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Abstract

Vanadium pentoxide (V20s) with organic dyes such as acid orange and acid red were synthesized using
Simple Precipitation method with distilled water as solvent. Powder X-ray Diffraction (PXRD) analysis
was carried out to study the nature of the samples. Scanning Electron Microscopic (SEM) pictures inform
the morphology of the synthesized samples which are shown as micro-rod like structures. The UV-vis-
NIR absorption spectrum shows an absorption band at 231 nm for V,Os with acid orange dye and 211 nm
for V205 with acid red dye which are the cut off wavelength of the synthesized powder samples and hence
to confirm their dielectric nature. The photoluminescence spectrum exhibits red light at E;=1.7 eV, and
Eq=1.9 eV and Eg=1.5 eV due to V.0s molecule levels located inside the band gap along with acid orange
molecule and acid red molecule.
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1. Introduction

Organic Light Emitting Diodes (OLED) materials have wide range of applications because of the
compensation of its simple developed process, lightweight, flexible substrate, energy savings, and wide
viewing angle [1,2] which include solid-state light sources [3] and display devices [4,5] applications. The
discovery of improved organic materials gradually improves the efficiency of organic optoelectronic
devices, increasing interest in organic electronics as the next generation of electronics [6,7]. Organic
light-emitting diodes have attracted the community of science interest for the very last twenty years. A
small coating of an organic substance is positioned between two electrodes to form the device. Because of
its lower power usage when compared to LCDs, OLED screens are particularly well suitable for such
purposes [8]. OLED displays have been commercially accessible in portable small electronics
applications such as smart phones, music players, automotive radios, digital cameras, and monitors (TVs)
for the past nine years. [9]. Vanadium pentoxide is a latent electro active electrode for super capacitors
because of its varied oxidation states, low toxicity, small cost, high capacitance, wide voltage window,

and high energy density [10].V20s is a common cathode material and a catalyst [11]. Vanadium is
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abundant in nonferrous metals, which are also known as ferrous metals. A crucial period of transition in
the history of industrial civilization was made possible by the exceptional and distinctive qualities of the
compounds and metallic vanadium and alloys it produces. Vanadium has also been helpful for the quick
growth of modern industries, particularly those in steel, chemicals, petroleum, energy, and nuclear, as
well as nonferrous metals, architecture, and environmental protection. Many vanadium catalysts are made
up of vanadium compounds like oxides, chlorides, and complexes, as well as a range of other forms like a
salt of hetero poly acids. One or more of the following additions are made to the most common active
component. In the majority of oxidation catalysts, V2Os is the primary active component. Catalyst made
of Vanadium has been used in double catalysis for desulfurization and de-nitrification, as well as
environmental purification for inorganic and organic pollutants removal. Batteries made up of Vanadium
have recently piqued the curiosity of researchers working on renewable energy applications [12]. Acid
dyes are categorised based on their affinity, dyeing capabilities, and chemical composition. Many acid
dyes have been reported in the literature, including anthraquinone-based acid dyes, acid nitro dyes,
triphenylmethane acid dyes and acid azo dyes. They're also employed in high-tech applications like lasers
and non-linear optical systems, photodynamic treatment, dye-sensitive solar cells, metallochromic
indicators, thermal transfer printing, and fuel cells [13]. Because of their numerous applications, acid azo
dyes containing aromatic heterocyclic moiety have been studied.

2. Experimental Method

The samples were prepared using the technique of simple precipitation method. To begin the process,
3.12 g of V05 and 8.88 g of acid red dye materials were collected in one beaker, and similarly 2.72 g of
V205 and 5.28 g of acid orange dye materials were combined in another beaker. Both samples were
prepared in a ratio of 1:1 with distilled water as solvent. The mixtures were stirred well for ten hours
while they were left at standard temperature. The powder samples were collected and filtered from the
solution for further testing. Using a water bath, the filtered residues were annealed and dried for twenty-
four hours at 100°C temperature. The color of the orange mixture turned to brick color during this
procedure, while the color of the red mixture changed to coffee (brown) color. Figures 1a and 1b show an
image of the dried and powdered samples.
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Fig 2a and 2b. Photograph of V205 with acid orange and acid red
materials

Eur. Chem. Bull. 2023, 12( Issue 9),24-33 75



Synthesis of V,0s Molecule with Organic Dye Molecules for Opto Electronic Applications

