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ABSTRACT

The acoustic wave propagation in the hexagonal structured ZnTe
nanoparticles has been studied at room temperature. In this paper, the
orientation dependence of three types of acoustic wave velocity and Debye
average velocity have been calculated using second order elastic con-
stants. The six second order elastic constants are calculated for ZnTe at
300 K using Lenard-Jones Potential. An anomal ous behaviour in orienta
tion dependent acoustic wave velocity is obtained which is due to the
combined effect of elastic constants and density. These velocity data are
important for their structural information and to differentiate them from
other nanostructure materials and other compounds. Obtained results, to-
gether with other well known physical properties, may expand future pros-
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pects for the applications and study of this nano material.
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INTRODUCTION

Nanometer-sized semiconductor particlesbelong
toagtateof matter in thetrangtion region between mol-
ecules and solids. During the last three decades, re-
search on quantum size semi conductor particleshasin-
creased enormoudy dueto their exciting novel proper-
tied*4. Itiswel knownthat 11-V | semiconductor com-
pounds havealarge optical gap, but thefeas bility of
green-blue opto-electronic devices based on these
materiashas been demonstrated by Hasseet a 0. The
Formation process was discussed and it revealed a
uniform hexagonal shape of ZnTe nanoparticleswith
good dispersion, average particle sizeisfound to be
2.6 nm(®¥, Duetotheir widedirect band gap, theelec-
tronic propertiesof compoundssuch ZnTeand CdTe,

appear to berather promising for applicationsin opti-
ca devices. Technologicd andtheoretical interestinll-
V1 compound and their alloys areduetoits appealing
propertiesin electro-optical and el ectron acoustic de-
vices'®2, Experimentally ZnTeisfound to haveroom
temperature direct bad gaps of 2.4 eV,
Therearethreetypesof acoustic modelatticevi-
bration: onelongitudina acoustic and two transverse
acoustica for hexagonal and cubic structured materi-
a g%, Theonelongitudinal sound velocity and one
transverse sound vel ocity for ZnTe hasbeen reported
in® but all the three type of acoustic wave vel ocity of
ZnTearenot reportedin literature. Thereforeinthis
paper, we have cal cul ated the threetypes of acoustic
wavevelocitiesof ZnTenanoparticlesfor each direc-
tion of propagation of wave using thesecond order dlas-
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tic constantsthat areimportant for surface and struc-
tural study of ZnTe. The cal cul ated ultrasonic param-
etersare discussed with related thermophysical prop-
ertiesfor thecharacteri zation of thechosen nanomaterid.
The obtained resultsareinteresting for the character-
ization of ZnTenanoparticles.

THEORY

In the present investigation, thetheory isdivided
into two parts:

Theory for thenon-linear elastic cnstants

Thesecond (C,)) and third (C ,, ) order el astic con-
gantsof material are defined by following expressions.
_9’u |
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Where, U isdastic energy density, §=¢, (iorj=Xx,
Y,Z,1=1, ...6) is component of strain tensor. Equations
(2) and (2) lead six SOEC and ten TOEC for the hex-
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agona structure material g8,
C, =24.1p“C’ C,, =5.918p*“C’
C,; =1925p°C’  C,, =3.464p°C’ (3a)
C, =2309°C'" Cg =9851p*C’
C.1;, =126.9p°B +8.853p“C’
C,,, =19.168p°B-1.61p“C’
Cuys =1.924p*B+1.155p°C’
C.p =1.617p*B-1.155p°C’
C,; = 3.695p°B
C.ss =1.539p°B '
C,. =2.309°B (3b)
Ca,, =3.464p°B
C,,, =101.039p%B +9.007p“C’
C.y =5.196p°B

where p = c/a: axial ratio; C'=yalp°®;

B=ya’/p’; 7= (1/8)[{nb,y (n—-m)}{a"™*}]
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y=—y/{6a*(m+n+6)}; M, n=integer quantity;
b,=Lennard Jones parametey.
Theory for theacoustic wavevelocity

The anisotropic behaviour of thematerial can be
understood with theknowledge of ultrasonic velocity
becausetheve ocity isrdated to thesecond order eagtic
constantsg*®. Onthe basisof modeof atomic vibration,
therearethreetypesof velocities (longitudinal, quas
shear and shear) inacoustical region. The Debye aver-
agevelocity (V) canbecaculated fromtheinitia Sope
of thesethree acoustical branches®. Thesevelocities
vary with thedirection of propagetion of wavefromthe
unique axisof hexagona structured crystal?> 24,

RESULTSAND DISCUSSION

Higher order eastic constants

Theunit cell parameters ‘a’ (basal plane param-
eter) and ‘p’ (axial ratio) for ZnTe 4.28A and 1.637%
23 respectively. Thevaue of mand nfor chosen mate-
ridl are6and 7. Thevaueof b, for ZnTeis1.4x10%
ergcm’. The SOEC and TOEC have been ca culated
for ZnTenanoparticleusing Eg. (3) and are presented
inTABLE 1.

