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ABSTRACT

Semiconductor nanoparticles have been attracting widespread scientific
and technological interest due to their unique size-tunable optical and
electronic properties aswell astheir potential applications. Polymers are
used as stabilizers during the preparation of semi conductor nanoparticles.
Poly vinyl alcohol is a semi crystalline, water soluble and low electrical
conductivity polymer. Zinc selenide of 11-V1 group semiconductor is one
of the most typical and important crystalline material for both application
and research of quantum dots. Ni?* doped ZnSe nanoparticles were
prepared using Poly vinyl alcohol as assisting agent. Spectroscopic
techniques such as XRD and FT-IR studies have been carried out. The
particlesizeiscalculated by powder X-ray diffraction anditisaround 12.8
nm. FT-1R spectrum exhibited bands, which are attributed to O-H, C-H, C
= Cand C = O groups of stretching and bending vibrations. The physical
parameters like density, refractive index, molar refractivity, ionic
concentration, electronic polarizability, polaron radius, inter ionic distances
and Urbach energy are measured for the prepared samples.
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INTRODUCTION

Nanoscienceisan emerging areaof sciencewhich
concernsitsaf withthestudy of materid stha havevery
small dimensions, in the range of nano scale.
Nanotechnol ogy hasthe capacity toimprove our abil-
ity to prevent, detect and remove environmental con-
taminantsin air, water and soil in acost effective and
environmentally friendly manner. Nanoscience and
nanotechnol ogiesarerevol utionizing our understanding
of matter and arelikely to have profound implications
for dl sectorsof theeconomy, including agricultureand

food, energy production and efficiency, automotivein-
dustry, cosmetics, medicd gppliancesand drugs, house-
hold appliances, computers and weapons¥.
Semiconductor nanoparticleshave been attracting
widespread scientific and technological interest dueto
their uniquesize-tunableoptical and el ectronic proper-
tiesaswell astheir potentid applicationsin solar cells,
light-emitting diodes and bio-label §24. The synthesis
and characterization of these particlesarequiteimpor-
tant for betterment of optical devices. Zinc selenide
(ZnSe) of 11-VI group semiconductor is one of the most
typical andimportant crystallinemateria for both ap-
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plication and research of quantum dotg®. ZnSeisa
widebandgap (2.69 eV) semiconductor with largebind-
ing energy and asmall excitonwith Bohr radiusof 3.8
nm at room temperature®”. Figure 1 showsthecrystal
structure of ZnSe. Doped semiconductor nanoparticles
have been regarded asanew classof materialswhich
have widerange of applicationsin sensors, displays,
el ectronic devices, laser devices and nonlinear optical
devices, etc.l®. The properties of semiconductor
nanoparticles depend mainly ontheir shapeand size
dueto high surface-to-volumeratio.

Figurel: Crystal structureof ZnSe

Polymersarealargeclassof materidsconssting of
many small molecules called monomers, that can be
linked together toform long chains, thusthey areknown
asmacromol ecules. Polymerscons st mainly of identi-
cal or similar unitsjoined together. A small molecule
which combines each other to formagiant molecule
and theprocessitself isknown as polymerization. A
typica polymer may indudetensof thousandsof mono-
mers. Because of their large size, polymersareclass-
fied as macromol ecul es. Humans have taken advan-
tage of theversatility of polymersfor centuriesinthe
formof ails, tars, resnsand gums?®. Poly vinyl dcohol
(PVA) wasfirst prepared by Hermann and Haehndl in
1924 by hydrolyzing polyvinyl acetatein ethanol with
Potassum hydroxide?. PVA isproduced commercidly
from polyvinyl acetate, usually by acontinuous pro-
cess. PVA hasan excdlent filmforming, emulsfyingand
adhesive properties. It isodorlessand nontoxic. It has
hightenslestrength and flexibility. PVA istheraw ma-
terial to make other polymerslike polyvinyl nitrate
(PVN). PVA iscompletely water soluble and thusis
used asathickener in some suspensionsand emulsions.
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Although usudly amorphous, it canbedravnintoasemi
crystalinefiber. However, themeting point of thecrys-
tdlitesisabovethetherma degradation temperature™.

Nickel occursasNi?*in octahedral, square-planar
andtetrahedral symmetries depending onthehost ma-
terid. Thenickel ion (d®) givesrisetothefreeionterms
°F, 3P, 1D, *G and S of which®*Fisthelowest. In octa-
hedral symmetry, these terms split or transform as
F3A, (F) T, (F+T (F), P -°T (P), 'D
—E (D) +'T,(D), 'G—>'A (G) +'T (G) +'T,(G)
andS —>1Alg(S). Of thesevarioustrangtions, thespin
allowed transitions 3A29(F) —>3ng(F), 3A2g(F) -
3T1g(F), 3A29(F) — 3T1g(P) will beintense. The other
transitions are spin-forbidden and will beweak. The
terms 3A29(F), 1Eg(D) and lAlg(D) correspond to the
lowest strong field configuration t2g6 egz, whereas
3T2g(F), 3T1g(F), lng(G) terms correspond to t2g5 eg3
and°T, (P),'T,(G), 'E(G) and*'A, (S)tot, ‘e /. The
ground stateis®A,, (F) for dl thestrengths of the crys-
tal field asdepicted in Figure 2.

