, I found it very hard to read the last sentence of the 4th paragraph. How 
about breaking it into multiple statements? Also, Also, the authors should explain how avoidance of 
swelling can lead to increase in sensitivity and selectivity: 

"The suitability of the IZ pore size with the glucose molecule.....makes it not prone to experience 
swelling in water so that it can provide high sensitivity and selectivity in detecting glucose." 

3) Figure 4 of this article and Figure 1 of your previously published paper in Indonesian Journal of 
Chemistry [1] are almost identical. Strictly, this can be considered as a figure plagiarism. The authors 
should either further modify Figure 4, or indicate clearly in the caption that Figure 4 was reproduced 
from [1]. 

4) The results and discussion section is Section 3. The conclusion is Section 5. Where is Section 4? 

5) In the PDF version of the manuscript available for peer review, Column 1 of Table 1 was filled with 
line numbers. I am not sure if this would potentially affect the published version. 



6) In Figure 6, the yellow and grey curves have not been labelled. 

7) Can the authors give more explanation for Figure 8? 

8) I have read the authors' previously published paper in Indonesian Journal of Chemistry [1]. It is 
unclear what the major innovations in this paper are. Ideally, the authors should come up with a list of 
novelties in the introduction section. 
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Potentiometry. Indones. J. Chem. 2020, vol 20, pp 1301–1310 

  

 
Submission Date 

06 July 2022 
Date of this review 

11 Jul 2022 07:13:30 



Reviewer 2 

Open Review 
( ) I would not like to sign my review report 

(x) I would like to sign my review report 

English language and style 
(x) Extensive editing of English language and style required 

( ) Moderate English changes required 

( ) English language and style are fine/minor spell check required 
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Are the results clearly presented? ( ) (x) ( ) ( ) 

Are the conclusions supported by the 
results? 
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Comments and Suggestions for Authors 

The manuscript by Miratul Khasanah, Alfa Akustia Widati, Usreg Sri Handajani, Akhsin Mastura, and 

Eka Yunicha Sari has detailed the experimental setup to demonstrate that imprinted Zeolite X based 
Sensor can be used for non-enzymatic detection of blood glucose by potentiometry. This was confirmed 
by testing the electrode response time in a glucose solution at 0.0004-0.01 M concentration range. In 
summary, the contributions in this work can be separated into two separate topics, which consist of (1) 
synthesis of an imprinted zeolite X based Sensor and (2) evaluation of the performance characteristic 
of the above Sensor. However, the manuscript is not very well written although the results are carefully 
presented. Therefore, the authors are encouraged to address the following editorial issues. 

  

1)    For lines 44-45, the authors should consider replacing the word “disturbed” with “complicated”. 

2)    For lines 52-54, the authors should consider revising the two sentences for clarity. 

3)    For lines 50, the authors should consider defining the term “IZ” the first time it appears and retain the 
initialisation throughout the manuscript.  

4)    For lines 87-95, the authors should consider replacing or deleting the entire paragraph it is appears to 
be instructions cut and pasted. 

5)    For lines 317-321, 335-338 and 354-359 the authors should consider revising the sentence 
construction for clarity and to remove repetition. 



6)    For Figure 6, please include legends to indicate the degree of variation of electrode potential with 
glucose concentration. 

7)    The authors should consider revising the sentence construction of lines 371-374 for clarity. 

8)    For line 378, the authors should consider replacing the word “greater” with “higher”. 

9)     For lines 393-396, the authors should consider revising the sentence construction for clarity. 

10) For lines 407-411, the authors should consider revising the sentence construction for clarity. 

11) For lines 427-430, the authors should consider revising the sentence construction for clarity. 

12) For lines 443-451, the authors should consider revising the sentence construction for clarity. 

13) For line 498, the authors should consider revising the title to remove the term "results" as this is part of 
the result section. 

14) The authors are encouraged to include a discussion part that is very well thought out and provides depth 
analysis of the presented results. 

15) The authors should consider revising the conclusion to provide sharp focus to the manuscript. 

16) The authors should consider revising the manuscript so that there is consistent referencing style. 
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Are the results clearly presented? ( ) (x) ( ) ( ) 

Are the conclusions supported by the 
results? 
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Comments and Suggestions for Authors 

This work aimed at detecting blood glucose concentration via Zeolite X-based sensors. They studied 
the material properties, working mechanism and device performance. Overall, I think this manuscript 
presented an effective method for future glucose detection. However, the research background in 
their introduction part is weak and insufficient, and must be improved. In addition, the following issues 
should be addressed before being accepted. 

-page 2, line 84. Chemical formula should be corrected, such as Al2O3, not Al2O3 as presented in 
their manuscript. Please correct them all. 

-page 2, line 87-95. This paragraph should be removed before submission. 

-The authors should demonstrate the structure of Zeolite X, as well as other types of Zeolite as a new 
figure to provide direct information. 

-Previous works on Zeolite X, as well as the main problem/obstacle of this strategy must be 
discussed. Please include them. 

-For non-enzymatic glucose detection, there are some other alternate strategies that the authors may 
need to introduce. Some nice references are also recommended to be cited, such as 
https://doi.org/10.1021/acs.analchem.0c02218, https://doi.org/10.3390/cryst10030186. 

-page 5. Standard XRD pattern should also be added in Figure 2 to make better comparison. In 
addition, what is the impurity in the sample? 

-The format and quality of Figure 5 should be improved. 
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Manuscript ID : ChemEngineering-1828050 
Author(s) : Miratul Khasanah *, Alfa Akustia Widati, Usreg Sri Handajani, Akhsin Mastura, 

Eka Yunicha Sari 
Title : Imprinted Zeolite X Based Sensor for Non-Enzymatic Detection of Blood Glucose 

by Potentiometry 
 
Dear Dr. Alex Wei, 
Assistant Editor, ChemEngineering 
 
We appreciate for the corrections and great suggestion from reviewers. We have revised our manuscript 
based on the reviewer’s feedback. Herein, we prepared our manuscript based on marked color. We give 
the blue color for the revision as reviewer’s suggestions. We hope you can give us the opportunity to follow 
the further process to publish in ChemEngineering 
 
Response to Comments From Reviewer : 
▪ FIRST REVIEWER 
1. Reviewer’s comments : In the introduction section, the last paragraph that reads "The introduction 

should briefly place the study in a broad context and highlight .........for further details on references." 
should be removed. 
 
Response : Thank you for your correction. We have removed it. 

 
2. Reviewer’s comments : In the introduction section, I found it very hard to read the last sentence of the 

4th paragraph. How about breaking it into multiple statements? Also, Also, the authors should explain 
how avoidance of swelling can lead to increase in sensitivity and selectivity: 

"The suitability of the IZ pore size with the glucose molecule.....makes it not prone to experience 
swelling in water so that it can provide high sensitivity and selectivity in detecting glucose." 

 
Response : Thank you for your suggestion. In the revised manuscript, we have added the explaination 
about the characteristics of zeolit, including the stability of zeolite toward swelling behaviour. 
About the english language and style, we have repaired all of sentences by multiple breaking, avoid 
repetition, etc. We apologize for this any inconvenience.  
Location of response in revised manuscript : page 2, line 58-65. 
 

