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Abstract

Thin films of Bismuth oxyiodide (BiOI) were deposited, using chemical bath deposition techniques.
The films were characterized using energy dispersive x-ray fluorescence (EDXRF') and Fourier transform
infrared (FTIR) spectroscopy for chemical composition, and a spectrophotometer for the analysis of
spectral absorbance / transmittance / reflectance.

Deposited film thickness ranged between 0.115 and 0.140 pm. The optical properties deduced from
the spectral absorbance / transmittance / reflectance include the maximum values of the refractive index
n that ranged between 2.62 and 2.64, the extinction coefficient k ranged between 25.84 x 1072 and 42.92
x 1073 while the Optical conductivity o ranged between 0.60 x 10** S~! and 0.75 x 10'* S~1.

The spectral analysis revealed that some of the films grown are poor transmitters of UV but have
good transmission in the VIS-NIR regions. Some of the films show transmittance above 78% in the
VIS-NIR regions and a wide band gap that ranged between 3.20 and 3.40 eV. In the mid infrared regions
transmittance ranged between 3 and 37%. These properties make the film potential material for poultry
protection and warming coatings, solar control and antireflection coatings and as well material for solar
cell fabrication.

Key Words: Chemical bath deposition technique; Bismuth oxy iodide; poultry protection and warming
coating; solar control and antireflection coatings and solar cells.

1. Introduction

The process of thin film deposition involves the deposition of material atom-by-atom, molecule-by-
molecule, ion-by-ion or cluster-of-species-by-cluster-of-species condensation [1]. This methodology is applied
extensively in the manufacture of photocells and is being used in optical coating, microelectronics, surface
science engineering and other technologies [2]. The technique of chemically depositing thin films has the
advantage of being a low cost and applicable to the production of large-area devices [3—4]. Various aspects
of chemically deposited thin films have been reported [2, 4-24]. The effect of solar radiation and ultrasonifi-
cation on the various properties of thin films has been reported [2, 8]. Moreover, the effect of varying growth
parameters, such as deposition rate, bath composition and bath temperature, on the various properties of
thin films have also been reported by several workers [3, 15-17, 25-32]. This paper reports the chemical
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bath deposition of BiOI thin films that would be adequate for solar and industrial applications, and are
characterized using optical methods. Optical studies using transmittance and reflectance data from samples
prepared using chemical bath deposition have been reported [11, 18-24].

2. Experimental Detail

Depositions of bismuth oxyiodide (BiOI) [33] films were based on the reaction between triethanolamine
(TEA) complex of bismuth and potassium iodide in cold water. The film growth reaction baths were com-
posed from quantities of Bi(NO3)3-5H20, TEA and KI solutions combined successively into 50 ml beakers.
The mixtures were stirred thoroughly using a glass rod at each stage to obtain homogenously mixed solu-
tions. Each bath was made of up-to 40 ml with distilled water and allowed to stay for 24 hours dip times.
The deposition of the film followed the process reported earlier on BiClO [23] and was achieved via the
chemical reactions involving TEA as illustrated in the following reaction steps:

Bi(NO3)s- 5H2O + TEA = [Bi(TEA)]" + 3NO3
Bi[TEA|" = Bit 4+ TEA
3KI + Hb,O = 3K* + 3" + 20H~
Bit + 317+ 20H- = BiOI| + H,0
The variation of the bath composition and concentration is shown in table.

Table. Variation of bath composition and concentration.

Reaction Bi(NO3)3-5H20 Triethanolamine Potassium iodide Water
bath Concentration | Volume | Concentration | Volume | Concentration | Volume | Volume
(M) (1) (M) (1) (M) (m) | (m) |pH
BI3 0.1 10.0 1.2 10.0 1.0 6.0 14 8.4
BI7 0.1 10.0 1.2 4.0 1.0 10.0 16 7.9
BI9 0.1 10.0 1.2 8.0 1.0 10.0 12 8.2

BiOI films were deposited on 26 mm X 76 mm X 1 mm commercial microscopic glass slides at initial
bath solution pH of 8.0 to 10.0. The glass slides were previously degreased in nitric and hydrochloric acids
for 48 hours, cleaned with detergent, rinsed with distilled water and drip dried in air. The substrates
(glass slides) were then inserted and suspended vertically from synthetic foam, which cover the beakers
containing the solutions. After 24 hours dip times, the substrates were withdrawn, rinsed and drip-dried in
air. The films were characterized for the absorbance, transmittance and reflectance characteristics using a
Pye-Unicam SP8-100 UV-VIS-NIR spectrophotometer. Energy dispersive x-ray fluorescence (EDXRF) was
used to determine the composition of the films while the use of single-beam Fourier transform spectroscopy
involve dissolving the films in nujol to determine the peaks in the far infrared regions.