Polymersareused asstabilizersduring the prepara
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tion of semi conductor nanoparticles®?. PVA isasemi
crydaline, water solubleand low dectricd conductivity
polymer. ZnSe has been prepared by various growth
techniques, such asmolecular beam epitaxy (MBE)™*3,
atomic layer epitaxy (ALE)* and chemical bath depo-
stion™®!, Inthepresent investigation, ZnSenanoparticles
using PVA asass sting agent isprepared from the tech-
nique reported in the literature®. To the best of our
knowledge, thereisno previousliteraturereported on
the Ni?* doped PVA assisted ZnSenanoparticles. Thus
inthe present work, we have performed some system-
aicandysesof thesamplesusing X -ray diffraction (XRD)
and Fourier transforminfrared (FT-IR) techniques. Dif-
ferent physical parametershave been evauated for the
prepared samples and theresults are discussed.

EXPERIMENTAL

Zincchloride(ZnCl,, 99mM, 4mL), PVA (2.2 9),
NaHSe (50 mM), NiCl,, (1 mM) are used as starting
materias. ZnCl, 99 mM of 4mL volumewas addedto
2.2gPVA (13,000 g/mal) and the volume of solution
wasmade up to 50 mL by doubledistilled water. Solu-
tionwasleft for 24 ha room temperaturetoswell. The
solution was warmed up to 60°C and stirred for 4 h
until viscoustransparent sol ution was obtained. One
milliliter of Sodium Hydrogen Selenide (NaHSe) (50
mM) wasdropped into the solutionwith gentlestirring
and 1 mM of 4 mL volume of NiCl,, wasadded to get
transparent sol ution. Solution was casted onflat glass
plate dishes. After the solvent evaporation, athinfilm
containing Ni?* doped PVA assisted ZnSe nanoparticle
was obtained. Thefilmwaswashed with de-ionized
water to remove other soluble saltsbefore measure-
mentg*’). The XRD pattern of the prepared sampleis
recorded on PANalytical X Pert Pro X-ray powder
diffractometer with copper K radiation. Bruker FT-IR
Spectrophotometer is used for recording the FT-IR
spectrum of the prepared samplein the region 500-
4000 cm™. Therefractiveindex of the prepared sample
ismeasured using anAbbe’s refractometer. Density of
the prepared sampleismessured by using density meter.

RESULTSAND DISCUSSION

Ni*? doped ZnSe nanoparticleswere prepared us-
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ing Poly vinyl alcohol asassisting agent. The spectro-
scopictechniquessuch as XRD and FT-IR studieshave
been carried out and the physicd parametersare mea-
sured for the prepared samples.

XRD studies

Figure 3 represents the XRD pattern of PVA as-
sisted Ni?* doped ZnSe nanoparticles. The reaction
between Zn and Seionsin the PVA medium doped
with Ni ionshasagrest effect on crystalization aswell
asthesizeof theformed ZnSenanoparticles. The PVA
sample has diffraction peak angles at 20 = 19.25°,
25.61°, 28.58° and 29.55° corresponding to (111),
(100), (002) and (101) planereflections. Thecrystal-
linenatureof PVA resultsfrom the strong intermolecu-
lar interaction between PVA through intermol ecul ar hy-
drogenbonding. Thecrystdlitesize (D) wasca culated
according to the Scherrer’s formula®®. D = (K A/
cod), whereK isaconstant (shapefactor, about 0.9),
Aisthewavelength of X-ray radiation (A = 1.5405A9),
B isthefull width at half maximum (FWHM) of the
diffractionlineand 6 isthediffraction angle. Based on
theFWHM, the average crystdlite sizewas estimated
to be 12.8 nm, which indicates the particle is in
nanosized.
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Figure 3: XRD pattern of Ni*2doped PVA assisted ZnSe
nanoparticles

