
CHU-CW 77-0201 

PHY SICAL REVIEW 13 VOLUME 15 , NUMI3 E R 3 J FEBRUARY 1977 

Pressure effect on the charge-density-wave formation in 2H-NbSe2 and correlation 
between structural instabilities and superconductivity in unstable solids 

C. W. Chu· and V. Diatschenko· 
Department of Physics, Cleveland State University. Cleveland, Ohio 44115 

C. Y. Huangt 
Los Alamos Scientific Laboratory. Los Alamos. New Mexico 87545 

F. 1. DiSalvo 
Bell Laboratories. Murray Hill. New Jersey 07974 

(Received 12 April 1976) 

The hydrostatic pressure dependence of the charge-density-wave onset temperature To in 2 H -NbSe2 was 
measured up to 20 kbar. dToi dP was found to be - (3.3 ± 0.2) X 10- ' Kbar- I

. An examination of existing 
high - pressure data concerning structural instabilities and superconductivity in both layered and isotropic 
compounds is made. 

2H -NbSe2 is a trigonal prismatic coordinated 
layer compound. On cooling, it undergoes a struc
tural transition l at the onset temperature T o = 32 K 
of a incommensurate charge-density-wave (CDW) 
state2 and becomes superconducting below - 7.2 K.3 
The superconducting transition temperature T o of 
2H -NbSe2 increases rapidly and nonlinearly with 
pressure up to -35 kbar, but slowly and linearly 
beyond -35 kbar. 4 This pressure-enhanced super
conductivity has been ascribed to the possible sup
pression of the structural transition by pressures 
or to the band broadening due to pressure-pro
moted interlayer coupling4 (it seems possible that 
the two are related). Our direct pressure mea
surements on T o show that T o decreases with pres
sure. However, recent results on 2H -TaSe2 show 
that pressure increases T o, 6 and also T c•7 

Measurements have been made of the pressure 
dependences of T o and T c of 2H -NbSe2 in the fluid 
mixture of 1:1 n -pentane and isoamyl alcohol, us
ing a self-clamp technique. A sample with a re
sistance ratio of 30 along the layer between 300 
and 8 K was cut from a single crystal grown by 
iodine chemical vapor transport technique. T o is 
defined as the temperature where the resistance 
vs temperature curve exhibits a point of inflec
tion. T o so defined is slightly lower than that 
previously obtainedB at P = 1 bar, but gives less 
uncertainty in determining T o at higher pressure. 
T c was measured both resistively and inductively. 
Results are shown in Fig. 1, with the number indi
cating the sequential order of the experimental 
runs . The vertical bar for T o represents the un
certainty in locating T o and that for Tc the transi
tion width. T o decreases linearly with pressure 
up to 20 kbar at a rate of -(3.3 ± 0.2) X 10-4 Kbar- I

• 

T c increases with pressure but with a negative 

15 

curvature. Both T c and dT / dp apparently depend 
on the measuring technique used, possibly due to 
the anisotropic nature of the compounds. At at
mospheric pressure, dT /dp =+ (5.2 ± 0. 1) X 10-5 

Kbar-I, and + (4.5 ± 0.1) x 10-5 Kbar- I from resis
tance and induction measurements, respectively. 
This latter value is in good agreement with pre
vious observations .4 

At a second-order transition temperature T o, 
the uniaxial stress effect on T o is related to the 
Young's modulus along the i th direction E j in the 
following way9 

(~~jO r = -( ~~j) :~p , 
where tl.E j and tl.C p are the discontinuities of E j 

and the specific heat at the transition. Based on 
results of the elastic lo and specific -heat measure-
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FIG. 1. Pressure dependences of T o and Tc of 
2H- NbSe2 ' 
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ments,B IdToIdu.I=(6±2)XlO-4 Kbar-1 for 2H-NbSe2 

parallel to the layer. Using this value, we de
duced the interlayer stress effect dToidue to be 
-(15 ±4) X 10-4 or +(9±4)x10-4 Kbar-\ depending 
on whether dT I du. is positive or negative. The 
corresponding strain derivative of To is -5 X 102 

or +4 x 102 K for the H+" or H -" sign of dT I du. , 
based on the estimates of the elastic stiffness 
constants obtained from neutron and elastic modu
lus measurements.ll The interlayer separation 
thus has a large effect on the CDW formation. The 
linearly extrapolated critical pressure for the 
suppression of Toto below Te is larger than 35 
kbar. However, the drastic change of dT/ dP at 
-35 kbar can still be related to the suppression of 
CDW to below Te , because of the usual nonlinear 
behavior of To near the critical pressure.12 

Recently To of 2H-TaSe2 was observed to in
crease under hydrostatic pressure up to 19 kbar.6 
The CDW in 2H -TaSe2 becomes commensurate in 
a first order transition at T d "" 90 K, with a small 
increase in the CDW amplitude. dTd/dP is nega
tive,6 and the critical pressure for the complete 
suppression of the commensurate state is -17 
kbar.6 dTJdP was determined up to 21 kbar to be 
positive for the superconducting transition of only 
a small fraction of the sample. The full transi
tion could not be seen, because the experiment 
could not be conducted at a lower temperature. 7 