Section A -Research paper
ISSN 2063-5346
3. Result and Discussion

3.1. Powder XRD Analysis

X-ray diffraction (XRD) and X-ray photoelectron spectroscopy (XPS) were employed to describe the
microstructure and composition of the produced films [14]. X-ray diffraction, or XRD, is a method for
determining the crystalline nature and structure of solid materials. In a nutshell, the result of a scattering
process in which X-rays are scattered by electrons of atoms present in the sample is crystal X-ray
diffraction , but the wavelength remains constant. The resultant diffraction pattern, which is dictated by
the position and intensities of the diffraction effects, is a critical physical property of the material. This
feature not only identifies the material's structure but also provides a detailed explanation of its
composition [15]. Powder X-ray diffraction (PXRD) can be used to measure the diffraction pattern of
crystalline material [16]. Powder XRD analysis of the manufactured sample can be performed using a
CuKa radiation source with a wavelength A= 1.5405 A. The PXRD pattern were shown in Figure 3.1a and
3.1b for synthesized V:0s with acid orange and acid red molecules which were annealed at 450°C.
Scanning 26 and intensity values were utilized to record the PXRD patterns of the powdered material. It is
observed that V.05 with acid red material was produced more sharp peaks than V,0s with acid orange
material which implies that the V.Oswith acid orange material is highly amorphous than V,0s with acid
orange material.
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Fig 3.1a and 3.1b. PXRD spectrum of V,Os with acid orange and acid red molecules

3.2. SEM analysis

By focusing a beam of high-energy electrons down onto the specimens, the scanning electron microscope
(SEM) generates a variety of surface signals on solid specimens. The signals created by the electron-
sample interactions offer information on the sample itself, including its exterior morphology (texture),
chemical composition, crystalline structure, and orientation of the materials that comprise the sample
[17]. The SEM is used regularly to investigate the micrometer- to nanometer-scale surface chemistry and
structure of a wide range of synthetic and biological materials. Scanning electron microscopy is one of the
most dominant and diverse characterization methods available these days [18]. Its simplicity of usage,
usually straightforward sample preparation, and straightforward image interpretation, shared with its high
resolution, depth of field, and ability to perform micro chemical and crystallographic analysis, have all
contributed to its rise to prominence as one of the most effective and adaptable methods. The scanning
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electron microscopy (SEM) technique uses a concentrated stream of high-energy electrons to make a wide
range of signals on the surface of solid materials. Furthermore, the SEM can perform analysis on specific
points of the sample being studied. This advance is extremely useful for qualitative or semi-quantitative
chemical composition examination, as well as assessing crystalline structure and orientation [19]. The
Carel Zeiss Instrument can be used to perform a SEM analysis on the prepared sample and measure the
findings. Using the SEM technique, the structure surface of V,Os with acid red and V2Os with acid orange
was observed. Figures 3.2a and 3.2b show SEM images (10.00kx and 1.96 kx) of the adsorbent, which
appears to be a rod-like structure that forms microclusters. This tunability and multivalent character of
vanadium pentoxide will aid in its various applications where precise rod diameters are required, such as
electrochemical applications, catalysis, and so on [20].

EHT = 10,00 kV Signal A= SE1 Date 11 Apr 2023 ZE1SS| 2 pm EHT=10.00 kV Signal A= SE1 Date :11 Apr 2023 ZEISS|
WD= 7.5mm Mag= 1000KX Time :15:18:52 WD= 7.5mm Mag= 1000 KX Time 152012

Fig 3.2a and 3.2b. SEM image of V»0s with acid orange and V,0s with acid red
molecules
3.3. FTIR analysis

