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ABSTRACT: The development of rapid and reliable processes for the synthesis of nanomaterials is of great
importance in the field of nanotechnology. The synthesis of nanoparticle such as metals, semiconductors and ceramics
is carried out by using both physical and chemical methods. In recent times, a solvothermal method has been described
for the preparation of the nanoparticles. Our aim is to prepare the carboxy methyl cellulose (CMC) capped zinc indium
selenide (ZnIn,Se,;) nanoparticles by the solovothermal method from zinc chloride, indium chloride and selenium
dioxide. CMC, a non toxic biopolymer is used as capping agent to stabilize the nanoparticles. The resulting material is
analysed by instrumental studies, viz., XRD, SEM, TEM and UV-vis spectroscopy. The particle size and band gap
energy could be tried out, which would enhance the research works that depends on semiconductor and
superconductivity materials.
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I. INTRODUCTION

Semiconductor nanocrystals with high quality and narrow size distribution have been the object of intensive scientific
and technological interest [1-9]. They exhibit outstanding optical, electronic, thermal and magnetic properties that are
different from the bulk materials due to their quantum confinement effects and size dependent photoemission
characteristics [10-16]. Recently, a ternary compound of II-I1l-VI group attracts many researchers due to their
applications in optoelectronic devices and solar cells [17-19]. Zind indium selenide is a kind of n-type ternary
chalcogenide semiconductor of type A'B",C", where A=Zn, Cd or Hg, B=In or Ga and X=Se, S, Te [20]. The direct
energy gaps of this crystal have 1.82 eV at room temperature [21]. The preparation of ZIS with a defective chalcopyrite
structure has attracted much attention both for fundamental and for applied research. The defect in this compound
arises from some percentage vacancies of Zn sites and naturally disorder is created which causes the appearance of a
large number of electronic levels in the energy gap both very close to bottom of the conduction band and in the mid gap
region [22].

Semiconductor nanoparticles stabilized by polymeric back bone have been synthesized over the past decade due to their
excellent mechanical, optical, and optoelectronic properties [23]. In this work, Carboxy methyl cellulose is selected as
the capping agent. Capping agents are used to arrest the growth of nanoparticles and to stabilize them from aggregation.
They also modify the structural, morphological and optical properties of nanoparticles. In the present paper, Znin,Se,
nanoparticles are synthesized by using solvothermal method and carboxy methyl cellulose (CMC) as capping agent.
This paper is organized as follows; The structural, Morphological and Optical properties of synthesized nanoparticles
are presented in the ‘Results and Discussion’ section in detail, followed by a ‘Conclusion’ section. In this ‘Method’
section, we give a description of materials and synthesis method of ZnIn,Se, nanoparticles with the capping agent.
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Il. MATERIALS AND METHODS

2.1. Preparation of polymer solutions:

The carboxy methyl cellulose solution was prepared by dissolving 1.5g of CMC in 100ml of deionised water under
constant stirring at room temperature.

2.2. Synthesis of chitosan capped Zinc Indium Selenide (ZnIn,Se,) nanoparticles:

In a typical synthesis, ZnCl,.2H,0 (AR), InCl; (absolute, AR) and selenium dioxide (SeO,, AR) were added to
90 ml polymer solution at room temperature with the molar ratio of 1:2:4 under vigorous stirring to form a
homogeneous solution. Then the obtained solution mixture was transferred into a Teflon-lined autoclave of 100 ml
capacity. The autoclave was sealed and maintained at 180°C for about 12 h and then cooled to room temperature
naturally. The precipitate was collected, washed with absolute ethanol and distilled water in sequence for several times,
then dried at 60°C for 4 h and the powders were collected for characterization [24].

I1l. RESULTS AND DISCUSSION
3.1. XRD analysis:
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Figure.1. XRD pattern of CMC capped ZnlIn,Se, nanoparticles

Structural analysis of the CMC capped ZnlIn,Se; nanoparticles was carried out using Cu-Ko radiation having
wavelength 1.5406 A. XRD patterns were recorded by varying diffraction angle (20) from 10 to 100. Fig.1. shows a
major peak is observe at about 27.17 and its equivalent inter-planar spacing is of 3.279 A, which corresponds to
reflection from (112) plane of rhombhohedral crystal structure and lattice constant a=4.05A and ¢=52.29A [25-26]
suggesting the formation of Znln,Se, nanoparticles. The peak of broadening at a lower angle is more meaningful for the
calculation of particle size. The mean crystallite size (D) of nanoparticles was estimated by using the Scherrer formula
(Scherrer 1918) using (112) reflection from the XRD pattern as follows.
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Where A, B and 0 are the X-ray wavelength of the radiation, the full width at half maximum of the diffraction peak and
the Bragg diffraction angle, respectively. The evaluated crystalline size is found to be 49 nm.

