Int. Journal of Universal Science and Technology
ISSN: 2454-7263, Volume: 05 No: 04 Published: Jan., 2019
Paper ID: 1IJUP3138, Web: www.universalprint.org

Title Key: Thiourea Metal Complex crystal for ...

Thiourea Metal Complex crystal for AR coating in solar thermal devices

Rupali B. Kulkarni®*, Deepa Deshpande®
®Swa. Sawarkar Mahavidyalaya, Beed 431122 (MS) INDIA
* Corresponding Author: Tel.: +91 9403585268
E-mail address: rbkulkarni9421@gmail.com

Abstract

The thiourea metal complex (TMC) NLO crystals with index of refraction near 1 are
used for antireflection coating on solar cells to enhance the efficiency by reducing the
reflection. The said crystals are also useful for coatings on camera lenses and on some
components used for optical experiments with lasers. Present communication concentrates
on the synthesis, crystal growth and application of Thiourea zinc sulphate (ZTS) crystal
doped with 1 M % Ammonium dihydrogen phosphate (ADP) crystal for antireflection
coating. Superior quality non-linear optical crystals of ZTS + ADP were grown from aqueous
solution by slow evaporation method in a constant temperature bath at 35°C. UV-visible
spectral analysis ascertained in the range of 200900 nm affirmed the 80% transmittance.
Linear optical property refractive index determined by using transmittance data, required
for antireflection coating.
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Introduction

Thiourea metal complex (TMC) crystals have been very rapidly developed due to
their appealing features such as large optical transparency, high nonlinear response, huge
laser damage threshold, high thermal stability and improved mechanical properties. These
gualities advocate TMC crystals suitable for applications in electro-optic modulation, optical
data storage devices, high-tech NLO and telecommunication devices [1-4]. Zinc Thiourea
sulphate (ZTS) is a nonlinear optical material (NLO) which has combined property of high
optical nonlinearity and chemical flexibility of organics along with physical ruggedness of
inorganic. ZTS is a material with non-centrosymmetric orthorhombic crystal system. It
exhibits a low angular sensitivity, high laser damage threshold, wide optical transparency,
and exceptionally wide acceptance angle for second harmonic generation (SHG), SHG
efficiency 1.2 times of KDP [5-12].

Approximately 4% incident light from uncoated glass substrate gets reflected at each
interface, resulting in total transmission of only 92% of the incident light. Antireflection
coating (AR) coating on each surface will increase the throughput of the system and reduce
hazards caused by reflections traveling backwards through the system (ghost images). Anti-
reflection coatings are especially important if the system contains many transmitting optical
elements. Also, many low-light systems incorporate AR coated optics to allow for efficient
use of light [13, 14].

Anti-reflection coatings on solar cells are similar to those used on other optical equipment
such as camera lenses. They consist of a thin layer of dielectric material, with a specially
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chosen thickness so that interference effects in the coating cause the wave reflected from
the anti-reflection coating top surface to be out of phase with the wave reflected from the
semiconductor surfaces. These out-of-phase reflected waves destructively interfere with
one another, resulting in zero net reflected energy. In addition to anti-reflection coatings,
interference effects are also commonly encountered when a thin layer of oil on water
produces rainbow-like bands of color [15, 16].

a) destructive interference (b) constructive interference so
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Fig.1 AR-thickness d1 and refractive index nl Fig.2. ZTS + ADP crystal

The transmission properties of a coating are dependent upon the wavelength of light
being used, the substrate's index of refraction, the index of refraction of the coating, the
thickness of the coating, and the angle of the incident light.

The coating is designed so that the relative phase shift between the beam reflected at the
upper and lower boundary of the thin film is 180°. Destructive interference between the
two reflected beams occurs, cancelling both beams before they exit the surface. The optical
thickness of the coating must be an odd number of quarter wavelengths (A/4, where A is the
design wavelength or wavelength being optimized for peak performance), in order to
achieve the desired path difference of one half wavelength between the reflected beams,
which leads to their cancellation as shown in Fig.1.

