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Abstract. Thickness — dependent and electrochromic properties of
chemically deposited Ni oxide films were investigated as a function of
growth time using in situ transmittance measurements. For that purpose an
electrochromic test device was constructed by using Ni oxide films as
working electrodes, and fluorine doped tin oxide (FTO) coated glass as
counter electrode in alkaline medium of 0.1 M NaOH aqueous solution. The
obtained Ni oxide films exhibited anodic electrochromism, changing color
from transparent to dark brown. By increasing the thickness of the Ni oxide,
the transmittance or optical differences during coloring/bleaching process
were increased. In this work were investigated the dependence of the optical
density change, coloration efficiency and the electrochromic response time as
a function of growth time.

PACS: 81.15 Lm, 85.80 Dg

1. INTRODUCTION

Electrochromic materials are able to change their optical properties reversibly and
persistently, by the application of an electric voltage. These materials can be integrated in
multilayer EC devices capable of modulating transmittance, reflectance, thermal emittance, and
scattering, thus opening avenues for new applications in optical technology, including smart
windows for energy efficiency architecture [1, 2]. An electrochromic device consists of a
transparent electrically conducting layer, an electrochromic chatodic coloring material, an ion
conducting electrolyte, and an electrochromic anodic coloring material. Tungsten oxide is
currently widely used as an electrochromic chatodic coloring material, and indium tin oxide
(ITO), or fluorine doped tin oxide (FTO) is used for transparent conducting layer. Nickel oxide
represents a promising material for use in complementary anodic coloration [1, 2, 3, 4]. There
are various methods for the growth of nickel oxide films such as cathodic electrodeposition [5],
sputtering [6], chemical vapor deposition [7], spray pyrolisis [8], sol-gel technique [9], etc.
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In order to obtain optimized maximum optical attenuation of the complementary
electrochromic device, charge capacities on both electrochromic layers must be balanced [10].
Typically, the amount of the charge capacity of the electrochromic layer can be controlled by
adjusting thickness via the growth time used in the process of deposition. However, despite the
importance of the thickness, little systematic research has been reported regarding this issue [11,
12]. In this article electrochromic properties of chemically deposited nickel oxide films were
investigated as a function of film thickness or growth time by in situ transmittance

measurements.
2. EXPERIMENTAL

In this work, nickel oxide films with different thickness were prepared by chemical
deposition technique onto fluorine doped tin oxide (FTO) coated glass substrates. This
technique is simple and does not required special set-up. A laboratory beaker was used for
deposition on four substrates. An aqueous solution containing 1g NiSO, * 7H,O and 4g urea in
50 cm’ deionized water was placed in the beaker. Then the substrates were vertically introduced
into the solution. The temperature of the solution was adjusted and kept at 95° C. The solution
reached this temperature within 15 min. We stirred the solution occasionally. The first substrate
was taken out 25 min from the beginning (10 min after the reaching temperature of 95° C), the
second one was taken out 30 min from the beginning (15 min after the reaching temperature of
95° C), and the third one was taken out 35 min from the beginning (20 min after the reaching
temperature of 95° C). The fourth substrate was heating 45 min in one bath (30 min after the
reaching temperature of 95° C), and 45 min in another bath.

All the electrochemical potential cycling was performed using an electrochromic test
device (Fig. 1). It consisted of a transparent cuivette with 0.1 M NaOH aqueous solution
electrolyte in which two electrodes were immersed. The working electrode represented the

nickel oxide thin film onto FTO coated glass, whereas counter electrode was FTO coated glass.

Fig. 1. Cross-section of the ECTD: 1 — glass, 2 — FTO, 3 — nickel oxide film, 4 — electrolyte, 5 —
light source, 6 — light detector.

The transmittance was simultaneously measured in situ during all experiments. The in

situ transmittance measurement technique represents optical behavior as a function of time

92



J. Velevska, M. Pecovska-Gjorgjevich, M. Najdoski and N. Stojanov: Thickness-dependent and electrochromic
properties of chemically deposited nickel oxide films

during the coloring/bleaching process of the electrochromic active film and provides better
understanding of differences in optical performance between all samples. The response time of
the electrochromic nickel oxide films was determined by applying a pulse potential wave
between -3 V and +3 V. All transmittance measurements were carried out with white light. The

transmittance (%7) of the FTO/glass with the electrolyte and the cell window was assumed to
be 100%.

3. RESULTS AND DISCUSSION

Fig. 2 shows the transmittance curves during the pulse potential cycling test between -3
V and +3 V of the nickel oxide films grown for 10 min (a), 15 min (b), 20 min (c) and 60 min
(d).
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Fig. 2. : Pulse potential curves for chemically deposited Ni oxide films grown for 10 min a), 15 min
b), 20 min ¢) and 60 min d).

