
PHYSICAL REVIE%' 8 VOLUME 34, NUMBER 9 1 NOVEMBER 1986

Bulk superconducting specific-heat anomaly in P-di[bis(ethylenedithio) tetrathiafulvalenej
diiodoaurate [P-(ET)2Aul2]

G. R. Stewart
University of Florida, GainesvilleF, lorida 32611

J. M. Williams, H. H. Wang, L N. Hall, M. T. Perozzo, and K. D. Carlson
Argonne National Laboratory, Argonne, Illinois 60439

(Received 2 April 1986)

In order to determine how umversal the lack of a specific-heat anomaly at T, is in the P-
{ET)+3 [P-(C&DSsHs)+3, where X3 is the linear anion] ambient-pressure organic superconduc-

tors (no anomaly has been found in P-(ET)213], we have measured the low-temperature specific
heat of P-{ET)2Au12, with T, 5 K. Using a high-precision, 1ow-addendum specific-heat plat-

form we have found a distinct, although somewhat broadened, anomaly at T, in P-{ET)2Aulq in-

dicative of bulk superconductivity. Also, C/T {T 0) extrapolates, within the accuracy of our

measurements, to zero, indicative of a fully opened gap in the electronic energy levels.

The study of organic superconductors, with the hope of
obtaining higher superconducting transition temperatures
T„has become increasingly active. ' The highest T,
known for these materials has grown by -6 K since the
discovery of superconductivity (T, 1.5 K) in P-(ET)213
in 1984, with most of this increase coming in the organic
materials classified as the P-(ET)2X3 salts, which are de-
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FIG. l. Specific heat divided by temperature vs temperature
squared of three single crystals of P- {ET)qAu12 for 1.9
K & T & 6.2 K. The precision of the data is better than + 1%,
achieved through a low addendum platform in the calorimeter
and extensive signal averaging at each temperature. The abso-
lute accuracy {see error bar) is ~ 3%. The extrapolation of the
normal state data is only approximate and serves more as a guide
to the eye to point out the nonlinearity of thc superconducting
state data. Although the precise transition width is difficult to
determine from specific heat data, the data are consistent with
the 1-K transition width observed by ac susceptibility.

rived from the bis(ethylenedithio)-tetrathiafulvalene elec-
tron-donor system.

One of the surprises in the study of the ambient-pressure
superconductors of this class has been that, although P-
(ET)2I3 shows convincing evidence (i.e., bulk Meissner ef-
fect3) of bulk superconductivity, our previously reported
specific-heat studies on the same crystals showed no corre-
sponding anomaly at T, 1.5 K or for temperatures as
low as 0.7 K.

In the present work we report the low-temperature
specific heat C of P-(ET)2Aui2, T, -5 K (the highest-
temperature ambient-pressure superconductor known to
date) in order to determine whether or not this lack of a
specific-heat anomaly is a universal feature in the P-
(ET)2X3 superconductors. The crystals used in these mea-
surements, with a total mass of 5.70 mg, were found to
have T, 4.88+'0.05 K, as determined by the onset in the
change in the real part of the ac susceptibility, and a tran-
sition width of 1 K. The small mass calorimeter used has
been described previously; the fraction of the total mea-
sured specific heat due to the addenda was 40/o at 1.9 K,
falling to 12/o at 6 K. As seen in Fig. 1, the specific heat
of P-(ET)2Au12 shows a broadened, but distinct, anomaly
at T-5 K, and C/T extrapolates to zero as T 0, indi-
cating a gap in the electronic energy levels. The absolute
value of C/T (T 0)—= y in the normal state, proportion-
al to the electronic density of states at the Fermi energy
above T„ is difficult to extrapolate from the normal-state
data (T ) 5 K) due to the extremely large lattice contri-
bution to C in these materials. However, the anomaly ob-
served at T, in the C/T data is consistent with a y approxi-
mately the size of that observed for P-(ET)2I3, i.e., y-20
mJ/mole K . Measurements in a field to suppress T, and
measure the normal state C/T to 1.4 K are planned.
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