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ABSTRACT

The higher order elastic constants have been calculated for hexagonal
structured material MgB, at 300K using L ennard-Jones interaction poten-
tial. The orientation dependent three types of acoustic wave velocities and
Debye average velocities have been also evaluated using second order
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elagtic constants and related parameters. The behaviour of the orientation
dependent acoustic wave velocities of this material has been discussed.
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INTRODUCTION

Thediscovery of superconductivity with atransi-
tion temperatureof 39K intheintermetallic compound
MgB, had astrong impact inthe superconductor field.
Sinceitsdiscovery, many attemptsto search for new
superconducting diborideshave been performed. MgB,
hasasimpleAlB,-type structure with hexagonal Mg
and graphitetype B2,

Recently experimenta and theoretical resultshave
shownthat strong el ectron-phononinteractionistherd-
evant mechanism for superconductivity in thiscom-
pound, and also that MgB, isamultiple-gap supercon-
ductor. The band structureis dominated by chemical
bondinginthehexagona B sheetsin MgB,. Although
the nominal electron count isthe sameasin graphite
(Mghasnomind 2* charge), thetop of the B derived o
bonding band structure contains holes. The negative
charge of the B-layersand the corresponding positive

charge of theMg-layersplay aroleinraising thein-
planec orbitalsrelativeto E_ascompared to graph-
ite34,

Thereforeinthe present paper, we have caculated
thethreetypes of acoustic wavevelocitiesfor MgB,
for eech direction of propagetion of waveusing the sec-
ond order el astic constants that areimportant for sur-
faceand structural study of thismateria. Thesix-sec-
ond order elastic constants (SOEC) and ten-third or-
der elastic constants (TOEC) are calculated using
Lenard-Jones Potentia that isamany body interaction
potential. Theresults obtained areinteresting for the
characterization of thismaterid.

Theory
Theory of elastic constants

Thesecond and third order € astic constant of hex-
agona structured crystal aregiven by thefollowing ex-
pressiong>d:
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C,,=24.1p°C’ C,,=5.918p‘C’
C,,=1.925p°C’ C,,=3.464p°C’
C,,=2.309p°C’ C,.=9.851p‘C’

C,,,;=126.9p'B+8.853p*C’
C,,5=1.924p*B+1.155p°C’
C,,=3.695p°B C,=1.539p"B
C,,=2.309p"B C,,,=3.464p°B
C,,,=101.039p°B+9.007p*C’ C_,,=5.196p°B
where p=c/a: axial ratio; C'=ya/p® B=Wa%pand ¥=-y/
{624(m+n+6)}. Herey isaparameter, whichiscalculated using
experimental value of any one second order elastic constant

(SOEQ).

C,,,=19.168p°B- 1L61p‘C’ (3
C,,,=1.617p*B-1.155p°C’

Ultrasonicvelocity in hexagonal structured crystal

Therearethreetypesof ultrasonicve ocitiesin hcp
crysta sasonelongitudina and two shear waveveloci-
ties, which aregiven by following expressionl>.
V7 ={C3,C0s°0+C,;Sin’0+C,, +
{[C1,Sin%0—C,;C0s°0 + C,,(Cos’0 — Sin?0)]?
+4C0s°0Sin?0 (C15+Cyy)° Y2 }2p

)

{[C1,SiN?0—C4,C0s?0+ C 4, (Cos’0 - Sin?0)]* +
4C0s°0Sin0(Cy3+C,)2% Y2 M2p €©)

V2 ={C44C05%0 + CeeSin0}/ p 4
whereV , V,and V, arethelongitudinal, quasi-shear and shear
wavevelocities. Thep and 6 arethe density of thematerial and
angle with the unique axis of the crystal respectively.

V, isthe Debye averagevelocity and isca cul ated
fromtheinitid dopesof thethreeacoustica branches”.
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RESULTS

The unit cell parameters aand p for MgB, are
3.073A and 1.1476 respectively. The harmonic pa-
rameter v and anharmonic parameter Ware calculated
using one SOEC (C,,). The SOEC and TOEC are
ca culated for MgB, using Eqn (1) and arepresentedin
TABLE 1. Thevaueof specific heat per unit volume
(C,) andthermal energy density (E ) areevauated us-
ing physical constant TABLE and Debyetemperature.
Thevauesof p, C, and E arepresented in TABLE 2.

