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NAS RK is pleased to announce that News of NAS RK. Series of chemistry and 

technologies scientific journal has been accepted for indexing in the Emerging Sources Citation 
Index, a new edition of Web of Science. Content in this index is under consideration by Clarivate 
Analytics to be accepted in the Science Citation Index Expanded, the Social Sciences Citation 
Index, and the Arts & Humanities Citation Index. The quality and depth of content Web of 
Science offers to researchers, authors, publishers, and institutions sets it apart from other 
research databases. The inclusion of News of NAS RK. Series of chemistry and technologies in 
the Emerging Sources Citation Index demonstrates our dedication to providing the most relevant 
and influential content of chemical sciences to our community. 

 
 
Қазақстан Республикасы Ұлттық ғылым академиясы "ҚР ҰҒА Хабарлары. Химия жəне 

технология сериясы" ғылыми журналының Web of Science-тің жаңаланған нұсқасы Emerging 
Sources Citation Index-те индекстелуге қабылданғанын хабарлайды. Бұл индекстелу барысында 
Clarivate Analytics компаниясы журналды одан əрі the Science Citation Index Expanded, the Social 
Sciences Citation Index жəне the Arts & Humanities Citation Index-ке қабылдау мəселесін 
қарастыруда. Webof Science зерттеушілер, авторлар, баспашылар мен мекемелерге контент 
тереңдігі мен сапасын ұсынады. ҚР ҰҒА Хабарлары. Химия жəне технология сериясы  Emerging 
Sources Citation Index-ке енуі біздің қоғамдастық үшін ең өзекті жəне беделді химиялық ғылымдар 
бойынша контентке адалдығымызды білдіреді.   

 
 
НАН РК сообщает, что научный журнал «Известия НАН РК. Серия химии и технологий» был 

принят для индексирования в Emerging Sources Citation Index, обновленной версии Web of Science. 
Содержание в этом индексировании находится в стадии рассмотрения компанией Clarivate 
Analytics для дальнейшего принятия журнала в the Science Citation Index Expanded, the Social 
Sciences Citation Index и the Arts & Humanities Citation Index. Web of Science предлагает качество и 
глубину контента для исследователей, авторов, издателей и учреждений. Включение Известия 
НАН РК в Emerging Sources Citation Index демонстрирует нашу приверженность к наиболее 
актуальному и влиятельному контенту по химическим наукам для нашего сообщества. 
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organic solar cell can include both an anode buffer layer for collecting holes and a cathode buffer layer for 
collecting electrons. In this context, PANI is a very good hole collector and has good conductivity, which 
makes it an interesting material for research in the field of photovoltaics [9]. 

In this paper, we propose a method for the electrochemical polymerization of aniline in order to 
obtain film coatings of PANI that can serve as a buffer layer for transporting holes in solar cells 

 
Experimental part 
Polyaniline (PANI) films were obtained by anodic oxidative polymerization of aniline in the 

galvanostatic regime (0.05 mA/cm2). Precipitation was carried out on purified glass electrodes coated 
with a transparent conductive SnO2:F (FTO/glass) layer with a surface resistance of 7 ohms/cm2 and a 
working surface area of 3 cm2. The counter electrode was platinum foil, and the reference electrode was a 
saturated silver chloride electrode (SCE). In the case of electropolymerization, the concentration of aniline 
was 0.05 M, HCl 0.5 M and poly-2-acrylamido-2-methyl-1-propanesulfonic acid (PAMPSK) 0.001 M. 

Electrochemical polymerization of aniline was carried out in a special three-electrode cell using a 
potentiostat/galvanostat HA-501G (Hokuto Denko Ltd.). Electrodeposition of PANI on FTO/glass 
substrates was conducted until a charge of 15 mC/cm2 was reached, where the layer thickness was about 
60 nm and until a charge of 7mC/cm2 was reached, where the layer thickness was about 20 nm. At the end 
of the electropolymerization, the obtained samples were washed with distilled water and dried in air. 

XRD spectra were obtained using an X-ray diffractometer SmartLab (Rigaku) at a constant voltage of 
9 kW using a rotating Cu anode for investigating the structure obtained PANI thin films. 

Surface and cross-sectional micrographs were obtained using a Helios NanoLab 650 (FEI) scanning 
electron microscope withSchottkytype field emission electron source,focusedgallium ion source (FIB). To 
obtain a cross-sectional image, a platinum (Pt) layer is first applied to the selected area and then a section 
is performed next to the platinum. The length, width and height of the platinum layer can be up to 20x2x1 
μm, respectively. And the depth of section can reach 4 μm. 

The morphology of the surface of PANI thin films was examined using an atomic force microscope 
JSPM 5200 (JEOL Ltd.). Scanning to AFM was carried out at atmospheric pressure and room temperature 
in a semi-contact method using an NSC 35 AlBS cantilever with a radius of curvature of 10 nm. 

The optical properties of the obtained samples were studied with the SF-256 UVI spectrometer, with 
the possibility of recording the transmission coefficient in the wavelength range from 190 nm to 1100 nm. 