However this positive value is consistent with the 
general trend in dT J dP across the 2H -TaS2_"Se" 
system. 7 Therefore the positive dT / dP in 2H
TaSe2 does not seem to be completely accounted 
for by a possible reduction of the CDW amplitude 
with pressure due to decreaSing T d • 

The effects of pressure on the CDW tempera
tures To and T d, and on Te are known for a num-

ber of layer compounds. In general, the three 
types of phase transitions at To, T d' and Teare 
not all observed in the same layer compound, ex
cept in the case of 2H -TaSe2 • However, the re
sults in Table I reveal that the pressure coeffi
cients of the three transitions in different com
pounds at P = 1 bar fall into three distinct regions 
and follow the sequence I dT / dP I> I dT 01 dP I> I dT J 
dP I, with about an order of magnitude difference 
between each. This demonstrates that the influ
ence of pressure on a phase transition depends 
more on the type of transition involved than on the 
chemical constituents or the polytype of the layer 
compound. The larger effect of pressure on T d 

than on To suggests that the incommensurate
commensurate transition at T d depends more 
critically on the band structure of the compound 
than the normal-incommensurate transition at T o' 

It is interesting to compare the pressure data 
on layer compounds with those obtained on unstable 
isotropic superconductors, as shown in Table II. 
This is especially true of f3-W high-Te compounds, 
which show structural instabilities, since it has 
been suggested that these may be due to CDW in
stability 13 , ,~ (although not yet proven). The mag
nitude of the pressure dependence of the structural 
transition temperature T M in these compounds is 
similar to that of To in the layer compounds (see 
Table I). Since T o or T M is always higher than 
T e, the relative changes, I dlnTo/dP I or IdlnTM / 

dP I and IdlnTcidP l thus become roughly com
parable to each other. This is consistent with the 
propositions13

,15 that structural changes and super
conductivity are just two aspects of the same elec
tronic instability. However, one should also note 
that, in spite of this resemblance, the CDW for
mation at To in layer compounds differs from the 

TABLE 1. Pressure effects on Te , To, and Td . For compounds, in which nonlinear pres
sure behavior exis ts, the quoted values are for P =1 bar. 

Te 
Compound (K) 

2H-NbSe2 7.3 
2H-TaSe2 0.14 
2H-TaS2 0.49 
IT-TaS2 
IT-TaSe2 
4Hb-T~ 

a Reference 4. 
b Present work. 
c Reference 7. 
d Reference 6. 

dTe/dP To 
(10-5 Kbar- 1) (K) 

+4.95 a 3 1.3 
+1.3 c 122 
+ 9.3 c 76 

e R. Delaplace et al., J. Phys. Lett. 36 (1976). 
f C. W. Chu et al. (unpublished). -

dTo/ dP 
(10-4 Kbar- 1) 

-3.3 b 
+3. 5 d 
-2.2 e 

g F. J. DiSalvo et al., Solid State Comrnun. 14, 497 (1974). 
h F. J. DiSalvo et al., J. Phys. Chern . Solids 34, 1357 (1973). 

Td dTd/dP 
(K) (10-3 Kbar- 1) 

92.5 -2.7 d 

190 _9 f 

473 -4.7 g 

315 -5.5 h 
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TABLE II. Pressure effects on Te and TAl' For com
pounds, in which nonlinear pressure behavior exists, the 
quoted values are for P= 1 bar. We have also found that, 
dTM/dP and dTe/dP of LaaS4 and LaaSe4 have opposite 
signs. This may be caused by the slight difference in 
compositions. Details are still under study. The un
usually large values of dTe/dP and dTM/dP may be asso
ciated with the virtual f states of La. 

Te dTe/dP TAf dTAf/dP 
Compound (K) (10- 5 Kbar- I) (K) (10-4 Kbar- I) 

V3Si 16.5 +3.65 a 21.5 _1.5 " 
Nb3Sn 17.8 -1 .40 b 43.2 +3.3 h 

Vo.54Ruo.46 4.92 + 0.91 c 45 _3.2 c 

HfV2 8.9 + 6.5 d 128 _ 8 d 

ZrV2 7.9 ~Od 124 _l d 

La3S4 8.1 + l1 e 86 + 13 e 

La3Se4 7.6 +7 e 65 +38 e 

"C. W. Chu and L. R. Testardi, Phys. Rev. Lett. 32, 
766 (1974). 

b Reference 13. 
c C. W. Chu et aI., Phys. Rev. B 11, 1866 (1975). 
d· -T. F. SmIth et ai., J. Phys. F 3,2157 (1973). 
e R. N. Shelton et ai., Mater . Re~. Bull. 10, 1111 (1975). 

structural transition at TAl in A15 isotropic com
pounds in a certain way. For the layer compounds, 
the macroscopic local conditions have been 
shown 16,17 to have a smaller effect on To than on 
T d • On the other hand, the occurrence of the 
structural transformation at TAl in an isotropic 
superconductorlB depends sensitively on the sam
ple conditions, e.g., impurity and local strain as 
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