3. Theoretical Consideration and Calculations

In both crystalline and amorphous semiconductors, the absorption coefficient near the fundamental ab-
sorption edge is dependent on the photon energy. In the high absorption region, the absorption coefficient
takes on the following more general form as a function of photon energy [34-35]. For direct transitions,

ahy = A(ahv — Eg)" (1)
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and for indirect transitions

ahv = B(ahv — E,)", (2)

where v is the frequency of the incident photon, h is Planck’s constant, A and B are constants, E, is the
optical energy gap and n is the number which characterizes the optical processes. n has the value 1/» for
the direct allowed transition, 3/2 for a forbidden direct allowed transition and 2 for the indirect allowed
transition. When the straight portion of the graph of (ahv)™ against hv is extrapolated to o = 0 the
intercept gives the transition band gaps.

For semiconductors and insulators (where k? << n?) there exists a relationship between R and n given
by [11, 36]

R=(n—1)*/(n+1) 3)

There is also a relationship between k and « given by [35]

K = a)\/4, (4)

where « is the absorption coefficient of the film and X is the wavelength of electromagnetic wave. The
relationship between ¢ and k is given by [35]

e=¢e,+er = (n+ik)? (5)

where €, and ¢; are the real and imaginary parts of ¢, respectively.
Optical conductivity o, is given by [35]

oo = anc/4w (6)

where c is the velocity of light.
Optical method as discussed by Theye [37] and Ezema [38] was used to estimate the thickness of the film.

4. Results and Discussion

Under EDXRF, the bismuth peak appeared at 10.83 keV while the iodide peak appeared at 3.93 keV.

The blank background of infrared spectroscopy for nujol and nujol mull of BiOI are shown in Figure 1.
Nitrogen from bismuth nitrate was not introduced into the film, as reported for its compounds [39]. NO; has
absorption bands 1385-1323 em™!, 1262-1231 cm~! and 862-815 cm ™!, while NO3 has absorption bands
1400-1354 cm~! and 869-808 cm~!. Szafran et al. [40] reported peaks between 690 and 400 cm~! are due
to bonds formed from the heavier species OI; hence, the peaks observed at 540 cm~'are attributed to the OI
species. According to Conley (39), Characteristic absorption bands of IO3 occur between 723 and 785 cm ™1,
but were not observed in the film. The infrared spectroscopy of a blank background for nujol indicates peaks
at 1377 cm~1, 1461 cm™1, 2855 cm ™1, 2924 cm ™!, 2953 cm ! and 3436 cm~! with transmittance between
5-57%. When the film was dissolved in nujol, the solution exhibited peaks at 1033 cm™!, 877 cm™!, 713
cm~! and 540 cm~! with transmittance between 61-68%. However the new nujol peaks show transmittance
ranged between 42 and 60%. The transmittance of the film with regard to nujol peaks before dissolving the
film and to new nujol peaks after dissolving the film shows that percentage transmittance ranged between 3
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and 37%. That is, transmittance through solution bearing the dissolution of the film is observed to be less
than transmittance through blank nujol. This means that the film suppresses transmittance within the far
infrared regions.
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Figure 1. Spectral infrared transmittance of platin nujol/combined film-nujol system for BiOI sample.

The spectral absorbance of the films is shown in Figure 2. In the UV regions, film produced via reaction
bath BI3 absorbs heavily, but at 340 nm the absorbance decreases from 0.688 to a minimum of 0.080 at 440
nm in the VIS region, from where the absorbance increases with wavelength to a maximum of 0.112 at 700
nm, and then decreased to a minimum of 0.111 in the NIR region. In the UV regions, the absorbance of
films produced in BI7 reaches a maximum of 0.622 at 300 nm, decreases with wavelength to 0.074 at 400
nm, which is at the onset of the VIS region. The absorbance at VIS-NIR regions ranges between 0.059 and
0.080 with minimum in the NIR regions but maximum at the VIS regions of 600 nm. BI9 absorbs heavily in
the UV regions, but at 360 nm the absorbance decreases from 0.651 to a minimum of 0.095 at 560 nm in the
VIS regions from where the absorbance increases with wavelength to 0.127 at 700 nm and then decreased to
a minimum of 0.111 at the NIR regions.

The spectral transmittance-reflectance of the films are shown in Figure 3. The transmittance of BI3
increases from 21% at 340 nm in the UV region to 84% at 460 nm in the VIS region, but decreases with
wavelength to 78% at 800 nm. The transmittance in the VIS-NIR regions ranges between 78 and 84%, while
reflectance ranges between 8 and 14%. The transmittance of BI7 increases from 24% at 340 nm in the UV
region to 84% at 400 nm; and from the onset of the VIS region transmittance ranged between 84% and
87%, with reflectance ranging between 7-8% throughout the VIS-NIR regions. The reflectance in the UV
region ranges between 8-20%. That there is heavy absorbance in the UV region and high transmittance in
the VIS-NIR regions makes BI3 and BI9 good materials for the construction of poultry roofs and walls and
for coating eyeglasses. BI7 for its spectral characteristics show good material as antireflection and thermal
control coatings.
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Figure 2. Absorbance (A) as a function of wavelength Figure 3. Transmittance (T) and reflectance (R) as
(A) for BiOI thin film at 300 K. function of wavelength () for BiOI thin film at 300 K.