FT-IR studies

Figure4 showsthe FT-IR spectrum of Ni?* doped
PVA assisted ZnSe nanoparticlesat room temperature
intheregion 500-4000 cm'™. The spectrum exhibited
bands which are the characteristic of stretching and
bending vibrations of O-H, C-H, C=C and C=0
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groups. The band observed at 583 cm* corresponds
to the O-H stretching frequency!*® which indicated the
presence of hydroxyl groups. Theband at 839 cmis
assigned to stretching mode of CH,, group. Theband at
1086 cnt and the band at 945 cm areassigned to the
stretching mode of CO and CC groups?”. Theband at
1246 cmt isassigned to stretching mode of CH group.
Theband at 1373 cm™ isassigned to stretching vibra-
tion of CH, group. Theband at 1428 cm* isassigned
to bending vibration of CH, group!?. The bands ob-
served at 1540, 1655 cm? are assigned to C = C
stretching. Theband observed at 1715isassignedto C
= O group. The band observed at 2375 cm? is as-
signed to combinationd frequency of (CH + CC) group.
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Figure4: FT-IR spectrum of Ni*2doped PVA assisted ZnSe
nanoparticles
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TABLE 1 : Assignment of peak positions and their
corresponding frequenciesin I R spectrum of Ni2* doped PVA
assisted ZnSenanoparticles

S. Vibrational frequency Band assignment

No. (cm™)

1 583 OH (st)

2 839 CH, (st)

3 945 CC (1)

4 1086 CO (st)

5 1246 CH(st)

6 1373 CH, (s0)

7 1428 CH, (b)

8 1540 C=C(st)

9 1655 C=C(st)
10 1715 E 9 atg)(m dual
11 2375 (CH + CC)
12 2922 CH, (s0)

st: stretching b: bending
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Theband observed at 2922 c* indli cates an asymme-
try instretching mode of CH, group. ThelR band posi-
tionsandtheir assgnmentsarepresented in TABLE 1.

Physical parameters

Refractivelndex and dengity of theprepared sample
was measured by usngAbbe’s refractometer and den-
Sty meter. By using refractiveindex, density and other
physical parameters are calculated and are given in
TABLE 2.

TABLE 2: Physical parameter sof Ni?* doped PVA assisted
ZnSenanoparticles

S Physical Parameter (units) Evaluated

No. Value
1 Average molecular weight 2962
(g/moal)
Mass of the Co(Il) ions doped
2 Cdse (g) 0.023
3 Volumeof thefilm (cm® 0.021
4 Density (p) (g/cm®) 1.124
5 Refractive index (p) 1.654
Optical dielectric Constant (g)
6 (£ 0.005) 2.737
7 Reflection loss (R) 0.060
Molar Refractivity (Rn) (cm™)
8 (£ 0.005) 0.737
lon concentration (N)
9 (10%iong/cm?) 0.028
Electronic polarizability (o)
10 (10Ziong/cm?) 30.78
Inter-ionic distance (r;) (A°) (=
11 0.005) 15.19
Polaron Radius (rp) (A°) (=
12 0.005) 6.113
13 Urbach Energy (AE) (eV) 0.043

The Didectric congtant (€) was ca culated fromthe
refractiveindex by using therdation?2
g=n/?

Thereflectionlossfrom therefractiveindex canbe
cdculated by using theformuld®
R=[(n,1)/(n,+1)]?

Themolar refrectivity (R,,) for theprepared sample
was evauated using thereation(24
R, =[(n1)/(n 2+2)]M/D
Where M istheaveragemolecular weight and D isthe
densitying/cc.

Electronic polarizability a_iscalculated using the
formuld®
@, =3(n2- 1)/ 4N (n 2+2)
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WhereN isthe number of ions per unit volume
ThePolaron radiusand Inter-ionic separation are

cd culated using the Formul ag?®

r,=(U2) [I1/6N]**and r = (UN)*

CONCLUSIONS

Thedisciplineof nano science and nanotechnol ogy
hasrecently becomeone of themost important areas of
knowledge encompassing variousscientific disciplines
including physics, chemistry, biology and enginesring. In
recent years, polymer-nanoparticle compositematerias
have attracted theinterest of anumber of researchers,
duetother synergisticand hybrid propertiesderived from
severd components Whether insolutionor inbulk, these
meaterid soffer uniquemechanicd, dectricd, optica and
thermd properties. Such enhancementsareinduced by
thephysical presenceof the nanoparticleand by thein-
teraction of the polymer with the particleand the state of
disperson. One advantage of nanoparticles, aspolymer
additives appear to haveisthat compared totraditiona
additives, loading requirements are quite low.
Nanostructured materialscan be utilized in fabricating
nove activedeviceswithimproved functiondities. From
thephysical and spectral investigations of Ni2* doped
PVA assisted ZnSe nano- particles, thefollowing con-
clusonsweredrawn: Powder XRD pattern confirmsthe
prepared sampleisnanosized. The observed bandsin
the FT-IR spectrumindicate the presence of stretching
and bending vibrationd modesof O-H, C-H, C=C and
C=0 groups. The physicd parameterslikedensity, re-
fractiveindex, molar refractivity, ionic.concentration, ec-
tronic polarizability, polaronradius, inter ionic distances
and Urbach energy areeva uated.
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