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ABSTRACT

In this study, the doping impact of indium (In) on the actual properties
of CdO at different content of (1, 2, and 3 wt% In) was discussed.
The samples were prepared utilizing the spray pyrolysis method. The
structural, topographical, and optical properties were characterized X-ray
diffraction (XRD) analysis, UV-Vis, and atomic force microscope (AFM).
The surface topography was discussed by utilizing AFM analysis. Results
display that the average diameter appears to be dependent on the indium
content. The particle size was decreased from 78.05 to 65.77 nm when In
content was increased from 0% to 3%. It is found that the roughness of
the film was decreased to 3.03 nm via increasing In content to 3%. Also,
the band gap of prepared samples were studied and compared. Results
revealed that the value of band gap is decreasing via doping indium. The
band gap of bare CdO, 1%In-CdO, and 3%In-CdO were determined 2.63,
2.54, and 2.46 respectively.
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INTRODUCTION

Nanotechnology has been extremely applied
as a superior technique entailing the design and
preparation of nanostructures [1]. Many studies in
this issue are considered to be challenging thought
in various fields such as medicine, material science,
sensors, manufacturing, nanoelectronics, etc.
[2, 3]. Transparent conducting oxide (ZnO, SnO,,
Co,0,, MnO,, etc.) are largely exploited recently
owing to their physicochemical attributes [4], low
resistivity [5], and high optical transmittance [6, 7].

Among them, the cadmium oxide (CdO)
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nanoparticles is a favorable material to be utilized
as a straightforward n-type semi-conveyor
because of its high electrical conductivity and
optical conveyance in the obvious district of
the sun oriented range [8, 9]. Besides, the CdO
nanoparticles are played a considerable role in
a broad range of applications: gas sensors [10],
photo-transistors [11], solar cells [12], heat
mirrors, and thin-film resistors [13-15].

Numerous strategies are utilized to plan
unadulterated CdO and doped CdO films on
various substrates, for instance, shower pyrolysis
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Fig. 1. XRD-patterns crystalline size of the prepared films.
[16, 17], metal natural compound fume statement Synthesis of In-CdO NPs thin films
[18], receptive vanishing [19, 20], RF magnetron The nano-sized CdO thin films were

faltering [21], beat laser affidavit [22, 23], sol-
gel (SG) turn covering procedure [24, 25], and
chemical spray pyrolysis [26, 27].

According to various approaches, it is found
that the spray pyrolysis route has outstanding
features, such as simplicity, low-cost, safety, ease
of adding various doping materials, and simple of
the supplies and raw materials [28-30]. Therefore,
in this research, indium-doped CdO nanoparticle
(In-CdO NPs) thin films have been fabricated via
spray pyrolysis route and the effects of indium
doping on optical, morphological, and structural
attributes were investigated.

MATERIALS AND METHODS
Chemicals

All chemicals were purchased from Sigma-
Aldrich (German) without any purification. Powder
X-ray diffraction (XRD) was performed with
monochromatized Cu Ko radiation (A = 0.15406
nm) with a filter point of 26 = 20-600 (Shimadzu,
model 6000, Japan). Absorbance was obtained by
UV-Visible spectrophotometer (Shimadzu Company
Japan) in the frequency range (3000-900 nm). AFM
was utilized to measure the outside of the films.
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synthesized from 0.1 M of CdCl, (in deionized
water and ethanol in a 1:1 ratio) as a precursor.
The indium trichloride was separately dissolved
in 10 ml of deionized water and then HCI (12 M)
was added dropwise to the solution to get a clear
solution. Next, the In3*(aq) was added to the Cd-
based solution as a doping reagent. Finally, the
prepared solution was subjected to spray pyrolysis
conditions. The conditions were set as: substrate
temperature 350 °C, spraying period 8 s endured
by 60 s to abstain from cooling, shower rate was
4ml/min, the separation between the nozzle and
the substrate was 28 cm. Also, nitrogen gas was
used as a carrier gas.

RESULTS AND DISCUSSIONS

The XRD analysis of the deposited films reveal
in Fig. 1. The presence of (111), (200), (220),
(311), and (222) planes were confirmed the
polycrystalline structure of CdO thin films. The XRD
analysis were confirmed formation of samples with
no impurity. All the diffraction peak were recorded
by coordinating with the standard information
(JCPDS card No. 05-0640). The crystallite size (D)
was calculated utilizing Scherrer’s equation [31]
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Table 1. Grain size, optical band gap, and structural parameters of the prepared films.

