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'p-Toluenesulfonic 
Vanadium Pentoxide/Polypyrrole 
Film for Highly Sensitive Hydrogen 
Sensor" (Article 2). The scientific 
results are completely new. 
The development of a highly sensitive 
hydrogen sensor using 
toluenesulfonic acid doping in 
vanadium pentoxide/polypyrrole 
hybrid films introduces a novel 
method with substantial implications 
for gas sensing technology. 

Acid Doped 

"Controlled Synthesis of Polyaniline 
based Nanomaterials with Self 
assembly and Interface 

Manipuiation" (Article 3). The 
scientific results are partially new 
(25-75% are new). 
While the controlled synthesis of 
polyaniline-based nanomaterials 

through self-assembly and interface 
manipulation techniques is 

innovative, the concept of self 
assembly and interface manipulation 
itself has been explored previously in 
the field of nanomaterial synthesis. 

In conclusion, Article l and Article 2 
present scientific results that are 
completely new, showcasing 
significant advancements and 
innovations in their respective areas. 



5.2 Are the dissertation findings new? 
l) completely new:; 

2) partially new (25-75% are new): 
3) not new (less than 25% are new) 

5.3 Technical, technological, economic or management decisions are new and 
reasonable: 

1) completely new; 
2) partially new (25-75% are new): 

3) not new (less than 25% are new) 

Article 3 introduces partially new 
scientific results, building upon 
existing concepts while innovating in 
specific synthesis methods and 
applications. 
The dissertation findings overall 
demonstrate a significant level of 
innovation, with many aspects being 
partially new in the range of 25-75%. 
Each article contributes novel insights 
and methods to their respective fields 
of conducting polymers, nanomaterial 
synthesis, and sensor technology, 
pushing the boundaries of current 
knowledge and applications. 
Overall, the technical, technological, 
economic, or management decisions 
in the dissertation findings vary in 
their novelty, with significant 
innovations particularly evident in 
Articles 2 and aspects of Articlel and 
3 
Due to the lack of detailed 
information about the economic side 

of the proposed technological 
solutions published in the articles, it is 
not possible to draw any conclusions. 
Moreover, the dissertation work is 
presented in the form of a short 
abstract, which greatly limits the 
possibility of reviewing it as a fully 
completed work. 



6 The validity of 
the main findings 

The main 

provisions for the 
defense 

All main conclusions are/are not based on scientifically significant evidence or 
well-grounded (for qualitative research and areas of training in the arts and 
humanities) 

It is necessary to answer the following questions for each provision separately: 
Provision 1 
7.1 Is the provision proven? 
1) proven: 

2) rather proven; 
3) rather not proven; 
4) not proven 
7.2 Is it trivial? 

1) yes; 
2) no 

7.3 Is it new? 

1) yes; 
2) no 
7.4 Application level: 
1) narrow; 
2) medium; 
3) wide 
7.5 Is it proven in the article? 
1) yes: 

2) no 

The conclusions and main points 
presented in the abstract of the 
dissertation are well-grounded, which 
is reflected in the author's articles in 
peer-reviewed journals with a high 
impact factor. 
Provision 1. The highest conductivity 
is 219 S/cm obtained for the 
nanosheet fabricated using a clean 
interface reactor system (DCM 
system) due to the absence of an 
interfacial barrier and easy transport 

of dopants to the polymer matrix. 

1. This statement requires further 
clarification and elaboration on 
several points. First and foremost, it is 
essential to specify the material being 
discussed, in this case, 2D 
polypyrrole, and provide 
comprehensive description of the 
material. Additionally, it is necessary 
to identify the doping agent being 
used, which provides an electrical 
conductivity of 2 19 S/cm. 

a 

2. The purpose of the study must be 
clarified, as the statement does not 
convey the essence of the research. It 
is crucial to determine whether the 
objective is to increase the electrical 
conductivity of the polymer material 
for a specific application or purpose. 
Furthermore, the study's results 



should be evaluated in context, with a 
comparison of the electrical 
conductivity value to other similar 
materials or studies. 