 
Results and discussion 
The PANI polymer has an amorphous structure. To determine the possible change in the structure of 

the coating on the FTO/glass substrate, the X-ray diffraction patterns of the conducting substrate -with and 
-without PANI were compared (Fig. 2). Figure 1 shows the X-ray diffraction pattern of a sample with a 
PANI thin film, which shows that new noticeable reflexes appear in the angular region 2θ = 24 ÷ 26º, 
which are in good agreement with the data obtained in [10, 11].  

 

 
Figure2–The XRD pattern of FTO/glass substrate with (2) and without (1) PANI 
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Figure 3 shows SEM images of the surface of the obtained films and shows that the film is formed by 
particles of various shapes and sizes. In the thin layer of the PANI (Fig. 3a) are well expressed the verges 
of the formed particles and their homogeneity in shape. Some reach a diameter of 200-250 nm, but the 
main array of particle’s diameter is 50-70 nm. Increasing the thickness of the layer to 60 nm leads to 
uniform coating of the glass (Fig. 3b) without the formation of separate conglomerates, dendrites or 
globules. 

Cross-sectional microphotographs show that the thickness of the PANI films varies from 16 nm to 38 
nm (Fig. 3a) and from 42 nm to 77 nm (Fig. 3b). 

 

  

  

  
 

а) the thickness of the layer is 20 nm 
б) the thickness of the layer is 60 nm 

 
Figure3–SEM images of PANI thin films surface and cross-section 

 
Figure 4a,b show surface micrographs obtained by atomic-force microscopy in various scan size. As 

shown in Figure 4a, PANI film with a thickness of 20 nm is formed from small and large particles of 
various shapes. The surface morphology of the film has a granular structure. There is heterogeneity in 
some areas, like pores between individual particles. 
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а) the thickness of the layer is 20 nm б) the thickness of the layer is 60 nm 

Figure4– AFM images of PANI thin films at various scan size: 25х25 µm, 1,5х1,5 µm, 0,5х0,5 µm 
 
This fact indicates that the roughness of the FTO/glass substrate affects to the microrelief of the 

polymer film, if the thickness of the latest is 20 nm. 
The analysis of AFM images of PANI films with a thickness of 60 nm showed that the polymer layer 

has a granular structure with uniform surface coverage. The film is formed from more homogeneous 
particles, which’s average length is 50-150 nm. 

AFM images show, that there are the differences between films of different thickness (Fig.4a,b). The 
surface of the PANI film 60 nm thick has a more uniform and fine-grained structure than a film with a 
thickness of 20 nm. 

Roughness parameters of electrodeposited PANI films with 60 nm thickness are shown in Figure 5 as 
an image surface and information about the parameters of the particles on a selected area. 
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Figure 5 –AFM image and graph of PANI’s particles size distribution for the selected surface area (500х500 nm) 

 
Figure 6 shows the histograms of the particle distribution on the selected area 500x500 nm and the 

isolated square 250x250 nm.  

 
Figure 6 –AFM image of PANI thin film and histograms of the particle distribution  

on the selected area (500x500 nm) and the isolated square (250x250 nm) 
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The roughness parameters of the surface of PANI film at the selected area (500x500 nm) are shown in 
Table 1. 

 

Table 1 – Parameters of the surface structure of PANI thin films on FTO/glass substrate 
 

Ra ,nmaverage 
roughness 

Rzjis ,nmaverage 
roughness of 10 

points 

Rq , nmsquare root 
of square roughness 

Rz ,nm 
the difference between the maximum and 
minimum height of the analyzed image 

 

10,6 24,6 12,1 45,3 Fig.5 
8,06 61,6 10,2 67,2 Fig.6 

 
The obtained results attest to the high quality of PANI films obtained by electrodeposition on a 

conducting glass. 
An important optical parameter for the characteristics of a semiconductor compound is the size of the 

band gap. This value for electrodeposited PANI films was determined on the basis of the transmission 
spectra obtained with the spectrometer CF-256-UVI. 

Figure 7 shows the transmission spectra for the FTO/glass substrate and the PANI coated substrates. 
As shown in Fig. 7, the edge of the absorption band corresponds to a wavelength of 460 nm. In the visible 
region of 400-700 nm, the transmittance is maximal, and when shifted to the red and infrared regions, 
PANI coated glass absorbs more radiation and the transmittance decreases to almost 50%. 

