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Effect of Pressure on the Elastic Parameters and Structure of CdSt 

JAMES A. CORLL 
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(Received 2 December 1966) 

The efTective elastic constants of CdS have been measured by the ultrasonic pulse-echo method as a 
function of hydrostatic pressure to 4 kbar. The logarithmic pressure derivatives determined were 
dlnCII/dP=3.56, dlnC33/dP=3.44, dlnC I3/dP= 10.0, dlnC .. /dP= -4.22, dlnCGG/dP= -4.97 (in lVlbar-I ). 

A continuous·deformation model of the wurtzite-to-rocksalt pressure-induced transformation in CdS is 
presented. A combination of elastic constants characteristic of this deformation is derived and the trans
formation discussed in terms of a microscopic shear mechanism based on these results. 

INTRODUCTION 

T IHS paper proposes a mechanism for the well
known press\I re-i nd ucell s truct\lral transforma

Lion in CdS based on the possibility of microscopic 
instabilities in the wurt zite structure developing under 
high applied stresses. The ability of a material to resist 
a given deformation is a direct function of the elastic 
parameters of the material, and the measurements 
reported in this paper were undertaken to determine 
how these parameters (and hence the structural 
stability) are affected by external pressures. 

The mechanism proposed is a continual deformation 
from the wurtzite structure to the rocksalt structure on 
a microscopic scale which propagates throughout the 
crystal when initiated at points of stress concentration. 
The required deformation of the wurtzite structure into 
the rocksalt structure is described, and an elastic 
constant Ct characteristic of this deformation is de
veloped. The data reported in the experimental section 
show the pressure derivative of this characteristic 
clastic constant C t to be negative, indicating that with 
increasing pressure the wurtzite structure becomes less 
stable with respect to this type of deformation. 

EXPERIMENTS AND RESULTS 

The sound velocities used to determine the eITective 
elastic constants of CdS were measured by the ultra
sonic pulse-echo method. The techniques of ultrasonic 
pulse-echo experiments are well known,! and the details 
pertinent to this experiment are as follows . A lO-Mc 
pulse, approximately 1 J..Lsec in duration from a gated 
oscillator, was used to activate the quartz transducer. 
This pulse and the subsequent echos were displayed 
on one trace of a dual trace oscilloscope. A timing comb 
and a lO-:Mc wave from a time mark generator were 
displayed on the other trace to calibrate the oscilloscope 
screen. Photographic records of the traces were made 
and the transit-time measurements taken from these 
photographic records with the aid of a telereader. By 

t This work was supported by the U. S. Atomic Energy Com
mission. 

1 W. B. Daniels and C. S. Smith, in Tlte Physics and Chemistry 
of !liglt PrcsStlres (Society of the Chemical Industry, London, 
1963), p. 50. 
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this method the time positions of the cycles within the 
pulses were determined to better than ±5X H)~ scc. 

It can be shown2 that for low-resistivity crystals, the 
piezoelectric coupling may be ignored and the sound 
vclocities directly corrclated to the c1asLic constants. 
The crystals used in these experiments wcre purchased 
from Harshaw Chemical Company and had dark 
resistivities of less than 1 rl-cm. The crystals were in the 
form of right parallelepipeds (1 cmX 1 cmX 2 cm) with 
the square faces of the crystals oriented at 0°, 90°, and 
45° from the crystallographic c axis. The crystals were 
denoted as crystal A, crystal B, and crystal C, respec
tively, and the orientations substantiated by x-ray 
analysis to be within ±0.2°. The three orientations 
permitted eight separate velocity measurements. Cad
mium sulfide, being hexagonal, has five independent 
elastic constants; therefore, the eight velocity measure
ments provided several internal crosschecks. 

The lO-Mc quartz transducers were bonded to the 
crystals with polyethylene. The pressure experiments 
were limited to 4 kbar by failures of the polyethylene 
boncls at higher pressures. Several other · bonding 
materials, incl uding epoxy, were also tried. Tn all cases 
the bond failed at pressures less than 5 kbar, and the 
crystals were eventually destroyed in aLlempts to 
obtain data at higher pressures. The pressure apparatus 
was a simple piston-cylinder device . Prior pressure 
experiments in this apparatus involving the change in 
resistance of a manganin wire coil and the solidification 
of Hg at room temperature (taken to be 12.30 kbar at 
23°C) have shown the friction in the apparatus to be 
small and quite reproducible. The pressure on the 
sample was calculated from these prior calibrations and 
the load applied to the piston. The uncertainty intro
duced by this method of pressure calculation was less 
than 1% at 4 kbar. The experiments were performed at 
room temperature (23°C) and data recorded at pressure 
intervals of approximately t kbar. 

The effective adiabatic elastic constants c.j and their 
logarithmic pressure derivatives, Ii InC,jdP, calculated 
from the velocity measurements of these experiments 
are listed in Table I. The reduction of the pressure data 
required the knowledge of several physical parameters. 
The isothermal compressibility (/~t= 1.625 Mbal-1) was 

2 A. R. HlIt~on and D . L . White, J. App!. Phys. 33, 40 (1962). 
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