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An ab-initio investigation has been conducted for exploring the vibrational properties of very small size Zn,Te, (x +y=2t0 5
atoms) nanoclusters, which are obtained by density functional theory method (B3LYP-DFT/LANL2DZ). We have predicted here
the vibrational frequencies, Infrared intensities (IR), Relative Infrared intensities and Raman scattering activities of the most stable
Zn,Te, (x +y =2 to 5 atoms) nanoclusters. The structure having minimum energy in comparison to other structures having same
values of “x” and “y” is considered as most stable. The zero point energy correction is also considered. ZnTe, nanoclusters do not
show any stable structure as all their configurations have at least one or more imaginary vibrational frequencies leading to their
instability. The vibrational frequencies having higher values of each most stable nanocluster corresponds to the asymmetrical and
symmetrical stretching vibrations whereas the frequencies having lower values corresponds to rocking, breathing, wagging and the
out of plane vibrations of Zn and Te atoms of their corresponding nanocluster.
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1 Introduction

More than three decades, nanomaterials of
semiconducting behavior have drawn our strong
concentration due to their wide range of applications
because of having various new fascinating substantial
and chemical properties'*. Among semiconductor
materials II-VI semiconductors are predominantly
fascinating and have been focused in a lot of
experimental and theoretical investigations in latest
years™®. The II-VI semiconductor materials are a
special class of prevalent nanomaterials. Generally, a
nanocluster is defined as an intermediate stage amid
molecule and bulk'®'". The ratio of surface area and
volume in nanoclusters is relatively high in contrast
to the subsequent bulk stage'>". The studies of
nanoclusters have fascinated huge attention of
researchers as their optical and electronic properties
confirm noticeably variation from their consequent
bulkiness properties because of quantum confinement
effect.

In the midst of II-VI compound semiconductors,
Zinc Telluride (ZnTe) is a direct band gap

*Corresponding author:
(E-mail: dheerajgkp85@gmail.com; pdhiraj2000@gmail.com)

semiconducting material having band gap of 2.26 eV
(~548 nm) at room temperature. It has several probable
applications in solar cells and blue green light emitting
diodes (LEDs)'*"°. In addition to ZnTe material is that it
also posses’ p-type conductivity owing to the occurrence
of Zn vacancies'®. However, research on ZnTe
nanomaterials acknowledged very fewer concentrations
in comparison to its other contemporaries, which is
possibly because of being short of suitable precursor'”®
and not as much of stability of ZnTe nanomaterials in
the air other than chalcogenides'. Presently, the ZnTe
nanomaterial is mostly produced by evaporating ZnTe
powder with using only gold as catalyst at very high
temperature of about 900 °C**'. Further ZnTe
nanomaterials like nanorods and nanowires are
also produced by wet chemical method and largely
implicated the explode nucleation and further
aggregation of the monomers created by precursors™~.
A large number of experimental procedures have been
also engaged by many researchers to synthesize the
Zinc Telluride nanomaterials® . Chavez et al** have
synthesized ZnTe nanoparticle by mechanochemical
synthesis procedure, while Dwivedi et al*® attempted
to synthesize ZnTe nanoparticles by chemical synthesis
method.
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Although the real-world application of semiconducting
nonmaterial requires extensive experimental research,
theoretical approaches are of fundamental importance
as they allow both to realize the elementary physics
and to optimize devices made from nanostructure
materials. There have been numerous theoretical
investigations of the structural stabilities, electronic
(HOMO-LUMO gaps) and optical properties of
several (ZnTe), type nanoclusters”~. Earlier, we
have reported an exhaustive ab-initio investigations of
structural and electronic properties of ZnTe upto five
atom nanoclusters’’ but the other substantial
properties like vibrational properties for the mainly
stable Zn,Te, (x +y = 2 to 5 atoms) nanoclusers have
not been explored so far up to the knowledge of us.
Now in this paper, we have extended our ab-initio
investigation for vibrational properties of the most
stable Zn,Te, nanoclusters. Here, we report the results
of normal mode of vibrations, Infrared Intensities
(IR) Relative Infrared Intensities and Raman Activity
of small size most stable Zn,Te, (x + y = 2
to 5) nanoclusters. The present study also draws the
attention of experimental researchers to synthesize
these nanoclusters for their possible applications in
fabrication of nanodevices. Section 2 contains the
method employed in the investigations. In Section 3,
we have described the calculation and results. The last
Section 4 contains the conclusions.