3. Reviewer’s comments : Figure 4 of this article and Figure 1 of your previously published paper in 
Indonesian Journal of Chemistry [1] are almost identical. Strictly, this can be considered as a figure 
plagiarism. The authors should either further modify Figure 4, or indicate clearly in the caption that 
Figure 4 was reproduced from [1]. 
 
Response : We appreciate for this suggestion. In the revised manuscript, there is a change the number of 
figure. Consequently, Figure 1 change to be Figure 2 and Figure 4 become Figure 5. We cited our previous 
publication in Indonesian Journal of Chemistry in the Figure 2. For the Figure 4, we redraw it to avoid 
plagiarims issue. 
Location of response in revised manuscript : page 4, line 151; page 7, line 258. 
 

4. Reviewer’s comments : The results and discussion section is Section 3. The conclusion is Section 5. 
Where is Section 4? 
 
Response : The conclusion should be Section 4. Thank you.  
Location of response in revised manuscript : page 13, line 448 
 

5. Reviewer’s comments : In the PDF version of the manuscript available for peer review, Column 1 of 
Table 1 was filled with line numbers. I am not sure if this would potentially affect the published version. 
 



Response : Thank you. We have revised it. 
 

6. Reviewer’s comments : In Figure 6, the yellow and grey curves have not been labelled. 
 

Response : Now, Figure 6 change to be Figure 7. We have complete all of curves with label and error bar. 
Thank you. 
Location of response in revised manuscript : page 9, line 314 

 
7. Reviewer’s comments : Can the authors give more explanation for Figure 8? 
 

Response : We sincerely thank for the constructive comment. We have given more explanation about 
adsorption to support the Figure 8 (Now this figure was numbered of 9). We explained about the 
optimum of contact time of IZ and zeolit. The explanation also delivered about the reason why the 
adsorption of IZ was higher than zeolite. 
Location of response in revised manuscript : page 12, line 429-443 
 

8. Reviewer’s comments : I have read the authors' previously published paper in Indonesian Journal of 
Chemistry [1]. It is unclear what the major innovations in this paper are. Ideally, the authors should 
come up with a list of novelties in the introduction section. 

 
Response : We thank the reviewer for asking us to explain the novelty of this research in this manuscript. 
The novelty of this research is the use of zeolite x as a modifier. The main idea of this manuscript is 
zeolite x has bigger pore geometry than the another type of zeolite. The preparation of imprinted zeolite 
involved the interaction was occurred between the O atom of Si-O-Al in zeolite with OH of glucose. The 
larger pore geometry, the more the number of Si-O-Al, therefore zeolite with largest ring tend to serve 
more active site to bind with glucose. 
We have added this explanation in the Introduction part. 
Location of response in revised manuscript : page 2, line 74-87 

 
Once again, we appreciate the time and efforts by the editor and referees to review this manuscript. Thank 
you so much for your kind cooperation. We hope that our revised manuscript can be considered to publish 
in ChemEngineering Thank you for your attention. 
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Manuscript ID : ChemEngineering-1828050 
Author(s) : Miratul Khasanah *, Alfa Akustia Widati, Usreg Sri Handajani, Akhsin Mastura, 

Eka Yunicha Sari 
Title : Imprinted Zeolite X Based Sensor for Non-Enzymatic Detection of Blood Glucose 

by Potentiometry 
 
Dear Dr. Alex Wei, 
Assistant Editor, ChemEngineering 
 
We appreciate for the corrections and great suggestion from reviewers. We have revised our manuscript 
based on the reviewer’s feedback. Herein, we prepared our manuscript based on marked color. We give 
the blue color for the revision as reviewer’s suggestions. We hope you can give us the opportunity to follow 
the further process to publish in ChemEngineering 
 
Response to Comments From Reviewer : 
▪ SECOND REVIEWER 
1. Reviewer’s comments : For lines 44-45, the authors should consider replacing the word “disturbed” 

with “complicated”. 
 

Response : We have replaced it. Thank you. 
Location of response in revised manuscript : page 2, line 45 
 

2. Reviewer’s comments : For lines 52-54, the authors should consider revising the two sentences for 
clarity. 
 
Response : We appreciate for this correction. We have revised become one sentence and cited about 2 
reference to strengthen the statement. 
Location of response in revised manuscript : page 2, line 53-54 
 

3. Reviewer’s comments : For lines 50, the authors should consider defining the term “IZ” the first time it 
appears and retain the initialisation throughout the manuscript. 
 
Response : Thank you for this correction, however, does the reviewer mean is line 59? We have insert the 
term IZ in the first time it appears.  
Location of response in revised manuscript : page 2, line 61 
 

4. Reviewer’s comments : For lines 87-95, the authors should consider replacing or deleting the entire 
paragraph it is appears to be instructions cut and pasted. 
 
Response : We have deleted this paragraphy. We apologize for this carelessness. 
 

5. Reviewer’s comments : For lines 317-321, 335-338 and 354-359 the authors should consider revising 
the sentence construction for clarity and to remove repetition. 
 
Response : As suggested reviewer, we have revised them. We also revised all off sentences to avoid the 
ambigous and unclear meaning through remove repetition and multiple breaking the sentences. 
Location of response in revised manuscript : page 9-10, line 317-339 
 

6. Reviewer’s comments : For Figure 6, please include legends to indicate the degree of variation of 
electrode potential with glucose concentration. 
 
Response : We thank for this correction. Now, Figure 6 change to be Figure 7 because we add one new 
figure in the introduction part. We have added the legends and error bars in this figure to express the 
number of used electrode 



Location of response in revised manuscript : page 9, line 313 
 

7. Reviewer’s comments : The authors should consider revising the sentence construction of lines 371-374 
for clarity. 
 
Response : We sincerely thank for this suggestion. We have revised the sentences. 
Location of response in revised manuscript : page 9, line 273-280 
 

8. Reviewer’s comments : For line 378, the authors should consider replacing the word “greater” with 
“higher”. 

 
Response :  We have replaced it. Thank you. 
Location of response in revised manuscript : page 9, line 326 
 

9. Reviewer’s comments :   For lines 393-396, the authors should consider revising the sentence 
construction for clarity. 
 
Response :  We have revised it. Thank you for this correction 
Location of response in revised manuscript : page 9, line 330-339 
 

10. Reviewer’s comments :   For lines 407-411, the authors should consider revising the sentence 
construction for clarity. 
 
Response :  Thank for this suggestion. We have revised it. 
Location of response in revised manuscript : page 10, line 347-349 
 

11. Reviewer’s comments :   For lines 427-430, the authors should consider revising the sentence 
construction for clarity. 
 
Response :  We appreciate for this suggestion. We have replaced the sentences with the new one. 
Location of response in revised manuscript : page 11, line 369-372 
 

12. Reviewer’s comments :   For lines 443-451, the authors should consider revising the sentence 
construction for clarity. 
 
Response :  We thank for this suggestion. We have revised it 
Location of response in revised manuscript : page 10, line 382-388 
 

13. Reviewer’s comments :   For line 498, the authors should consider revising the title to remove the term 
"results" as this is part of the result section. 
 