The plots of « against hv are shown in Figure 4. These show sharp absorption edges, which are charac-
teristics of the crystalline state of the film. The region o > 10* cm ™! corresponds to a transition between
extended states in both valence and conduction bands, while in the region av < 10* cm~' absorption exhibits
rough exponential behavior [41].
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Figure 4. Plots of as function of ploton energy (hv) for BiOI thin film at 300 K.
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The plots for location of the direct and indirect transition band gaps are shown Figures 5 and 6. The
direct band gap values range between 3.20 and 3.40 eV, while the indirect band gap is located around 2.80
eV. BI7 exhibited high transmittance, greater than 80%, within the VIS region and has a wide band gap

of 3.40 eV, a requirement for a transparent conducting oxide. Hence BI7 may be a good material for the
window layer on solar cells.

40
——Bi3 3
—-Bi9 —+-Bi3
[ 2.5 —=Bj7
304 -+ Bi9
N o
e 25 r :? 21
< 3
P >
3 &
I 20 &
z 3 1.5
s 2
s
154
14
104
0.51
54
0 T s T 0 .
0 1 2 0 2 4
hv (eV) hv (eV)

Figure 5. Plots of (ahv)? as a function of photon energy Figure 6. Plots of (ahu)1/2 as a function of photon
(hv) for BiOI thin film at 300 K. energy (hv) for BiOI thin film at 300 K.

Plots of n and k against hyv are displayed in Figures 7 and 8. Peak values for n range between 2.62 and
2.64 with minimum values for n ranging between 1.71 and 1.93. Maximum k values range between 2.584 x
1072 and 4.294 x 1072 with minimum values ranging between 5.38 x 1073 and 9.74 x 1073.

Plots of ¢, and ¢; against hv are displayed in Figures 9 and 10. Peak values for ¢, range between 6.87 and
6.98 with minimum values ranging between 2.70 and 3.71. Maximum &; values range between 5.757 x 1072
and 16.893 x 102 with minimum values ranging between 19.46 x 1073 and 37.71 x 1073.

The plots of o, against hv are displayed in Figure 11. Maximum values for ¢, range between 0.60 x 104
S~! and 0.75 x 10'* S~! with minimum values ranging between 0.055 x 10'* S~! and 0.099 x 10'4 S—1.

Figure 12(a—c) shows optical micrographs of BiOI thin film deposited at different pH values. The optical
micrographs (magnification 100x) of the as-deposited films at different pH reveal good film uniformity over
significant surface area of a continuous and a particulate phase. Variations in the morphology of the film

show that the variations of the pH of the deposition baths affect the structure of the film and as well the
absorption coefficient.
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Figure 7. Refractive index (n) as function of photon Figure 8. Extinction (k) as function of photon energy
energy (hv) for BiOI thin film at 300 K. (hv) for BiOI thin film at 300 K.
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Figure 9. Real dielectric constant (e,) as function of Figure 10. Imaginary Dielectric (¢;) as function of pho-
photon energy (hv) for BiOI thin film at 300 K. ton energy (hv) for BiOI thin film at 300 K.
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Figure 11. Optical Conductivity (o,) as function of photon energy (hv) for BiOI thin film at 300 K.

(o}
Figure 12. a-c: Optical micrograph (magnification x 100) of BiOI thin film.

5. Conclusion

Thin films of Bismuth oxy iodide (BiOI) were deposited, using chemical bath deposition techniques. The
films were characterized using energy dispersive x-ray fluorescence (EDXRF) and Fourier transform infrared
(FTIR) spectroscopy and spectrophotometer.

Thickness of the films deposited ranged between 0.115 and 0.140 pm. The optical properties deduced
include the peak values of the refractive index n that ranged between 2.62 and 2.64, the extinction coefficient
k that ranged between 25.84 x 1073 and 42.92 x 1073, while the optical conductivity o ranged between
0.60 x 10'*S~! and 0.75 x 10'* S~
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The spectral analysis revealed that some of the films grown are poor transmitters of UV but exhibit very
good transmission in the VIS-NIR regions. The transmittances show between 78 and 87% in the VIS-NIR
regions while in the far infrared regions transmittance ranged between 3 and 37%. The films have potential
applications for poultry protection and warming coatings, solar control and antireflection coatings and as
well as solar cell absorbers.
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