2 Materials and Method

The structural optimizations of the ZnTe
nanoclusters are obtained by employing the B3LYP-
DFT/LANL2DZ edition in the Gaussian-03 code’
which uses the hierarchy of procedures equivalent
to unlike approximation methods. By analytical
differentiation of gradient, the harmonic vibrational
frequencies of nanoclusters of different structures are
calculated. In the Hartree-Fock theory, the exact
exchange for a single determinant is replaced in the
Density Functional Theory (DFT) by another common
expression, the exchange-correlation functional which
contains terms accountable for both, the electron
correlation and the exchange energy.

In this investigation, we consider the correlation
function of Lee, Yang and Parr (LYP) and the Becke
exchange functional that includes assistance for both
the nonlocal and local. Also, we have used Becke’s
three parameter hybrid functional. Here, Becke
functional uses the Slater exchange besides the
corrections involving the gradient of the density
(Becke). We also use a basis set LANL2DZ which is

essential for the explanation of the ground state of
every atom. The interior electrons are replaced by
efficient core potential in LANL2DZ basis sets. The
pseudo potential approximation is to substitute the
combined effects of motion of bound electrons of an
atom and the efficient potential of the nucleus is
mentioned as pseudo potential in which the
Schrodinger equation posses a customized potential
term. Since, Zinc and Tellurium has the atomic
number of 30 and 52 respectively, LANL2DZ basis
set will provide a better results with pseudo potential
approximation. This is the reason why B3LYP/
LANL2DZ basis set is selected to completely optimize
the Zn,Te, nanoclusters.

3 Calculation and Results

In order to obtaining the most stable ZnTe
nanoclusters, various types of all probable structures
including the linear chains, planer, rings and three-
dimensional ones for each configuration have been
considered’’. Each structure is obtained to its least
amount of energy by comforting the atomic
coordinates. The relaxation in the system energy up to
107 meV and the minimum forces of 10~ eV/A on
each atom were achieved. The structure for each
configuration having minimum energy in comparison
to other structures possessing same value of “x” and
“y” is considered as most stable. The zero point
energy correction is also considered for the purpose of
obtaining stability of these nanoclusters. In the
stability of these nanostructures the harmonic vibrational
frequencies are also studied. The imaginary
vibrational frequency for a structure points to its
instability.

3.1 Vibrational properties

The normal modes of vibration of each individual
nanocluster are obtained by the calculation of the
second derivatives of the total energy of the
corresponding nanocluster as a system with respect to
their atomic displacements. Further this obtained
dynamical matrix is then diagonalized. The above
calculation provides substantial quantities for each
and every the most stable ZnTe nanoclusters up to
five atoms, which are presented in Table 1. In the
table, the brackets subsequent the frequencies restrain
the multiplicity of the vibrational mode. All potential
modes of vibrations of each and every most stable
nanocluster of Fig. 1 are shown in Figs. 2-8. In these
figures, the arrow heads indicate the trend and degree
of the displacements of atoms for the duration of the
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Table 1 — The calculated vibrational frequencies (cm™), Infrared intensities (IR Int. in km mol™),
relative IR intensities (Rel. IR Int.) and Raman scattering activities (Raman activity in A*/ amu) of Zn,Te,
(x+y=2to5). Brackets following the frequencies contain the multiplicity of the mode.

Configuration Properties Values

Linear ZnTe (1a) Frequency 122
IR Int. 0.98
Rel, IR Int. 1.0
Faman activity 18.10

Linear TeZnTe (1b)

Frequencies
IR Int.

Rel TR Int.
Raman activity

Linear ZnTeZn (1c) Frequencies
IR Int.
Rel, IR Int,

Fhombus ZnTe; (1d)

Fhombus Zn;Te; (1e)

Lincar ZnZnT<Zn (19)

Raman activity

Frequencies
IR Int.
Rel IR In,
Faman activity

Frequencies
IR Int.
Rel IR Int.
Faman activity
Frequencies
IR Int.
Rel IR Int,
Raman activity

Pentagonal 2 Zn.Te; (1g) Frequencies
IR Int.
Rel. IR Int.

Pentagonal Zn;Te; (1h)

Planar Zn,Te (1i)

Raman activity

Frequencies
IR Int.