Response :  Thank for your correction. We have revised it. We also revised the title of 3.1 and 3.3 with no 
term of “results” 
Location of response in revised manuscript : page 12, line 403; page 6, line 217; page 8, line 286 
 

14. Reviewer’s comments :   The authors are encouraged to include a discussion part that is very well 
thought out and provides depth analysis of the presented results. 
 
Response :  We have taken the reviewer’s suggestion and completed the discussion part with the depth 
analysis. We marked it with blue color. 
 

15. Reviewer’s comments :  The authors should consider revising the conclusion to provide sharp focus to 
the manuscript. 
 
Response :  We sincerely thank for the constructive comments. In the conclusion part, we added the 
information the sample which performed the best features. Thank you. 



Location of response in revised manuscript : page 13, line 449-457 
 
16. Reviewer’s comments :  The authors should consider revising the manuscript so that there is consistent 

referencing style. 
Response :  We have revised the manucript including the reference style as journal’s guideline. Thank 
you. 

 
Once again, we appreciate the time and efforts by the editor and referees to review this manuscript. Thank 
you so much for your kind cooperation. We hope that our revised manuscript can be considered to publish 
in ChemEngineering Thank you for your attention. 
 



RESPONS FOR REVIEWER’S REPORT 
 
Manuscript ID : ChemEngineering-1828050 
Author(s) : Miratul Khasanah *, Alfa Akustia Widati, Usreg Sri Handajani, Akhsin Mastura, 

Eka Yunicha Sari 
Title : Imprinted Zeolite X Based Sensor for Non-Enzymatic Detection of Blood Glucose 

by Potentiometry 
 
Dear Dr. Alex Wei, 
Assistant Editor, ChemEngineering 
 
We appreciate for the corrections and great suggestion from reviewers. We have revised our manuscript 
based on the reviewer’s feedback. Herein, we prepared our manuscript based on marked color. We give 
the blue color for the revision as reviewer’s suggestions. We hope you can give us the opportunity to follow 
the further process to publish in ChemEngineering 
 
Response to Comments From Reviewer : 

• THIRD REVIEWER 
1. Reviewer’s comments : This work aimed at detecting blood glucose concentration via Zeolite X-based 

sensors. They studied the material properties, working mechanism and device performance. Overall, I 
think this manuscript presented an effective method for future glucose detection. However, the 
research background in their introduction part is weak and insufficient, and must be improved. 
 
Response : We sincerely thank for the constructive comments. We have added the research background 
including the main reason of choosing the zeolite X as a modifier of electrode, 
Location of response in revised manuscript : page 2, line 74-85 
 

2. Reviewer’s comments : page 2, line 84. Chemical formula should be corrected, such as Al2O3, not Al2O3 
as presented in their manuscript. Please correct them all. 
Response : We appreciate for this correction. We have corrected them all. We marked them with blue 
color. 
 

3. Reviewer’s comments : page 2, line 87-95. This paragraph should be removed before submission. 
 
Response : We apologise for this carelessness. We have removed it. 
 

4. Reviewer’s comments : The authors should demonstrate the structure of Zeolite X, as well as other 
types of Zeolite as a new figure to provide direct information. 
 
Response : We thank for this suggestion. We have added the structure of zeolite X, LTA, and TS-1 in 
Figure 1. We also described the character of zeolite X in the text. We compared zeolite x with zeolite LTA 
and TS-1 because we had report about the performance of modified electrode using them. We also 
demonstrated the pore structure of zeolite X, LTA, and TS-1 in Figure 1. 
Location of response in revised manuscript : page 2-3, line 76-94 

 
5. Reviewer’s comments : Previous works on Zeolite X, as well as the main problem/obstacle of this 

strategy must be discussed. Please include them. 
6.  

Response : We sincerely appreciate with this suggestion. The development of zeolite x as a modifier 
electrode through template/imprinted technique has not been reported yet. As a modifier electrode, 
many researcher used the approach of cation exchange. We have explain this in the introduction part.  
Location of response in revised manuscript : page 1, line 85 
 
 



7. Reviewer’s comments : For non-enzymatic glucose detection, there are some other alternate strategies 
that the authors may need to introduce. Some nice references are also recommended to be cited, such 
as https://doi.org/10.1021/acs.analchem.0c02218, https://doi.org/10.3390/cryst10030186. 
 
Response : Thank for your valuable information. We added this reference on number of 10 and 11 
 

8. Reviewer’s comments : page 5. Standard XRD pattern should also be added in Figure 2 to make better 
comparison. In addition, what is the impurity in the sample? 
 
Response : We have compiled our diffractogram with (joint committee on powder diffraction) JCPDS of 
zeolite X standard. The impurity of this sample are zeolite P. Preparation of zeolite X was involved the 
transformation phase of zeolite P to zeolite X, so that in the certain conditions, the mixture of zeolite p 
and zeolite x was yielded. 
Location of response in revised manuscript : page 5-6, line 197-209 
 

9. Reviewer’s comments : The format and quality of Figure 5 should be improved. 
 
Response : We appreciate for this correction. In the revised manuscript, figure 5 changed to be Figure 6. 
We have make a new format of this figure and tried increase the quality of image. 
Location of response in revised manuscript : page 8, line 288 

 
Once again, we appreciate the time and efforts by the editor and referees to review this manuscript. Thank 
you so much for your kind cooperation. We hope that our revised manuscript can be considered to publish 
in ChemEngineering Thank you for your attention. 
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Abstract: The development of sensors based on imprinted zeolite X to detect blood glucose through
potentiometry was performed. In this study, the sensor was made of a mixture of carbon paste and
imprinted zeolite X. Zeolite X was synthesized using a sol–gel-hydrothermal method at a temperature
of 100 ◦C with basic materials of NaAlO2, NaOH, TEOS, and distilled water. The characterization
results of XRD showed the presence of specific peaks, which were confirmed with standard zeolite
X. Imprinted zeolite X exhibited a 20 times greater adsorption capacity size, and an adsorption
efficiency 3 times greater than that of zeolite X. This is thought to be due to the presence of a
molecular template within it. The IZ–carbon paste electrode showed optimum performance due
to a mass ratio of carbon, paraffin, and imprinted zeolite X of 12:7:1. The electrode performance
was expressed by the Nernst factor value of 30 mV/decade, the measuring range of 10−4–10−2 M,
the upper detection limit of 1.38 × 10−2 M, and the lower detection limit of 1.28 × 10−4 M, so this
electrode can be used for glucose analysis with a normal concentration (70–110 mg/dL or equivalent
to 3.8 × 10−3–6.1 × 10−3 M), as well as the glucose concentration of people with diabetes mellitus
(>200 mg/dL or about 10−2 M). This electrode showed precision values of 97.14–99.02%, accuracy
values of 98.65–99.39%, and electrode response times of 10–13 s. The electrodes showed high stability
for more than 5 weeks with 141 uses. The electrodes also showed high selectivity for glucose in the
matrix of uric acid, urea, NaCl, and KCl. Therefore, its use as an alternative electrode for routine
glucose analysis in the medical field is recommended.