As one can see, all samples showed a stable pulse potential cycling performance. With
increasing growth time, the transmittance difference (A7 =7, 0 = L.oea) DEtWeen the

bleached and colored state increased, except for the thickest film because the maximum
bleached transmittance decreased for the thick samples.
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Fig. 3. : Time response of the transmittance at white light for chemically deposited Ni oxide films
grown for 10 min (a), 15 min (b), 20 min (c) and 60 min (d).
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The pulse potential cycling test provides information on the kinetics related to coloring-
bleaching process. Fig. 3 presents one cycle of coloring — bleaching process during the pulse
potential cycling test between -3 V and +3 V of the nickel oxide films grown for 10 min (a), 15
min (b), 20 min (c) and 60 min (d).The coloring and bleaching times (time to reach fully colored
and fully bleached states respectively) [1] were estimated from Fig. 3.

Fig 4 shows the coloring and bleaching response time for white light as a function of
growth time. In order to quantitatively compare the electrochromic response time between all
samples, the normalized transmittance curve was used i.e. the transmittance the FTO/glass with
the electrolyte and the cell window was assumed to be 100%. From the normalized
transmittance curve, the electrochromic response time was calculated as time to reach the fully
change in the transmittance. The coloring response time was higher than the bleaching response
time. It could be explained with the lower conductivity of Ni(OH), (bleached state) than that of
the NiOOH (colored state) [12, 15].
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Fig. 4. Electrochromic response time for white light as a function of growth time during the coloring
and bleaching process, as calculated from the normalized transmittance curves

Fig. 5 presents the optical density difference (AOD =In(T}, i/ ooora))s and
coloration efficiency for white light (CE = A AOD/Q) as a function of growth time, where QO
is the charge used during the coloring process calculated by the applied current and the time of
its application, and A is the active area of the electrochromic film. The AOD gradually increased
with growth time. Exception is the thickest film where decreasing in AOD was observed which
is due to the lower difference between the transmittance in the bleached and the colored states of
the film. Chemically deposited nickel oxide films studied in this work had a good coloration
efficiency compared with the films obtained by the other methods [1, 12, 14]. The coloration
efficiency (CE) tended to have low value for the thick samples as presented in Fig. 4. Although
CE is one of the most important properties for improving electrochromic devices, the exact

mechanism with respect to CE is not clear yet.
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Fig. 5. Optical density difference (AOD ), and coloration efficiency (CE) for white light as a
function of growth time.

4. CONCLUSIONS

Nickel oxide films were prepared by chemical deposition technique onto fluorine doped
tin oxide (FTO) coated glass substrates. The difference in the thickness of the films was
obtained by adjusting of growth time. All obtained films reveal electrochromism changing color
from transparent to dark brown. With increasing growth time, the change in transmittance AT
or the optical density difference AOD was increased except for the thickest film because the
maximum bleached transmittance decreased for the thick samples. Those films have good
coloration efficiency (CE) compared with the films obtained by other methods of deposition.
The CE value decreased for the thickest film and the reasons for this are not presently clear. The
electrochromic response time increased with increasing growth time. A higher coloring response
time than bleaching response time was observed which could be explained by the difference in
the conductivity of the bleached state [Ni(OH),] and the colored state (NiIOOH) of the film.
The data herein will be potentially useful for designing complementary electrochromic devices
with respect to film tichness.
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3ABUCHOCT O AEBEJIMHATA U EJIEKTPOXPOMHHA
KAPAKTEPUCTUKHN HA HUKEJI OKCUAHU ®UIMOBHU
HPUT'OTBEHU CO XEMUCKA JEITIO3UIINJA
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AncrpakrT. 3aBUCHOCTA 0] IeOCIMHATA U SIEKTPOXPOMHUTE KapaKTePUCTHKU
Ha HHKEN OKCUIHM (HUJIMOBH IOATOTBEHH CO XEMHCKa Jerno3unuja Oea
UCTPaXXyBaHM Kako (yHKIHja O]l BpEMETO Ha pacTermhe Ha (UIMOT CO ITOMOIL
Ha in situ Mepema Ha TpaHCMHCHjaTa. 3a Taa LeN Oelle KOHCTpyHpaHa
CJICKTPOXPOMHA TECT KelHMja BO Koja (DUIMOBUTE OJl HUKENT OKCHI Oca
ynoTpeGeHn Kako pabOTHA eNeKpoja a CTakKIo OOJ0XKEHO CO AyMHHHYM
okcun nomuHryBaH co ¢uiyop (FTO) Oemre ynoTpeOeHO KakoO CIPOTHBHA
enektpona Bo anmkamHa cpemura 0.1 M NaOH Boxmen pactBop. JloOuenute
(OMIMOBH TOKa)KyBaa aHOJEH EJIEKTPOXPOMH3aM MEHYBajku ja 0OojaTa on
0e30ojHa mo TemMHO KadeHa. Bo oBoj Tpyd € HCIUTaHA 3aBHCHOCTA Ha
pasnukara Bo onTHukara rycruHa (AOD), edpukacHocra Ha 060jyBame (CE) u
BpeMeTo Ha o0ojyBame W 00e300jyBarbe Ha (PHIMOBHTE BO 3aBHCHOCT O]
HUBHATA JeOeIHA.
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