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Some Effects of Co on the Hectrochromic
Properties of NiOy Hy, Film
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Abstract Some efectsof Co addition upon the eectrochromic characterigtics of a nic
kel hydroxide film were studied. The films were electrodegposted on both polished Ni plate and
conductive 1TO glass. The eectrochemica behaviors were investigated usng the film on Ni plate
by linear potentia sweep , a.c. impedance , and anodic polarization curvesfor OER (oxygen evol u-
tion reaction) . It wasfound that Co can lower the working voltage and raise the oxygen overpo-
tential , but haslittle effect on the reaction kinetics. It wasa found that the Co can inprove the
optica propertiesof the electrochromic film.

Key words Hectrochromic, NiOxHy film, Co

1 Introduction

The electrochromic materia s have a good goplied progect. They are used widely on smart
windows with controllable throughput of radiant energy and eectronic information displays“’z].
In recent years, research on the smart windoes has been receiving more and more attention. By
controlling the solar radiation to buildingsor automobile interiors, one can modify the illumination
and heats gain to improve comfort and energy converson, taking the advantage of low power re-
quirement. Among the electrochromic materials used in smart windows, NiOsHy has attracted
much attention recently due to its high coloring eficiency , low materid cost and high stability,
epecidly its " grey effect”[®4
NiOxHy isad = apostive material used widely in akaline secondary batteries, such as Ni/ MH bat-

. Beddes working as the promisng electrochromic materia ,

tery. Being this kind of materid , it usualy uses Co as a much eficient additive for improving its
properties. A certain content of Co can lower the reaction potential!® |, raise the oxygen evol ution
potential!®! | increase the conductivity!”! , and prolong its cycle lifet®.
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There are several methods to prepare NiOyHy film such aselectrodepos'tion[z’g] , Putter de
postion!* 3! chemical vapour deposition'’®! and electron beam deposition!**! etc. In this work we
prepared the NiOxHy film containing low content Co by cathodic co-depodtion and studied the ef-
fectsof it on the eectrochromic properties.

2 Experimental Procedures

2.1 Hoectrode substrates

In this work , the NiOxH, thin film samples were cathodically depodted onto both metallic
nickel and conductive indium-tin oxide(1 TO) coated glassplate. The nicke plateis 99 % pure and
1.5 mm thick , machined to give a surface areaof 3 x3 cm?. It was polished with severa grades
of emery paper , the last being 800. After being cleaned , the plate was electrochemically polished.
A nickd wire was goot welded onto the edge of the plate. The sdes, the back and the wire were
insulated with epoxy resn. The szeof the I TO glassplateis2 x2 x0.05 cm®. The I TO coating
has a sheet resstance of 80 100Q/ O. After being onicated in toluene, acetone and ethanol ,
each piece of the glass was attached with Ni wire by dlver epoxy.
2.2 Film deposition and analysis

The electrolyte used to deposit the NiO,Hy film was 0. 01 mol/L Ni(NOgz), and a mixture of
0.01 mol/L Ni(NQOs),containing 10 % Co(NOs)». Thefilm was deposted at 40pA / cm?onto Ni
plate and 20pA / cm?® onto 1 TO glassfor 8 minutes, usng a piece of Ni foam as the counter elec-
trode. The content of Co in thefilm was determined by disolving the film in acetic acid and ana
lyzing the olution with WFXID Atomic Absrption Spectro-photometer. The scanning electron
micrograph of the films was obtained with a Hitachi X-650.
2.3 Properties Measurements

BHectrochemical measurements were carried out with a standard three electrodes system in
1 mol/L KOH olution, usng a HgO/ Hg reference electrode and a large area Ni foam as the
oounter electrode. Linear sweep voltammetry (L SV) and anodic polarization experiments were
performed usng TD3690 potentiostat and the wave form generator controlled by a HP286 conr
puter. The potentia range of the LPSis - 0.6 - 0.7 V. The anodic polarization was carried
out potentiodynamicdly from 1 to 0. 45 V at a scanning rate of 0.5 mV/s. All the potentias
mentioned above are referred to a HgO/ Hg eectrode. a.c. Impedance measurements were per-
formed with a Solartron 1 250, asociated with the TD3690 potentiostat. The frequency range
was 10 kHz to 0.1 M Hz and the amptitudeis5 mV. The electrodes were cycled at 10 mV/ s v
eral times until the shape of the voltammogram became constant before the electrochemical proper-
ties were measured.

