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A study was made of the influence of uniform compression on the temperature T, of the super-
conducting transition in zinc in the pressure range up to 26 000 atm. At a pressure of 26 000
atm, the superconducting transition temperature decreased by a factor of 2.7. It is shown that
the pressure dependence of T of zinc is best described by an exponential function. The prob-
lem is discussed of the possibility of a transition of a superconductor to the normal state under

the action of pressure.

ONE of the most interesting problems associated
with the influence of pressure on superconductivity
is the question whether pressure can destroy
superconductivity without changing the crystal
structure, i.e., whether superconductivity can be
destroyed in that range of pressures where there
are no first-order phase transitions. The possi-
bility of destroying superconductivity by compres-
sion has been considered earlier.[!:2] It has been
shown that the dependence of T¢ on p for cadmium
is described by the formula

T = Aexp -

peo"_p), (1)

where A anda are some constants, and pg, is the
critical pressure at which the superconductivity
disappears.

A different point of view has been based on an
empirically established linear dependence for some
metals (376

dIn{T.(p)/0.850 (p)]
dlnv

0.850 (p)
Tc(p)

(v is the sample volume, ® is the Debye tempera-
ture). According to the data of Olsen et al., (53 the
parameter ¢, = 0 In NV/0 In v (N is the density of
states on the Fermi surface, V is the electron—
phonon interaction parameter) for non-transition
metals (with the exception of thallium) is positive
and has values from 1.8 to 3.7.

If it is assumed that ¢y, is independent of pres-
sure (as has been done in&:"']), the dependence of
T, on p for non-transition metals should be des-
cribed by the formula

Tc(p) . 3
W-—CU“%, (3)

(2)

= @pln

where C is a constant. Hence it follows that T,
cannot vanish at any finite pressure, since the vol-
ume v does not vanish.

It seemed of interest to obtain additional data on
the dependence of T on p for other superconductors
in which relatively large changes in T could be ob-
tained. Zinc was selected as a suitable object for
these measurements.

As far as the authors are aware, there has been
only one investigation (73 in which the ice-bomb
method was used to study the influence of a pres-
sure of p = 1700 atm on the H,(T) curve of zinc.
From the displacement of the H,(T) curve on com-
pression, the following value of the derivative was
obtained

0T .| dp = — (1.6 == 0.4) -10-5 deg/atm.

MEASUREMENT METHOD

The measurements were carried out in the tem-
perature range 0.06—0.8°K. Temperatures in this
range were obtained by the adiabatic demagnetiza-
tion of an iron—ammonium alum pellet, joined by a
cold duct to a sample.

The transition to the superconducting state and
the destruction of the superconductivity by a trans-
verse magnetic field, produced by a Helmholtz
system, was recorded by an electronic method at
22 cps. The general arrangement of the apparatus
and the measurement method were described in de-
tail in{13.

The pressure was applied by a booster (cf.[“ﬂ)
without the use of any intermediate pressure-trans-
mitting medium. As in[lj, a copper rod of 6—8 mm
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FIG. 1. Superconducting transition curves for zinc in the
absence of a magnetic field at various pressures: 1) p = 26 200
atm; 2) p =23 100 atm; 3) p = 15 500 atm; 4) p = 11 800 atm.

length was placed between a sample and a cemented
tungsten carbide (VK-6) plunger.

Zinc samples were single-crystal cylinders of
2—3 mm diameter and 3—4 mm long, grown in
quartz ampoules by the Bridgman method from
spectroscopically pure zinc.

RESULTS OF MEASUREMENTS

The temperature of the superconducting transi-
tion was determined by two methods: from the
superconducting transition curves without an ex-
ternal magnetic field and by extrapolating the
critical field curves until they intersected the abs-
cissa. By way of example, Fig. 1 gives some tem-
perature dependences of the relative change in the
signal W at the output of an electronic amplifier in
the absence of a magnetic field. Both methods of
determining T, gave results which agreed well, if
the value of T in Fig. 1 was assumed to be the
point of intersection between the extension of the
steepest part of the curve and the abscissa.

The dependence of T on p is shown in Fig. 2.
It is quite clear that this dependence is not linear.
The derivative 8 T,/0p decreases from the value
—2.4 X 107° deg/atm at low pressures to —1.7
x 107° deg/atm in the region of 20 000—26 000 atm.
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FIG. 2. Pressure dependence of the superconducting transi-
tion temperature of zinc, cadmium, and aluminum. Continuous
curves are the results of calculation using Eq. (7), while dash-
ed curves are the results of calculation using Eq. (4) for vari-
ous values of ¢.
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At 26 000 atm the temperature of the superconduct-
ing transition decreases by a factor of 2.7.

DISCUSSION OF RESULTS

We shall determine first of all how well the ob-
tained dependence of T, of zinc on p is described
by Egs. (1) and (3). For convenience in calcula-
tions, we shall write Eq. (3) in the form

Te(p) . To(0) [u(p)]®
g0 ~ 085000 [v(O)] '

The values of v(p)/v(0) and ®(p), which occur in
this formula, are given for various pressures in
the adjoining table.

