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Hocnioxcenns 6yno nposedeno 0 6UIHAMEHHS GNIAUBY
deox paxmopie na eaexmpoocaocenns nnigox Ni(OH)s: kon-
uenmpayii Himpamy Hiken0 6 eJeKmpoimi i Has6HICMIO One-
Humu i onmuunumu eunpooyeannamu. Jlns ocadxycenmns
BUKOPUCTOBYEANU HUCTI POZUUNU Himpamy Hikearo 0e3 doba-
60K, W00 HAABHICMb OCMANHIX He YCKAAOHI06aNa aHai3 00ep-
JHCYBAHUX OAHUX.

B pesyavmami 6yau ompumani 06i cepii naieox 3 eJex-
mpoaimie, AKi mMicmamo pizHi KOHUeHmpayii Himpamy Hixe-
o 0,01, 0,1 ma 1 M. Biominnicmio deox cepiil 6yaa éiocym-
Hicmb a6o HaséHICMb onepayii CYyminns Nicas OMpUMans.
Cywinns naigox npo6ooUNYU 8 M'AKUX YMOBAX NPU KIMHAMHIL
memnepamypi.

Enexmpoximiuni ma onmuuni eaacmuéocmi 6usHaua-
JU MEMO0OM UUKTIMHOT 60TbmamnepomMempii 3 napaieaoHum
3anuUcom 3MiHU NPO30POCHI NILGOK.

B pesynvmami ananizy ompumanux oanux 6yno 3'scoea-
HO, W0 PiGHOMIDHI NAI6KU 3 NPUOIUZHO 00HAKOB0I0 MOBULUHOIO
Moscymv Oymu odepricani 6 inmepeani Konuenmpauiii Himpa-
my nixkemo 6id 0,01 do 0,1 M. ¥ posuunax, sxi micmamo 1 M
Himpam nixeno, 0cadHcents 6i06Y6anocs 6Kpail HepieHOMIPHO.
Aemopu 3anpononyeanu zinome3y, 32i0H0 3 AK0i maxa nogeoin-
Ka cucmemu NOSICHIOEMbCS. NEPEPOINO0LTIOM 2YCMUHU CIMPYMY
no naowji eexmpooa uepe3 6UCOKY eNeKMPOnpPoGiOHOCH KOH-
UeHmpoeanozo po3uuny wimpamy xixeao. Y ceoro uepey nepe-
PO3n00inL ycmunu cmpymy npuseoouno 0o 06azamopaszo6oz0
nioBUWEHHS 2YCMUHU CMPYMY Y NOBEPXHI eleKmpoiim — nogi-
mps. Taxe nideuwenns moeno enaueamu na Qpoum peaxuii,
axuil eiddansecs 6io enexmpoda aovo ocadxcennsm Ni (OH), 3
6ucokoto mosuwunoro. Ocmannii 6mpanas KoHmaxm 3 nogepx-
Heto elekmpooa i ocunascsi.

Y ceo10 uepay Gyn0 6cmanosieno, wo npoyec CYwinus 3na-
HO énaueae na cmpyxmypy i eaacmusocmi naieox. Taxosc 6yno
noKa3ano, wo nPouec CYWinHs He2amueHo 6NAUBAE HA B13YaAlb-
HUll 6U2A0 NIGOK 2i0POKCUOY HIKeI0 uepe3 YmeopeHHs Cimxu
mpiuwgun na enexmpodi. Ha dodauy 0o yvozo, 6y10 npunyweno,
wo 2i0poKcud HIKe0 OMPUMAHUIL eeKMPOXIMIUHUM WTAXOM
Micmumo 8eUKY KiNbKICMb Kpucmanizauiiinoi 6oou

Kniouoei canosa: Ni(OH)j, e2idpoxcud nikemo, enex-
mpoxpomizm, NiOOH, nniexa, enexmpoocaoiicenns, yuxaiuna
8ONILMAMNEPOMEMPIsL, KOHUEHMPAUiISL, HIMPaAm HiIKet0
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1. Introduction only now started to appear [3, 4]. This is related to difficul-
ties in implementing such systems, which in turn are deter-