Samples (hkl) 26 FWHM Grain size Optical band Dislocations density Strain
P Plane (%) () (nm) gap (eV) (x 10%%)(lines/m?) (x 10%)
Undoped CdO 111 33.28 0.79 10.49 2.63 9.08 3.30
CdO: 1% In 111 33.00 0.74 11.20 2.54 7.97 3.09
CdO: 3% In 111 32.66 0.69 12.00 2.46 6.94 2.80
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Fig. 2. FWHM (a), Grain size (b), Dislocation (c), and Strain (d) of the prepared films.
0.9 utilizing the following relation [34, 35]:
= (1)
cos6 Bcosb
B £€="—— (3)
Where B is (FWHM) and A is the X-ray
wavelength. The outcomes are displayed in Table Furthermore, the determined parameters

1, which shows that for high-dosage of dopant
(3%) D is higher than lower-dosage dopant and
bare CdO. Itis found that D changes from 10.49 nm
to 12 nm via In-doping up to 3%. The dislocation
density (6) was determined utilizing the equation
[32, 33]:

§=—; ()

The strain (€) of the thin films were estimated
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are given in Table 1. The strain and dislocation
density esteem that decreased with increasing
In as a dopant in thin films. The lower ‘6’ for 3%
confirms decreasing of defects and improving
crystalline quality in the CdO thin films. The same
as dislocation density, the minimum strain of
prepared thin films attributed to 3% of In-doped
CdO thin films. Fig. 2 shows correlation between
FWHM, Grain size, dislocation density, and Strain
and different dosage of indium clearly.
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Fig. 3. AFM images of the prepared films (a,, b, and c)), granularly distributed (a,, b, and c,), and variation of AFM parameters via
doping (a,, b, and c,).

Table 2. AFM parameters of the deposited films.

Samples Average Particle size Roughness Average (nm) R. M. S.
nm (nm)

Undoped CdO 78.05 11.10 13.10
CdO: 1% In 67.95 6.88 7.94
CdO: 3% In 65.77 3.03 3.76

The surface topographical investigation for
CdO and In-CdO was performed via atomic force
microscopy (AFM) analysis. Fig. 3 shows the AFM
images of CdO and In-CdO films for the various
content of In as a dopant (0, 1, and 3 %). The
nanostructure size and surface roughness of the
grown films are presented in Table 2. Results
display that the average diameter appears to be
dependent on the In content. From Table 2, the
particle size decreased from 78.05 to 65.77 nm
when In content was increased from 0% to 3%.
It is found that the roughness of the film was
decreased to 3.03 nm via increasing In content to
3%.

J Nanostruct 10(4): 744-750, Autumn 2020
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Fig. 4 demonstrated the transmittance spectra
of the deposited films. The nano-sized CdO film
displays transparency of 80 % which enhances to
95 % for 3 % doped-In. The absorption coefficient
(a) of films was specified by equation [36]:

a = (2.303xA)/t (4)

Where (t) is film thickness, and A is a constant.
Fig. 5 shows the absorption coefficient a (cm?)
versus photon energy for prepared films. It is clear
that the absorption coefficient is the smallest at
a low energy. This reveal that the possibility of
electron transition is little because the energy of
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Fig. 5. a against hv of grown films.

the incident photon is not appropriate to move
electron from valance to conduction band. At
higher energy, this movement has been done. It
should be noticed that the value of a is less than
10* cm™? which attributes to indirect electron
transition.

The optical absorption edge was analyzed with
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Tauc equation [37]:

1

(ahv)=A(hv—Eg)2 (5)

Where A is an optical constant. The band gap
can be calculated via plotting (ahv)? versus hv.
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From Fig. 6, the E, of doped and bare CdO films
were determined. As can be seen, the band gap
of CdO was calculated 2.63eV. Results revealed
that the value of band gap is decreasing via doping
indium. The band gap of 1%In-CdO and 3%In-CdO
were obtained 2.54 and 2.46 eV respectively.