Keywords: imprinted zeolite X; potentiometric sensor; blood glucose; medical

1. Introduction

High levels of glucose in the body are generally associated with diabetes mellitus.
Diabetes mellitus is a chronic disease that affects approximately 150 million people in the
world and is the sixth leading cause of death in the non-communicable disease category.
Indonesia occupies the fourth position in the world ranking, with the highest number of
people with diabetes mellitus. The number of people with this disease continues to increase
every year. Diabetes mellitus is often referred to as “the silent killer” because this disease
can attack all organs of the body and slowly kill the body itself.

Glucose levels in the blood are indicators of diabetes mellitus. The current WHO diag-
nostic criteria for non-diabetic fasting plasma glucose levels is <7.0 mmol/L (<126 mg/dL).
Frequent cases of abnormal glucose levels in the body have captured the attention of
researchers in the fields of biomedical and biochemical analysis. The most commonly
used method for determining glucose levels is spectrophotometry, applying chemical or
enzymatic reagents [1,2]. This method has fairly good accuracy, but blood glucose analysis
using this method is complicated by the presence of ketones and other monosaccharides,
such as fructose and galactose.

In recent years, some methods for analyzing glucose levels have been developed,
including electrochemical methods using enzymatic and non-enzymatic sensors [3–11],

ChemEngineering 2022, 6, 71. https://doi.org/10.3390/chemengineering6050071 https://www.mdpi.com/journal/chemengineering

https://doi.org/10.3390/chemengineering6050071
https://doi.org/10.3390/chemengineering6050071
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/chemengineering
https://www.mdpi.com
https://orcid.org/0000-0003-3135-164X
https://doi.org/10.3390/chemengineering6050071
https://www.mdpi.com/journal/chemengineering
https://www.mdpi.com/article/10.3390/chemengineering6050071?type=check_update&version=1


ChemEngineering 2022, 6, 71 2 of 14

high-performance liquid chromatography (HPLC) [12], and liquid chromatography–mass
spectroscopy (LC–MS) [13]. These methods are generally less selective, require a rela-
tively large number of samples and complex sample treatment, and have a relatively high
detection limit.

Several researchers have developed a method of analyzing glucose by electrometry
through the modification of electrodes [14,15]. A potentiometric method using zeolite-
modified electrodes has been developed for blood glucose analysis. Zeolite is an inorganic
compound with a porous crystalline structure that has a three-dimensional framework
where the structure makes the zeolite easy to modify [16]. It has a large surface area, high
ion exchange capacity, and high thermal and chemical stability. It is not easy to swell
because zeolites have a fixed upper hydration limit and undergo only limited structural
expansion upon hydration [17]. Due to its unique properties, zeolite is very suitable for
use as a molecular template on electrochemical sensors [18]. An imprinted zeolite (IZ) is
a zeolite in which there is a template in the pores of the molecule to be analyzed. The
suitability of the IZ pore size with the glucose molecule increases the capacity of zeolite
adsorption, while the rigid nature of the zeolite means that it is not prone to swelling in
water, so it can provide high sensitivity and selectivity in detecting glucose.

The potentiometric analysis using the IZ-modified electrode showed Nernstian over a
wide measurement range and have a low detection limit; hence, it required a low blood
volume. It also has a fast response, and it is stable over time. The glucose analysis
utilizing sensors is unaffected by urea, uric acid, creatinine, KCl, and NaCl matrices of
varied concentrations. When compared to the usual method of spectrophotometry for
determining blood glucose levels, this method has a high level of accuracy. As a result,
in the medical field, potentiometry with IZ-modified electrodes is recommended as an
alternate sensor for the routine measurement of blood glucose levels.

Imprinted zeolite TS-1 [19] and imprinted zeolite LTA [20] have been used to modify
the electrode as a potentiometric sensor in the glucose analysis in blood serum. This
research used an FAU-type zeolite, namely, zeolite X, to modify the electrode. As an
aluminosilicate material, the main difference between zeolite LTA, TS-1, and zeolite X is
the pore geometry. Zeolite LTA, TS-1, and X have pore geometries of approximately 8-,10-,
and 12-membered rings, respectively. Meanwhile, the preparation of the imprinted zeolite
involves the interaction that occurrs between the O atom of Si-O-Al in zeolite and the OH
of glucose. The larger the pore geometry, the higher the number of Si-O-Al; therefore,
the zeolite with the largest ring tends to serve as a more active site to bind with glucose.
The structure of zeolite LTA, X, and TS-1 is shown in Figure 1. For this reason, zeolite x
was chosen as a modifier of the electrode because many interactions between glucose and
zeolite occurred, which showed the good performance of the electrode. The development
of zeolite x as a modifier electrode through the template/imprinted technique has also not
been reported to date. As a modifier electrode, many researchers still use the approach of
cation exchange.
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Zeolite X has the ability to attract other molecules that touch the surface of the
zeolite [21]. Zeolite X has a large Si/Al ratio, so it has thermal and chemical stability [22].
Zeolite X is a type of zeolite that has an α-cage (supercage) diameter of 13 Å, a β-cage (so-
dalite frame) diameter of 6.6 Å, and a pore diameter of 7.4 Å that form a three-dimensional
structure with an Si/Al ratio of 1.0–1.5 [23]. Zeolite X has a unique crystalline structure,
large adsorption capacity, and selective adsorption. Therefore, zeolite X has been widely
used as an adsorbent. In this study, the development of an imprinted-zeolite-X-based
sensor was carried out as a sensor for the detection of glucose in the blood. Zeolite X
was synthesized with a ratio of molar composition of Na2O, Al2O3, TEOS, and H2O of
4.5:1:3:315, using the sol–gel-hydrothermal method at 100 ◦C [24]. The parameter that was
studied was the composition of the electrode.

This study also reports the mechanism of adjusting the pore size of the imprinted
zeolite according to the result of the nitrogen physisorption isotherm. This provides a more
in-depth explanation of the performance of the IZ as a potentiometric sensor.

2. Materials and Methods
2.1. Materials

The chemicals used in this study were glucose (Sigma Aldrich, St. Louis, MO, USA,
99.5%) and uric acid (Fluka, Buchs, Switzerland, 99%), tetraethyl orthosilicate (Merck,
Rahway, NJ, USA, 99%), sodium aluminate (Sigma Aldrich, 50%), sodium chloride (Merck,
99.99%), potassium chloride (Merck, 99.5%), isopropanol (Merck, 98%), and paraffin pellet
(Merck, 99%). Potassium chloride, urea, sodium chloride, and glucose solutions were
prepared using distilled water. The 10−2 M uric acid solution was prepared by dissolving
the uric acid powder in 1:1 NaOH (w/w). Acetate buffer was prepared by mixing sodium
acetate trihydrate (Merck, 99.5%) and the glacial acetic acid (Merck 100%). Phosphate
buffers were prepared by mixing sodium hydrogen phosphate dihydrate (Merck, 99%) and
sodium dihydrogen phosphate dihydrate (Merck, 98.5%) in distilled water. The chemical
activation of carbon powder was achieved by immersing it in n-hexane and 0.1 M H3PO4,
respectively. Furthermore, the carbon powder was heated to 300 ◦C for 2 h [5] and produced
activated carbon with a surface area of 587.5106 m2/g. The carbon paste and potentiometer
were connected via a Ag wire.

