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A thermodynamic analysig22 of the large change 
in dE/ dT at the superconducting transition indi­
cates a quadratic dependence of Tc on stress of 
magnitude 

~-;1 "" (2.8 ± 1.5) x 10-21 K cm4 dyn-2 

at zero stress. This initial curvature, if extrap­
olated to high stresses (ignoring higher-order 
terms), would lead to a positive deviation of Tc 
from linear behavior, amounting to -0.14 K at 
10 kbar for uniaxial stresses parallel to the basal 
plane. Sambongi28 has recently observed d2Tc / dcT 
>0 for stresses perpendicular to the basal plane. 
Although a negative curvature appears to be pre­
sent in the pressure results of Smith et al.,29 an 
accurate determination is not possible. In any 
case, the sign of d 2Tc/ djJ cannot be determined 
from the two uniaxial stress results given above , 
but also involves additional terms of the form 
d 2 T c / da Ida J' The tendency of Tc to saturate at 
high pressures may be related to a pressure-in­
duced shift in a CCDW or ICDW transition toward 
the superconducting Tc' 

V. CONCLUSIONS 

The CDW instabilities in the two-dimensional 
layered transition-metal dichalcogenides lead to 
unusual static and dynamiC elastic effects. We 
have presented low-frequency modulus and inter­
nal-friction measurements in the 2H poly type of 
TaSe2 and NbSe2 which exhibit anomalous behavior 
near the CCDW and ICDW transitions. The cou­
pling between the CDW instabilities and the lattice 
is found to be an order of magnitude larger at the 
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commensurate CDW transition in TaSe2 as com­
pared to the ICDW transition in TaSe2 or NbSe2 • 

The CCDW transformation in TaSe2 near 90 K ex­
hibits large elastic hysteresis (- 5 K), which is 
characteristic of a first-order transition. On the 
other hand, the ICDW transitions in TaSe2 and NbS~ 
show very little if any hysteresis and appear to be 
second order. If these incommensurate transitions 
are first order , they have only a weak first-order 
character as compared with the commensurate 
transformation. 

Information concerning the dynamiC properties 
of these CDW transitions was obtained from sound 
dispersion and attenuation measurements. At all 
the CDW transitions, the internal-friction maxi­
mum of a given frequency is at a temperature be­
low the corresponding modulus minimum. Further­
more, the first-overtone internal friction associ­
ated with the transition is always comparable or 
smaller than that of the fundamental. This feature 
is inconsistent with simple relaxation processes 
where Q-1a:w in the hydrodynamic limit. 

We have shown that the vibrating-reed technique 
is a sensitive method for detecting and investigat­
ing the CDW transitions in the layered dichalco­
genides. A more complete understanding of the 
thermodynamic properties of these transitions will 
come about as preciSion specific-heat and expan­
sivity data become available to correlate with the 
elastic measurements. It is clear that any detailed 
theory of these CDW instabilities must explain the 
anomalous elastic properties. 
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