The equation for determining the index of refraction of the crystal or thin film needed for
complete cancEeIIation of the two beams is [17, 18]:

My = [”oﬂsjla‘Where neis Rl of AR,ngis Rl of air (or the incident material),nsis RI of
substrate.
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Experimental procedure

The ZTS metal complex has been synthesized by dissolving Zinc Sulphate (1mole) and
thiourea (3 mole) in double distilled de-ionized water. The ZTS metal complex salt was
repetitive recrystallized to gain highest possible purity for further synthesis. To achieve
doping of 1 M % ADP the supersaturated solution of purified ZTS was prepared. The
measured quantity of of 1 M % of ADP was gradually added to the supersaturated solution
of ZTS with continuous stirring process to attain homogeneous doping throughout the
mixture. The 1 M % ADP doped ZTS solution was then filtered in a rinsed beaker and kept for
slow solution evaporation in a constant temperature bath at 35°C. The grown ZTS + ADP
crystal is shown in Fig.2.

Results and discussion

For photonics and NLO device applications the optically transparent crystals are
readily demanded [20, 21]. In present study the optical transmittance of 2 mm thick pure
ZTS +ADP crystal was ascertained in the wavelength range of 200 to 900 nm using the
spectrophotometer (Shimadzu make UV-2450). The recorded transmittance spectrum is
shown in Fig.3. The UV-visible spectrum of the grown crystal exhibits the enhanced
transmittance up to 80% in entire visible region. Refractive index is calculated by using
transmittance data and applying the formula reported by Nabeel A Bakr et al and plotted in
Fig.3 [6, 19]. The calculated value of refractive index (RI) was found to be 1.65 in visible
region for grown crystal. The lower Rl procured by ZTS+ADP crystal makes it more suitable
for antireflection coating in solar thermal devices and optical device fabrications [6, 22-25].
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Fig.3. Transmittance and Refractive index of grown crystal
Conclusion
ZTS+ADP crystal have been grown by slow solution evaporation technique at 35°C. The
optical studies revealed higher transmission(80%) , wider range of transmittance and
improved optical parameters favoring its suitability for solar thermal device fabrication,

Rupali B. Kulkarni, Deepa Deshpande Page 218



Int. Journal of Universal Science and Technology
ISSN: 2454-7263, Volume: 05 No: 04 Published: Jan., 2019
Paper ID: 1IJUP3138, Web: www.universalprint.org

Title Key: Thiourea Metal Complex crystal for ...

nonline

ar optical and laser applications. The lower value of refractive index (1.65) of was

ascertained in the visible region of interest. Decisive results of present studies are (a)

ZTS+AD

P crystal offers high optical transparency (b) the lower value refractive index 1.65

Hence under the extended umbrella of photonic device applications, ZTS+ADP crystal holds
strong status for the antireflection (AR) solar thermal coating.

References

1. R. Uthrakumar, C. Vesta, C. Justin Raj, S. Krishnan, Curr. Appl. Phys. 10 (2010)
548-552.

2. N.N. Shejwal, Mohd Anis, S.S. Hussaini, M.D. Shirsat, Phys. Scr. 89 (2014)
125804-10.

3. Mohd Anis, S.S. Hussaini, M.D. Shirsat, Optik 127 (2016) 9734-9737.

4. R.B. Kulkarni, A. Rushi, Mohd Anis, S.S. Hussaini, M.D. Shirsat, Int. J. Sci. Res.
Publication. 4 (2014)1-5.

5. S. Moitra, S. Bhattacharya , T. Kar, A. Ghosh , Physica B 403 (2008) 3244-3247.

6. T.C. Sabari Girisun,and S. Dhanuskodi, Cryst. Res. Technol. 44(2009)1297-1302.

7. J. Felicita Vimala , J. Thomas Joseph Prakash, Elixir Crystal Growth 56 (2013)
13350-54.

8. Kiran T. Rathodl, 1.B. Patel, C.F. Desai, Y.H. Gandhi, International Journal of
Luminescence and Applications, 5(2015)86-88.