The following instruments were used in this study: Cyberscan 510 potentiometers
with Ag/AgCl as a reference electrode, the Gas Sorption Quantachrome ASIQwin, X-ray
diffraction (Shimadzu, Kyoto, Japan), a Fourier transform infrared (FTIR) spectrophotome-
ter (Shimadzu), a double-beam spectrophotometer (Shimadzu UV-1800 Pharmaspec), an
analytical balance (Mettler AE 200, Columbus, OH, USA), a centrifuge (HETTICH EBA 20,
Westphalia, Germany), a hotplate (Termolyne S46410-2, Rockland, MA, USA), a vacuum
oven (NAPCO Model 5851, Amityville, NY, USA), a pH meter (Cyberscan Eutech pH 510,
Frankfurt, Germany), a polypropylene bottle, a 1000 µL micropipette tip (NescoLab, Jakarta,
Indonesia), a magnetic stirrer (Heidolph, Schwabach, Germany), an agate mortar (RRC,
China), and laboratory glassware (Iwaki Glass Indonesia, Jakarta, Indonesia).

2.2. Experimental Procedure
2.2.1. Synthesis of Imprinted Zeolite (IZ) X

The synthesis of zeolite X was accomplished by combining NaAlO2, NaOH, TEOS,
and distilled water in a polypropylene bottle with a molar composition of Na2O: Al2O3:
SiO2: H2O = 4.5:1:315 [24]. It was heated hydrothermally to 100 ◦C for 45 h. An amount of
2/3 of the mixture was added to a glucose solution (0.1034 g of glucose dissolved in 1 mL of
distilled water) and stirred for 30 min; it was then left for 3 h so that the glucose molecules
could be trapped into the pores of the zeolite and produce non-imprinted zeolites. The
mixture had a glucose/Si mole ratio of 0.0306. Next, the mixture was divided into two
parts. One part of the mixture was centrifuged for ±10 min to separate the filtrate and the
solids. The solids were dried at 105 ◦C in the oven. Hot water (80 ◦C) was added into the
other part of the mixture and centrifuged for ±10 min repeatedly to extract glucose from
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the zeolite pores. The obtained solids were dried at 80 ◦C for 5 h. These solids are called
imprinted zeolites.

2.2.2. Fabrication of IZ–Carbon Paste Sensor

The preparation of the IZ–carbon paste was conducted by mixing activated carbon, IZ,
and solid paraffin. The composition variation of activated carbon, IZ, and paraffin can be
seen in Table 1. The micropipette tip was inserted with a Ag wire, then filled with solid
paraffin as much as possible, and the rest was filled with IZ–carbon paste. The construction
of the sensor is shown in Figure 2. Furthermore, the prepared electrode was conditioned by
rubbing the surface using paper and being immersed in a 10−2 M glucose solution for 24 h.

Table 1. The composition of activated carbon, solid paraffin, and IZ.

Sensor Code Mass of Activated Carbon:Paraffin:IZ

E1 13:7:0
E2 12:7:1
E3 11:7:2
E4 10:7:3
E5 9:7:4
E6 8:7:5
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2.2.3. Sensor Performance and Validity of Analysis Method

The sensor performance test and the validity of the analysis method were carried out to
determine the feasibility of the analysis method used. The sensor performance and method
validity studied in this research were the Nernst factor, measurement range, detection limit,
precision, accuracy, response time, and lifetime. The Nernst factor value was obtained
from the slope of the linear regression equation of the glucose standard curve, without the
addition of buffer obtained from the relationship between the log [glucose] and electrode
potential (mV). The measurement range was determined based on the concentration range
of the 10−8–10−1 M glucose solution, which showed a straight line (linear) on the glucose
standard curve and had a similar slope to the theoretical Nernst factor. The detection
limit was calculated by intersecting the linear regression line with a non-linear line on
the log [glucose] relationship curve with electrode potential. The accuracy score was
calculated by measuring the potential of a 10−2–10−4 M glucose solution, analogizing
the electrode potential value to the y value, and substituting it into the linear regression
equation for the glucose solution standard curve. From the substitution, the concentration
of the measured glucose was obtained. Accuracy was calculated through the relative error
value in Equation (1):

Er =
|yi − yt|

yt
× 100% (1)
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where Er is the relative error, yi is the potential of the measurement result, and yt is the
actual potential of the analyte. The determination of precision was performed by calculating
the coefficient of variation (CV) and standard deviation (SD) of the respective potential
values of the 10−2–10−4 M glucose solution, each of which was measured three times with
IZ–carbon paste electrodes. SD and CV calculations were carried out in sequence using
Equations (2) and (3):

SD =

√
∑n

i=1(xi − x)2

n− 1
(2)

CV =
SD
x
× 100% (3)

where SD is the standard deviation, xi is the result of every ith measurement, x is the
average value of the measurement results, n is the number of measurements, and CV is
the coefficient of variation. The electrode response time was determined by measuring the
potential of a standard 10−8–10−1 M glucose solution using IZ–carbon paste electrodes
until a constant potential value was obtained. The response time is the time required for
the electrode, starting from when the electrode is immersed in the solution, to obtain a
constant potential value [25]. The electrode lifetime was determined from the time the
electrode was used for measurement and showed good performance. The investigation
was stopped until the electrode showed a significant decrease in performance, which was
indicated by the deviation of the Nernst factor value or measurement range. The selectivity
of the sensor is expressed by the value of the selectivity coefficient studied through the
effect of the addition of uric acid, urea, NaCl, and KCl on glucose analysis. The selectivity
coefficient was calculated using the matched potential method (MPM) [26].

3. Results and Discussion
3.1. Identification the Structure of Synthesized Zeolite

The structure of the synthesized zeolite was characterized using XRD, as shown in
Figure 3. Based on the diffractogram pattern and the data in Table 2, it can be seen that
the peak of synthesized zeolite X is close to the standard peak. The purity of synthesized
zeolite X was studied by comparing the diffractogram of the standard zeolite X, whereas
zeolite X has an FAU-type framework (JCPDS No. 00-011-0672).

XRD analysis indicated that the sample has a similar diffractogram to the standard
zeolite X; therefore, it could be stated the sample was zeolite X. However, it was found
that there were peaks at the other position of zeolite X. These peaks were similar to those
of zeolite P. The preparation of zeolite X involved the transformation phase of zeolite
P to zeolite X; therefore, in certain conditions, a mixture of zeolite p and zeolite x was
yielded [27].
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Table 2. Data on the peak positions on the diffractogram of synthesized zeolite and standard zeolite X.

2θ (◦) Position

Synthesized Zeolite Standard Zeolite X

18.44 18.42
23.35 23.58
24.69 24.64
27.32 27.32
29.91 29.21
30.32 30.30
47.02 47.06

3.2. The Preparation of Imprinted Zeolite X

IZ was obtained from half of the NIZ, before the centrifugation process. Trapped
glucose in NIZ was extracted with hot water (heated at 80 ◦C) through centrifugation. The
extraction process was carried out until glucose had been extracted from the pores of the
zeolite. To ensure that the glucose was successfully extracted, the filtrate was identified
using Benedict’s test. Benedict’s test results on the standard glucose solution, the filtrate of
NIZ after washing, and the filtrate of the IZ after washing are shown in Figure 4.
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Based on Figure 4a, Benedict’s test of the standard solution of glucose produced
a reddish-brown precipitate. These results indicate that the solution contains a high
concentration of glucose. In Figure 4b, Benedict’s test on the NIZ filtrate produced a
light-brown precipitate. This indicates that glucose was extracted from the non-imprinted
zeolite. The light-brown color of this filtrate from Benedict’s test was indicated by the
small concentration of glucose in the filtrate compared to the standard glucose solution.
In Figure 4c, Benedict’s test on the filtrate of the IZ after washing and after the extraction
process is blue. It shows that the filtrate contained no glucose, which means that the
extraction process had successfully removed the glucose trapped in the NIZ.