 
Figure 7 – Transmission specters of FTO/glass (1) and PANI/FTO/glass (2) 

 

 
 

Figure 8 – Graph of the transmission coefficient versus wave energy 
 

The dependence of the transmittance on the energy of the wave is shown in Fig. 8. According to this 
dependence, the width of the band gap for glass with and without coating is determined by the value on 
the abscissa axis cut off by the tangent and is 3.85 eV. Thedifferenceforboth samples is insignificant. 
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Conclusion 
Based on the investigations it was concluded that the absorption capacity of PANI coated glass 

increases more in the red region of wavelengths. Surface roughness increases with increasing coating 
thickness. However, as shown in SEM micrographs, the density and uniformity of the coating increase 
when the thickness of the electrodeposited layer is 60 nm. 
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К.А. Уразов, М.Б. Дергачева, В.Ф. Гременок 

ПОЛИАНАЛИН ҚАБЫҚШАЛАРЫНЫҢ БЕТКІ МОРФОЛОГИЯСЫН ЗЕРТТЕУ 

Аннотация. Жұмыста электрохимиялық жолмен қалыңдығы 20 жəне 60 нм болатын ПАНИ жұқа қабықтары 
өткізгіш FTО/шыны төсеніштерінде алынғаны көрсетілді.Алынған ПАНИқабықшаларының құрылымы менбеткі 
морфологиясы РФА, СЭМ, АСМ əдістерінің көмегімен зерттелді. Шыны төсенштерді полианилинмен қаптаған кезде, 
олардың құрылымы кішкене өзгеретіні анықталды. Жұқа қабықшалардың бөлшектері əртүрлі өлшемді екені жəне 
олардың ең үлкені 250 нм болатыны анықталды. Қалыңдығы 60 нм қабықшалардың беті тығыз біртекті болып келеді. 
Оның кедір-бұдыры жəне кейбір бөлшектердің орны, сонымен қатар беткі профилі атомды күш микроскопия əдісімен 
анықталды. Оптикалық қасиеттері УФ-спектроскопия əдісімен анықталды. Орындалған зерттеулердің негізінде 
полианилинмен қапталған шынының сіңіру қабілеті толқын ұзындығының қызыл аймағында жоғарлайтыны туралы 
қорытынды жасалды. Дайындалған ПАНИ/FTO/шыны жүйесінің рұқсат етілмеген аумағының өлшемі 3,85 эВ болатыны 
анықталды. 

Түйін сөздер: Полианилин, электротұндыру, жұқа қабық, беткі морфология, өткізгіштік спектрі. 
 

К.А. Уразов, М.Б. Дергачева, В.Ф. Гременок 

ИССЛЕДОВАНИЕ МОРФОЛОГИИ ПОВЕРХНОСТИ ПЛЕНОК ПОЛИАНАЛИНА 

Аннотация. В работе показан электрохимический способ получения тонких пленокполианилина(ПАНИ) с 
толщиной 20 и 60 нм на FTO/стекло подложках. Структура и морфология поверхности полученных пленок ПАНИ 
исследовали с помощью методов РФА, СЭМ, АСМ. Установлено незначительное изменение структуры стеклянной 
подложки при нанесении полианалина. На тонких покрытиях выделены частицы с различными диаметрами, 
максимальный из которых составляет 250 нм. Покрытия толщиной 60 нм представляют собой плотную однородную 
поверхность. Ее шероховатость и положение отдельных зерен, а также профиль поверхности определены методом 
атомной силовой микроскопии. Оптические свойства покрытий определены методом УФ-спектроскопии. На основании 
выполненных исследований сделан вывод, что поглощающая способность стекла, покрытого полианилином 
увеличивается больше в красной области длин волн. Ширина запрещенной зоны системы ПАНИ/FTO/стекло составляет 
3,85 эВ. 

Ключевые слова:Полианилин, электроосаждение, тонкая пленка, морфология поверхности, спектр пропускания. 
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see http://www.elsevier.com/postingpolicy), that it is not under consideration for publication elsewhere, 
that its publication is approved by all authors and tacitly or explicitly by the responsible authorities where 
the work was carried out, and that, if accepted, it will not be published elsewhere in the same form, in 
English or in any other language, including electronically without the written consent of the copyright-
holder. In particular, translations into English of papers already published in another language are not 
accepted. 

No other forms of scientific misconduct are allowed, such as plagiarism, falsification, fraudulent data, 
incorrect interpretation of other works, incorrect citations, etc. The National Academy of Sciences of the 
Republic of Kazakhstan follows the Code of Conduct of the Committee on Publication Ethics (COPE), 
and follows the COPE Flowcharts for Resolving Cases of Suspected Misconduct 
(http://publicationethics.org/files/u2/New_Code.pdf). To verify originality, your article may be checked 
by the Cross Check originality detection service http://www.elsevier.com/editors/plagdetect. 

The authors are obliged to participate in peer review process and be ready to provide corrections, 
clarifications, retractions and apologies when needed. All authors of a paper should have significantly 
contributed to the research. 

The reviewers should provide objective judgments and should point out relevant published works 
which are not yet cited. Reviewed articles should be treated confidentially. The reviewers will be chosen 
in such a way that there is no conflict of interests with respect to the research, the authors and/or the 
research funders. 

The editors have complete responsibility and authority to reject or accept a paper, and they will only 
accept a paper when reasonably certain. They will preserve anonymity of reviewers and promote 
publication of corrections, clarifications, retractions and apologies when needed. The acceptance of a 
paper automatically implies the copyright transfer to the National Academy of Sciences of the Republic of 
Kazakhstan. 

The Editorial Board of the National Academy of Sciences of the Republic of Kazakhstan will monitor 
and safeguard publishing ethics. 
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