Joectral transmittance and reflectance experiments were performed from 300 nm to 2 500
nm, usng Shimadzu UV 365 Soectrophotometer. A electrochemicaly polished Ni plate was used
as the reference mirror when the reflection measurement of the NiO,Hy film on Ni plate was un-
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dertaking.
All of the experiments were carried out at room temperature.

3 Resultsand Discussion

3.1 Film deposition and structure

The depodtion of Ni hydroxide on substrate occurs in regponse to the rise in pH which ac
companies the electrochemical reduction of NOg (91 The films thicknesses were calculated as 42
nm on Ni plate and 21 nm on ITO glass, assuming the depodtion current eficiency is
100 %!° 12381 The content of Co was determined by analyzing the film on Ni plate and the value
is16.2 %. The whole amount of the Ni and Co in acetic acid is 6. 344 g/ mL. Under the same
condition, a Ni plate was immersed in acetic acid and the disolved Ni is0.5u g/ mL , which is
less than the 1/ 10 of theformer. Moreover , the hydroxide film always disolvedfirst. S the dis
lution of the Ni substrate isignored.

Fig.1 SEM photogaphsof thepure(A) and composte(B) NiOxH, filmson I TO substrate

The surface morphology of thefilmson ITO glassis shownin Fig.1. The pure NiOxHy ex-
hibited a compact structure, which differs sgnificantly from the structure of the composte one
containing Co. The latter has a more porous surface condsting of tangled interconnecting ridges.
3.2 Optical Spectroscopy

The optica properties of the NiOyxHy films were characterized on both Ni plate and 1TO
glass. The reflection and transmittance of 300 2 500 nm radiation were measured for the film on
Ni plate and ITO glass repectively. The eectrochromic tranformation was carried out in 1
mol/L KOH. The coloration reaction is usualy to be written as:

Ni (OH) , <NiOOH + H™ +e~ (1)
bleached colored
The NiOxHy film on Ni plate was B-C(bleached-colored) cycled by linear potentia sweep from
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0 600 mV. Then, the electrode was kept 100
at 0 mV for 5 min to be held as the bleached
state and at 600 mV for 5 min as the colored ~
one. For thefilmon the ITO glass, the po- <
tential was kept at 700 mV to be the colored
state due to the resgtivity of their substrate.
Fig.2 showsthe 300 2 500 nm optica
transmittance of the pure NiOxHy film and 20
the composte one containing 16. 2% Co at
the ocolored and bleached state on |1 TO glass. 0 560 10'00 1500 zdoo 2500
The transmittance of the colored film de A/nm
creased with the addition of Co. For exant gy 2  The optica repones of ihe pure and composite

ple, at 550 nm, the data are 63.1 and 57.7 NiOxHy filmson 1 TO subdrate
1) Colored state of Ni-O film

o ) 2) Colored state of Ni-O film cont Co
For such athinfilm, the difference was con- 3) Beached state of Ni-O film

dderable. The reaon maybe that the addi- 4) 170 gass

tion of Co increase the utilization of the active materia. Meanwhile, there are a little difference
between the transmittances of their bleached states and they are very dmilar to the ITO sub-
srate. Thus, the optica modulation range of transmittance and light wave is widened.