CONCLUSION

The CdO and indium-doped CdO thin films were
synthesized by a simple and fast spray pyrolysis
method. XRD, and AFM analysis were applied
for investigation of structural and morphological
properties of prepared samples. The results
showed that properties of prepared samples
was affected via content of indium as a dopant.
The XRD analysis were confirmed formation of
samples with no impurity. AFM analysis reveals
that the particle size was decreased from 78.05 to
65.77 nm when In content was increased from 0%
to 3%. The roughness of the films were decreased
via increasing In content. Investigation optical
properties of samples confirmed that the value of
band gap is decreasing via doping indium.

ACKNOWLEDGMENTS

The authors would appreciate Mustansiriyah
University (www. uomustansiriyah.edu.iq) for
supporting this work.

J Nanostruct 10(4): 744-750, Autumn 2020
[Sler |

hv (eV)
Fig. 6. (athv)? against hv of the prepared thin films.

CONFLICT OF INTEREST

The authors declare that there is no conflict
of interests regarding the publication of this
manuscript.

REFERENCES

1. Dutta D, Das BM. Scope of green nanotechnology towards
amalgamation of green chemistry for cleaner environment:
A review on synthesis and applications of green
nanoparticles. Environmental Nanotechnology, Monitoring
& Management. 2021;15:100418.

2. Dinparvar S, Bagirova M, Allahverdiyev AM, Abamor ES,
Safarov T, Aydogdu M, et al. A nanotechnology-based new
approach in the treatment of breast cancer: Biosynthesized
silver nanoparticles using Cuminum cyminum L. seed
extract. Journal of Photochemistry and Photobiology B:
Biology. 2020;208:111902.

3. Sarmah D, Banerjee M, Datta A, Kalia K, Dhar S, Yavagal DR,
et al. Nanotechnology in the diagnosis and treatment of
stroke. Drug Discovery Today. 2021;26(2):585-92.

4.KoseS, Atay F, Bilgin V, AkyuzI.In doped CdO films: Electrical,
optical, structural and surface properties. International
Journal of Hydrogen Energy. 2009;34(12):5260-6.

5. Bhosale CH, Kambale AV, Kokate AV, Rajpure KY. Structural,
optical and electrical properties of chemically sprayed
CdO thin films. Materials Science and Engineering: B.
2005;122(1):67-71.

6. Pugazhendhi A, Shobana S, Nguyen DD, Banu JR,
Sivagurunathan P, Chang SW, et al. Application of
nanotechnology (nanoparticles) in dark fermentative
hydrogen production. International Journal of Hydrogen
Energy. 2019;44(3):1431-40.

7. Osanyinlusi O, Mukolu AI, Kana MGZ. Structural and
optical properties of Al/ZnO thin films deposited by
radio frequency sputtering. Materials Research Express.

749


http://dx.doi.org/10.1016/j.enmm.2020.100418
http://dx.doi.org/10.1016/j.enmm.2020.100418
http://dx.doi.org/10.1016/j.enmm.2020.100418
http://dx.doi.org/10.1016/j.enmm.2020.100418
http://dx.doi.org/10.1016/j.enmm.2020.100418
http://dx.doi.org/10.1016/j.jphotobiol.2020.111902
http://dx.doi.org/10.1016/j.jphotobiol.2020.111902
http://dx.doi.org/10.1016/j.jphotobiol.2020.111902
http://dx.doi.org/10.1016/j.jphotobiol.2020.111902
http://dx.doi.org/10.1016/j.jphotobiol.2020.111902
http://dx.doi.org/10.1016/j.jphotobiol.2020.111902
http://dx.doi.org/10.1016/j.drudis.2020.11.018
http://dx.doi.org/10.1016/j.drudis.2020.11.018
http://dx.doi.org/10.1016/j.drudis.2020.11.018
http://dx.doi.org/10.1016/j.ijhydene.2008.11.110
http://dx.doi.org/10.1016/j.ijhydene.2008.11.110
http://dx.doi.org/10.1016/j.ijhydene.2008.11.110
http://dx.doi.org/10.1016/j.mseb.2005.04.015
http://dx.doi.org/10.1016/j.mseb.2005.04.015
http://dx.doi.org/10.1016/j.mseb.2005.04.015
http://dx.doi.org/10.1016/j.mseb.2005.04.015
http://dx.doi.org/10.1016/j.ijhydene.2018.11.114
http://dx.doi.org/10.1016/j.ijhydene.2018.11.114
http://dx.doi.org/10.1016/j.ijhydene.2018.11.114
http://dx.doi.org/10.1016/j.ijhydene.2018.11.114
http://dx.doi.org/10.1016/j.ijhydene.2018.11.114
http://dx.doi.org/10.1088/2053-1591/3/9/096401
http://dx.doi.org/10.1088/2053-1591/3/9/096401
http://dx.doi.org/10.1088/2053-1591/3/9/096401

8.