Rel IR Int.
Raman activity

Frequencies

43(2). 123, 261
3.01, 0.00, 29.22
0.10, 0.00, 1.00
0.00, 50.39, 0.00

34 (2), 137, 140

8.58, 12.66, 0.00
0.68. 1.00, 0.00
0.00, 0.00, 10.42

31,51, 75.97.178, 225

1.75,2.00, 1.16. 0.06, 2.42, 6.56
0.27.0.30, 0.18, 0.00, 0.37, 1.00
2.35,11.13,3.86,8.25, 2835, 1.15

66, 118, 131. 166, 191, 231
4.37,0.00, 7.98, 0.00. 0.00, 25.00
0.17.0.00, 0.32, 0.00, 0.00, 1.00
0.00, 14.03, 0.00, 2.49, 34.16, 0.00

11(2). 36(2), 61, 110, 190

0.85, 5.03. 6.58. 15.64, 1.18
0.05. 0.30, 0.42, 1.00, 0.08
3.85.2.21,2.03, 0.60, 67.17

21,60, 69, 103, 124, 145, 149, 227,259
0.00,4.22.1.66, 0.18, 5.20, 0.63, 0.18, 1.23, 28.96
0.00,0.15, 0.06, 0.00, 0.18, 0.02, 0.00, 0.04, 1.00
1.05,0.13,3.96.9.97.1.93, 465, 35.26, 0.03, 1.36

57.57. 83, 88, 120, 149, 154, 220, 154, 220, 250
242,000, 0.84,033,525,1.03,425 901, 1592
0.15.0.00, 0.05, 0.02, 0.33, 0.06, 0.27, 0.59. 1.00
0.06,0.76,9.80, 5,69, 1.71, 54.13, 0.68, 1.72, 1.73

15,18, 42 55,64, 75,112, 127, 149

IR Int.
Rel IR Int,
Faman activity

0.09,1.14, 442,167,657, 3.08,3.26,0.16, 2.67
0.01,0.17, 0.67,0.25, 1.00, 0.47, 0.50, 0.02, 0.41
5.71.2.10.0.06, 3.02, 10.66, 63.56. 49.78, 539, 22.84

different modes of vibration, while very small
displacement (below 0.10 A) is ignored. We have also
obtained and presented the infrared (IR) intensities,
relative infrared (IR) intensities and Raman scattering
activities (Raman Activity) in the table. The above
substantial properties have not been reported by any
other workers. We discuss the above substantial
properties of each nanocluster below:
ZnTe

For two atoms ZnTe nanocluster (Fig. 2(a)), we
find the stretching mode frequency of 122 cm™, while
Olego et al.*® has reported the vibrational frequency
as 209 cm’'. This vibrational frequency of ZnTe
nanocluster is both infrared and Raman-active.

Zn,Te, (x+y = 3)

ZnTe,: For the linear TeZnTe structure (Fig. 1(b)),
we find the four normal modes of vibrational
frequencies. The asymmetric stretching vibration
(Fig. 2(d)) of the Zn and Te atoms along the chain
appears as the highest frequency of 261 cm™ for the
linear TeZnTe structure. The mid frequency of 123
cm™ (Fig. 2(c)) arises due to the breathing vibrations
of Te atoms. The lowest doublet vibrational frequency
of 43 cm™ (Fig. 2(b)) arises due to the bending
vibration. The mid vibrational frequency is Raman
active but not infrared active while the lowest and
highest vibrational frequencies are infrared active but
not Raman-active.
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2.68

Zn Te Te Zn Te Zn Te Zn
ZnyTe Linear

ZnTe Linear

ZnTe, Linear

() 278

2.59 2,92

Zny Te; Zng  Zny

ZnsTe Linear

Zn3Te, Pentagonal

Zn4Te Planar

Zn,Tes Pentagonal 2

Fig. 1 — Most stable structures of ZnTe, ZnTe,, Zn,Te, ZnTe;,
Zn,Te,, ZnsTe, Zn,Te;, Zn;Te,, and Zn,Te nanocluster. (All the
bond lengths are in A°).

(a)

Zn Te
122 (Stretching)

(b). . (C). . (d)l I

Te Zn Te Te Zn Te Te Zn Te

43 (Bending) 123 (Breathing) 261 (Asymmetric stretching)
Zn Te Zn Zn Te Zn Zn Te Zn
34 (Bending) 137 (Asymmetric stretching) 140 (Breathing)

Fig. 2 — Normal modes of vibrations of most stable ZnTe Linear,
ZnTe, Linear and Zn,Te Linear nanoclusters. The numbers are the
frequencies in cm™. The nature of vibration is given inside
brackets.

Zn,Te: The three normal modes of vibrations have
been obtained for linear ZnTeZn structure (Fig. 1(c)).
The maximum frequency of 140 cm™ (Fig. 2(g))
arises due to the breathing vibrations of all the atoms.
The asymmetric stretching vibration (Fig. 2(f)) of
linear ZnTeZn structure has frequency of 137 cm™.
The lowest frequency 34 cm™ (Fig. 2(e)) arises due to
the bending vibration of the linear ZnTeZn
nanocluster. Except the highest frequency, all the
vibrational frequencies are infrared active but only the
highest vibrational frequency is Raman-active.