The reflectance character of the two "0
kinds of films on Ni plate between 300 120 ¢
2 500 nm was shown in Fig. 3. For boththe 4,1
pure and composte films, the reflectance of§
oolored state is lower than the bleached onezg P
in the range of 300 1 200 nm,and when§ 60 - P
the wave islonger , theformer is higher than'g 40 7
the latter. The additive of Co has an effect

on the property too. When the optical wave-

0

40

Transmittance ( %4

for the pure and composte ones regectively.

80T

)

0 L 1 1 1

length isin the rangeof 300 1 200 nm, the 500 1000 1500 2000 2500
reflectance difference between the oolored x/nm
and bleached state of the composte Ni-O  Fg.3 The opticd regionse of the pure and composite
filmis smaller than the pure one, while the NiOxH, filmson Ni substrate

. i 1) Colored state of pure Ni-O film
wave is between 1 200 2 500 nm, the dif- 2) Beached state of pure Ni-O film
ference is greater for the composite ones due 3) Colored state of Ni-O film cont Co

4) Beached gtate of Ni-O film cont Co
to the additive of Co. The Co can improve

the coloring trandormation in the NIR(near infra-red) range. The further study of the problem
will probably make the materia be used in thefield of temperature controlling by exploit lar enr
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ergy.
3.3 Hectrochemical Properties

The eectrochemica information was obtained by studying the cycic voltammetry, a. c.
impedance and anodic polarization characteristics of the NiOxHy film on the Ni plate.

1) Cydic Voltammetry

Linear potential scan experiments were
carried out under the sweep ratesof 2 36
mV/sintherangeof - 0.6 0.7(vs. HgO/

Hg) . The switching phenomenon involvi ngé
coloration and bleaching of the NiOxH, cor- ™

regponds to their anodic and cathodic pro-
cesses, which has been proved with the re-
sult of in dtu gectroscopic studies by Yu P
c. 2,

Fig. 4 shows the cyclic voltammogram
of pure and composte NiOyHy film at the
sweep rate of 2 mV/s. Jugt asthe effect up-
on the postive dectrode in alkaine batter-
ies, the addition of the Co lowers the work-
ing potentias. They make the oxidation
peak podtion decrease from 457 to 404 mV

and make the reduction peak postion de 100
creae from 369 to 310 mV. Obvioudy the wol ,
color switching voltage islowered due to the v
addition of Co, but the difference between . | 7
the oxidation and reduction peak poshoné ‘/’.
changes a little, meaning the efect on the < a0t //l/ o
reaction revershility was small. e e

It is known that the diffuson of the 20| /./ e
proton is the rate determining step of the re- . /:f/'. ‘ . ‘ .

dox reaction!**!. The olution of the cur-
rent-velocity relationship for a potential scan
isadways written as:

i, =2.69x10° n.?. Y2 C°

12
\'

(2)

wherei, is the peak current dendty during a
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Fg.4 Cydic voltammogram of the pure and composte
NiOxHy filmson Ni substrate at 2 mv/ s
——Pure Ni-O film

Composte Ni-O film
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Fig.5 Potsof oxidation peak current vs. (sweep rate)
for thefilmson Ni substrate

o pure Ni-O film; e ,Ni-O film cont. 16.2 % Co
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potentia scan at 25  asafunction of scan rate v¥? and C°is the initia concentration of reac-
tant. Acoording to this solution, alinear relationship isto befoundin the plot of the peak current
density i, versus the sguare root of the sweep rate v?, asshownin Fig.5. The valuesof C°was
taken from the paper of Mac Arthur D M!**! and the neisregard as1. Theresult is5.74x 10" 1
cm?/ sfor the pure NiO,Hy and 2. 66 x 10™ ** cm?/ sfor the composteone. Therefore, the 16.2 %
Co has a negative gfect on the reaction kinetics.