3.2. SEM analysis:

Figure.2. SEM image of CMC capped Znln,Se, nanoparticles

The surface morphology of the synthesized CMC capped Znln,Se, nanoparticles was examined by SEM micrographs
and shown in figure.2. with magnifications of 58.44 Kx and 34.03 KX, respectively. The micrographs revealed that the
samples had the uniformity; homogeneity and a sphere like particles were distributed on the polymer. It is evident that
the SEM micrographs shows rhombhohedral crystal structure of the synthesized CMC capped ZnlIn,Se, hanoparticles.

3.3. TEM analysis:

The obtained ternary semiconductor nanoparticles are further characterized by transmission electron microscope. The
shape and size of the sample is investigated using TEM analysis. Figure.3. represents the TEM micrograph of CMC
capped Znln,Se, nanoparticles, confirming that the nanoparticles are nearly spherical and they are different in size. The
ranges of diameter of ternary semiconductor nanoparticles are from 30-50 nm. It may be noted that the size of CMC
capped ZnlIn,Se, nanoparticles estimated from TEM is in good agreement with particle size calculated from the XRD
analysis.
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Figure.3. TEM image of CMC capped ZnlIn,Se, nanoparticles

3.4. Optical properties:
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Figure.3. UV-vis absorption spectrum of CMC capped ZnlIn,Se, nanoparticles
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Figure.4. Band gap energy of CMC capped Znln,Se, nanoparticles

The optical property of CMC capped ternary semiconductor sample is dependent on the size and the shape of the
nanoparticles. The optical properties of CMC capped Znln,Se, nanoparticles samples were characterized by UV-vis
absorption and the result is shown in Figure.4. The absorption data were analysed using the classical relation for near

edge optical absorption of semiconductor.

_ A(v—E" ’

hv

Where hv is the photon energy. Eq the optical band gap. A and n are constants; where n is 2 for direct gap
semiconductor and % for indirect semiconductor. The variation of (ahv)? versus hv is linear at absorption edge which
confirmed direct band gap transition in ZnIn,Se, nanopartilces. Extrapolating the straight-line portion of the (athv)?
versus hv for zero absorption coefficient value gives E5. The band gap energy of Eg of ZnIn,Se, sample is found be
1.92 eV respectively that showed the blue shifts of 0.1 eV respectively from standard bulk band gap at room
temperature (Eq = 1.82 eV). The absorption edge shifted towards shorter wavelength in comparison to the 1.82 eV band
gap of bulk material. The blue shift in the absorption spectra is caused by polymer capping. Capping agent plays a very
important role in this material [27-28].

IV. CONCLUSION

In summary, CMC capped Zinc indium selenide nanoparticles had been prepared by solvothermal method. The
formation of CMC capped Znln,Se, a nanoparticle was confirmed by XRD, SEM, TEM and UV-vis spectroscopy. The
synthesized nanoparticles have rhombhohedral crystal structure according to XRD pattern. The SEM revealed that the
nanoparticles were uniformly distributed on the surface. The TEM microscopy confirmed that the Znln,Se,
nanoparticles were spherical in shape. The range of diameter of this nanoparticles are from 30 to 50 nm. The band gap
energy of CMC capped ZnlIn,Se, nanoparticles found to be 1.92 eV and higher than that of bulk band gap of ZnlIn,Se,
due to the polymer capping. In this investigation, a blue shift observed in the absorbance optical studies. This method is
considered to be simple method for synthesize of polymer capped ternary semiconductor nanoparticles for wide range
of application such as solar cells, modern electronics and electrooptical devices.

V. ACKNOWLEDGEMENT

The authors are grateful to the DST - SERB, New Delhi, India for the provision financial support to carry out this
research work.