Theédastic constants of the materia areimportant,
sincethey arerelated to hardness and therefore of in-
terest in applicationswhere mechanical strength and
durability areimportant. Also, the second order elastic
constants are used for the determination of the ultra-
sonic attenuation and rel ated parameters. It isobvious
from TABLE 1that, thereisgood agreement between
the present and reported theoretica second order dagtic
constants of ZnTe?4. Thebulk modulus (B) for ZnTe
can be calculated with the formulaB= 2(C,+ C_+
2C_,+C_/2)/9. Theevauated B for ZnTeis presented
inTABLE 1. The DebyetemperatureAlso, the com-
parison can bemadewith thevaue of Debyetempera:
tureZnTe. The present Debyetemperaturefor ZnTeis
218.4°K, calculated using second order elastic con-
stants. The Debyetemperature experimentally deter-
mined by Led® is225.3 %K. Thusour theoretical ap-
proach for the cal cul ation of second order elastic con-
stantsfor nanostructured materia at room temperature
iswell justified. However, third order €l astic constants
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TABLE 1: SOEC and TOEC & bulk modulus(B) in theunit of 10°°Nm2of ZnTenanoparticleat room temperature.

Cll ClZ Cl3 C33 C44 CGG B
ZnTe 8.731 2.144 1.869 9.013 2.242 3.424 4.249
ZnTe? 8.56 3.70 3.00 9.26 2.02 243
Clll CllZ CllS C123 C133 C344 Cl44 C155 C222 C333
ZnTe 14237 2257 -479 609 -3044 -2854 -7.10 -473 -112.65 -114.71

arenot compared dueto lack of dataintheliterature
but the negativethird order elastic constantsarefound
our previous papersfor hcp structure material 171820,
21, Hence applied theory for the eval uation of higher
order e agtic constantsat room temperatureisjustified.

Ultrasonicvelocity and allied parameters

The computed orientation dependent ultrasonic
waveve ocitiesand Debyeaveragevel ocitiesat 300K
areshowninFigure 1. Figure 1 showsthat theveloci-
tiesV, andV_ haveminimaand maximarespectively
at 45° with the unique axis of the crystal while V, in-
creaseswith theanglefrom theuniqueaxis. The com-
bined effect of SOEC and density isreason for abnor-
mal behaviour of angle dependent velocities.
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Figurel:V ,V_, V.,V vsanglewith uniqueaxisof crystal

Thenature of the angle dependent velocity curves
inthe present work isfound similar asthat for different
hexagonal nano structured material 91”2128, The cho-
senmaterid hasshownsmilar propertieswithther crys-
ta structure. Thelongitudinal and shear velocities of
ZnTe are 3.99x 10°® m/s and 2.00x 10° m/s respec-
tively, while3.59x10° m/sand 2.74x 10° m/shaveeva u-
ated by Bijalwan et al.[*l. Hence values of velocities
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arein good agreement with experimental /theoretical
values. Thusthe angledependency of thevelocitiesin
nanogtructurematerid isjudtified.

V, of ZnTeisincreasing with the angle and has
maximaat 55° at 300 K (Figure 1). Since V jiscalcu-
latedusingV , V and V "2, thereforethe angle
variation of V| isinfluenced by the congtituent ultra-
sonic velocities. ThemaximumV at 55° is due to a
significant increaseinlongitudina and pureshear (V)
wave velocities and a decrease in quasi-shear (V)
wavevelocity. Thusit can be concluded that when a
sound wavetravelsat 55° with the unique axis of these
crystalsthen the average sound wave vel ocity ismaxi-
mum.

Theevduated Debyetemperaturefor ZnTeis218.4
°K. The Debyetemperature experimentally determined
by Leed®!is225.3°%K. Debye (average) sound velocity
isuseful for theeva uation of Debyetemperature™® and
the Debyetemperatureiswell related to specific heat
per unit volume and thermal energy density?®l. The
Debyeaveragevdocity for ZnTeis2.210x10° m/swhich
haveasmilar tend asthe Debyetemperature. Thusthe
preset average sound vel ocity directly correlateswith
the Debyetemperature, specific heat and thermal en-
ergy density of these materials. TheratioA=4C,, /
(C,+C,-2C ) isthemeasure of elastic anisotropy in
thecrystd. Thevaueof Afor ZnTeis0.63. A compari-
son of theseanisotropy vaueswith thoseof GalN, AIN,
INN (111 group nitride-semiconductor)®?”-2 impliesthat
thedastic anisotropy of ZnTeislower thanthelll group
nitrides. Hence, by proposing alow val ue of anisot-
ropy, thesemateria sfavour ingtability in comprasionto
thoseof 111 group nitrides.

CONCLUSIONS
Theadopted method for theoretica study of higher-

order elastic constants is justified for the ZnTe
nanoparticles. Although, the nature of angle dependency
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of acoustica velocityinZnTeisquitesimilar to that of
laves phase compounds and third group nitrides but
they favour ingtability dueto lower anisotropy. All elas-
tic constantsand dengity are mainly the affecting factor
for anoma ous behaviour of acoustica velocity inthese
materials. Theaverage sound velocity isadirect con-
sequence of Debyetemperature, specific heat and ther-
ma energy density of ZnTenanoparticles.

Thus obtained resultsin the present work can be
used for further investigations, general and industrial
applications. The acoustic behaviorinZnTeasdis-
cussed above showsimportant microstructural char-
acteristic feature, which arewell connected to ther-
moel ectric properties of thematerias. Theseresults,
together with other well-known physical properties,
may expand future prospectsfor the application and
study of nanomaterials.
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