Meanwhile, the precipitate resulting from the centrifugation was dried at 80 ◦C for
24 h to obtain IZ. White powder of the IZ was then used as a mixture to modify the carbon
paste electrode.

3.3. The Pore Formation of the Imprinted Zeolite

The pore formation of the imprinted zeolite was investigated using a nitrogen ph-
ysisorption isotherm. Figure 5 shows the BJH pore size distribution of zeolite X and IZ. The
pore size and pore distribution changed after the imprinting process. According to the data,
zeolite had the two main peak pore sizes of 1.69 and 8.22 nm. After the imprinting step,
the results of the IZ showed a change in the main peak pore size to approximately 1.50 nm.
The pore size of approximately 8.22 nm was not found as a high peak. This indicates that
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there was a shrinkage of the pores according to the template. It also proves that the process
of imprinting successfully modified the pores of zeolite.
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By analyzing the correlation of the highest pore distribution of the IZ and the size of
the glucose molecule as a template, it was found that the highest pore distribution of the
IZ was 1.50 nm, whereas the size of the glucose molecule was approximately 0.9 nm. This
indicates that the imprinting process did not only involve the glucose molecule. In the
aqueous solution, glucose tended to solvate with water. The water molecules were also
predicted to be trapped in the pores. The molecular size of the water was approximately
0.27 nm. It can be assumed that one glucose molecule and two water molecules were
trapped in the same pore of zeolites. The formation process of the IZ is illustrated in
Figure 6.
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3.4. Effect of Sensor Material Composition

The IZ–carbon paste sensor was prepared using a mixture of activated carbon, paraffin,
and the IZ. Activated carbon conducted the potential responses from the analyte to the
Ag wire. The IZ was responsible for increasing the selectivity of the electrode toward the
glucose molecule. Paraffin served as an adhesive between carbon and the IZ so that the
mixture was stable under the measurement process. The effect of composition-activated
carbon, paraffin, and the IZ on the Nernst factor, measurement range, and linearity of
glucose analysis data are displayed in Table 3. The measured pH of the glucose solution at
a concentration of 10−2, 10−3, and 10−4 M was 2.62, 4.10, and 6.90, respectively.

Table 3. Data on the Nernst factor, measurement range, and linearity of glucose solution variations in
sensor composition.

Sensor
Code

Mass of Activated
Carbon:Solid Paraffin:IZ

Nernst Factor
(mV/Decade)

Measurement
Range (M) Linearity (r)

E1 13:7:0 26 10−4–10−2 0.9980
E2 12:7:1 30 10−4–10−2 0.9868
E3 11:7:2 26.5 10−4–10−2 0.9740
E4 10:7:3 27 10−4–10−2 0.9695
E5 9:7:4 22.5 10−4–10−2 0.9556
E6 8:7:5 21 10−4–10−2 0.9162

Potentiometric electrodes have a good performance if they produce a Nernstian factor
close to the theoretical calculation ( 59

n mV/decade). In this research, the Nernst factor of
glucose measurement was 29.6 mV/decade because glucose is a divalent molecule. Glucose
can be oxidized to form gluconic acid by releasing two electrons [5]. Based on Table 3, the
electrode that had the Nernst factor closest to the theoretical value was E2.

The Nernst factor of E2 was also exposed in the calibration curve of glucose (Figure 7).
It was obtained from the linear regression slope, which was 30 mV/decade. It was closer to
the Nernstian than the previous studies using zeolite LTA [19] and zeolite TS-1 [20]. Sensor
performance can also be determined from the linearity of the calibration curve of glucose.
The linearity value close to 1 showed a good correlation between the log [glucose] and y
potential of electrode. The E2 electrode had linearity close to 1, which was 0.9868. In addi-
tion, the wider the measurement range, the better the electrode performance. Interestingly,
all of the electrodes had the same range of measurement of 10−4–10−2 M. Regarding these
results, the optimum composition of electrode was found using the E2 electrode.
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3.5. The Performance of Electrode and Analysis Method Validity

Furthermore, the zeolite-modified carbon paste electrode (EZ) and non-imprinted
zeolite-modified carbon paste electrode (ENIZ) were prepared using a similar composition
to the E2 electrode. EZ and ENIZ were used to measure the electrode potential at various
concentrations of glucose solution. By comparing potential electrodes, the effect of the
addition of the IZ on the electrode performance was determined. The method validity of EZ,
ENIZ, and E2, including the range of measurement, Nernst factor, and linearity, is shown
in Table 4. The correlation of the electrode potential with the log [glucose] concentration
is also expressed in Figure 8. The zeolite-modified electrode showed a sub-Nernstian
response, while ENIZ performed a super-Nernstian response caused by the presence of
binding between glucose molecules and the zeolite; thus, there was no diffusion of the
glucose molecule from ENIZ to the free molecule in the solution.

Table 4. Data on E1, E2, EZ, and ENIZ performances.

Sensor
Code

Mass Ratio of Activated
Carbon, Paraffin, Modifier *

Nernst Factor
(mV/Decade)

Measurement
Range (M) Linearity (r)

E1 13:7:0 26 10−4–10−2 0.9980
E2 12:7:1 30 10−4–10−2 0.9868
EZ 12:7:1 25.5 10−4–10−2 0.9884

ENIZ 12:7:1 32 10−4–10−2 0.9720
* modifier = IZ/Z/NIZ.
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A good working electrode has a wide measurement range. The range of measurement
is the range of concentrations, which shows the linear and Nernstian potential responses.
The developed electrode has a measurement range between 10−4 and 10−2 M. This value
is narrower than that of the zeolite TS-1-modified carbon paste electrode, which was
previously developed [19].

Potentiometric sensors can have upper and lower limits of detection. The upper
detection limit of the IZ–carbon paste electrode was 1.38 × 10−2 M, and the lower detection
limit was 1.28 × 10−4 M. The lower detection limit of this IZ X–carbon paste electrode was
higher than that of the IZ TS-1–carbon paste electrode (4.79 × 10−5 M) [19] and the carbon
paste electrode IZ LTA (1.21× 10−5 M) [20]. Although the limit of detection was higher than
that in previous studies, it can still be used to measure glucose in blood serum samples with
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a normal concentration (70–110 mg/dL, equivalent to 3.8 × 10−3–6.1 × 10−3 M), as well as
glucose concentrations in diabetes mellitus (>200 mg/dL or equivalent to 10−2 M) [28].