3. Moreover, the article referenced 
(DOI: 10.1002ladma. 202208864) 
does not provide suficient 
information regarding the 
experimental method, procedure, and 
equipment used to measure the 
electrical conductivity of the 

polymer. It is necessary to include 
details about the temperature at which 
the electrical conductivity was 
measured to ensure accurate results. 

Comments: 

1. The specific procedure and method 
for measuring electrical conductivity 
are not detailed in the article, so it is 
unclear whether the impact of air 
humidity was considered during the 
measurement process. If it was, what 
is the impact of this factor on the final 
result in terms of percentage? 

2. The SEM images of the synthesized 
polypyrrole films show that 3D 
polypyrrole (as seen in Figure l c) has 
a relatively large surface area. Given 
this, what is the probability of side 
reactions occurring due to the 



Provision 2 
7.1 Is the provition proven? 
1) proven: 

2) rather proven; 
3) rather not proven; 
4) not proven 
7.2 Is it trivial? 
1) yes; 

2) no 
7.3 Is it new? 

1) yes; 
2) no 
7.4 Application level: 
1) narrow; 
2) medium; 
3) wide 
7.5 Is it proven in the article? 
1) yes; 

2) no 

absorption of moisture from the air? 
Has the impact of the environment on 
material degradation been examined? 

3. Polyaniline is a well-studied 
conducting polymer. What is the 
advantage of the method 
the article over proemical electro methods, which are inherently simple 
and controllable in terms of 
thickness? 

| in 

Provision 2. The addition of p 
toluenesulfonic acid (p-TS) to 
vanadium pentoxide (V20s) and 
polypyrrole (PPY) made it possible to 
form an ordered structure of the 
composites and increase the mobility 
of charge carriers from 4.76 cm²/Vs to 
14 cm²Vs and due to this, the 
hydrogen gas response increased 
from 7.88% to 32.43%. 

Comments: 

The first and second statements are 

not well connected. It would be 

logical to modify the obtained in 
previous article 3D polypyrole with 
vanadium oxide and then test it for 
hydrogen detection as a sensor. 

1. the article (DOI: 

https://doi.org/10.1007/s42114-023 
00796-0) the principle of operation of 



the sensor and whether it is physical 
or electrochemical is not cntirely 
clear. The statement on page 8 
(between reference 52 and the 
conclusion) regarding the role of 
vanadium oxide is ambiguous. 

2. The experimental section lacks 
information on the surface area of the 
electrode or composite material, 
making it difficult to understand the 
relationship between the signal (as 
shown in Figure 5 d) and the active 
material. The composite material 
exhibits a response in the form of 
current, with values in the 

nanoampere range, indicating the 
need for high-precision equipment 
with a signal amplifier cable. This 
lack of detail may hinder practical 
applications. 

3. Additionally, the measurement 
procedure is not specified, including 
whether the signal is constant (DC) or 
alternating (AC), its amplitude and 
frequency. Applying more than 20 
mV potential increases the probability 
of electrochcmical discharge 
ionization of the conductive polymer 
layer or vanadium oxide, which can 
lead to material degradation. These 
points nced to be clarified. 



8. The principle of 
reliability 
Reliability of 
sources and 

information 

provided 

Provision 3 
7.1 Is the provition proven? 
1) proven; 

2) rather proven: 
3) rather not proven; 

7.2 

1) yes; 
2) no 
7.3 Is it new? 
1) yes: 
2) no 

proven 

7.4 Application level: 
1) narrow: 
2) medium: 
3) wide 
7.5 Is it proven in the article? 
1) yes; 

2) no 

trivial? 

1) yes; 

8.1 Choice of methodology - is justified or the methodology is described in 
sufficient detail 

2) no 

1) yes; 

8.2 The results of the thesis were obtaincd using modern methods of scientific 
rescarch and methods of processing and interpreting data using computer 
technologies: 

|2) no 

Provision 3. The method of obtaining 
various nanostructures of polyaniline 
derivatives (nanospheres, nanorods 
and nanobowls) using a bicontinuous 
microemulsion reactor system makes 
it possible to control their 

morphology and shape from rod to 
adhesive film structures. 

Comments: 

1. This statement is in need of 
significant revision, as it is overly 
general and lacks a quantitative 
description of the specific results 
achieved. 

