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Abstract: Y incorporated nickel oxide thin films have been deposited via sol-gel route by using
spin coater. The structural, morphological and optical properties of films have been inquired.
The films had nano-sized polycrystalline cubic structure. The optical characterizations
indicated that the band gap and Urbach energy continuously went up with Y contribution. The
present investigation reveals the properties of nickel oxide are healed and controlled with Y
contribution and these films are probably good candidates for various applications.
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Introduction

Nickel oxide (NiO), which is one of transition metal oxides, is an intriguing material for magnetic and
electrochromic applications, organic light emitting diodes, catalysts, smart windows and solar cells (Reguig et al.,
2007; Turgut et al., 2015) antiferromagnetic feature, good optical transmittance with a wide band gap of 3.6-4.0
eV, thermal and chemical stableness (Patil et al., 2002; Gowthami et al., 2014). A stoichiometric NiO is a good
insulator with resistivity of about 10'* ohm.cm, but non-stoichiometry, which is resulted from nickel vacancies
and oxygen interstitials, makes it a p-type semiconductor material (Joshi et. al., 2006). The structural, magnetic,
optical, electrical, morphological and electrochromic properties of NiO material can be improved by doping with
foreign elements such as Li, Cu, K, P, Y and other elements. To the our the best knowledge, there is no report
about investigation of Y doping effect on characteristic features of NiO. Therefore, it is necessary to make various
studies in order to understand detailed influence of Y doping on properties of NiO. Hence, in present study, pure
and Y doped NiO films have been fabricated via a sol-gel spin coating technique which is simple, safe, cheap and
capable of fabricating homogenous and good quality films (Turgut et al., 2015) and Y doping effect on
crystallographic, morphological and optical properties of NiO films have been investigated.

Material and Method

Pure (YNO-0), 1 at. % (YNO-1), 2 at. % (YNO-2), 3 at. % (YNO-3), 5 at. % (YNO-5) and 7 at. % (YNO-7)
yttrium doped NiO thin films were prepared with spin coating by using nickel(ll) acetate tetrahydrate, yttrium(l11)
chloride, methanol and monoethanolamine. After the solutions were prepared, they were aged for three months
and finally solutions were dribbled onto micro slide glasses that were spun at velocity of 3500 rpm for 25 seconds
by spin coater. The pre-grown layers were sintered at 200 °C for 10 min. This procedure was reiterated for ten
times. Lastly, the whole samples were annealed at 550 °C for 1 hour in air. The crystallographic, surface and
optical features of pure and Y doped films were inquired by a Rigaku/Smart Lab x-ray diffractometer (XRD),
Nanomagnetic Instruments AFM (atomic force microscope), Perkin Elmer UV/VIS Lambda 35
spectrophotometer.

Results and Discussions

The XRD patterns in Fig.1 reveal all films have polycrystalline cubic bunsenite NiO structure (JCPDS card no:
47-1049) with (200) preferential orientation.

Sta et al. (2014) observed the similar crystallographic structure for Li doped NiO films prepared by sol-gel spin
coating. As seen from Fig.1, the peaks’ intensities gradually decrease with Y contribution, which suggests Y
doping causes a deteriorating in the crystallinity of NiO. The textured coefficient (TC) is calculated by Eq. (1)

Ithkiy /1o 1)

TC ey = e
KD ™ () Lniay/To

where I, logiy and N are the intensities of relative and standard peak, the number of peaks.
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Figure 1. The XRD patterns of YNO thin films
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Figure 2. The variation of TC values of NiO with Y doping

The alteration of TC values with Y doping (Fig. 2) indicates that the TC values of some peaks are greater than one
and this remarks the more crystallites than one are directed at those orientations (Duman et al., 2014). The mean
crystallite size (D) and micro-strain values for samples are identified by Egs. (2) and (3)

= () [()- o) ®

where £ is full width at half of the peak maximum (FWHM) and it is computed by B2 = B2, — BZst (Bobs IS
measured from XRD, B;,s iS instrumental broadening). The mean crystallite size value for undoped sample
continuously decreases from 21.32 nm to 20.80 nm, 17.77 nm, 17.06 nm, 15.76 nm and 13.84 nm for YNO-1,
NYO-2, NYO-3, NYO-5 and NYO-7 samples. However, the micro-strain value gradually increases from 1.96x10
3, to the values of 2.01x10%3, 2.35x10°%, 2.64x103, 2.98x10% and 3.04x107 with Y doping. These results clearly
indicate that the crystallinity of films decreases with Y doping ratio. The decreasing crystallinity of NiO with Y
doping can be resulted from higher ionic radius of Y3* (0.90 A) than Ni?* (0.69 A) (Greenwood and Earnshaw,
1997). The difference between ionic radii can introduce a lattice distortion and an increase in amount of disorders.