Thethreeultrasonic velocitiesV,, V,and V, are

calculated using the second order elastic congtant val-
ueswiththe Egns. (2-4) at different temperaturesand
at different angleswith the unique axis (z-axis) of the
crystd. Thevelocities(V,, V,, V,) and Debye average
velocity (V) a temperature 300K and a different angles
withuniqueaxisof crystd areshowninfigure 1.

The Gruneisen numbersare cal culated withtheex-
pressionsgivenby S. Rggopalan® at 6=0° intempera-
ture 300K . The Griineisen numbers and acoustic cou-
pling constantsare presented in TABLE 3.

DISCUSSIONAND CONCLUSIONS

Oneof the unique propertiesof MgB,, the€elastic
constants areimportant sincethey arerelated to hard-
ness and therefore of interest in applications where
mechanical strength and durability areimportant. Also,
the second and third order el astic constants are used
for thedetermination of the ultrasonic properties.

We have cal culated the higher order elastic con-
gantsusngthe potentia method followingtheKeating’s
approach. Keating’s approach essentially the same as
thecoupling parameter approach, but it hasthe advan-
tagethat the potential energy expansion isautomati-
TABLE 1: Second and third order élastic constantsin 10%
Nm2of M gB, at 300K

TK] Ciu Cip Ci3 Cs Cu Ceg Ref.
300 3.62 0.89 0.76 2.03 0.46 1.36 Presentwork
300 3.65 098 0.65 2.03 0.25 1.33 [9]
T[K] Cu1 Cuip Cuiz Cizs Ciaz Crag Ciss Copp Casz Caug
300 -27.25 -4.56 -0.34 -0.71-1.44-0.69-0.46 -21.41-2.67-1.3¢
TABLE 2: Density (103K gm), specific heat per unit volume
C, (10°Jm?K™), ener gy density E (10° Jm?) of MgB,at 300K

Par ameter si 300K
P 5.61
Cv 26.57
Eo 46.04

TABLE 3: Average Gruneisen number <y’> , squareof aver-
ageGruneisen number <y/>? for longitudinal wave, average
squar e Gruneisen number <(y/)2> and <(y’)%>_for longitudi-
nal and shear waveand non-linearity parametersD , D for
longitudinal and shear wavealong Z-axisfor MgB, at 300K

Parameters 300K
<yi> 0.0494
<yi>% 0.0846

<(r)*>L 0.0024
<(v)*>s 0.0193
D, 0.7488
Ds 0.1735
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Figure1: Velocity vsanglefor MgB,at 300K

cdlyinvariant towardsarigid rotation or trand ation of
thelattice. Inthe coupling parameter approach these
conditions haveto be applied separately. A perusal of
TABLE 1indicatesthat the present values of second
order dadtic constants (SOEC) at thetemperature 300K
arein good agreement with the other(.

However, thethird order e astic constants (TOEC)
at temperature 300K could not be compared dueto
lack of reported vauesintheliterature. Thusour method
of caculationfor temperature dependent SOEC/ TOEC
iswdl judtified.

A perusd of figure 1 showsthat the orientation de-
pendent velocity(V,, V,and V) a certaintemperature
ismainly affected by combined effect of second order
eladtic congtantsand theultrasonic velocity inMgB,

Our results (SOEC and TOEC) should dso beuse-
ful for estimating relativethermal residua stressvaria-
tionsunder different growth conditionsof thematerid.
The Debye averagevelocity (V) have characteristic
maximum at 55° from the z-axis. Inthe sameway the
velocity V., has characteristic minimum at 35°fromthe
z-axiswhileV, andV jincreases asthe angleincreases
with theuniqueaxis. The behaviour related to the ori-
entation dependency of thevelocitiesisdirect conse-
guence of theelastic constantsof themateria. All the
values of SOEC and TOEC can beutilized for thede-
termination of the ultrasonic properties. Thusthework
isvery useful for thematerid characterization after pro-
duction and during the processing well.
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