Third-generation infrared spectrometers are known as Fourier transform infrared (FTIR) spectrometers.
They have been widely used in the process of structural elucidation. It is a method of gathering spectra
derived from coherence measurements of a radiative source, employing measurements of electromagnetic
radiation or other types of radiation in the time- or space-domain. These actions may be carried out
simultaneously. When the FT function is performed, an interferogram of a sample signal is recorded and
digitized using an interferometer, and the corresponding spectrum is presented. Fourier transform infrared
spectroscopy (FTIR) is a process that uses an infrared light beam to determine the functional groups
contained in a substance (whether it is a gas, liquid, or solid) [21]. IR vibration spectroscopy is a
technique that can be used to determine in order to identify the molecules by examining the bonds that
make them up. Each chemical link in a molecule has its own unique frequency at which it vibrates.
Because of the stretching and bending motions of the molecules as a whole, a group of atoms within a
molecule (such as CHy) can exhibit many modes of oscillation [22]. The oscillations of the CH; group
cause these modes to exist. Infrared spectroscopy was used to figure out how much IR light is absorbed
by each molecule's connection. This process produces a spectrum, which is commonly expressed as a
percentage of transmittance versus the wave number (cm™). The Perkin Elmer Spectrum FTIR
Spectrophotometer is the instrument used to record the FTIR spectrum of V.0s with Acid orange and
V.05 with Acid red. The FTIR spectrum can be acquired between 4000cm™ to 400cm™ in wavelength.
Figure 4a and 4b depicts an FTIR spectral analysis of the prepared samples. The FT-IR spectra of V.0s
with Acid orange show peaks for -OH stretching vibration, C=C- stretching vibration, and -N=N-
stretching vibration at 3432 cm™, 1627 cm™, 1449 cm™, and 1031'cm™, respectively. While the peak near
1031 cm™ is for -S=0, indicating the dye's Sulfoxide origin [23]. The peak at 952 cm™ refers to the
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formation of a coordination bond with a vanadium atom and the peaks at 757 cm™, 696 cm™, and 569 cm®
! correspond to hydrogen bonding with an oxygen atom of the Vanadyl group (OH group) and the V-O-V
vibrational mode with V-O bridges, respectively. For V,0s with Acid red the band at 909 cm™ is
ascribed to the V-OH; stretching vibrational mode, which indicates the creation of coordination bonds
with vanadium atoms of vanadyl groups in the interlamellar domain. The stretching vibration of the
vanadyl group, the in-plane, and out-of-plane V-O-V vibrational modes associated with the V-O bridges,
have been attributed to the strong and distinctive peaks of about 749 cm™, and 544 cm™ belongs,
respectively. The weaker band at 684 cm™ could be connected to hydrogen bonding with vanadyl group
oxygen atoms [24]. The band peak value at 3413 cm™ for V,Os with acid red dye indicates the O-H
group. The stretching vibration of the S-O (SO3-H) group appears at 1196 cm™ and to NO from 1147
cm™ to 1353 cm™ [25]. Table 1 shows the FTIR assignment of the synthesized sample, which supports
the chemical structure of the synthesized sample as well as V,0s and organic acid orange and acid red
molecules.
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Fig 3.3a and 3.3b. FTIR spectrum of V.05 with acid orange and V»Os with acid red
molecules

Table 1. FTIR assignment of synthesized V,Os with acid orange and V205 with acid red molecules