The 2D and 3D AFM micrographs (Fig. 3) show there are nano-sized particles on the surfaces of films and their
distribution is nearly homogenous. These images also exhibit the particle size incessantly decreases with raising
Y doping ratio. This alteration is very good consistent with variation of crystallite size determined from XRD
analysis. The surface roughness value of NiO film initially decreases from 1.23 nm to 0.98 nm, 0.94 nm and 0.62
nm with Y doping up to 3 at. % content and then it starts to increase to the values of 0.96 nm and 1.05 nm with
more Y doping.
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Figure 3. The AFM images of YNO thin films
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The transmittance and («hv)? vs. hv graphs are given in Fig. 4a-b. The transmittance values are about 80 %-96
% over wavelength range of 450-1100 nm. The value of optical band gap (E) is calculated by Egs. (4), (5)

a=1In(1/T)/d 4)

ahv = K(hv — Eg)*/? (5)

where a, T, d and K are absorption coefficient, transmittance, film thickness and constant. As seen from (ahv)?
vs. hv graphs (Fig. 4b), the Eg4 value for pure NiO film continuously increases from 3.274 eV to 3.809 eV with

Y doping. An increasing in Eq with Y doping is probably resulted from decreasing crystallite size, which is
clearly seen from XRD and AFM analysis

100 T T T T X T L. T X T
80 1.4x10"4| W YNO-0 Eg=3.724 eV
80 || ® YNO-1 Eg=3.740eV
7 - 12x1071| A YNO-2 Eg=3.773 &V
~ 70 ® wl| w YNO-3 Eg=3789 eV
S 6] A % 10x1071) g YNO-5 Eg=3.797 eV
-3 E 10 YNO-7 Eg=3.809 eV
2 gl * v YNO-3 g soxto® [ » 9 e
£ £ 4 YNO-5 )
£ 40- ,' P YNO-7T| {1 o 6.0x10"-
€ 30 2 ]
e 13 2 4.0x10"
F o20] & .
10
10 j 2.0x10" 1
0 — T T T T T T T 0.0 T T III""l T
300 400 500 00 700 800 900 10001100 28 30 32 34 36 38 40 42
Wavelength {nm) Photon energy (eV)
(a) (b)

Figure 4. (a) The optical transmittance (b) (ahv)? vs. (hv) curves of YNO films

This is known to be quantum confinement effect and band gap of a semiconductor is reversely proportional to
crystallite size (Lin et al., 2005). The similar result was also observed for P doped NiO films (Das et al., 2010).
The absorption tail is also inquired for deposited films. The absorption edge is called as the Urbach tail (Urbach,
1953) and it is given by Eq. (6)

E-E
(X(E; T) = o(OeXp (Eu(Tn;)) (6)

The Urbach energy (Ey) is related to temperature (T) and crystal disorders (X). However, Cody et al. (1981)
indicated non-thermal component depending on the structural disorders. Hereby, E, values are determined by Eq.

(7
Ina = EEl—u . (ln(ao) + E—Z) )

Eu =A(hv)/A(Ino) and it is based only on the degree of structural disorders. From Fig.5, the Urbach energy value
of pure NiO gradually increases with increasing Y doping ratio.

This suggests Y incorporation into NiO causes a significant raise in the E, values as a result of increasing structural
disorders, which is seen from XRD analysis. An interesting point for this study is that Eq and E, have a similar
variation with Y doping ratio. The transitions from tail and band to tail because of expanding of Urbach tail would
cause a decrease in E4. But as indicated before, decreasing crystallite size is dominant factor for increasing optical
band gap. A similar tendency between E4 and E, was found for ZnO semiconductor material (Demirselcuk and
Bilgin, 2013).

Conclusion

In this investigation, Y doped NiO samples were synthesized for the first time by sol-gel spin coating. The
crystallographic and topographic investigations showed the samples were made of nano-sized particles with
bunsenite NiO structure. The crystallinity and crystallite size decreased with Y content, however the values of
micro-strain, optical band gap and Urbach energy increased with Y contribution level. It can be concluded the
features of NiO films may be altered with Y doping.
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Figure 5. The curves of Ina vs. photon energy
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