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Nickel oxide films were prepared by chemical deposition on glass substrates using nickel sul- 
phate and potassium persulphate in ammonia solution. Coatings dried in air and at 85~ were char- 
acterized by thermal analysis (TG and DTG), FT-IR spectroscopy and X-ray diffraction. The films 
could be formulated as hydrated forms of 4Ni(OH)z.NiOOH and Ni302(OH)4 respectively. The 
coatings lost water and oxygen on heating to give NiO. 
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Introduction 

Nickel oxide is a semiconducting material extensively researched for its use in 
electrochromic coatings [1]. Nickel oxide films have usually been prepared by 
sputtering techniques [2] or by vacuum evaporation [3]. Only recently has a 
chemical method for the formation of nickel oxide thin films been reported [4]. 
Clean glass substrates were clamped vertically into a deposition mixture prepared 
from 1 M nickel sulphate, 0.25 M potassium persulphate and 14 M ammonia. 
After about one hour the glass was covered with a black deposit of NiO. The 
authors proposed the oxidation of Ni 1§ to NiO~. x in the first step and reduction by 
ammonia to NiO in the second step. 

Nickel oxide used as anodic material in electrochromic coatings deposited 
electrochemically also appeared as NiOOH in brown or bronze colours [5, 6]. In 
the present investigation we tried to deposit nickel oxide films chemically with 
nickel in a higher oxidation state than two. The same method as already described 
[4] has been used, although with lower ammonia concentration. 

Experimental 

40 ml 1 M nickel sulphate and 30 ml 0.25 M potassium persulphate were 
poured together, and 22 ml 6 M ammonia added to this solution. Glass plates were 
fixed vertically in the prepared solutions and left there for 3-5 h. Brown to gray 
films deposited on the plates, which were then removed and washed with distilled 
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water and dried in the air for two days. Part of the sample was dried at 85~ for 
the same time. 

Glass plates with nickel oxide films were placed into a powder diffractometer 
PW 1710 and spectra were recorded using CuK~I radiation (~,= 1.54060A). The 
films were also removed from the substrates and X-ray powder patterns of bulk 
material were taken with a Guinier de Wolff camera using CuK~ radiation and 
NaCI as an internal standard. 

T a b l e  1 X-ray  p o w d e r  pat terns  of  4Ni (OH)2-NiOOH,  NiaO2(OH)4, and deposi ted a i r -dr ied  and 

85~ nickel  oxides 

Nickel  oxide f i lm-a i r  dried 4Ni (OH)2 .NiOOH 

a/ ]~ / a / ~, / 

7.80 100 7.70 100 

4.40 40 - - 

4 .00  20 - - 

3.85 90 3.85 80 

3.10 20 - - 

2.55 90 2.56 80 

2.40 30 - - 

2 .30 80 2.31 80 

2.20 10 - - 

1 . 8 7  80 - - 

1 . 7 4  10  1 . 7 5  10 

1 . 5 2  3 0  1 . 5 3  80  

1 . 4 9  40 1.50 80 

1.19 20 - - 

Nickel  oxide f i lm dr ied at 85~ Ni302(OH)4 

d/~ / a/,~ / 

4.70 100 4.70 100 

4 .00  80 - - 

3 .10 50 - - 

2.65 90 2.63 10 

2.60 20 - - 

2.45 40 2.42 80 

1 . 5 4  50 1 . 5 2  50 

Thermogravimetric (TG) and differential scanning calorimetry (DSC) meas- 
urements were carried out using a Mettler TA 3000 modular system. Experimental 
conditions were: Pt crucibles, atmosphere of dry air with 30 ml/min flow rate, 
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heating rate of 6 deg.min -1. IR spectra were recorded on a Perkin Elmer FT-IR 
spectrometer 1721 X in the range 4000-220 cm -~. 

Results and discussion 

X-ray powder patterns were compared with those in ASTM Data File [7] for 
various nickel oxides. The samples dried in air (bulk and films) corresponded to 
4Ni(OH)z-NiOOH, although there were some additional lines in our samples 
(Tablel) which could not be ascribed to known nickel oxides. The interplanar 
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Fig. I FT-IR spectra of 4Ni(OH)2,NiOOH,xH20 (A), and Ni302(OH)4.xH20 (B) 
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Fig. 2 TG curves of 4Ni(OH)2.NiOOH.xHzO (A) and Ni302(OH)4+xH20 (B) 
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spacings of films and bulk material dried at 85~ showed the main lines of 
Ni3OffOH)4 (Table 1), again with some additional lines which did not correspond 
to any known nickel oxide. Some additional interplanar spacings were the same 
for both materials, e.g. 4.0, 3.1 A. 

FT-IR spectra of both materials are shown in Fig. 1. There are typical absorp- 
tion bands for hydroxide stretching vibrations at 3638 cm -1 for samples dried in 
air, and 3640 cm -1 for samples dried at 85~ [8]. Apart from a broad H20 stretch- 
ing region and H20 deformation, Ni-O stretching and probably H20 librational 
absorption bands appear below 700 cm -1 [9, 10]. 

TG curves for both materials are shown in Fig 2. Loosely bound water in air- 
dried nickel oxide is released at low temperature. The next step, which begins at 
room temperature, can also be ascribed to loss of water as proved by decomposi- 
tion of the substance dried at 85~ The two dehydration processes overlap, al- 
though they can be ascribed to differently bonded water molecules. Above 200~ 
decomposition of hydroxide ions begins, giving off water molecules [11]. The 
final product of the decomposition is always NiO as proved by X-ray powder dif- 
fraction. This means that oxygen is also released in the final decomposition step 
due to the reduction of nickel. 

Considering all the data, two materials could tentatively be formulated: 
4Ni(OH)2.NiOOH.5.78H20 for air-dried and Ni302(OH)4"  1.53H20 for 85~ 
material respectively. 
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Zusammenfassung - -  Diinnschichten aus Nickeloxid wurden durch chemische Abscheidung auf 
Glassubstraten mittels Nickelsulfat und Kaliumpersulfat in Ammoniakl6sung hergestellt. Die in 
Luft und bei 85~ getrockneten Beschichtungen wurden dann mittels TG und DTG, FT-IR- 
Spektroskopie und R6ntgendiffraktion charakterisiert. Diese Diinnschichten k6nnen als hydratierte 
Formen von 4Ni(OH)2NiOOH und Ni302(OH)4 beschrieben werden. Beim Erhitzen verlieren diese 
Beschichtungen Wasser und bilden NiO. 
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