Assignments
Wavenumber (cm™) Acid Orange Acid Red

3432 OH -
3413 - OH
1627 -C=C- -
1631 - COOH
1449 -N=N- -
1489 - -N=N-
1031 -S=0 -
1353 - NO,
1196 - S-0 (SOs-H)

952 V-OH; -

909 - V-OHZ

757 V-0O-V -

749 - V-0-V

696 O-H -

684 - O-H

569 V-0 -
544 - V-0
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3.4. UV vis Spectroscopy analysis

UV/VIS absorption spectroscopy is a powerful yet inexpensive tool for identifying organic compounds
and measuring the quantity of principal and trace constituents in liquid, gas, and solid test samples [26].
The concentration of major and trace constituents in liquid, gas, and solid test samples can be determined
using this method. The ultraviolet-visible-near-infrared spectrum is the result of electromagnetic radiation
interacting with molecules, ions, or complexes in the UV-vis-NIR range. It is used to investigate a wide
range of substances, together with inorganic, organic, and semi organic molecules. These determinations
have applications in research, industry, clinical laboratories, and the chemical evaluation of
environmental samples. The amount of visible light absorbed defines the hue of the sample and triggers
electron transitions. The absorbance value is proportional to the path length "b" and sample concentration
"¢" [27]. The Varian Cary SE UV-vis-NIR Spectrophotometer can record the results of the sample's UV-
vis-NIR spectral analysis. The UV-vis-NIR Spectrum of the both samples can be obtained by measuring
the absorbance in the wavelength ranges of 100nm and 1000 nanometers. The prepared samples' cut off
wavelengths are 231 nm for V,0s with Acid orange and 211 nm for V,0s with Acid red, as illustrated in
Fig 3.4a and 3.4b. The strong absorption peaks obtained at 231 and 211 nm in both samples due to the
transition holes process between V and O [28].The value of the energy gap is calculated by applying the
formula Eg = hC/Ac, where Ac is the cut-off wavelength, h is Planck's constant, and C is the velocity of
light. Based on this formula, the value of the energy gap will be calculated as 5.38 eV for V.05 with acid
orange and 5.89 eV for V,0s with acid red. From the observed values of bandgap, it is concluded that
V,0s with acid red has more dielectric property as compared to V,0s with acid Orange molecule. The
calculated band gap values of the samples were revealed that the samples are type of insulating materials.
As a result, the sample are prominent materials used in optoelectronic devices applications.
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3.4a and 3.4b. UV vis NIR spectrum of V,0s with acid orange and acid red molecules

3.5. Photoluminescence Analysis
Photoluminescence (PL) analysis has the potential to be used to describe a wide range of material
properties. Photoluminescence spectroscopy is a discriminating and extremely careful examination of

discrete electronic states.

It is used to determine surface, interface, and impurity levels, as well as alloy disorder and interface
roughness. The strength of the photoluminescent signal can provide surface and interface quality data.
The duration of non-equilibrium interface and the transient photoluminescence intensity under pulsed

stimulation determines the bulk states.
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The electric field at the surface of a sample can be mapped by watching how the photoluminescence
intensity varies in response to an externally imposed bias. Thermally activated procedures, which are
utilized for a wide range of evaluations, generate changes in photoluminescence intensity with
temperature [29]. Compositional studies of compound semiconductor epitaxial layers and defect analyses
of light-emitting materials are examples of these evaluations. Because the photoluminescence (PL) signal
is formed by photo generated electron-hole pair recombination [30], photoluminescence (PL) analysis can
be utilized to investigate the separation of light-generated charge carriers. The Perkin Elmer LS 45 is an
instrument that can be used to record PL spectral analysis. The photoluminescence of V.0s with acid
orange and acid red molecules was measured, and the results are given in Fig 3.5a and 3.5b. The
photoluminescence examination of pure V205 peaks at 2=400 nm, which is in the blue-green area [31].
Following the addition of acid orange and acid red dye molecules, in both samples, the peak around 639-
794 nm was strongly enhanced compared with other peaks, which clearly shows that the extrinsic
transition formed by oxygen vacancies of V.05 due to the annealing process [32]. The equivalent photon
energy will be E;=1.7 eV, and Eq=1.9 eV and Eg=1.5 eV shows the biggest wavelength, which is red, and
the most prolonged absorption and emission (with tailing above 1000 nm) in the solid state, respectively.
As a result, the addition of acid orange and acid red dye molecules to V,Os material improves its
suitability for OLED applications. This band gap energy shows that V,0s with acid orange and acid red
dye molecule levels and the dye molecules are situated inside the band gap [33], which is consistent with
optical absorption measurements. As a result, the produced V.Os with acid orange, and acid red molecule

are a promising materials for opto-electronic device applications [34].
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3.5a and 3.5b. Photoluminescence spectrum of V205 with acid orange and acid
red molecules

4. Conclusion

The synthesized V.0s with acid orange and V,Os with acid red molecules were successfully prepared
with distilled water as solvent using simple precipitation method. By varying sample temperature on the
evolution of structure (at T = 100 °C), micro rod structures of synthesized samples were investigated. The

amorphous nature of the synthesized powdered samples was determined using Powder XRD analysis. The
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SEM images show the rod-like shaped micro structure of the pure V,0s molecule increased by adding dye

molecules. The presence of V20s molecule and acid orange molecules and V:0s with acid red dye
molecules in the synthesized powder sample was confirmed using FTIR analysis. The UV-vis- NIR
absorbance spectrum of the sample was observed within the range of 100-1000 nm which illustrates the
insulating nature of the samples with the calculated energy gap value as 5.38 eV for V,0s with acid
orange and 5.89 eV for V,Os for acid red molecules. A broad photoluminescence peak around 730 nm
for V>0s with acid orange and 639 nm and 794 nm for V,Os with acid red were studied using Perkin
Elmer LS 45. From these optical studies, it is confirmed that the synthesized V,0s with acid orange and

V205 with acid red molecules are a promising materials for the application of optoelectronic devices.