Electrochromism is a phenomenon characterized by a  mined by necessary requirements to them. These require-
reversible change in light absorbance (transmittance) of ma-  ments are more strict than for other systems. Electrochromic
terial under applied electrical current. The phenomenon was  materials that are based on electrochemical reactions are
discovered more than 50 years ago [1, 2]. Nevertheless, real  required to have a large working life cycle, stability over time
working prototypes of devices utilizing electrochromism  and under different temperatures, while also having high




transparency in bleached state and uniformed coloration in
the colored state. This is the reason why development of new
electrochromic materials that are suitable for application is
such a difficult problem.

One of the devices that utilize electrochromic elements
are smart windows. In turn, there is already a high demand
for smart windows. There is a broad range of application
for smart windows: glassing of buildings, automobiles, air-
planes, creation of dynamic designs, etc. Additionally, the
use of smart windows with dynamic transparency allows
reducing power consumption for air conditioning [5].

2. Literature review and problem statement

Nickel (IT) hydroxide is anodic electrochromic material
that changes color from transparent to dark-brown upon
oxidation [6, 7]. Anodic oxidation of nickel hydroxide oc-
curs according to the solid-state reaction (1), which results
in a transition from Ni(OH), into nickel oxyhydroxide —
NiOOH [7]:

Ni(OH)»>NiOOH+H*+1z. 1)

High reversibility of the electrochemical reaction (1) is
the reason why this material is widely used in electrochem-
ical accumulators [8, 9] and supercapacitors [10, 11]. This is
also the reason why Ni(OH), films are viewed as promising
electrochromic material [12, 13].

Nickel hydroxide films possess high specific character-
istics, including coloration efficiency reaching to 70 cm?/C
and number of coloration-bleaching cycles of up to 107 and
more. The color of this material changes to dark-brown. At
the same time, the majority of other materials change their
color in the light-blue to dark-blue range. As such, the use of
transparent counter-electrode allows a device to have dark-
brown color in the colored state. However, nickel hydroxide
films have poor adhesion to conductive transparent sub-
strates (FTO, ITO) used for smart windows [12, 16].

Electrochemical methods favorably stand out among
methods for deposition of electrochromic Ni(OH), films [14,
15]. This is due to their relative simplicity, ease of control over
final products, ease of automation, lack of high-tech equip-
ment and relatively low power consumption [16]. However,
despite existing works related to electrochemical deposition
from solutions [17, 18], not all aspects of Ni(OH), film depo-
sition are studied to this day. Thus, deposition of Ni(OH),
from nickel nitrate solutions with different concentration
onto low-conductivity substrates, which are oxide films used
as electrodes, has not been studied in full detail. Influence of
intermediate drying stage on cycling characteristics is also
not studied. It should be noted that synthesis and cycling are
conducted in different solutions, and drying stage can signifi-
cantly affect the properties of resulting electrochromic films
[19, 20]. Another thing to note is that manufacturing cost is
largely determined by the deposition method. This is because
the thickness of different electrochromic materials rarely ex-
ceeds 500—600 nm [21, 22], and more usually it ranges from a
few to 100 nm [6]. As such, the specific consumption of rather
costly reagents is rather small.

Nevertheless, the high price of smart windows (above
200 USD/m?) limits their wide application. The cost is pri-
marily determined by the deposition cost of electrochromic
films. As such, the development of cheaper deposition meth-

ods and their optimization is a key problem in the technology
of smart windows and mirrors.

As previously stated, the electrochemical deposition
method is one of the cheapest methods, as it doesn’t require
high-tech equipment and special conditions. The present
work is a dedication to optimization and finding of optimal
conditions for deposition of nickel (IT) hydroxide films.

3. The aim and objectives of the study

The aim of the work is to study the influence of a few fac-
tors on the deposition of electrochromic films onto glass sub-
strates coated with flouring-doped tin oxide (FTO glass).
The factors are: concentration of nickel nitrate solution used
for deposition of Ni(OH),, and presence/absence of drying
between deposition and cycling of the electrochromic film.

