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144 SUPERCONDUCTING TRANSITION OF V AND Nb 235
TasLE II. Observed and calculated values of 87./dP.
0H,
( c) (ch) (aT,) cale (6T¢> obs
Atomic aT /p= ==
T. volume (Co—Colrar, T=T. He oP )T =T, oP ) =0 oP ) =0
Element °K cm® mJ deg™ mole? Qe deg™ Qe 108 Qebar? 10-%degbar? 107%deg bar™?
v 5.03» 8.34 69.42 —455 1310= 4.140.3> 9.0 1143
2.0::0.2¢ 44
Nb 9.174 10.80 1404 —421+4 19444 —1.240.3¢ —2.85 0+3
Ta 4.39¢ 10.83 42.20 —3344-2 825t —0.8-£0.3° —24 —2.6::1.0f
s Reference 5. b Reference 10. ¢ Reference 8. d Reference 7. e Reference 6. t Reference 9.

in Table II. In order to calculate values of 97./dP
using the Maxwell thermodynamic relationship,*

aT; oH, OH \1
GGG @
0P/ fo 0P /rerc\ T /poo
we express the measured values®™7 of C;—C, in terms
of (0H./dT)r—r. using the Rutgers relationship,*

Cmcarn (Y

ax \oT p.=o.

The values of dH./dT, given in Table II, derived in
this manner are in good agreement with values ob-
tained from directly measured critical-field curves for
vanadium® and tantalum,® but not for niobium.”

Using the thermodynamic relationship (4) we have
calculated values of (87./0P)n—o, and these are com-
pared in Table IT with our observed values. Table II
also includes the results for tantalum; (87 ¢/ P) r—o was
determined for this element by Hinrichs and Swenson.?
The sign of (87 ¢/ dP) i~ obtained for vanadium agrees
with that predicted from the thermal-expansion data.
The observed magnitude is in better agreement with
the value calculated from the thermal-expansion data
of Miiller and Rohrer,"® rather than the value deter-
mined from the data of White.® The calculated value of
(8T ¢/ dP) fr—o for niobium is about the limit of our ex-
perimental sensitivity and is, therefore, not inconsistent
with the zero pressure dependence observed. The experi-
mental results of Hinrichs and Swenson® are also in
good agreement with the calculated value.

The effect of applying pressure to a superconductor,
until recently, had always been associated with an
observed decrease in the superconducting transition
temperature.!! However, a number of superconductors
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tropic nature of the physical properties of thallium.

(Zr,2 La,® U, and V15) have now been found to
exhibit a positive 7°./dP. We may attempt to under-
stand this difference in sign of the pressure dependence
of the superconducting transition temperature by con-
sidering the volume derivative of the BCS'¢ relation-
ship,

T.=0.850p exp(—1/4), (5)

with A=N(0)V, where N (0) is the density of electron
states at the Fermi surface and V is the attractive
electron-electron interaction parameter. Differentiation
of (5) with respect to volume gives

dInT, 0.850p
=9 ln( )—"YG, (6)
9 Inv T%

where ¢=091n4/0 Inv and v¢, the Griineisen constant,
represents the volume dependence of the phonon spec-
trum. Rewriting 9 In7'¢/d Inv in terms of 97./dP we

have

aT. 0.850p

=—1K|Tc{¢1n( )—70} .
aP I,

where K is the compressibility.

The pressure dependence of the phonon spectrum is
such as to increase 7. and will be roughly the same for
all elements since y¢ has, in general, values between
1and 3. Since In(0.850p,/7 ;) lies in the range 2.5 to 6.5
for most superconductors the sign and magnitude of
dT./dP is determined by ¢. Rohrer!” has pointed out
that for nontransition metal superconductors ¢ is
roughly constant and equal to 2.540.5. However, when
we consider the behavior of the transition metal super-
conductors there is considerable variation both in the
magnitude and the sign of ¢.!31° Olsen and his co-
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