9. S. K. Kushwaha, K. K. Maurya, D. Haranath and G. Bhagavannarayana, J. Appl.

10.
11.

12.
13.
14.
15.

16.
17.

18.

19.
20.
21.
22.

23

Cryst. 44(2011)1054-61.

C. Krishnan and P. Selvarajan, Journal of Experimental Sciences, 1(2010) 23-26.
Sonia Bhandari , Nidhi Sinha , Geeta Ray,Chemical Physics Letters 591 (2014) 10-
15.

V.N. Praveena, N. Vijayan, C.K. Mahadevan, Optik 123 (2012) 1617.

Feng Zhan, Zhipeng Li, Xiaoming Shen, The Scientific World Journal, (2014).

Y. C. M. Yeh, F. P. Ernest, R. J. Stirn, Journal of Applied Physics 47(1976) 4107.
E. Y. Wang, Yu, F. T. S., Sims, V. L., Brandhorst, E. W., and Broder, J. D., 10th
IEEE
Photovoltaic Specialists Conference, (1973)168-71.

K. R. Mocintosh, Baker-Finch, S. C.,IEEE 38th Photovoltaic Specialists
Conference,(2012).

Daniel N. Wright, Erik S. Marstein , Arve Holt, double layer anti-reflective coatings
for

silicon solar cells.

PanelKi-ChulKim,Materials Letters, 160 (2015)158, https://doi.org/10.1016.

Nabeel A Bakr, A M Funde, V S Waman, M M Kamble, J. of Phys., 76(2011) 5109.
R. Subhashini, D. Sathya, V. Sivashankar, P.S.L. Mageshwari, S. Arjunan, Opt.
Mater. 62

. (2016) 357-85.

Rupali

B. Kulkarni, Deepa Deshpande Page 219


https://www.hindawi.com/51867468/
https://www.hindawi.com/93127037/
https://www.hindawi.com/62671802/
http://aip.scitation.org/author/Yeh%2C+Y+C+M
http://aip.scitation.org/author/Ernest%2C+F+P
http://aip.scitation.org/author/Stirn%2C+R+J
http://www.pveducation.org/biblio?f%5bauthor%5d=258
http://www.pveducation.org/biblio?f%5bauthor%5d=259
http://www.pveducation.org/biblio?f%5bauthor%5d=260
http://www.pveducation.org/biblio?f%5bauthor%5d=261
http://www.pveducation.org/biblio?f%5bauthor%5d=262
http://www.pveducation.org/biblio?f%5bauthor%5d=310
http://www.pveducation.org/biblio?f%5bauthor%5d=311
http://www.sciencedirect.com/science/article/pii/S0167577X15303013#!
http://www.sciencedirect.com/science/journal/0167577X
https://doi.org/10.1016/j.matlet.2015.07.108

Int. Journal of Universal Science and Technology
ISSN: 2454-7263, Volume: 05 No: 04 Published: Jan., 2019
Paper ID: 1JUP3138, Web: www.universalprint.org

Title Key: Thiourea Metal Complex crystal for ...

24. M. Saravanan, Opt. Mater. 58 (2016) 327-41.

25. S. K. Kushwaha, K. K. Maurya, D. Haranath and G. Bhagavannarayana, J. Appl.
Cryst.

26. (2011). 44, 1054-61.

27. Sonia Bhandari , Nidhi Sinha , Geeta Ray , Binay Kumar, Chemical Physics Letters
591

28. (2014) 10-15.

29. N.N. Shejwal, Mohd Anis, S.S. Hussaini, M.D. Shirsat Inte. Jou. Modern Physics B,
30 (2016) 1650159.

30. F. Helena, G.Kanchana, Indian Journal of pure and applied physics, 52(2014) 821-
828.

Rupali B. Kulkarni, Deepa Deshpande Page 220