To achieve the set aim, the following objectives were
formulated:

— to deposit 6 films (2 films per solution) from solutions
with a concentration of 1, 0.1 and 0.01 M Ni(NOs)y, with
three of prepared films not being subjected to drying be-
tween preparation and optical tests;

— to evaluate electrochemical and optical characteristics
of films and visually compare and evaluate the quality of
prepared electrochromic films.

4. Materials and methods used to study the influence of
conditions on the deposition of electrochromic films

Analytical grade reagents were used in the study. All solu-
tions were prepared using distilled water. FTO glass 7.5 Q/o
(China, Zhuhai Kaivo Optoelectronic Technology Co.) was
used as a substrate. Before the deposition, the FTO glass was
treated as follows: washing with wet sodium bicarbonate,
washing with distilled water, ultrasonic treatment in ethanol
(50 W, 41.5 kHz), 400 s.

Electrodeposition was conducted in a single compart-
ment acrylic cell — Fig. 1. The working surface of FTO glass
was S=4 cm? (2x2 cm). All films were deposited cathodically
at i=0.1 mA/cm? for 10 min. The following solutions were
used for deposition: 1, 0.1 and 0.01 M Ni(NO3),. It should
be noted that unlike in previous works, the electrolyte did
not contain any additives [6, 7, 11-13, 16]. This is necessary
to isolate the influence of additives from the main processes.
In all experiments, the electrode with the freshly deposited
electrochromic film was washed by soaking it in a beaker
with distilled water.

3

Fig. 1. Schematic of the cell for film deposition:
1 — cathode (FTO glass, secured in a holder); 2 — cell frame;
3 — electrolyte; 4 — anode (nickel plate)

Drying was conducted in air at room temperatures, for
intended samples.



For secure contact between the substrate electrode and
current supply and for ease of testing, an in-house built hold-
er was employed (Fig. 2). FTO glass was placed into a slit of
two cylindrical holders, with the conductive film oriented
upwards. A soft nickel foil was placed between the conduc-
tive film and retention bolts to ensure uniform distribution
of electrical current across the electrode and prevent damage
to the conductive film.

VJIXTY USUCT
rerieT vinXTy U

Fig. 2. Photogram of the electrode holder with FTO glass:
a — side view, b — top view

Experimental data were recorded using the potentio-
stat Elins P8. The cell for simultaneous recording of cyclic
voltamperograms and coloration-bleaching curves is shown
in Fig. 3.

FTO glass with deposited Ni(OH), electrochromic film
was used as a working electrode.

Nickel foil was used as a counter electrode and Ag/
AgCl (KCl sat.) was used as a reference electrode.

4 5
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Fig. 3. Cell for recording of cyclic voltamperograms:
1 — analog-to-digital converter; 2 — photoresistor;
3 — cell made of transparent polymer; 4 — working electrode;
5 — counter-electrode; 6 — source of why light (7.=5500 K);
7 — source of stabilized voltage

All cyclic voltamperograms for Ni(OH), films were re-
corded using the following cycling parameters:

— potential window E;=201 mV to E,=+751 mV;

—scan rate 1 mV/s;

— number of cycles — five.

Additionally, after cyclic voltamperometry, each film was
colored potentiodynamically, starting at 201 mV to +751 mV
at 1 mV/s.

5. Analysis and comparison of optical and electrochemical
properties of Ni(OH), films prepared under different
conditions

As a result of conducted experiments, 2 series of films for
electrolytes with a concentration of 0.01, 0.1 and 1 M were
prepared. The difference between the series is the drying
stage between synthesis and electrochemical tests.

