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Measurements of elastie constants of single-crystal
LiIn by ultrasonic pulse method

K. Kurivyama, K. AKivaMa, S, SaiTo and K. IWAMURA

Abstract

The elastic constants of single crystal lithium indium (NaTl type : space
group Fd3m) were determined at room temperrature by an ultrasonic pulse-
transmission technique. The values of the elastic constants, in units of 10
dyne / cm? are : cnu=>5.589, ci2=4.169 and ci«=2, 666, The results give deviation
from Born-Smith dynamic lattice theory if nearest neighbor interaction alone
are considered. The value of the Debye temperature is also determined by using
de Launay’s tables to be 211. 2°K.
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Fig. 1. NaTl structure. Each Na atom has four Na and four
T! near neighbors and six Tl next-near neighbors. The
space group is Fd3im,
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Table 1. Relations between the sound velocities and the elastic stiffness
constants for cubic crystals, K : wave vector, V) : longitudinal wave
velocity, Vg : transverse wave velocity, p: density of specimen,
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Fig. 2. The block diagram of the system used in the present investigation
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Fig. 3. The arrangement of the quartz and the specimen:
T and L are the direction of displacement, and Specimen
holder.

fiREF & v,

LiIn®EHIRF oA FHERHP T vEic kY, TP ERBFACRELZITY, TOH
FICEEZ 2ESETIC R X HICEEH T,

COEBRTIE, @2 [001] Frk [110] FRCS>WTRBEEZRELL. TO R S
[001] #r#%0.7699 cm, [110] HMA%0.726lcm Th %, FEREIORMB X UKEIESTFOR
D o DT % Fig. 3177

T (110) ANEEET 2 ERORAAA L FEOMGRE, BUEEREBICEEZRA W T
HED ¥ Fig 4Dk Sk 3, FEOEREAMM [001] © L& & #H FE (quasi-transvers



-5 - Pl = - FEGES - AFEE  EBRFIFHOIRLE (B155) 37

Quasi~Longitudinal

Pure -Transverse

Vs (x105¢cm/se0)
[N)

Quasi - Transverse

ooy, o, omw  mo
O 10 20 30 40 50 60 70 80 90
8p (DEGREES)

Fig. 4. Direction dependences of the sound velocities in
the [110] plane of Liln

Table 2. Sound velocity and elastic constants of Liln measured at
room temperature.

Sample Length Va(long.)  Vg(trans.)
(cm) (10% cm/sec)

A(011) 0. 7261 3.825

B(001) 0. 7699 3.292 2.274
Elastic stiffness constant Cu Cis Cu
(10 dyn/cm?) 5,589 4,169 2, 666
Elastic compliance constant Su Sia Su
(10722 cm3/dyn) 4,934 -2.107 3.750
Mean bulk modulus 4.634 x 101 dyn/cm?
Mean shear modulus 1.576 x 10 dyn/cm?
Mean Young's modulus 3. 875 x 101 dyn/cm?
Anisotropy factor 3.76
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Table 3. Results of using various methods to calculate
the Debye temperature of Liln,

Method @ of Liln K
Table (de Launay) 211.2
Graph (Marcus) 210.0
Power series expansion 211.0
Graph (Leibfried) 210.3
Kubic harmonic expansion 212.3
Voight-Reuss-Hill techniques 217.0
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