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The lattice transformation temperature TL of single-crystal V3Si was directly ob
served to decrease linearly with hydrostatic pressure at a rate of - (1.5 ± 0.1) x 10- 4 oK 
bar-to To explain the pressure dependence of T L and the elastic behavior, the Labbe
Friedel model must be extended to include interband charge-transfer effects as a new 
variable, in agreement with a recent calculation of Ting and Ganguly. We give a discus
s ion of these results related to structural instability and superconductivity. 

Soft phonon modes have been observed upon 
cooling in almost all A 15 compounds with high 
superconducting transition temperature T c. l For 
some extreme cases, the phonon mode becomes 
so soft that a lattice distortion corresponding to 
a cubic-to-tetragonal lattice transformation re
sults. VsSi is one such example. Its lattice dis
torts when the shear mode C,,=~(Cll -Cl2 ) de
creases to a very small value at a temperature 
T L slightly above T c. T L is defined as the lattice 
transformation temperature. By analyzing the 
elastic properties and the specific heat, Testardi 
et al. 2 predicted a strong, quadratically strain-de
pendent T c in cubic V 3Si in agreement with the 
later thermal-expansion study by Fawcett. 3 It 
was further suggested that T c of V 3Si was promot
ed by the soft phonon mode.4 However, T c was 
found to be enhanced by the application of hydro
static pressures in contradiction with the above 
prediction of a quadratically strain-dependent T c . 

It was later proposedl
•
S that the effect of hydro

static pressure on T c could be related to the hy
drostatic effect on T L. The purpose of this exper
iment is to examine directly the hydrostatic-pres
sure effect on lattice instability in transforming 
V 3Si and the role of soft phonon modes in its high 
T c· 

Our study of the hydrostatic-pressure effect on 
T L of V sSi was carried out using the newly devel
oped temperature-modulation technique.7 It is 
a combination of the high-pressure clamp tech
nique and an ac calorimetric method. This makes 
possible the determination of the relative speci
fic heat C p and the temperature slope of resis
tance R' =dR / dT of a metallic sample under hy
drostatic compression. A sample of size 1.2 

766 

mm x O.8 mm x 5 mm was spark cut from a V3Si 
single crystal. The resistance ratio between 
room temperature and 18 K of the sample inves
tigated was 26. At zero pressure , T c = 16. 7°K 
and T L = 21. 6°K, typical for a transforming V sSi 
crystal. Four electrical leads and a Chrome'l-
(Au + 0.07% Fe) thermocouple were soldered onto 
the sample. The temperature of the sample was 
modulated by an ac voltage fed through a wire 
heater closely coupled to the sample. By proper
ly adjusting the thermal links between the sam
ple and the heat reservoir (the high-pressure 
cell for our experiment) and the frequency of the 
ac heat source, the amplitude of the ac tempera
ture modulation of the sample , t::.T oe , was approx
imately inversely proportional to the specific 
heat C po t::.T ac was measured by a thermocouple 
attached to the sample. The ac component of the 
voltage across the potential leads gave IR ' c:..T aco 

where I represents the dc current passing throu gh 
the sample. The self-clamp technique provided 
the hydrostatic environment in a 1: 1 mixture of 
n-pentane and isoamyl alcohol. The pressure 
was generated by a press and locked by the clamp 
at room temperature. The high-pressure clamp 
was then removed from the press and cooled slow
ly inside a cryostat. A superconducting-Pb ma
nometer situated next to the sample was used to 
determine the pressure at low temperature. All 
electrical leads were brought out from the high
pressure cell with Stycast 2850 FT epoxy seals. 
The ambient temperature of the sample was mea
sured by a Ge thermometer and/ or a Chromel-
(Au +0.07% Fe) thermocouple, depending on the 
temperature range. 

In Fig. 1, we show the temperature dependence 



VOLUME 32, NUMBER 14 PHYSICAL REVIEW LETTERS 8 APRIL 1974 

. 

17 18 19 20 21 

T(K I 

6-R' ATac 
.-(TATacl- 1 

Okb 

22 23 

FlG. 1. Temperature dependence of the relative spe
cific heat and the temperature slope of resistance of a 
V 38i single crystal at different hydrostatic pressure. 

of (TAT ac )"1 a:. C,, / T and R ' AT ac of VsSi at differ
ent pressures. The lattice transformation is evi
denced by large changes in the slopes of the C" 
and R' curves.s Under pressure, the lattice 
transition width increases and the anomaly weak
ens. We define T L as the temperature at which 
the slopes increase drastically, as shown by the 
arrows in Fig. 1. 

The results are summarized in Fig. 2. The 
number represents the sequential order of the 
experimental run and the bar denotes the experi
mental error. T L decreases linearly with hydro
static pressure with dTd dP = - (1.5 ±0.1) x 10- 4 

OK bar -I up to 18 kbar. We have also determined 
T c inductively under hydrostatic compression 
and found dTc / dP = + (3.65 ± 0.05) x 10- 5 OK bar-I in 
excellent agreement with previous studies. 5 By 
extrapolation as shown in Fig. 2, a critical pres
sure of 24 kbar was obtained for a complete sup
pression of lattice transformation in V sSi down 
to the superconducting state. 

In view of the highly anisotropic nature of V 3Si, 1 

it is not surprising at all to find that the hydro
static-pressure effect on the lattice transforma
tion differs greatly from the uniaxial-pressure 
effect. It was observed2.9 that low uniaxial stress 
suppresses the lattice transformation but leaves 
T L unchanged. Assuming an Ehrenfest second
order transition at T L, Ehrenfest's equation 
gives 

dTd dP =vTLAa. / AC" =AK/ Aa., 

where a. is the thermal volume-expansion coeffi-
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FlG. 2. Pressure dependence of the lattice-trans
formation temperature TL and the superconducting 
transition temperature T c of a V 381 single crystal. 

cient, K the compressibility, and u the molar vol
ume of V3Si. Since2 ACp = 0.054 cal mole- l oK-I , 
Aa. is thus expected to be - 5x 10- 7 and AK / K 

=+1.33 x 10- 4 as the lattice transforms from cu
bic to tetragonal symmetry. These values of Aa. 
and AK are too small to have been observed in 
the previous studies of thermal expansion3 and 
elastic moduli. 1 

The lattice transformation occurs when C s(P,T) 
reduces to some small critical value in the cubic 
state. Assuming this critical value is pressure 
independent, and expanding Cs(P ,T L) to its first
order terms, one has 

a T d ap = - (aCS/ap)T(ac s/aT)p-l. 

With aTdap=-1.5 x 10- 4 ~ bar -I and (ac s/aTh 
= 20 kbar oK-I, we obtain 

(aC S/ ap)T= + 3. 

This shows that the application of hydrostatic 
pressure will stiffen the shear mode at low tem
perature, in agreement with the recent observa
tion by Carcia and Barsch10 for the transforming 
sample, but in disagreement with that by Larsen 
and Ruoffll for the nontransforming one. Carcia 
and Barsch10 examined the temperature variation 
of (ac s/aPh between 37 and 298°K and found that 
(aC s/aPh becomes negative below -100"K, ex
hibits a minimum at - 80oK, and finally changes 
Sign back to positive below - 50oK. 

The unusual behavior of C s(T) at atmospheric 
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