Results for films prepared without intermediate drying
stage are shown in Fig. 4—6. It can be immediately noted
that the use of dilute solutions, 0.01 and 0.1 M Ni(NO3),,
resulted in high-quality uniform films. They were almost
unnoticeable in a transparent state. The cyclic voltamperom-
etry curve for the film prepared from 0.01 Ni(NOj3), showed
well-defined peaks of oxidation and reduction processes, at
about 700 mV and 550 mV respectively — Fig. 4, a. It should
be noted that the shape of the cathodic peaks was constantly
changing with each subsequent cycle. At the same time, col-
oration and bleaching processes were rather stable, Fig. 4, b.
The coloration degree for this film was about 81 %. The elec-
trode photograph with the colored film demonstrated good
uniformity and intense coloration, Fig. 4, c.
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Fig. 4. Experimental results for the film deposited from
0.01 M Ni(NOs), without drying stage between deposition
and cycling: a — cyclic voltamperometry curve (red arrows

show changes during cycling); b — bleaching coloration

curve; ¢ — electrode in the colored state after cycling

Nickel hydroxide film deposited from a more concen-
trated solution; demonstrated somewhat worse results —
Fig. 5. Peak current densities on cyclic voltamperometry
curves were on average lower than those of the film deposit-
ed from 0.01 M Ni(NOj),. The final peak current densities
of oxidation and reduction peaks were 60 and 12 mA /dm?,
for the film deposited from 0.1 M Ni(NOj3),. At the same
time, for the film deposited from 0.01 M Ni(NOj3),, the
same values were about 80 and 32 mA /dm?2. The coloration
degree of the film deposited from 0.1 M Ni(NOjs), was
also lower and was about 78 %. Other than this, electro-
chemical and optical characteristics are similar for both
films: changes of the cathodic peak and shape of the color-
ation-bleaching curve.

The film deposited from the most concentrated solution
did not show electrochemical and optical activity — Fig. 6.



Upon visual inspection, there was an impression that the
film was absent in the electrode. Nevertheless, some small
currents were recorded on the CVA curve and the barely
noticeable color change near the current lead revealed that
some deposition did occur, Fig. 6, a, c.

Cyclic voltamperometry curves for the films deposited
from 0.01 M Ni(NO3)y and 0.1 M Ni(NO3), without drying
were significantly different from the films prepared with
drying, Fig. 7-9, a. Peak currents for these films were about
60 and 30, 80 and 40 mA/cm?. The coloration degree was
about 84 % for both films. Films prepared with intermediate
drying showed significant cracking in colored state Fig. 7, ¢
and Fig. 8, c.
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Fig. 5. Experimental results for the film deposited from
0.1 M Ni(NO3), without drying stage between deposition and
cycling: a — cyclic voltamperometry curve (red arrows show

changes during cycling); b — bleaching coloration curve;

¢ — electrode in the colored state after cycling
(pink spot — glossy reflection)
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Fig. 7. Results for the film deposited from 0.01 M Ni(NO3),
with drying between deposition and testing: a — cyclic
voltamperometry curve (red arrows show changes during
cycling); b — coloration-bleaching curve; ¢ — electrode after
cycling in the colored state
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Fig. 6. Experimental results for the film deposited from
1 M Ni(NO3), without drying stage between deposition and
cycling: @ — cyclic voltamperometry curve; b — bleaching
coloration curve; ¢ — electrode in the colored state after
cycling (dashed lines show part of the electrode where film
deposition occurred (dark lines))

In the second series of experiments, there was a drying
stage between deposition and electrochemical tests. The
results obtained for this series showed similar dependencies,
however, there were some key differences.
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Fig. 8. Results for the film deposited from 0.1 M Ni(NOs),
with drying between deposition and testing: a — cyclic
voltamperometry curve (red arrows show changes during
cycling); b — coloration-bleaching curve; ¢ — electrode after
cycling in the colored state

In case of the film deposited from the most concentrated

solution with intermediate drying stage (Fig.9), electro-
chemical and optical activities were almost non-existent.