2) A.C. Impedance
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Fig.6 Suyters diagramsof the pure and composte NiO,Hy films at different potential
a 0mV; b) 250 mV ; ¢) 500 mV , o,pure N-Ofilm; e, Composte N-O film
d) The equivaent circuit for the films at 500 mvV
The impedance measurements of the pure and composte NiO,Hy film on Ni plate were car-
ried out regectively at the potentia of 0, 250 and 500 mV successvely , corregponding to the pro-
cessof coloring. Fig 6a 6c¢ present the red and imaginary components in the complex plane for
each frequency of the two kindsof eectrodes at difference goplied potentias. Under the initid 0
mV , the impedance gpectraof them are amilar: at high frequencies, the data show a cgpacitive
arc, and in low frequency range, an inductive component is observed on both impedance plane.
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Compared with the pure Ni-O film, the arc of the composteoneis bigger at the high freguencies.
As the potentia rose, the inductive components are fading away. Being oxidized to 500 mV , the
impedance ectra of the both electrodes are composed of a capacitive arc and a9 a small semicir-
clein high frequency part , as shown in Fig 6c. The small ssmicircleis due to the charge trander
process, and the big capacitive arc relates to the diffuson effect. Because of the' finite diff uson
length efects’ which resulted from the film electrode, the diffuson element changed from a 45°
straight line to apart of an arc. The corresponding equivalet circuit isshownin Fig 6d. Rgin par-
ale with Qs can be regarded as the Warburg element. The valuesof the circuit elements are list-
edin Table 1. These vaues are extracted by means of EQU IVCRT software. Conddering these
results, it can be concluded that the addition of 16.2 % Co has some negative effect on the color-
ing kinetic process.

Tab.1 Vduesof the circuit dementsfor the dectrodes being anodized at 500 mV

Co/ at % R]_/Q C2/ F R3/Q R4/Q Q5/ F Ns CG/ F R7/Q
0 2.94 3.18x10° % 42 3.45%x10°2.25x10°° 0.97 2.23x10°° 4.1
16.2 3.09 3.94x10°% 144 1.18x10*1.54x10°% 0.72 3.56x10°° 3.0

3) Polarization Curvesfor OER

Fig. 7 shows the anodic polarization
curves for OER (oxygen evolution reaction)
on the NiOyHyfilmin1 mol/L KOH. It can
be seen obvioudy that when the polarization 2007
potential is below 850 mV (vs. HgO/ Hg) , § is0}
the current of the NiOxHy film containing Co <

300

250 |

100}
islower than that of the pure one under the

same potentiad , which means the addition of 0y
16. 2% Co can raise the oxygen evaluation 0r : . . . . ‘
potentia Vo,. As we have known, the Co 0.4 0.5 0.6 07 0.8 09 1.0

can a® decreaee the oxidation potential Voltage/V (vs. HgO/He)

Vox , 2 the difference between Vox and Vo
isenlarged. Because the oxidation of the ac
tive materia and the evolution of oxygen are

Fg. 7 The anodic polarization curves of the pure and
ocomposte NiOy,Hy film on Ni substrate

1) Pure NiOH, film
competitive reactions and usually occurred at 2) NiOgH, cont 16.2 % Co
Y :

the same time when the oxidizing current is
high , the coloration eficiency of the NiOyHy
film at a high oxidizing rate will be increased. Meanwhile, the decrease of the oxygen evolution
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can prevent the electrochromic device usng aqueous media from leakage to a certain degree. Both
of the two effects are very favorable to the electrochromic material. When the potential is high
than 850 mV , the anodic polarization charactersof the two kindsof NiOyHyfilm are very dmilar ,
but that doesn’t matter , because such high voltages are seldom used.

4 Conclussions

1) The difference of visble transmittance A T of the Ni hydroxidefilmon ITO gasswasin
creaed by the addition of Co. For thefilmon Ni plate, the Co increased the reflectance difference
ARin NIR area.

2) The additionsof Co lower the working potentia of the Nickel hydroxide film, but have a
little negative effect on the coloring reaction kinetics.

3) The presence of Co can raise the potentid of oxygen eval uation.
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