9.

10.

11.

—
o

14.

15.

16.

—

7

18.

20.

21

22.

750

B. A. Bader et al. / Optical, Morphological, and Structural Properties of Indium-doped CdO

2016;3(9):096401.

El Kholy S, Giesy JP, Al Naggar Y. Consequences of a
short-term exposure to a sub lethal concentration of
CdO nanoparticles on key life history traits in the fruit
fly (Drosophila melanogaster). Cold Spring Harbor
Laboratory; 2020.

Fall A, Sackey J, Mayedwa N, Ngom BD. Investigation of
structural and optical properties of CdO nanoparticles via
peel of Citrus x sinensis. Materials Today: Proceedings.
2021;36:298-302.

Mohanraj K, Balasubramanian D, Chandrasekaran J.
Synthesis and characterization of ruthenium-doped
CdO nanoparticle and its n-RuCdO/p-Si junction
diode application. Journal of Alloys and Compounds.
2019;779:762-75.

Wang T, Kou X, Zhao L, Sun P, Liu C, Wang Y, et al.
Flower-like ZnO hollow microspheres loaded with CdO
nanoparticles as high performance sensing material for gas
sensors. Sensors and Actuators B: Chemical. 2017;250:692-
702.

. Anitha M, Saravanakumar K, Anitha N, Amalraj L. Influence
of a novel co-doping (Zn + F) on the physical properties of
nano structured (1 1 1) oriented CdO thin films applicable
for window layer of solar cell. Applied Surface Science.
2018;443:55-67.

. Xaba T, Moloto M]J, Malik MA, Moloto N. The Influence of

Temperature on the Formation of Cubic Structured CdO

Nanoparticles and Their Thin Films from Bis(2-hydroxy-

1-naphthaldehydato)cadmium(II) Complex via Thermal

Decomposition Technique. Journal of Nanotechnology.

2017;2017:1-11.

Gupta VK, Fakhri A, Tahami S, Agarwal S. Zn doped

CdO nanoparticles: Structural, morphological, optical,

photocatalytic and anti-bacterial properties. Journal of

Colloid and Interface Science. 2017;504:164-70.

Umar A, Ibrahim AA, Kumar R, Albargi H, Zeng W,

Alhmami MAM, et al. Gas sensor device for high-

performance ethanol sensing using a-MnO2 nanoparticles.

Materials Letters. 2021;286:129232.

Akyuz I, Kose S, Ketenci E, Bilgin V, Atay F Optical,

structural and surface characterization of ultrasonically

sprayed CdO:F films. Journal of Alloys and Compounds.
2011;509(5):1947-52.

. Naser GY, Raja WN, Faris AS, Rahem ZJ, Salih MA, Ahmed

AH. Some Optical Properties of CdO Thin Films. Energy

Procedia. 2013;36:42-9.

Transparent ~ Conducting  Oxides:  Texture  and

Microstructure Effects on Charge Carrier Mobility in

MOCVD-Derived Cdo Thin Films Grown with A Thermally

Stable, Low-Melting Precursor. American Chemical Society

(ACS).

. Yang Y, Jin S, Medvedeva JE, Ireland JR, Metz AW, Ni J, et

al. CdO as the Archetypical Transparent Conducting Oxide.

Systematics of Dopant Ionic Radius and Electronic Structure

Effects on Charge Transport and Band Structure. Journal of

the American Chemical Society. 2005;127(24):8796-804.

Dakhel AA, Henari FZ. Optical characterization of

thermally evaporated thin CdO films. Crystal Research and

Technology. 2003;38(11):979-85.

. Subramanyam TK, Srinivasulu Naidu B, Uthanna S. Studies

on dc magnetron sputtered cadmium oxide films. Applied

Surface Science. 2001;169-170:529-34.

Gupta RK, Ghosh K, Patel R, Mishra SR, Kahol PK.

