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Abstract

A simple chemical route for the synthesis of inorganic semiconductor nanoparticles has been
reported. CdS and ZnS nanoparticles have been synthesized using respective metal precursors
and DMF as a stabilizing agent. The samples have been analysed by XRD, UV-VIS fluorescence
spectroscopy and TEM. Crystalline nature and particle size calculated from broad peaks in the
diffraction pattern along with blue shift in absorption spectra confirms the formation of
nanoparticles with the particle size less than 10 nm. Illumination of these semiconductor colloids
generates holes and electrons and the recombination of charge carriers is accompanied by
emission of light which is observed in fluorescence spectra. TEM micrograph also reveals the
nanosized particles of CdS and ZnS. Impedance analysis of the samples was carried out to reveal
the variation of impedance with frequency at room temperature. These results shows the
capacitive admittance associated with the nanoparticles and hence nanostructure CdS and ZnS
can have potential applications in the electronics as nano-tuned devices in which resonant
frequency can be adjusted by controlling the size and shape of the nanoparticles.
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INTRODUCTION

In recent years, study of nanomaterials is beconfiagast growing area of research due to their
numerous applications in almost all areas of ig8it This is because it gives an opportunity to
understand the physical properties in low dimersihich explore totally different properties
than that of bulk materials like blue shift in agati absorption spectrum, increased effective
surface area, reactivity, phase-phase transformasimength etc. Semiconductor nanomaterials
have attracted much research interest becauseiohttvel properties originating from quantum
confinement effect. Interest in semiconductor naatemials is driven by their unique properties.
One example of the unique properties of these madgers illustrated by the discovery of
solvothermally synthesized quantum dots (QDs) db Ged a blue shift in the visible absorption
and emission spectra compared with bulk CdS.[12pAg various nanomaterials, 1I-VI class
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inorganic semiconductor nanomaterials like CdS,,Zx$Se, ZnSe etc are proved to be versatile
materials because of their applications in optdedeec devices due to large variation of band
gap as a function of particle size. Cadmium Sul{ilddS) and Zinc Sulfide (ZnS) nanomaterials
have attracted considerable interest in recentsyeadS is a wide band gap semiconducting
material having band gap energy 2.4 eV and widedgdubecause of its size dependent
photophysical, photochemical and non-linear optizaberties eté> ZnS (band gap energy 3.6
eV) is also most widely used nanomaterials in so#ls, electro luminescent devices for the
cathode ray tube, field emission display and d@tdr as one of the most frequently used
phosphors.[6-8]

A lot of work has been done on the synthesis adeéheanomaterials but a wet chemical method
is most suitable and accepted as a promising tqabrbecause of the ability of the production of
various size and large quantities of nanoparticldence, in this investigation, chemical
precipitation method has been used for the syrsl@SCdS and ZnS nanomaterials using DMF
(N,N-Dimethyl Formamide). Most of the study relateml CdS and/or ZnS nanomaterials is
focused on the optical properties.[9] In this irigegion, emphasis has been given on the
impedance study of the CdS and ZnS nanomateriatshveimows the use of these nanomaterials
in the field of electronics as quantum dot tunestibnic devices. Now a days, devices based on
the nanomaterials are replacing the traditionalscered are forefront of research in almost all
areas of modern technologies. In this study, namemaés have been characterized by XRD,
UV-VIS, fluorescence spectroscopy and TEM. The idgmee study of these nanomaterials
provide the futuristic scope in electronics cirsuit

MATERIALSAND METHODS

Experimental

CdS and ZnS nanoparticles have been synthesizew) wsspective metal precursors, i.e.
cadmium nitrate and zinc acetate and for a sourselfur, sodium sulfide (N&) was used. All
the chemicals used were of AR grade. Initially #igeenolar concentration of metal precursor
was stirred with 100 ml DMF for 10 minutes and theuimolar sodium sulfide in aqueous
solution was added dropwise. The stirring was ometil for 2 hours for the completion of
precipitation reaction. Then precipitate was fer washed with acetone and dried in vacuum
oven at 68C. Bright yellow powder of CdS and light gray powaé ZnS nanocrystallites have
been obtained.