References
[1] H.G. Im, S.H. Jung, J. Jin, D. Lee, J. Lee, D. Lee, J.Y. Lee, I.D. Kim, B.S. Bae, ACS Nano 8 (2014)
10973.

[2] C. Sekine, Y. Tsubata, T. Yamada, M. Kitano, S. Doi, Sci. Technol. Adv. Mater. 15 (2014), 034203.
[3] M.A. Baldo, D.F. O’Brien, Y.J. You, A. Shoustikov, S.R. Forrest, Nature 395 (1998) 151-154.
[4] D. Feezell, S. Nakamura, Compt. Rendus Phys. 19 (2018) 113-133.

[5] Y. Chen, J. Wang, Z. Zhong, Z. Jiang, C. Song, Z. Hu, J. Peng, J. Wang, Y. Cao, Org. Electron. 37
(2016) 458-464.

[6] K. Goushi, K.Yoshida, K.Sato, C. Adachi Nat, Photonics 6 (2012) 253.
[7] Z He, C, Zhong, S. Su, M. Xu, H.Wu, Y.Cao, Nat. Photonics 6 (2012) 591.

[8] Moriaki Wakaki.,(2012), ‘Optical Materials and Applications’, CRC Press, Taylor and Francis group,
New York.

[9] Karzazi Y., (2014), ‘Organic Light Emitting Diodes: Devices and applications’, J. Mater. Environ.
Sci., Vol. 5 (1) pp. 1-12.

[10] Chen D, Li J, Wu Q: Review of V,0s- based nano materials as electrode for supercapacitors, J.
Nanoparticle Res 2019, 21:201.

[11] Poonam S. Sonawane, S. S. Haram , P. R. Lawate , L. P. Kale , A. A Patil and P. S. Lokhande,

“Facile synthesis of Vanadium Pentoxide Nanorod by Hydrothermal Route and Characterization”, 2015,

International Journal of Nanomaterials and Chemistry.

[12] Baoxiang Yang, Jinyong He, Guifang Zhang, Jike Guo, “Vanadium Extraction, Manufacturing and
Applications”, pg no 1-3, Elseiver

[13] Fatma A. Mohamed, Mahmoud S. Bashandy, H. Abd El-Wahab, Mahmoud B. Sheier, Mohamed M.

Eur. Chem. Bull. 2023, 12( Issue 9),24-33 31



Synthesis of V,0s Molecule with Organic Dye Molecules for Opto Electronic Applications

Section A -Research paper
ISSN 2063-5346
El-Molla, Ahmed H. Bedair, Synthesis of Several Newly Acid Dyes and their Application in Textile

Dyeing, International Journal of Advanced Research (2014), Volume 2, Issue 7, 248-260.

[14] Chen Yia,b, Wenging Zhua, Ruilin Chena,b, Lu Huanga, Kuangyu Dinga, Jun Lib, “Work function
tunning of lithium-doped vanadium oxide for functioning as hole injection layer in organic light-emitting
diodes”, PG. NO 1-2, Elseiver.

[15] Giovanni Alcocer, “Variant Mass for an Accelerated Charged Particle”, Asian Journal of Basic

Science & Research, 2(3): 43-59, 2020.

[16] Garry Scrivens, Jon T. Swanson, Stratergies for Improving the Reliability of Accelerated Predictive
Stability (APS) studies, Accelerated Predictive Stability, NewYork, 2018, (pp.175-206).

[17] Joseph Goldstein., (2003), ‘Scanning Electron Microscopy and X-Ray Microanalysis’, Springer.

[18] Anwar Ul-Hamid, A Beginners' Guide to Scanning Electron Microscopy, E-Publishing inc,
Switzerland, 2018, pp. 1 — 14.

[19] Joseph Goldstein., (2003), ‘Scanning Electron Microscopy and X-Ray Microanalysis’, Springer.

[20] N. Rama, M.S. Ramachandra Rao, Synthesis and study of electrical and magnetic properties of
vanadium oxide micro and nanosized rods grown using pulsed laser deposition technique, Solid State
Communications. 150 (2010) 23-24.