Structural, optical and electrical properties of In doped

CdO thin films for optoelectronic applications. Materials

23.

24.

25.

27.

28.

29.

30.

31

33.

34.

35.

36.

37.

Letters. 2008;62(19):3373-5.

Gupta RK, Ghosh K, Patel R, Mishra SR, Kahol PK.

Preparation and characterization of highly conducting

and transparent Al doped CdO thin films by pulsed laser

deposition. Current Applied Physics. 2009;9(3):673-7.

Santos-Cruz J, Torres-Delgado G, Castanedo-Perez R,

Zuniga-Romero CI, Zelaya-Angel O. Optical and electrical

characterization of fluorine doped cadmium oxide thin

films prepared by the sol-gel method. Thin Solid Films.
2007;515(13):5381-5.

Ghosh P. Electrical and optical properties of highly

conducting CdO:F thin film deposited by sol-gel dip

coating technique. Solar Energy Materials and Solar Cells.
2004;81(2):279-89.

. Jandow NN, Othman MS, Habubi NF, Chiad SS, Mishjil KA,
Al-Baidhany IA. Theoretical and experimental investigation
of structural and optical properties of lithium doped
cadmium oxide thin films. Materials Research Express.
2019;6(11):116434.

Othman MS, Mishjil KA, Rashid HG, Chiad SS, Habubi NE,
Al-Baidhany IA. Comparison of the structure, electronic,
and optical behaviors of tin-doped CdO alloys and thin
films. Journal of Materials Science: Materials in Electronics.
2020;31(11):9037-43.

Thangaraju B. Structural and electrical studies on highly
conducting spray deposited fluorine and antimony doped
SnO2 thin films from SnCI2 precursor. Thin Solid Films.
2002;402(1-2):71-8.

Ramakrishna Reddy KT, Gopalaswamy H, Reddy PJ,
Miles RW. Effect of gallium incorporation on the physical
properties of ZnO films grown by spray pyrolysis. Journal
of Crystal Growth. 2000;210(4):516-20.

Shanthi S, Subramanian C, Ramasamy P. Preparation
and properties of sprayed undoped and fluorine doped
tin oxide films. Materials Science and Engineering: B.
1999;57(2):127-34.

. Ali RS. Characterization of ZnO Thin Film/p-Si Fabricated
by Vacuum Evaporation Method for Solar Cell Applications.
NeuroQuantology. 2020;18(1):26-31.

. Habubi NE Mishjil KA, Chiad SS. Structural properties and
refractive index dispersion of cobalt doped SnO2 thin films.
Indian Journal of Physics. 2012;87(3):235-9.

Dawood MO, Chiad SS, Ghazai AJ, Habubi NF

Abdulmunem OM. Effect of Li doping on structure and
optical properties of NiO nano thin-films by SPT. 2ND
INTERNATIONAL CONFERENCE ON MATERIALS
ENGINEERING & SCIENCE (IConMEAS 2019): AIP
Publishing; 2020.

Hassan ES, Mubarak TH, Abass KH, Chiad SS, Habubi
NE Rahid MH, et al. Structural, Morphological and
Optical Characterization of Tin Doped Zinc Oxide Thin
Film by (SPT). Journal of Physics: Conference Series.
2019;1234:012013.

Salloom HT, Jasim RI, Habubi NF, Chiad SS, Jadan M,
Addasi JS. Gas Sensor using Gold doped Copper Oxide
Nanostructured Thin Films as Modified Cladding Fiber.
Chinese Physics B. 2020.

Habubi NE, Abass KH, Sami CS, Latif DMA, Nidhal JN, Al
Baidhany Al Dispersion Parameters of Polyvinyl Alcohol
Films doped with Fe. Journal of Physics: Conference Series.
2018;1003:012094.

Hassan ES, Elttayef AK, Mostafa SH, Salim MH, Chiad
SS. Silver oxides nanoparticle in gas sensors applications.
Journal of Materials Science: Materials in Electronics.
2019;30(17):15943-51.

