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ordering occurs on cooling the crystal below the lambda 
temperature. In N"H4TIr the situation is reversed; on 
rooling there is a n anomalous \a.ttice expansion9 as tbe 
bromide crystal undergoes the l ransition to the ordered 
tetragonal form. These vol\llllc changes 3.ssociated with 
changes in ordering make it easy to follow the transition 
ttll)peratures as a function of applied pressure. Stevcn
s()lilO has obtained the phase diagrams of ammonium 
chloride, bromide and iodide. His phase diagram for 
,lIl1lnonium bromide is reproduced in fig. 2. (The region 
l'J\compassed by the sloping lines labeled Vj to V17 in 
this figure indicates the region of the phase diagram 
';ludied in the present investigation.) The (3, -y, and 0 
phases correspond to the structures disordered cubic 
((sCI), antiparn.l lel ordered tetragonal and parallel 
ordered cubi c (CsCI), respectively. An a phase corre
'ponding to a disordereu N"aCl-type cubic structure 
occurs. at high temperatures but is not shown here. 
There is also a very pronounced hysteresis associaled 
with the -y-o order- order transi lion at 1 atl11, which is 
not shown in this figu re. 

The present paper reports on a variety of ultrasonic 
velocity measurements which have been made Oi l 

, ingle-crystal ammonium lJl"omide. Both longitudinal 
and transverse \vaves were studied over a wide range 
"f pressure (0 to 12 kbnr) at several constant tempera
tmes in the mncre 255°- 315°1(. These data all pertain 
to the disordered phase away from any transition line, 
and should provide ;t clear example of the "normal" 
behavior of a esCl-type ammonium halide free from 
<Inv elTects due to ordering. Velocity measurements 
ha~e also been made as a function of temperature at 
1 atm, although data could be obtained below the 
lambda temperature (23-1.5°K) only for Lhe transverse 
\l'a\'e associated with C44. 

This investigation is closely related to previous 
st\ldiesll . l~ of the elastic cons tants of ammoniulll chloride 
;\s fUllction s of temperature and pressure. These studies 
"hoI\' that the shear elas tic C(,nstants for ammoniulll 
chloride (especial! y C44) varied almost linearly wi th the 
I"Olume. Since the volumes of ammonium chloride and 
hromide vary in an opposite manner at the lambda 
te lllperature, we would expect that C~4 should also vary 
in an opposite mannel". For ammoniu m chloride, C44 

increases markedly as the temperature is lowered 
through the transit ion; therefore C44 for the bromide 
would he expected to decrease. 

The results presented below are given in terms of 
the variation of the three adiabatic elastic constants Cll, 

ell, C', which can be ol)tained directly from the experi
mental sound velocities. Third-orde r elastic constants 
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FIG. 2. Phase diagram for NH.Br. The {J phase corresponds 
to a disordered, CsCI-type cubic phase; the 'Y phase to an (anti
parallel) ordered tetragonal phase; the Ii phase to a (parallel) 
ordered, CsCI-type cubic phase . The vertical bars represent 
transition points as de~ermined by the static volume measure
m~nts of Stevenson (Ref. 10). The set of sloping lines labeled 
I ', through VI1 represent isochores at various volumes . 

are not used, and for pressures above 1 atm the quan
tities CII, CH, and C' are "effective" elastic constants. u 

The relations between the ultrasonic velocities and the 
ehstic constants of a cubic crystal are well known: 

Propagation ilt tlte [100J direction 

Cl1=pU I2, 

C44=pU?, 

( 1) 

(2) 

where p is the Illass density 6f the crystal, UI is the 
vdocit), of the longitudinal sound wave, and Ut is the 
ydocity of a transverse wave polarized in any direction 
perpendicular to the [lOOJ axis. 

Propagatioll ill tlie [110J direction 

(3) 

(4) 

where Ul , is the velocity of the longitudinal wave and 
U I' is the velocity of a transverse wave polarized 
perpendicular to the [OOlJ axis. Values of Ul , were 
measured only at 1 atm from 250° to 300 0 K as a check 
on the internal consistency of the data. 

Since the crystal structure of ammon ium bromide 
changes from c\lLic to tetragonal below the (3" lambda 
transition, one mllst consider the elTect of this symmetry 
change on the elastic constants of a crystalline sample. 
The tetragonal axis aJ is now not equivalent to the 
other axes, and therefore CJJ~Cll, CJ3~Cj2, and C66~CH 
in the low-temperature phase. Since data were obtained 

13 R. N. Thurston, J. Acoust. Soc. Am. 37, 348 (1965). 