[21] Baravkar A.A., Kale R.N., (2011), ‘FT-IR Spectroscopy: Principle, Technique and Mathematics’,
International Journal of Pharma and Bio Sciences, Vol. 2(1), pp. 513-519.

[22] Shahid Ali Khan, Sher Bhahadar Khan, Latif Ullah Khan, Aliya Faroog, Kalsoom Akhtar and
Abdullah M Asiri, Fourier Transform Infrared Spectroscopy: Fundamentals and Application in Functional
Groups and Nanomaterials Characterization, Handbook of Material Characterization 2018, pp.317-344.

[23] Maulin P Shah, Bioremedial Application of Bacillus Megaterium PMS82 in Microbial Degradation
of Acid Orange Dye, International Journal of Environmental Bioremediation & Biodegradation, 2014,
Vol. 2, No. 3, 93-99.

[24] G. N. Barbosa, C. F.O. Graeff and H. P. Oliveira, Thermal annealing effects on vanadium pentoxide
xerogel films, ECLETICA, 2005, Vol. 30, No. 2.

[25] Alica Bartosova, Lenka Blinova, Maros Sirotiak, Anna Michalikova, Usage Of FTIR-Atr as Non-
destructive Analysis Of Selected Toxic Dyes, Faculty Of Materials Science And Technology In
TRNAVA, 2017, Volume 25, Number 40.

[26] G. Dana Brabson, Ultraviolet/Visible Absorption Spectroscopy, Material Characterization.10
(1986).

Eur. Chem. Bull. 2023, 12( Issue 9),24-33 32


https://books.google.com/books?id=ruF9DQxCDLQC
https://books.google.com/books?id=ruF9DQxCDLQC

Synthesis of V,0s Molecule with Organic Dye Molecules for Opto Electronic Applications

Section A -Research paper
ISSN 2063-5346
[27] Moriaki Wakaki.,(2012), ‘Optical Materials and Applications’, CRC Press, Taylor and Francis

group, New York.

[28] Samir Alghool, Hanan F. Abd El-Halim, Ayman M. Mostafa, An Eco-friendly Synthesis of V205
Nanoparticles and Their Catalytic Activity for the Degradation of 4-Nitrophrnol, Journal of Inorganic and

Organometallic Polymers and Materials, 4 February 2019.

[29] Tang C.W and Vanslyke S.A., (1987), ‘Organic electroluminescent diodes’, Applied Physics Letters,
vol. 51(12), pp. 913-915.

[30] Abhijit,N. Kadam, Sang-Wha Lee, Nanocomposites for visible light photocatalysis, Nanostructured
Materials for Visible Light Photocatalysis, Elseiver Inc, 2022.

[31] K. M. Shafeeq, V. P. Athira, C. H. Raj Kishor, P. M. Aneesh, Structural and optical properties

of V205 nanostructures grown by thermal decomposition technique, Applied Physics, June 2020.

[32] Top Khac Lea , Manil Kangb , Sok Won Kima, Room-temperature photoluminescence behavior of
a-V205 and mixed a-fp phase V205 films grown by electrodeposition, Material Science in
Semiconductor Processing, Vol 24, May 2019, pg no 15-21.

[33] N. M Abd-Alghafour, Naser. M. Ahamed, Zai. Hassanm Sabah M. Mohammad and M.
Bououdina, Growth and Characterization of V,Os Nanorods Deposited by Spray Pyrolysis at Low
Temperatures, American Institute of Physics, 830 (2016).

[34] Dane Tadeu Cestarolli, Elidia Maria Guerra, Vanadium Pentoxide (V 2 O 5): Their Obtaining
Methods and Wide Applications, Transition metal, Research gate, March 2021.

Eur. Chem. Bull. 2023, 12( Issue 9),24-33 33


https://www.sciencedirect.com/science/article/pii/B9780128230183000178
https://www.sciencedirect.com/book/9780128230183/nanostructured-materials-for-visible-light-photocatalysis
https://www.sciencedirect.com/book/9780128230183/nanostructured-materials-for-visible-light-photocatalysis
https://www.researchgate.net/scientific-contributions/Dane-Tadeu-Cestarolli-2073235122
https://www.researchgate.net/profile/Elidia-Guerra