The determination of precision was conducted through the measurement of the glucose
solution of 10−4–10−2 M using E2. The precision value was expressed as the coefficient of
variation (CV) value. The obtained CV of the 10−4–10−2 M glucose solution was 0.98–2.86%.
In other words, this method had a precision of approximately 97.14–99.02%, as shown in
Table 5. If a method has good precision, the solution with a concentration of 10−4–10−2 M
should have a CV value of less than 7.3% [29]. The smaller the CV value, the higher
the precision because the standard deviation is also smaller. Thus, the potentiometric
method for measuring glucose using this developed IZ X-carbon paste electrode has good
precision. This precision was better than the IZ TS-1-carbon paste electrode which have
been previously developed [19].

Table 5. Precision value when measuring glucose solution using E2.

[Glucose]
(M)

Electrode Potential
(mV, vs. Ag/AgCl) SD CV (%) Precision (%)

1 2 3

10−4 255 266 252 7.37 2.86 97.14
10−3 278 286 274 6.11 2.18 97.82
10−2 311 315 309 3.05 0.98 99.02

The accuracy of this method was found to be between 98.65 and 99.29%. It was catego-
rized as having good accuracy because the accuracy range permitted for the 10−4–10−2 M
solution is 80–110% [29]. The response time is the required time for an electrode to respond
to an analyte. The response time was measured from the immersion time of the electrode in
solution until it produced a constant potential. The response time of the electrode correlates
with the sensitivity of the electrode. The quicker the response time, the more sensitive the
electrode to the detection of an analyte [24]. The response times of electrodes in a glucose
solution are shown in Table 6.

Table 6. Data of E2 electrode response time in glucose solution measurement.

[Glucose] (M) Potential
(mV, vs. Ag/AgCl) Response Time (Second)

10−4 274 13
10−3 293 11
10−2 302 10

The higher the glucose solution concentration, the faster the response time. This is
because the number of molecules is greater in large concentrations, and the movement
between molecules is faster, so the movement of molecules in the solution to the electrode
is also faster. In the IZ–carbon paste electrode, a change in potential occurred because
there was an equilibrium between IZ–glucose and glucose molecules. The presence of
glucose in the analyte solution disrupts the equilibrium diffusion between glucose and
the IZ in the electrode. The equilibrium mechanism that causes the potential difference in
potentiometric measurements is shown in Figure 9.
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Interestingly, the response time of the prepared electrode was faster than electrodes
that were modified using TS-1 [19] and LTA [20]. This fast response showed that the method
demonstrated high sensitivity towards the glucose molecule. It can be an advantageous
method as it can be applied in routine analysis in a laboratory.

In this study, the lifetime of the electrode was expressed by the number of electrode
usages, which still showed good performance. The performance was measured using the
Nernst factor value. The data for determining the lifetime of the electrode are shown in
Table 7.

Table 7. Data of Nernst factor and measurement range in the determination of sensor lifetime.

The _st Measurement Nernst Factor (mV/Decade) Measurement Range (M)

41 30 10−4–10−2

111 30 10−4–10−2

141 28.5 10−4–10−2

Table 7 illustrates that the electrode still showed a good performance when it was
used 141 times (within a period of 5 weeks). It was found that there was a change in
the Nernst factor value after 141 measurements. This lifetime was shorter than that of
the IZ TS-1-modified carbon paste electrode [19] and the IZ-LTA-modified electrode [20].
The lifetime of the electrode was influenced by the mechanical properties of the electrode
material, such as the solubility of the material, the pH of the measured solution, and the
flexibility of the material [30]. An electrode that is frequently used forms holes on its surface
and is vulnerable to some of its components being dissolved. If more components of the
electrode dissolve, the performance of the electrode decreases.

Selectivity is the ability of a method to measure the analyte accurately in the presence
of other components [26]. The selectivity of the electrode can be expressed by the value
of the selectivity coefficient (Kij) of glucose in the presence of the interfering matrix. The
interference compounds were uric acid, urea, NaCl, and KCl.

Uric acid and urea in the blood could interfere with the analysis of glucose because they
have a similar structure to glucose. They have a carbonyl group (C=O) and amine groups
(−NH), which can form hydrogen bonds with zeolites. NaCl and KCl are hygroscopic,
which means that they can increase blood viscosity. Thus, this affects the measured electrode
potential value. The potential of the 10−4–10−2 M uric acid solution was measured using
the carbon paste electrode and the IZ–carbon paste electrode to determine the selectivity
coefficient of glucose in the uric acid matrix. Table 8 shows the selectivity coefficient value
of the electrode in uric acid, urea, NaCl, and KCl solutions.
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Table 8. Data on the Kij value of carbon paste and IZ–carbon paste electrodes.

Solution Concentration (M)
Selectivity Coefficient (Kij)

Carbon Paste IZ–Carbon Paste

Urea
10−4 3.86 × 10−2 4.04 × 10−3

10−3 2.84 × 10−2 7.02 × 10−3

10−2 1.85 × 10−2 2.09 × 10−3

Uric acid
10−4 4.80 4.37 × 10−2

10−3 3.01 1.16 × 10−2

10−2 0.33 4.94 × 10−2

NaCl
10−4 8.05 1.21 × 10-1

10−3 2.91 2.66 × 10−1

10−2 4.56 1.98 × 10−1

KCl
10−4 1.33 3.30 × 10−1

10−3 1.02 6.46 × 10−1

10−2 9.67 3.41 × 10−1

Based on the data on the value of Kij in Table 8, it can be concluded that the presence
of uric acid, urea, NaCl, and KCl did not interfere with the potentiometric analysis of
glucose using IZ–carbon paste electrodes. This is because the pores of the electrode already
contained glucose templates, so the electrode only recognized glucose molecules. However,
the selectivity of the IZ X–carbon paste electrode is lower than that of the LTA-type IZ-
modified electrode [20].

3.6. The Adsorption Performance of IZ

Table 4 shows that the IZ–carbon paste electrode produced a stable curve compared to
the electrode without modification, as well as the zeolite or NIZ. To date, there has been
no research reporting the mechanism of IZ in improving the performance of carbon paste
electrodes. In terms of the suitability of the pore sizes of zeolite and glucose molecules, and
the unique properties of zeolite as an adsorbent, this research conducted an adsorption
ability test of zeolites and IZs in relation to glucose molecules.

Figure 10 displays the relationship curve between the contact time and adsorption
ability of the zeolite and IZ in relation to glucose molecules. The presence of templates in
zeolite X caused the adsorption to increase by more than 20 times, while the adsorption
efficiency increased by approximately 3 times.
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The maximum adsorption of glucose was determined within a varied time period,
between 0 and 60 min, with an adsorbent dosage of 2 g/L of 10 mL 10−3 M glucose solution.
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The results demonstrated that the glucose adsorption time increased to 1.5 min for the IZ
and 2 min for the zeolite. After this, there was a decrease in the uptake of glucose because
the pores of the adsorbent became enclosed, and desorption occurred. Thus, IZ improves
the performance of the carbon paste sensor through the adsorption mechanism.