Copyright to IJIRSET DOI:10.15680/1JIRSET.2015.0501024 182



(1]
(2]
(3]
(4]

[5]
(6]

[7]
(8]
(9]
[10]
[11]
[12]

[13]

[14]
[15]
[16]
[17]

[18]

ISSN(Online): 2319-8753
ISSN (Print): 2347-6710

International Journal of Innovative Research in Science,
Engineering and Technology

(A High Impact Factor, Monthly Peer Reviewed Journal)

Vol. 5, Issue 1, Januray 2016

REFERENCES

Murray, C.B., Norris, D.J., Bawendi, M.G., “Synthesis and Characterization nearly monodispersive CdE (E=Sulphur, Selenium, Tellurium)
semiconductor nanocrystallites”, J. Am. Chem. Soc. Vol. 115, Issue 19, pp. 8706-8715, 1993.

Weller, H., “Colloidal semiconductor Q-Particles: Chemistry in the transition region between solid state and molecules”, Angew. Chem., Int.
Ed. Engl. Vol. 32, pp. 41-53, 1993.

Manna, L., Scher, E.C., Alivisatos, A. P., “Synthesis of soluble and processable Rod-, Arrow-, Teardrop-, and Tetrapod-Shaped CdSe
nanocrystals”, J. Am. Chem. Soc, Vol. 122, Issue 51, pp. 12700-12706, 2000.

Rogach, A.L., Talapin, D.V., Shevchenko, E.V., Kornowski, A., Haase, M., Weller, H., “Organization of matter on different size scales:
Monodisperse Nanocrystals and their superstructures”, Adv. Funct. Mater. Vol. 12, pp. 653-664, 2002.

Wang, X., Zhuang, J., Peng, Q., Li, Y., “A general strategy for nanocrystal synthesis”, Nature, Vol. 437, pp. 121-124, 2005.

Ma, W., Luther, J. M., Zheng, H., Wu, Y., Alivisatos, A.P., “Photovoltaic devices employing ternary PbS,Se;.« nanocrystals”, Nano Lett, Vol.
9, Issue 4, pp. 1699-1703, 2009.

Ruberu, T.P.A., Vela, J., “Expanding the One-Dimensional CdS-CdSe composition landscape: Axially anisotropic CdS;.«Sex nanorods”, ACS
Nano, Vol. 5, Issue 7, pp. 5775-5784, 2011.

Ruberu, T.P.A., Albright, H.R., Callis, B., Ward, B., Cisneros, J., Fan, H., Vela, J., “Molecular control of the Nanoscale: Effect of Phosphine —
Chalcogenide Reactivity on CdS-CdSe Nanocrystal composition and morphology”, ACS Nano, Vol. 6, Issue 6, pp. 5348-5359, 2012.
Thompson, M.J., Ruberu, T.P.A., Blakeney, K.J., Torres, K.V., Dilsaver, P.S., Vela, J., “Axial Composition Gradients and Phase Segregation
Regulate the Aspect Ratio of Cu,ZnSnS, Nanorods”, J. Phys. Chem. Lett, Vol. 4, pp. 3918-3923, 2013.

Sun, S., Murray, C. B., Weller, D., Folks, L., Moser, A., “Monodisperse FePt nanoparticles and ferromagnetic FePt nanocrystal superlattices”,
Science, Vol. 287, pp. 1989-1992, 2000.

Kim, D.Y., Choudhury, K.R., Lee, J.W., Song, D.W., Sarasqueta, G., So, F., “PbSe Nanocrystal-Based Infrared-to-Visible Up-Conversion
Device”, Nano Lett, Vol. 11, Issue 5, pp. 2109-2113, 2011.

Gu, Y., Cui, R., Zhang, Z., Xie, Z., Pang, D., “Ultrasmall near-infrared Ag,Se quantum dots with tunable fluorescence for in vivo imaging”, J.
Am. Chem. Soc, Vol. 134, Issue 1, pp. 79-82, 2012.

Kravchyk, K., Protesescu, L., Bodnarchuk, M.l., Krumeich, F., Yarema, M., Walter, M., Guntlin, C., Kovalenko, M.V., “Monodisperse and
inorganically capped Sn and Sn/SnO, nanocrystals for high-performance Li-ion battery anodes”, J. Am. Chem. Soc, Vol. 135, Issue 11, pp.
4199-4202, 2013.