Visual inspection revealed that the film was only deposited
at the boundary electrolyte-air. Such behavior is similar to
the variant of the film deposited from the same solution but
without drying. However, some dark spots on the electrode
surface can be seen on the photograph of the electrode in the
colored state — Fig. 9, c.
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Fig. 9. Results for the film deposited from 0.01 M Ni(NO3),
with drying between deposition and testing: a — cyclic
voltamperometry curve; b — coloration-bleaching curve;
¢ — electrode after cycling in the colored state (dashed lines
show part of the electrode where film deposition occurred
(dark spots))

6. Discussion of the results obtained for the studied films

Analysis of the obtained dependencies allows making a
few conclusions on the influence of Ni(NO3), and drying
stage. It should be noted that electrolytes with nickel nitrate
concentration within 0.01 to 0.1 M produce uniform films
with good electrochromic properties. In turn, concentra-
tions of Ni(NOj3)y 1 M and higher do not produce uniform
films over the entire working area of the electrode. Another
thing to note is that coloration degree of the films deposit-
ed from 0.01-0.1 M solutions is about the same. The latter
leads to a conclusion that the thickness of the films depos-
ited from these solutions is roughly the same, and in turn,
the current yield doesn’t change much within this range.
However, the drying stage leads to film cracking, which
most likely means that electrochemically deposited films
contain a large amount of crystal water. This assumption is
based on literature data [23], which described a significant
amount of crystal water in Ni(OH), precipitations prepared
under similar conditions. Such cracking also shows that the
Ni(OH); film without any additives is inelastic and rigid.
This means that the use of pure Ni(OH), films in flexible
or stretchable supercapacitors or electrochromic devices is
not possible without special additives [24]. This also means
poor adhesion to the substrate. It is obvious that drying also
induces some structural changes. This can be seen from no-
table changes in the shape of cyclic voltamperometry curves.
For instance, all dried samples do not show the region that

is present in the samples that were not dried — Fig. 4, a, 5, a
(highlighted with the arrow).

However, the most interesting behavior is shown by the
film deposited from concentrated solutions. The disappear-
ance of a uniform deposit is likely related to redistribution of
current on the electrode surface due to the high conductivity
of the electrolyte. This leads to a significantly higher current
density near the electrolyte-air boundary and leads to two
possible scenarios:

—shift of the reaction front away from the electrode,
which leads to the formation of Ni(OH) in the electrolyte
volume instead of the electrode surface;

— formation of a very thick film near the electrolyte-air
boundary, which peels off and falls to the bottom of the
deposition cell.

In the end, both of these possible mechanisms would re-
sult in insufficient electrode coverage by the film.

As a result of conducted experiments , individual and
combined influence of two parameters of astrochemical
deposition of Ni(OH), — electrolyte concentration and in-
termediate drying stage was found. Based on the obtained
results, it can be recommended to avoid intermediate drying
and conduct electrodeposition from the outmost diluted
solution possible. The latter can reduce the cost of elec-
trodeposition, as the main loss of valuable components in
electroplating occurs during their removal with the plated
piece. This removal occurs when the piece (which has the
electrolyte film on it) is removed from and transferred to the
washing stage. As such, the lower concentration of electro-
lytes in the bath the lower the removal (i.e. loss).

As such, further optimization of electrodeposition of elec-
trochromic films can significantly reduce deposition cost. It is
known that the cost of depositing 1 m? of the galvanic film is
about 1-3 USD/m?, while the cost of depositing 1 m? of the
film using vacuum sputtering is at least 7.97 USD/m? [25].
The latter is commonly used for deposition of electrochromic
and transparent conductive films.

The next problem to solve is which additives can be
used to improve film adhesion to the substrate that can
also be served over a wide range of temperatures. The latter
is partially solved by the authors in [7, 12, 13, 16]. Wide
temperature range is required because the absorbed light
would be transformed into heat, which can result in the film
temperature rising up to 80 °C and more. On the other hand,
depending on the region, temperatures as low as —20 °C are
possible. As such, the total temperature range approaches
100 °C, which is a real challenge for people developing new
materials.

7. Conclusions

1. The concentration range in which deposition of uni-
form Ni(OH), electrochromic films can be achieved is
0.01-0.1 M Ni(NO3),.