The samples have been characterized by XRD toroortfie crystalline phase of the samples,
(Philips—PW-700 automatic X-ray diffractometer usi@uKo radiation §= 1.5404A), UV-VIS
absorption spectroscopy (UV-1800 Shimadzu doublanmbepectrophotometer), Fluorescent
spectroscopy (RF-5301 Spectrofluorophotometer) @aa#1 (PHILIPS model- CM200 with
resolution 2.4A) to know the formation of nanosifdS and ZnS. Impedance measurement was
done using Agilent Precision Impedance Analyzerd2% study the variation of impedance
with frequency at room temperature. For this, pawdesamples were molded in to pellets of
equal thickness by applying the pressure of 4 itohydraulic press.

RESULTSAND DISCUSSION

The broadness of the diffraction peaks as obtainedRD spectra (fig. 1) gives the direct
consequence of the reduced particle size and dmst@hase of CdS and ZnS indicating the
nanocrystallites with (111), (220) and (311) plamesresponding to broad peaks arourtd 2
values of 26.58 44.06 and 52.8for CdS and 28.6547.56 and 56 for ZnS. The broadness of
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peaks indicates the formation of nanoparticles sivadp peaks indicates the crystalline nature of
the materials. The increased in the peak widthesevidence of decrease of particle size as also
noticed in the optical results. The average pa&tsize was found to be 9.3 nm for CdS and 8.7
nm for ZnS, calculated using following Debye Scheformula.[10]
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Fig.1: XRD spectraof (a) CdS, (b) ZnS nanomaterials

UV-VIS absorption spectra (fig. 2) of the samplbews a strong blue shift. From the blue shifted
absorption edge, the particle size has been askbgsesing following Brus formula.[11]
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where,R is radius of the particle siz&y, is band gap of bulk materiaky, is band gap of
nanomaterial(calculated from strong absorption edge in absonpspectra)h is planck’s
constant andn* is the effective mass of specim@in82 x 10°*Kg and 3.64 x 18'Kg for CdS
and ZnS respectively). Observed absorption maxon& S is at 440 nm and for ZnS it is 310
nm, while for bulk materials these values are reggbto be 517 nm and 337 nm respectivély.
The blue shift clearly indicates the formation @noparticles. The band gap energy of the
synthesized CdS and ZnS, determined from the atisorgpectra are found to 2.82 eV for CdS
and 4.01 eV for ZnS. The average particle sizenedtid was 8.2 nm for CdS and 7.6 nm for
ZnS which are in consistent with the result obtdifrem XRD and TEM micrographs. Table 1
shows the average particle size determined using xR UV-VIS spectra.

Table 1: Average particle size determined using XRD and UV-VIS spectra

Sample Average particle size (nm) Average
particle size (nm) from XRD
from UV-VIS
CdS 9.3 8.2
nS 8.7 7.6
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Fig.2: UV-VIS spectra of (a) CdS (b) ZnS nanomaterials

lllumination of these semiconductor colloids gemesa holes and electrons and the
recombination of charge carriers is accompaniecetmyssion of light which is observed in
fluorescence spectra. Fluorescence spectra of @dSZaS have been presented in fig. 3.
Fluorescence spectra of CdS shows a sharp banengiapion at about 450 nm and surface state
emission approximately at 506 nm when excited & ddh which is the maximum absorption
peak observed in UV-VIS spectra, indicating theebdnift due to nano size particles of CdS.
Similarly, fluorescence spectra of ZnS shows a a0 nm and 425 nm corresponding to
band gap emission and surface state emission wietee at 310 nm which is the maximum
absorption peak observed in UV-VIS spectra of ZIs® andicating the blue shift due to nano
size particles of ZnS.
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Fig. 3: Emission spectra of (a) CdS (b) ZnS nanomaterials.

TEM micrographs of synthesized CdS and ZnS are shawig. 4, which clearly indicate the
formation of nanosize particles with the averageig@a size around 10 nm.
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(a) (b)
Fig. 4. TEM of (a) CdS (b) ZnS nanomaterials. (Scale bar indicates 50 nm)

Impedance study of CdS & ZnS nanomaterials wasgechout to analyze the variation of
impedance (Z) in terms of admittance (Y) with fregay, shown in fig. 5. It is observed that
initially admittance increases slowly for lower dueencies and then rapidly up to certain
frequency called resonant frequency and then dseseat higher frequency. The values of
critical frequency and corresponding minimum impegaand maximum admittance are listed in
table 2. Such variation of impedance with applisgfjfiency shows the capacitive impedance
associated with the nanomaterials. Quantum dotasseciated with capacitance and quantum
dot impedance (or admittance) is basically dueafmacitance in the specimen.[13, 14]
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Fig. 5: Variation of admittance of (a) CdSand (b) ZnS nanomaterials with frequency.

