
1 - ol ?*, oz
t  u° í 4L_jL_Ua22J

P H Y S I C A L  R E V I E W  B V O L U M E  2,  N U M D E R  6 15 S E P T E M B E R  1970

Low-Temperature Specific Hcats o f  the |3' and Phascs in Equiatomic AgZn^
J. P. Abriata, O .J. Bressan, C .A . Luengo, and D. Thoulouze 

Centro Atomico Barilochc and Instituto de Física  "D r. J. A . Balseiro, ” Comisión Nacional de Energía Atómica and
Universidad Nacional de Cuyo, Bariloche, Argentina 

(Received 19 January 1970)

Heat-capacity measurements between 1.3 and 4.2 °K  have been made on equiatomic AgZn in 
both the fS' and í °  phases. Significant difíerences were found in the Debye temperature and the 
electronic speciíic-heat coefficient, the latter data being discussed in terms of Ferm i-su rface— 
Brillouin-zone interactions. Furthermore, it is concluded that /3' is the stable phase at 0 °K , 
and that in this particular alloy, vibrational properties are of m ajor importance in controlling 
phase stability near 0 * K.

In the equiatomic AgZn alloy two phases can be 
retained at room temperature: the /3' phase with 
has a fully ordered CsCl structure and the partially 
disordered £° phase which has a complex hexagonal 
stn icture.1

Neither the /3' ñor the f °  phase appears to trans- 
form  martensitically upon cooling to liquid-heli- 
um temperatures.2 This offers the rather rare 
possibility of comparing the experimental valúes 
of the electronic density of states at the Ferm i 
level for two different structures of an alloy of the 
same composition, by measuring the low-tempera- 
ture specific heat.

In our experiment, a polycrystalline Ag-5„-at.%  
Zn cylinder i .  4 cm in diam and 2. 5 cm long was 
used. By quenching from  400 °C, or annealing at 
240 °C, and cooling to room temperature the same 
sample was obtained either in the /3' or in the £° 
phase.1

The specific heats were measured in a standard 
adiabatic calorimeter covering the temperature 
range between 1.3 and 4.2 °K.

In Fig. 1, the experimental valúes of C/T  versus 
T z for /3' and £° are shown. The plotted lines rep- 
resent the least-squares fitting to the usual re la - 
tion

C/T = y +ATa +B T1 ,

where y, A , and B are constants, y being the e lec ­
tronic specific-heat coefficient, and A = 2.4it*RQñ3, 
where R  is the molar gas constant and 9 0 is the 
limiting Debye temperature. The valúes of y, A ,
B, and ©0 obtained for each phase are given in 
Table I.

The free-electrón  valué yF of the electronic 
specific-heat coefficient for our composition is 
given by

yF= 0.111 í í^ 3 (mJ mole_1deg~2) ,

where íí is the volume per atom in the alloy ex- 
pressed in Á s.

Using the valué 3.140 Á for the lattice parameter

cf the phase at 0 °K ,5 yF(i3') = 0.689 mJ mole-1 
deg-2 is obtained. Henee, for the f)' phase, y/yr  
= 1.G3, which suggests that in this phase the con- 
duction electrons behave as nearly free  electrons 
with small band gaps across the { l  10} Brillouin 
zone where contact with the Fermi sphere occurs. 
A  sim ilar conclusión is obtained from band-struc- 
ture calculations.4

For the f °  phase, no band calculation exists as 
far as ^he authors know. Since the difference in 
volume per atom between the two phases is calcu- 
lated5 to be about 0.7%, the decrease of the y va l­
ué from 0' to £° cannot be explained as due to a 
change in electrón density. For the £° phase, 
y/yF = 0.86. The Brillouin zone for the J° phase
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FIG. 1. Plots of C /T  versus T2 for the and t° 
phases of equiatomic AgZn.
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T A B LE  I. Valúes1 of y, A , and B  in the relation 
C /T = y + A T z + B T i íorthe and f° phases oí equiatomic 
AgZn, and valúes of 0 O= (2.4irtR /A )m .

Phase y A e« B
(mJ m ole"1 deg"2) (mJ m ole"1 deg"4) CK) (mJ m ole"1 deg” *)

0 ' 0.708 ±0.006 0.190 ± 0.001 217.1 0.0016 ±0.0001
C* 0.597 ±0.006 0.100x0.001 268.9 -0.0002*0.0001

*The erro rs  indicated are standard deviations calculated from the 
least-equares fit.

can be obtained by a small distortion of the {lio } 
Brillouin zone of fi' . 6 Since the volume in recip- 
rocal space remains constant upon distortion, 
contact between the Ferm i sphere and the g° B r il­
louin zone occurs at a lower electrón concentra- 
tion than for the fi ' phase. It is probable, then, 
that our low y/yF valué for £° is due to the drop in 
the density of states after contact.

Table I shows that the limiting Debye tempera- 
ture for the S° phase is much larger than that of 
the fi' phase. Assuming that the difference A9 
does not change much with temperature, the in- 
crease in zero-point vibrational energy between 
fi ' and £° can be estimated according to A£z.p.
= -|i?A90, this gives a £ z.p. = 116 ca lm ó le-1.

The difference between the total electronic en­
ergy in fi' and £° can be estimated as follows. It 
is known experimentally that the heat of formation

of f i ' is about 50 cal m ole-1 more exothermic than 
that of the £° phase at 324 °K .7 Since in the har­
monio approximation above the Debye temperature 
the vibrational energy of any so lid including the 
zero-point motion is very nearly 3R T ,  the vibra­
tional contribution to the difference in the heat of 
formation of fi ' and £° should be sm all.8 In turn, 
this implies that the 50 cal m ole-1 are mainly due 
to the difference between the total energy of the 
electrons in each phase.

These differences of electronic and zero-point 
vibrational energies between fi' and S° indicate that 
fi' is the stable phase at 0 °K, and that in this par­
ticular alloy vibrational properties are of major 
importance in controlling phase stability near 
0 °K.

Recently, a sim ilar experiment has been done 
at the Nagoya University in Japan, for an alloy 
containing 46-at.% Zn in A g .9 y  was found to be 
equal in both fi' and £° phases wiui a valué of 0.62 
mJ mole-1 deg"2, while the Debye temperatures 
were very different.
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