(4)

Zinc Aluminum Cadmium
P, atm
v (P)/v(0) | © (p) | v (P)/v(0) | ®(P) | v (P)/¥(0)| © (D)
0 1.000 |[235 1.000 (418 1.000 |[188
5000 0.992 |239 0.9935 [425.5| 0.99 192.5
10 000 0.985 |243 0.987 |432.8| 0.981 [197
15000 0.978 |246.7( 0.980 |440 0.972 |201
20 000 0,971 |250.5| 0.975 |446.8| 0,963 |205
25000 0.964 | 254 0,969 [452.4| 0.955 |209
30 000 0.958 |257.2] 0.964 [459.5| 0.947 |212.6
40 000 0.946 |[263.4| 0,954 |471.5| 0.933 |219.5

The data on the dependence of the volume on the
pressure were taken from Bridgman’s investiga-
tions on the assumption that they were not affected
greatly by low temperatures. To estimate the
change in ® on compression we used the Grineisen
formulal®19) from which it follows that

8(p) = 0(0)[1 + pa/C.], (5)

where o = v‘i(av/aT)p, Cy is the specific heat per
unit volume. It is known that, under compression,
a decreases and Cy, increases. In the first ap-
proximation, the decrease in «/Cy, as the pressure
is increased is allowed for by the factor v(p)/v(0).
According to Olsen et al.,t56] ¢ = 2.2 for zinc.
The dependence of T, on p, plotted using Eq. (4)
with this value of ¢y, differs strongly from the ex-
perimental data over the whole range of pressures.
This difference is the consequence of the use in
calculations of a too-low value of 8T./dp =
—(1.6 + 0.4) X 107° deg/atm which, as pointed out
by the authors themselves, is inaccurate.
According to our data, ¢, = 4 + 0.1 for zinc.
Using this value in Eq. (4) we obtain the dependence
of T, on p shown dashed in Fig. 2. In the pressure
range up to 5000 atm it agrees with the experi-
mental data. Above 5000 atm an increasing devia-
tion from the experimental curve is observed.
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Before comparing the experimental data with
Eq. (1), we must draw attention to the following
points. Formula (1), in the form used in[lj, con-
tains three unknown parameters: A, a, and pgg,
where A = 5.6 for cadmium. However, because
formula (1) follows directly from the formula

Te = 0.85@8e~VNV, (6)

it is more natural to assume that the parameter A
is of the order of the Debye temperature. There-
fore, we shall use a modified formula (3) in the

form
a )
Poo—0p/

The continuous curve in Fig. 2 gives the depen-
dence of T, on p for zinc, plotted using Eq. (7)
and the values a = 85 700 and pgy = 158 000 atm.
Clearly, formula (7) agrees better with experiment
than formula (3).

In the same figure the experimental data for
cadmium!? and aluminumt!? are compared with
the curves calculated using formula (3) (dashed
curves) and formula (7) (continuous curves). For
aluminum, we used the value ¥y = 3.7, Le] while for
cadmium, we used the values ¢y = 3.2 and ¢y = 3.7.
For the latter value the curve is in better agree-
ment with experiment at low pressures. The agree-
ment with Eq. (7) is obtained using the values
a = 680 000 and pgo = 120 000 atm for cadmium,
and a = 1234 x 103 and pgy = 216 000 atm for alum-
inum. We note that the value of pg, obtained for
cadmium from Eq. (7) is about 1.5 times larger
than the value of pg, calculated intt] using Eq. (1).

These data show that, in the case of zinc and
cadmium, formula (4) does not agree with the ex-
perimental dependence of T on p even at very high
values of ¢. For aluminum, both formulas agree
with experiment in the pressure range up to
~20 000 atm. In order to find which formula des-
cribes better the dependence of T, on p for alum-
inum it is necessary to carry out experiments at
pressures considerably higher than 20 000 atm.
However, it is already clear that formula (4) des-
cribes the dependence of T on p for aluminum over
a considerably greater range of changes in T, than
in the case for zinc and cadmium.

Thus, so far the experimental data on the de-
pendence of T, on p, obtained for zinc and cadmium
agree with the hypothesis of the existence of a
critical pressure pgy at which the superconductivity
disappears. It is at present difficult to judge how
generally this hypothesis applies to nontransition
metals, including aluminum. However, if we as-

Te(p) = 0850 (p)exp (— (7)
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sume that there is a pgy at which T¢ vanishes, then
the function

ANV) v
14
should increase with increase of pressure because
NV decreases.

We also note that some difference is to be ex-
pected between the experimental points (Fig. 2)
and the curves plotted using Eq. (7) because this
formula is valid only near pgy. Agreement is im-
proved by inclusion of the second-order and higher
terms from the expansion of NV in terms of
(Pco — P)/Peo-

Since the superconductivity can be destroyed by
compression only if the parameter V vanishes, it
is very important to determine the pressure depen-
dence of this parameter over a sufficiently wide
range of pressures. For this purpose it is neces-
sary to carry out precision measurements of the
critical field curves. We are of the opinion that the
data for cadmium, obtained earlier by us,“j are
not sufficiently accurate for such calculations. The
results of more accurate measurements of the
critical field curves for cadmium, zinec, tin, and
indium at pressures up to 25 000 atm will be pub-
lished in the near future.
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