The methodological components of 
he work presented include 

comprehensive and lucid techniques. 
am of the opinion that the detailed 

techniques described can facilitate the 
verification of the experiment's 
reproducibility and performance, 
thereby ensuring the consistent 
attainment of the obtained results. 
The thesis results were achieved 
through modern scientific research 
methods and advanced data 
processing techniques using 
computer technologies. This includes 



8.3 Theoretical conclusions, models, identified relationships and patterns have 
been proven and confirmed by experimental research (for areas of training in 
pedagogical sciences, the results have been proven on the basis of a pedagogical 
experiment): 

1) yes; 
2) no 

8.4 Important statements are confirmed / partially confirmed / not confirmed by 
references to current and reliable scientific literature 

innovative approaches like 

bicontinuous microemulsion systems 
for synthesizing conducting polymer 
nanostructures, sophisticated doping 
methods with substances like p 
toluenesulfonic acid to tailor material 
properties, and precise control over 
nanomaterial morphology hrough 
self-assembly and interface 

The theoretical conclusions, models, 
identified relationships, and patterns 
proposed in the thesis have been 
substantiated and validated through 
experimental research. This 
confirmation underscores the 
robustness of the theoretical 
frameworks and models employed, 
ensuring that the derived conclusions 
are firmly rooted in empirical 
evidence. The experimental findings 
provide concrete support for the 
theoretical constructs, affirming the 
reliability and applicability of the 
identified relationships and patterns 
within the context of conducting 
polymers and nanomaterial synthesis. 
Important statements in the published 
articles are confirmed by references to 
current and reliable scientific 

manipulation. 

literature. 



Practical value 

principle 

8.5 Used literature sources are sufficient/not sufficient for a literature review 

9.1 The thesis has theoretical value: 
1) yes; 

2) no 

9.2 The thesis is of practical importance and there is a high probability of 
applying the results obtained in practice: 
1) yes: 
2) no 

9.3 Are the practice suggestions new? 
1) completely new; 
2) partially new (25-75% are new): 

3) not new (less than 25% are new) 

Used literature sources are sufficient 
for an introduction part of the 
published articles. 
The theoretical benefits of this work 
lie in advancing knowledge, 
optimizing nanostructure design, 
contributing to fundamental scientific 
understanding, fostering innovation, 
and supporting cross-disciplinary 
applications in various technological 
and scientific domains. 
The thesis is of practical importance, 
and there is a high probability of 
applying the results obtained in 
practice. Applications in hydrogen 
gas sensing demonstrate practical 
relevance for environmental 

monitoring and industrial safety, 
where responsive and advanced 
sensor technologies are crucial. 

Overall, the practice suggestions put 
forth in the thesis exhibit varying 
degrees of novelty. Articles l and 2 
present completely new practices that 
innovate within their respective 
fields, while Article 3 introduces 
partially new practices by refining 
existing methods and applying them 
in novel ways. The corresponding 
articles are listed in the criteria No.5. 

The practice suggestions related to 
self-assembly and interface 
manipulation for creating diverse 



10 The quality of 
wTiting and 
design 

Academic writing quality: 
1) high: 
2) average: 
3) below average; 

4) low. 

Reviewer, PhD, senior lecturer 
Analytical, colloidal chemistry and 
technology of rare elements department 
Al-Farabi Kazakh National University 

polyaniline-based nanostructures are 
partially new (25-75% are new), as 
these techniques build upon existing 
concepts in nanomaterial synthesis 
but introduce novel applications and 
methods. 

Based on the aforementioned findings, I recommend awarding the degree of Doctor of Philosophy (PhD) to Ms. Kanzhigitova Dana in the specialty "8DOS301 - Chemistry" for her dissertation work titled "Development of novel functional hybrid materials based on conducting polymers", and for 
developing a novel high-performance H; sensor based on vanadium pentoxide, toluene sulfonic acid-doped polypyrole thin fim, and investigating the 
fundamental scientific issues in conducting polymers by enhancing conductivity through structural modiications. 

Inos 3ABEPIO 

The quality of academic writing is 
high. 

Avchukir Khaisa 
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