2. It was found that drying process has a significant
impact on the behavior of electrochromic films depos-
ited from pure Ni(NOj), solutions, which is evidenced
by changes in cyclic voltamperometry curves and visual
changes in colored films, in comparison to the films that
were prepared without drying. Drying also leads to film
cracking which is unacceptable for electrochromic ele-
ments of smart windows.



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

References

Deb S. K. A Novel Electrophotographic System // Applied Optics. 1969. Vol. 8, Issue S1. P. 192. doi: https://doi.org/10.1364/
20.8.000192

Wang J. M., Sun X. W,, Jiao Z. Application of Nanostructures in Electrochromic Materials and Devices: Recent Progress // Mate-
rials. 2010. Vol. 3, Issue 12. P. 5029-5053. doi: https://doi.org/10.3390/ma3125029

How The Magical Windows in Boeing’s 787 Dreamliner Work. URL: https://gizmodo.com/how-the-magical-windows-in-boeings-
787-dreamliner-work-5829395

Smart glass for better buildings. URL: https://www.sageglass.com/en/products

Azens A., Granqvist C. Electrochromic smart windows: energy efficiency and device aspects // Journal of Solid State Electrochem-
istry. 2003. Vol. 7, Issue 2. P. 64—68. doi: https://doi.org/10.1007 /s10008-002-0313-4

Soft Electrochemical Etching of FTO-Coated Glass for Use in Ni(OH),-Based Electrochromic Devices / Kotok V. A., Malyshev V. V.,
Solovov V. A., Kovalenko V. L. // ECS Journal of Solid State Science and Technology. 2017. Vol. 6, Issue 12. P. P772-P777.
doi: https://doi.org/10.1149,/2.0071712jss

Kotok V., Kovalenko V. A study of multilayered electrochromic platings based on nickel and cobalt hydroxides // Eastern-European
Journal of Enterprise Technologies. 2018. Vol. 1, Issue 12 (91). P. 29-35. doi: https://doi.org/10.15587 /1729-4061.2018.121679
Recent advances in NiMH battery technology / Fetcenko M. A., Ovshinsky S. R., Reichman B., Young K., Fierro C., Koch J. et. al. //
Journal of Power Sources. 2007. Vol. 165, Issue 2. P. 544—551. doi: https://doi.org/10.1016/j.jpowsour.2006.10.036

Kotok V., Kovalenko V. Definition of the aging process parameters for nickel hydroxide in the alkaline medium // Eastern-European
Journal of Enterprise Technologies. 2018. Vol. 2, Issue 12 (92). P. 54-60. doi: https://doi.org/10.15587 /1729-4061.2018.127764
Preparation and characterization of flowerlike Al-doped Ni(OH), for supercapacitor applications / Ge W., Peng W., Encinas A., Ruiz
M. E, Song S. // Chemical Physics. 2019. Vol. 521. P. 55-60. doi: https://doi.org/10.1016 /j.chemphys.2019.01.022

Kovalenko V., Kotok V. Definition of effectiveness of B-Ni(OH), application in the alkaline secondary cells and hybrid super-
capacitors // Eastern-European Journal of Enterprise Technologies. 2017. Vol. 5, Issue 6 (89). P. 17-22. doi: https://doi.org/
10.15587/1729-4061.2017.110390

Optimization of electrolyte composition for the cathodic template deposition of Ni(OH),-based electrochromic films on FTO glass /
Kotok V. A., Kovalenko V. L., Zima A. S., Kirillova E. A. Burkov A.A., Kobylinska N. G. et. al. // ARPN Journal of Engineering
and Applied Sciences. 2019. Vol. 14, Issue 2. P. 344-353. URL: http://www.arpnjournals.org/jeas/research papers/rp 2019/
jeas 0119 7562.pdf