Zn,Te, (x+y =4)

ZnTe;: For the rhombus ZnTe; structure (Fig. 1(d)),
we find six normal modes of vibrational frequencies.
The wagging vibration (Fig. 3(a)) appears due to the
lowest vibrational frequency of 31 cm” while the
asymmetric vibration of Te — Te bonds (Fig. 3(f))
appears due to the highest frequency of 255 cm™. The
out of plane vibration (Fig. 3(b)), asymmetric

(a) Zn (b) Zn
Tey Tey Te, Tep
Teg Tez
31 (Wagging) 51 (Out of plane vibration)
(c) Zn
T62
Tel
Tea T93
75 (Asymmetric stretching) 97 (Asymmetric stretching)

Zn

(e)

Tez Tel

Te 3
178 (Symmetric stretching)

255 (Asymmetric stretching)

Fig. 3 — Normal modes of vibrations of most stable ZnTe;
Rhombus nanocluster. The numbers are the frequencies in cm™.
The nature of vibration is given inside brackets.

stretching (Fig. 3(c), 3(d)) and symmetric stretching
(Fig. 3(e)) vibrations appears because of other mid
frequencies 51, 75, 97 and 178 cm™ of the rhombus
ZnTe; structure. Both the highest and lowest
vibrational frequencies are infrared and Raman-
active.

Zn,Te,: There are also six normal modes of
vibrational frequencies for the rhombus Zn,Te,
structure (Fig. 1(e)). The breathing vibrations
(Fig. 4(f)) of Zn and Te atoms appears because of the
highest vibrational frequency of 231 cm™, while the
out of plane vibration (Fig. 4(a)) of Zn and Te atoms
appears due to the lowest vibrational frequency of
66 cm™. Other mid vibrational frequencies arise due
to symmetric stretching (Fig. 4(b), asymmetric
stretching vibrations (Fig. 4(c&e)) and rocking
vibration (Fig. 4(d)). Some vibrational frequencies are
either Raman active or infrared active.

Zn;Te: The linear ZnZnTeZn structure (Fig. 1(f))
has seven normal modes of vibrational frequency. The
low lying one of the doublet frequency of 11 cm
arises from the out of plane vibration of Te and Zn
atoms while the frequency 36 cm™ originates from the
symmetric stretching vibration (Fig 5(c)). The two
mid vibrational frequencies (second frequency of
doublet) 11 and 36 cm™ arise due to out of plane
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Tel

zn,
66 (Out of plane Vibration)

Zny
118 (Symmetric stretching)

Zn
© !

Te2 Te,

Zny
131 (Asymmetric stretching)

Zny
166 (Rocking)

191 (Asymmetric stretching)

231 (Breathing)

Fig. 4 — Normal modes of vibrations of most stable Zn,Te,
Rhombus nanocluster. The numbers are the frequencies in cm™.
The nature of vibration is given inside brackets.

Zn Te, Zng Zn, Zm Tz ZM3 Zn,

11 (Out of plane vibration) 11 (Out of plane vibration)

Zn, Te, Zng Zny Zn, Te, Zng Zny
36 (Symmetric Stretching) 36 (Out of plane vibration)
(e) - . . l ® . . I
Zn, Tey Zng Zny Zn, Te, Zng Zny
61 (Asymmetric_Stretching)
Zn4 Te, Znj Zny
190 (Asymmetric Stretching)

110 (Asymmetric stretching)

Fig. 5 — Normal modes of vibrations of most stable Zn;Te Linear
nanocluster. The numbers are the frequencies in cm’’. The nature
of vibration is given inside brackets.

vibration (Fig. 5(b&d)), while other higher
frequencies 61, 110 and 190 cm™ arise due to
asymmetric stretching vibrations (Fig. 5(e,f&g),
respectively. All the vibrational frequencies are both
infrared and Raman active.

Zn.Te, (x+y =5)

Each and every investigated structures of ZnTe,
configuration possess at least one imaginary
frequency and due to this they are considered as
unstable structures.

(b) A" (c)

Zny 2ng Zny Zng Znz Zng
Teq Tey Teg Tey Teg Tey
21 (Out of plane vibration) 60 (Out of plane vibration) 69_(Breathing)
(€) T ® Teq
Zng Zny Zn5
Znp
Tey
Teg Tey

103 (Asym.métric stretching) 124 (Asymmetric stretching)

145 (Symmetric stretching)

(h) Ter
Z
n2 Zng
Tea Te4
149 (Symmetric stretching) 227 (Bending) 259 (Asymmetric stretching)

Fig. 6 — Normal modes of vibrations of most stable Zn,Te;
Pentagonal nanocluster. The numbers are the frequencies in cm™.
The nature of vibration is given inside brackets.