J Nanostruct 10(4): 744-750, Autumn 2020
(&) o


http://dx.doi.org/10.1088/2053-1591/3/9/096401
http://dx.doi.org/10.1101/2020.07.15.204370
http://dx.doi.org/10.1101/2020.07.15.204370
http://dx.doi.org/10.1101/2020.07.15.204370
http://dx.doi.org/10.1101/2020.07.15.204370
http://dx.doi.org/10.1101/2020.07.15.204370
http://dx.doi.org/10.1016/j.matpr.2020.04.057
http://dx.doi.org/10.1016/j.matpr.2020.04.057
http://dx.doi.org/10.1016/j.matpr.2020.04.057
http://dx.doi.org/10.1016/j.matpr.2020.04.057
http://dx.doi.org/10.1016/j.jallcom.2018.11.264
http://dx.doi.org/10.1016/j.jallcom.2018.11.264
http://dx.doi.org/10.1016/j.jallcom.2018.11.264
http://dx.doi.org/10.1016/j.jallcom.2018.11.264
http://dx.doi.org/10.1016/j.jallcom.2018.11.264
http://dx.doi.org/10.1016/j.snb.2017.04.099
http://dx.doi.org/10.1016/j.snb.2017.04.099
http://dx.doi.org/10.1016/j.snb.2017.04.099
http://dx.doi.org/10.1016/j.snb.2017.04.099
http://dx.doi.org/10.1016/j.snb.2017.04.099
http://dx.doi.org/10.1016/j.apsusc.2018.02.231
http://dx.doi.org/10.1016/j.apsusc.2018.02.231
http://dx.doi.org/10.1016/j.apsusc.2018.02.231
http://dx.doi.org/10.1016/j.apsusc.2018.02.231
http://dx.doi.org/10.1016/j.apsusc.2018.02.231
http://dx.doi.org/10.1155/2017/8317109
http://dx.doi.org/10.1155/2017/8317109
http://dx.doi.org/10.1155/2017/8317109
http://dx.doi.org/10.1155/2017/8317109
http://dx.doi.org/10.1155/2017/8317109
http://dx.doi.org/10.1155/2017/8317109
http://dx.doi.org/10.1016/j.jcis.2017.05.026
http://dx.doi.org/10.1016/j.jcis.2017.05.026
http://dx.doi.org/10.1016/j.jcis.2017.05.026
http://dx.doi.org/10.1016/j.jcis.2017.05.026
http://dx.doi.org/10.1016/j.matlet.2020.129232
http://dx.doi.org/10.1016/j.matlet.2020.129232
http://dx.doi.org/10.1016/j.matlet.2020.129232
http://dx.doi.org/10.1016/j.matlet.2020.129232
http://dx.doi.org/10.1016/j.jallcom.2010.10.097
http://dx.doi.org/10.1016/j.jallcom.2010.10.097
http://dx.doi.org/10.1016/j.jallcom.2010.10.097
http://dx.doi.org/10.1016/j.jallcom.2010.10.097
http://dx.doi.org/10.1016/j.egypro.2013.07.006
http://dx.doi.org/10.1016/j.egypro.2013.07.006
http://dx.doi.org/10.1016/j.egypro.2013.07.006
http://dx.doi.org/10.1021/ja051272a
http://dx.doi.org/10.1021/ja051272a
http://dx.doi.org/10.1021/ja051272a
http://dx.doi.org/10.1021/ja051272a
http://dx.doi.org/10.1021/ja051272a
http://dx.doi.org/10.1002/crat.200310124
http://dx.doi.org/10.1002/crat.200310124
http://dx.doi.org/10.1002/crat.200310124
http://dx.doi.org/10.1016/s0169-4332(00)00714-5
http://dx.doi.org/10.1016/s0169-4332(00)00714-5
http://dx.doi.org/10.1016/s0169-4332(00)00714-5
http://dx.doi.org/10.1016/j.matlet.2008.03.015
http://dx.doi.org/10.1016/j.matlet.2008.03.015
http://dx.doi.org/10.1016/j.matlet.2008.03.015
http://dx.doi.org/10.1016/j.matlet.2008.03.015
http://dx.doi.org/10.1016/j.cap.2008.06.004
http://dx.doi.org/10.1016/j.cap.2008.06.004
http://dx.doi.org/10.1016/j.cap.2008.06.004
http://dx.doi.org/10.1016/j.cap.2008.06.004
http://dx.doi.org/10.1016/j.tsf.2007.01.036