Kotok V., Kovalenko V. A study of the effect of cycling modes on the electrochromic properties of Ni(OH), films // Eastern-Euro-
pean Journal of Enterprise Technologies. 2018. Vol. 6, Issue 5 (96). P. 62—69. doi: https://doi.org/10.15587/1729-4061.2018.150577
Natarajan C. Improvement in Electrochromic Stability of Electrodeposited Nickel Hydroxide Thin Film // Journal of The Electro-
chemical Society. 1997. Vol. 144, Issue 1. P. 121. doi: https://doi.org/10.1149/1.1837373

Efficient electrochromic nickel oxide thin films by electrodeposition / Sonavane A. C., Inamdar A. I., Shinde P. S., Deshmukh H. P,
Patil R. S., Patil P. S. // Journal of Alloys and Compounds. 2010. Vol. 489, Issue 2. P. 667—673. doi: https://doi.org/10.1016/
jjallcom.2009.09.146

Advanced electrochromic Ni(OH),/PVA films formed by electrochemical template synthesis / Kotok V. A., Kovalenko V. L.,
Kovalenko P. V. et. al. // ARPN Journal of Engineering and Applied Sciences. 2017. Vol. 12, Issue 13. P. 3962-3977. URL: https://
pdfs.semanticscholar.org/5628/61836625¢c1b46d9daeb7bbe73¢7d85338519.pdf

Electrochromic Performance of Nickel Oxide Thin Film: Synthesis via Electrodeposition Technique / Kondalkar V. V., Patil P. B.,
Mane R. M., Patil P. S., Choudhury S., Bhosal P. N. // Macromolecular Symposia. 2016. Vol. 361, Issue 1. P. 47-50. doi: https://
doi.org/10.1002/masy.201400253

Morisaki S., Kawakami K., Baba N. Formation of Nickel Oxyhydroxide Thin Films by Electrodepositon and Their Electrochromic
Characteristics // Japanese Journal of Applied Physics. 1988. Vol. 27. P. 314-318. doi: https://doi.org/10.1143 /jjap.27.314
Controllable Electrochromic Polyamide Film and Device Produced by Facile Ultrasonic Spray-coating / Liu H.-S., Chang W.-C.,
Chou C.-Y,, Pan B.-C., Chou Y.-S,, Liou G.-S., Liu C.-L. // Scientific Reports. 2017. Vol. 7, Issue 1. doi: https://doi.org/10.1038/
$41598-017-11862-1

Abareshi A., Haratizadeh H. Effect of annealing temperature on optical and electrochromic properties of tungsten oxide thin films //
Iranian Journal of Physics Research. 2016. Vol. 16, Issue 3. P. 47—-54. doi: https://doi.org/10.18869 /acadpub.ijpr.16.3.47
Electrochromic behavior of NiO film prepared by e-beam evaporation / Sahu D. R., Wu T.-J., Wang S.-C., Huang J.-L. // Journal
of Science: Advanced Materials and Devices. 2017. Vol. 2, Issue 2. P. 225-232. doi: https://doi.org/10.1016/j.jsamd.2017.05.001
Electrochromic Property Dependent on Oxygen Gas Flow Rate and Films Thickness of Sputtered WO3 Films / Chananon-
nawathorn C., Pudwat S., Horprathum M., Eiamchai P, Limnontakul P,, Salawan C., Aiempanakit K. // Procedia Engineering. 2012.
Vol. 32. P. 752-758. doi: https://doi.org/10.1016 /j.proeng.2012.02.008

Jayashree R. S., Kamath P. V. Factors governing the electrochemical synthesis of a-nickel (IT) hydroxide // Journal of Applied
Electrochemistry. 1999. Vol. 29. P. 449—454. doi: https://doi.org/10.1023/A:1003493711239

Senthilkumar S. T., Kalai Selvan R. Fabrication and performance studies of a cable-type flexible asymmetric supercapacitor // Phys-
ical Chemistry Chemical Physics. 2014. Vol. 16, Issue 29. P. 15692. doi: https://doi.org/10.1039 /c4cp00955j

Price Performance. URL: http://www.optitune.com/price-performance.php