Cui, Y., Wang, G., Pan, D., “Synthesis and photoresponse of novel Cu,CdSnS, semiconductor nanorods”, J. Mater. Chem, Vol. 22, pp. 12471-
12473, 2012.

Lu, X., Hessel, C.M., Yu, Y., Bogart, T.D., “Korgel, B.A., Colloidal Luminescent silicon nanorods”, Nano Lett, Vol. 13, Issue 7, pp. 3101-
3105, 2013.

Lu, Y., Alexander, C., Xiao, Z., Yuan, Y., Zhang, R., Huang, J., “Utilizing insulating nanoparticles as the spacer in laminated flexible polymer
solar cells for improved mechanical stability”, Nanotechnology, Vol. 23, pp. 344007-344012, 2012.

Mahalingam, T., Kathalingam, A., Velumani, S., Lee, S., Lew, K.S., Kim, Y.D., “Characterization of electrodeposited Zn;_Hg,Se thin films”,
Semicond. Sci. Technol, Vol. 20, Issue 8, pp. 749-754, 2005.

Tenne, R., Mirovsky, Y., Sawatzky, G., Giriat, W., “Ternary Chalcogenide-Based Photoelectrochemical Cells: VII. Analysis of the Chemical
Processes Occurring at the CdIn,Se, Surface during Photoelectrochemical Operation”, J. Electrochem. Soc, Vol. 132,

pp.1829-1835, 1985.

[19] Choe, S.H., Park, B.N., Yu, K.S., Oh, S.J., Park, H.L., Kim, W.T., “Optical properties of undoped and Co-DOPED CdIn,Se, single crystals™, J.

[20]

[21]
[22]

[23]
[24]
[25]
[26]
[27]

[28]

Phys. Chem. Solids, Vol. 56, pp. 89-92, 1995.

Yadav, S.P., Shinde, P.S., Rajpure, K.Y., Bhosale, C.H., “Photoelectrochemical properties of spray deposited n-Znln,Se, thin films”,
Sol.Energy Mater. Sol. Cells, Vol. 92, Issue 4, pp. 453-456, 2008.

Choe, S.H., “Optical energy gaps of undoped and co-doped ZnIn,Se, single crystals”, Curr. Appl. Phys, Vol. 9, Issue 1, pp. 1-3, 2009.

Luengo, J., Joshi, N.V., “Composition dependence of the energy gap of Zn,Mny.«In,Se, and optical absorption spectroscopy”, Mater. Lett, Vol.
26, pp.47-50, 1996.

Parani, S., Prabakaran, E., Alexander, M., Lakshmi, B.S., Pandian, K., “One Pot Synthesis and Characterization of Alginate Stabilixed
Semiconductor Nanoparticles”, Bull. Korean Chem. Soc, Vol. 33, pp.3218-3224, 2012.

Cei, W,, Zhao, Y., Hu, J., Zhong, J., Xiang, W., “Solvothermal Synthesis and Characterization of Zinc Indium Sulfide Microspheres”, J. Mater.
Sci. Technol, Vol. 27, pp.559-562, 2011.

Abdullayev, A.G., Kerimova, T.G., Kyazumov, M.G., khidirov, A.SH., “An Electron Diffraction Study of the ZnlIn,Se, crystal structure: A
Novel Phase”, Thin solid films, Vol. 190, pp.309-3015, 1990.

Fiorani, D., Gastaldi, L., Vitivoli, S., “X-ray and Spectroscopic Investigations on Polycrystalline Co.Zn;«In,Ses Solid solution”, Solid State
Commun, Vol. 48, pp.865-867, 1983.

Zeyada, H.M., Aziz, M.S., Behairy, A.S., “Absorption and Dispersion Studies of Thermally Evaporated Nanocrystalline Structure ZniIn,Se4
Thin Film”, Eur. Phys. J. Appl. Phys, Vol. 45, pp.30601-30606, 2009.

Alagumuthu, G., Anantha kumar, T., “Synthesis and Characterization of Different Polymer Capped Zinc Selenide Nanoparticles by
Hydrothermal Method”, Int. J. Adv. Sci. Tech. Res, Vol. 4 pp.182-193, 2014.

Copyright to IJIRSET DOI:10.15680/1JIRSET.2015.0501024 183