Table 2. Maximum Admittance, minimum I mpedance corr esponding to resonant

frequency
Sample Resonant frequency Maxmiince Min.
Impedance
(MHz) SX Q)
Cds 37.95 0.0093 107.88
ZnS 33.60 0.0290 34.06

Due to variation in size as well as shape, capacitnpedance and critical frequencies for the
samples are different. Impedance analysis indici@smaterials under investigation, displays
steep rise and fall of admittance at a particulaguiency. This is the property of electronic tuned
circuit and the frequency at which maximum admiteams attained may be compared to the
resonant frequency of a conventional tuned cirand this frequency may be called ‘equivalent
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resonant frequency’. In a conventional tuned ctra@isonance frequency is adjusted by tuning
passive components (R & C), whereas in a quantunuded devices the ‘equivalent resonant
frequency’ can be adjusted by controlling the sind shape of the quantum dots. Bulk materials
of CdS and ZnS do not show any variation in admite® Therefore CdS and ZnS
nanomaterials can be used in nanotuned devices.

CONCLUSIONS

Nanomaterials of CdS and ZnS were synthesized ssitdly by precipitation method. Broad
peaks in X-RD pattern and blue shift in absorptioaxima clearly indicates the formation of
nanoparticles with the particle size less than 10, nvhich is also confirmed by TEM
micrographs. Impedance analysis shows that sytisnaterials have minimum impedance at
a particular frequency which is 37.95 MHz for Cd® 83.6 MHz for ZnS nanopatrticles. The
variation of impedance with frequency indicates ¢hpacitive impedance associated with these
nanomaterials. Such materials can be used in etectnano-tuned devices.

Acknowledgements

The authors express their gratitude to Universitar® Commission, New Delhi (India) for
financial support to carry out research work unajor research project UGC No. F.No0.33-
7/2007 (SR).

REFERENCES

[1] L. E. Brus,J. Chem. Phys. 80, 4404 (1984).

[2] R. Rosseti, L. Brus). Phys. Chem. 86, 4470 (1982).

[3] P. Alivisatos,Science 271, 933 (1996).

[4] V. N. Soloviev, A. Eichhofer and D. Fenskie Am. Chem. Soc. 123, 2354 ( 2001).

[5] W. G. Zhang, Y. Zhong and J. F&ajencein China (series B), 46, 196 (2003).

[6] H. Okuda, J. Dakada, Y. Iwasaki, N. Hashimoto &dNagao,lEEE Trans. Consumer
Electron. 36, 436 (1990).

[7] J. Ghrayeb, T. W. Jackson., R. Daniels and D. Gppér,Proc. SPIE, 3057, 237 (1997).

[8] J C Barton, P W Ranby, Phys. E, 10, 437 (1977).

[9] D. Patidar, K. S. Rathore, N. S. Saxena, K. ShantaT. P. Sharmd, Nanoresearch, 3, 97
(2008).

[10] A Guinior, X-ray diffraction in crystals , imperfect crystals and amorphous bodies,
Freeman W H, San Francisco (1963).

[11] P. Raji, C. Sanjeeviraja and K. Ramachand@agst. Res. Technol. 39, 621 (2004).

[12] S. S. Nath, D. Chakdar, G. Gope and D. K. Avasiburnal of Nanotechnology Online
Azojono, Information on http:// www.azonano.convoars.asp

[13] M. Boroditsky, I. Gontijo, M. Jackson, R. Vrijen,. Efablonovitch, T. Krauss and A.
Scherer,). Appl. Phys. 87, 3497 (2001).

[14] U. Naoyuki, M. Hiroo, H. Hideo and K. Hiroshl, Appl . Phys., 84, 6174(1998).

230
Scholar Research Library