Zn,Te;: The pentagonal Zn,Te; structure (Fig. 1(g))
has nine normal modes of vibrational frequencies.
The asymmetric stretching vibration (Fig. 6(i))
appears due to the highest vibrational frequency of
259 cm™. There are two out of plane vibrations (Fig.
6(a&b)) of Zn and Te atoms for pentagonal Zn,Te;
structure, which corresponds to the vibrational
frequencies of 21 and 60 cm™’. All the others
vibrational frequencies arise due to asymmetric
stretching, symmetric stretching, breathing and
bending vibrations. Further, for pentagonal Zn,Te;
structure most of the vibrational frequencies are
infrared active and Raman active.

Zn;Te,: The pentagonal Zn;Te, structure (Fig.
1(h)), has also nine normal modes of vibrational
frequencies. The asymmetric stretching vibration
(Fig. 7(i)) appears because of the highest vibrational
frequency of 250 cm™. The doublet frequency 57 cm™
arises from the out of plane vibrations (Fig. 7(a&b))
of Zn and Te atoms. All others vibrational frequencies
arise because of stretching, bending and breathing
vibrations. For pentagonal Zn;Te, structure, the most
of vibrational frequencies are infrared active and
Raman active.

Zn,Te: For the Planar ZnsTe (Fig. 1(i)) structure,
we find nine normal modes of vibrational frequencies.
The asymmetric stretching vibration of the Planar
Zn,Te structure appears due to the highest vibrational
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@ ©) 2

Zng) Zny

57 (Out of plane vibration)

Tey

Zny Zny
120 (Breathing)

(h) Znq

Zny Zng

149 (Symmetric stretching)

()]

Zny
154 (Asymmetric stretching) 220 (Breathing) 250 (Asymmetric stretching)

Fig. 7 — Normal modes of vibrations of most stable Zn;Te,
Pentagonal nanocluster. The numbers are the frequencies in cm™.

The nature of vibration is given inside brackets.

71y

Zn, zny

Zny

18 (Out of plane vibration)

Zng

15 (Bending)
Zh (e)
Zn2

(d)

Zny

ny

Zny

55 (Out of plane vibration) 64 (Symmetric Stretching)

112 (Breathing)

127 (Symmetric Stretching) 149 (Asymmetric stretching)

Fig. 8 — Normal modes of vibrations of most stable Zn;Te, Planer
nanocluster. The numbers are the frequencies in cm™. The nature
of vibration is given inside brackets.

frequency of 149 cm™. The two mid vibrational
frequencies of 18 and 55 cm arises because of
the out of plane vibrations of Zn and Te atoms
(Fig. 8(b&d)). All the others rest vibrational
frequencies of the Planar Zn,Te structure arise due to
stretching, breathing and bending vibrations. The
most of the vibrational frequencies are infrared active
and Raman active.

The above investigation of the different normal
modes of vibrations of the various most stable
structures revels that the asymmetrical and
symmetrical stretching vibrations appears because of

the high vibrational frequencies. In addition to this,
the lower vibrational frequencies correspond to the
rocking, breathing, wagging and the out of plane
vibrations of Zn and Te atoms of their corresponding
ZnTe nanocluster. The above discussion also reveals
that each and every investigated nanocluster of ZnTe,
configuration has no any stable structure because of
all the possible ZnTe structures have at least one or
more imaginary vibrational frequencies.

4 Conclusion

This present study explores the vibratonal
properties of mainly the highest stable structures up to
five atoms of ZnTe nanoclusters. We have predicted
the vibrational frequencies, Infrared Intensities (IR),
Relative Infrared Intensities and Raman scattering
activities, which needed to be verified by
experimental researches. For x +y =5, we obtain that
Zn,Te;, Zn;Te, and ZnsTe configurations are stable
but on the other hand ZnTe, configuration has no any
stable structure because of all the investigated
structures of this configuration has at least one or
more imaginary vibrational frequencies. The above
study shows that the high vibrational frequencies arise
from the asymmetrical and symmetrical stretching
vibrations whereas the lower frequencies belong to
breathing, rocking, wagging and the out of plane
vibrations of Zn and Te atoms of their corresponding
ZnTe nanocluster. This theoretically establishes
nanoclusters will draw the attention of experimental
researchers to synthesize these nanoclusters for their
possible applications in fabrication of nanodevices
according to their explored physical properties.
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