http://dx.doi.org/10.1016/j.tsf.2007.01.036
http://dx.doi.org/10.1016/j.tsf.2007.01.036
http://dx.doi.org/10.1016/j.tsf.2007.01.036
http://dx.doi.org/10.1016/j.tsf.2007.01.036
http://dx.doi.org/10.1016/j.solmat.2003.11.021
http://dx.doi.org/10.1016/j.solmat.2003.11.021
http://dx.doi.org/10.1016/j.solmat.2003.11.021
http://dx.doi.org/10.1016/j.solmat.2003.11.021
http://dx.doi.org/10.1088/2053-1591/ab4af8
http://dx.doi.org/10.1088/2053-1591/ab4af8
http://dx.doi.org/10.1088/2053-1591/ab4af8
http://dx.doi.org/10.1088/2053-1591/ab4af8
http://dx.doi.org/10.1088/2053-1591/ab4af8
http://dx.doi.org/10.1007/s10854-020-03437-0
http://dx.doi.org/10.1007/s10854-020-03437-0
http://dx.doi.org/10.1007/s10854-020-03437-0
http://dx.doi.org/10.1007/s10854-020-03437-0
http://dx.doi.org/10.1007/s10854-020-03437-0
http://dx.doi.org/10.1016/s0040-6090(01)01667-4
http://dx.doi.org/10.1016/s0040-6090(01)01667-4
http://dx.doi.org/10.1016/s0040-6090(01)01667-4
http://dx.doi.org/10.1016/s0040-6090(01)01667-4
http://dx.doi.org/10.1016/s0022-0248(99)00868-4
http://dx.doi.org/10.1016/s0022-0248(99)00868-4
http://dx.doi.org/10.1016/s0022-0248(99)00868-4
http://dx.doi.org/10.1016/s0022-0248(99)00868-4
http://dx.doi.org/10.1016/s0921-5107(98)00314-6
http://dx.doi.org/10.1016/s0921-5107(98)00314-6
http://dx.doi.org/10.1016/s0921-5107(98)00314-6
http://dx.doi.org/10.1016/s0921-5107(98)00314-6
http://dx.doi.org/10.14704/nq.2020.18.1.nq20103
http://dx.doi.org/10.14704/nq.2020.18.1.nq20103
http://dx.doi.org/10.14704/nq.2020.18.1.nq20103
http://dx.doi.org/10.1007/s12648-012-0223-y
http://dx.doi.org/10.1007/s12648-012-0223-y
http://dx.doi.org/10.1007/s12648-012-0223-y
http://dx.doi.org/10.1063/5.0000136
http://dx.doi.org/10.1063/5.0000136
http://dx.doi.org/10.1063/5.0000136
http://dx.doi.org/10.1063/5.0000136
http://dx.doi.org/10.1063/5.0000136
http://dx.doi.org/10.1063/5.0000136
http://dx.doi.org/10.1088/1742-6596/1234/1/012013
http://dx.doi.org/10.1088/1742-6596/1234/1/012013
http://dx.doi.org/10.1088/1742-6596/1234/1/012013
http://dx.doi.org/10.1088/1742-6596/1234/1/012013
http://dx.doi.org/10.1088/1742-6596/1234/1/012013
http://dx.doi.org/10.1088/1674-1056/abd2a7
http://dx.doi.org/10.1088/1674-1056/abd2a7
http://dx.doi.org/10.1088/1674-1056/abd2a7
http://dx.doi.org/10.1088/1674-1056/abd2a7
http://dx.doi.org/10.1088/1742-6596/1003/1/012094
http://dx.doi.org/10.1088/1742-6596/1003/1/012094
http://dx.doi.org/10.1088/1742-6596/1003/1/012094
http://dx.doi.org/10.1088/1742-6596/1003/1/012094
http://dx.doi.org/10.1007/s10854-019-01954-1
http://dx.doi.org/10.1007/s10854-019-01954-1
http://dx.doi.org/10.1007/s10854-019-01954-1
http://dx.doi.org/10.1007/s10854-019-01954-1

	Synthesis and Characterization of Indium-doped CdO Nanostructured Thin Films: a Study on Optical, Mo
	Abstract
	Keywords
	How to cite this article 
	INTRODUCTION 
	MATERIALS AND METHODS 
	Chemicals
	Synthesis of In-CdO NPs thin films   

	RESULTS AND DISCUSSIONS  
	CONCLUSION  
	ACKNOWLEDGMENTS 
	CONFLICT OF INTEREST 
	REFERENCES