The principle of imprinting zeolite was adopted from the technique of the mesoporous
zeolite. The mesoporosity was introduced after the zeolite was formed. It is important
to note that the pore directing agent can control the pores of the zeolite if the framework
strength of the zeolite is weak or medium. Zeolites can be modified before aging or after
the hydrothermal process. When the zeolite has high crystallinity, it is necessary to break
the Si–O–Si bonds to offer some flexibility in the crystalline structure [31]. The hydrogen
interaction between -OH of glucose molecules and O from Si-O-Al bonds on the zeolite
caused the crystal structure to rearrange and form a specific pore size. In the removal
process of glucose, the bonding sites left by glucose molecules increased the adsorption
ability of the IZ in terms of glucose.

4. Conclusions

The imprinted zeolite X showed good performance as an electrode modifier for carbon
paste in its application as a sensor for glucose detection by potentiometry. The sensor
shows the Nernstian response, a wide measurement range, a low detection limit, and high
precision and accuracy. The sensor also exhibited a fast response; therefore, it can be used
in routine analysis. The developed method had a high economical value because it showed
a long usage lifetime. The performance of the IZ–carbon paste electrode did not interfere
with the presence of uric acid, urea, KCl, and NaCl. According to the method validity and
stability in terms of interference, this method is highly recommended as a non-enzymatic
sensor in the routine analysis of blood glucose concentration in the medical field.
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14. Çiftçi, H.; Tamer, U.; Teker, M.Ş.; Pekmez, N.Ö. An enzyme free potentiometric detection of glucose based on a conducting
polymer poly (3-aminophenyl boronic acid-co-3-octylthiophene). Electrochim. Acta 2013, 90, 358–365. [CrossRef]

15. Çelik, F.; Çiftçi, H.; Tamer, U. A Glucose Selective Non-enzymatic Potentiometric Chitosan-Goldnanoparticle Nanocomposite
Sensor Based on Boronic Acid-Diol Recognition. Electroanalysis 2018, 30, 2696–2703. [CrossRef]

16. Kianfar, E. Zeolites: Properties, applications, modification and selectivity. In Zeolites: Advances in Research and Applications; Mahler,
A., Ed.; Nova Science Publishers, Inc.: Hauppauge, NY, USA, 2020.

17. Bish, D.L. Parallels and distinctions between clay minerals and zeolites. Dev. Clay Sci. 2013, 5, 783–800.
18. Wang, J.; Walcarius, A. Zeolite-modified carbon paste electrode for selective monitoring of dopamine. J. Electroanal. Chem. 1996,

407, 183–187. [CrossRef]
19. Khasanah, M.; Widati, A.A.; Handajani, U.S.; Shofiyyah, M.R.; Rakhma, S.A.; Predianto, H. Imprinted zeolite modified carbon

paste electrode as a selective potentiometric sensor for blood glucose. In AIP Conference Proceeding; AIP Publishing LLC: Melville,
NY, USA, 2020.

20. Khasanah, M.; Widati, A.A.; Handajani, U.S.; Harsini, M.; Ilmiah, B.; Oktavia, I.D. Imprinted zeolite modified carbon paste
electrode as a selective sensor for blood glucose analysis by potentiometry. Indones. J. Chem. 2020, 20, 1301–1310. [CrossRef]

21. Qiang, Z.; Shen, X.; Guo, M.; Cheng, F.; Zhang, M. A simple hydrothermal synthesis of zeolite X from bauxite tailings for highly
efficient adsorbing CO2 at room temperature. Micro. Meso. Mater. 2019, 287, 77–84. [CrossRef]

22. Ardakani, M.M.; Akrami, Z.; Kazemian, H.; Zare, H.R. Electrocatalytic characteristics of uric acid oxidation at graphite–Zeolite-
modified electrode doped with iron (III). J. Electroanal. Chem. 2006, 586, 31–38. [CrossRef]

23. Thammavong, S. Studies of synthesis, kinetics and particle size of zeolite X from narathiwat kaolin. Master Thesis, Suranaree
University of Technology, Nakhon Ratchasima, Thailand, 2003.

24. Masoudian, S.K.; Sadighi, S.; Abbasi, A. Synthesis and characterization of high aluminum zeolite X from technical grade materials.
Bull. Chem. React. Eng. Catal. 2013, 8, 54–60. [CrossRef]

25. Maccà, C. Response time of ion-selective electrodes: Current usage versus IUPAC recommendations. Anal. Chim. Acta 2004, 512,
183–190. [CrossRef]

26. Tohda, K.; Dragoe, D.; Shibata, M.; Umezawa, Y. Studies on the matched potential method for determining the selectivity
coefficients of ion-selective electrodes based on neutral ionophores: Experimental and theoretical verification. Anal. Sci. 2001, 17,
733–743. [CrossRef] [PubMed]

27. Azizi, S.N.; Daghigh, A.A.; Abrishamkar, M. Phase Transformation of Zeolite P to Y and Analcime Zeolites due to Changing the
Time and Temperature. J. Spectrosc. 2013, 2013, 428216. [CrossRef]

28. McCuistion, L.E.; Dimaggio, K.V.; Winton, M.B.; Yeager, J.J. Pharmacology: A Patient-Centered Nursing Process Approach, 11th ed.;
Elsevier: Amsterdam, The Netherlands, 2021.

29. Taverniers, I.; De Loose, M.; Van Bockstaele, E. Trends in quality in the analytical laboratory. II. Analytical method validation and
quality assurance. Trends Anal. Chem. 2004, 23, 535–552. [CrossRef]

30. Buhlmann, P.; Umezawa, Y.; Rondinini, S.; Vertova, A.; Pigliucci, A.; Bertesago, L. Lifetime of ion selective electrodes based on
charged ionophores. Anal. Chem. 2000, 72, 1843–1852. [CrossRef] [PubMed]

31. García-Martínez, J.; Johnson, M.; Valla, J.; Li, K.; Ying, J.Y. Mesostructured zeolite Y—High hydrothermal stability and superior
FCC catalytic performance. Catal. Sci. Technol. 2011, 2, 987–994. [CrossRef]

http://doi.org/10.1007/s00604-010-0415-0
http://doi.org/10.1016/j.msec.2015.01.063
http://doi.org/10.1177/193229681000400209
http://doi.org/10.1021/acs.analchem.0c02218
http://doi.org/10.3390/cryst10030186
http://doi.org/10.1371/journal.pone.0229990
http://www.ncbi.nlm.nih.gov/pubmed/32163461
http://doi.org/10.1016/j.sjbs.2010.09.003
http://www.ncbi.nlm.nih.gov/pubmed/23961099
http://doi.org/10.1016/j.electacta.2012.12.019
http://doi.org/10.1002/elan.201800372
http://doi.org/10.1016/0022-0728(95)04488-4
http://doi.org/10.22146/ijc.49820
http://doi.org/10.1016/j.micromeso.2019.05.062
http://doi.org/10.1016/j.jelechem.2005.09.015
http://doi.org/10.9767/bcrec.8.1.4321.54-60
http://doi.org/10.1016/j.aca.2004.03.010
http://doi.org/10.2116/analsci.17.733
http://www.ncbi.nlm.nih.gov/pubmed/11707944
http://doi.org/10.1155/2013/428216
http://doi.org/10.1016/j.trac.2004.04.001
http://doi.org/10.1021/ac991130x
http://www.ncbi.nlm.nih.gov/pubmed/10784152
http://doi.org/10.1039/c2cy00309k

