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Physica 130B (1985) 159-162
North-Holland. Amsterdam

S U P E R C O N D U C T I V I T Y OF U R A N I U M C O M P O U N D S

Z. F I S K , H.R. OTT* and J.L. S M I T H

Materials Science & Technology Division. Los Alamos National Laboratory, Los Alaraos. New Mexico 87545, USA

Invited paper

The superconducting compounds of uranium exhibit a large range of lattice spacings and of electronic specific heat 3'
values. Recent work has revealed superconductivity to be more common in such systems than formerly believed.

Unt i l approximately two years ago, the occu r -
f e n c e of superconductivity in u r a n i u m and its
c o m p o u n d s was be l i eved to be remarkab ly res-
t r ic ted. Stabil ized 3"-uranium and the a - f o r m
u n d e r pressure were k n o w n to be superconduc-
ting, and only the compounds U6X w h e r e X =
Mn, Fe, Co, and Ni, and the compounds UCo and
U2Pt2Cz were k n o w n superconductors . With the
discovery of superconductivity in UBe t3 in 1983
b e g a n a new experimental s e a r c h for u r a n i u m
superconductors , and some results of this search
are l is ted in the table. As more ternaries are
examined , one can now expect that many more
supe rconduc to r s conta in ing u r a n i u m will be dis-
c o v e r e d in the future. By far the most interesting
supe rconduc to r s a m o n g those listed are UBe~3
[1] and UPt3 [2], and we will discuss first these
two materials b e f o r e concluding with an o v e r -
view.

UBel3 is a simple cubic c o m p o u n d with 8
fo rmula uni t s per unit cell, the U - U distance
equa l s 5.13 A. This is much too large for direct
ove r l ap of 5f wave func t ions from ad jacen t U
atoms. The macroscopic physical propert ies of
UBe~3, when t a k e n together , are qu i t e anomalous
(fig. 11. We see, first of all, a nega t ive d o / d T

be tween 2.5 K and 3(10 K with a well-defined
peak at 2.5 K, t h e r e b e i n g a drop in resistivity
be low this temperature, wh ich is intercepted by
the superconduc t ing transition t e m p e r a t u r e at
"/'~ = 0.9 K. The resistivity at T~ is large and in
excess of 100/a , t / • cm. We second ly no t i ce that
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the high-temperature magne t i c susceptibil i ty is
large and obeys a Cur ie -Weiss law with U-~ff =
3.1 /xn. For T---~0 K, )t' approaches a large
cons tan t value. The low-temperature specific
heat is p e r h a p s the most unusual of all the pro-
pert ies: the electronic specific heat coefficient 3'
at low t e m p e r a t u r e s is increasing on cool ing
be low ltl K and is app roach ing the enormous
va lue of 1.1 J /mo l U . Kz as T approaches "/"~.
The huge specific heat anomaly at "/~ indicates
that the superconduc t ing gap o p e n s in the high
density of s ta tes band , and that it is these " h e a v y
fe rmions" that are superconducting, as also
o c c u r s in the case of CeCu2Si2 [3]. We note
additionally, that the slope of the u p p e r critical
field at "/~, d H c 2 / d T = 440 k O e / K , is the highest
k n o w n for any supe rconduc to r [4].

A detai led analysis of the specific heat in the
superconduc t ing sta te finds a p o w e r r a t h e r than a
exponential law in T [5] and this in addition to
the s t rong coupl ing aspects of the transit ion,
suggests that one is dea l ing here with an u n c o n -
vent ional type of superconductivity with zeroes
in the gap at po in t s or lines on the Fermi surface,
as e x p e c t e d for va r ious fo rms of p -wave supe r -
conductivity.

Fu r the r s u p p o r t for this idea c o m e s from data
on ThxUl-~Be~3 alloys (fig. 2). Not only is the "/~
depression with x not monotonic [6], but one
finds, in the flat r eg ion of Tc ve r sus x, two bulk
specif ic-heat anomalies. The u p p e r transition is
wi thou t d o u b t a superconductivity one. The
lower one has been shown by N M R measure -
m e n t s [7] to be very unlikely e i t h e r a structural or
magne t i c transit ion. It s eems at p re sen t that this

B.V.
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s e c o n d , lower lemperature transition could lhcn
well he a n o t h e r s u p c r c o n d u c l m g one, and lhJ~ is
C a S ¥ tO CllVi,%i(ln OllIV within lhc contexl of / d_ II

s u p c r c o n d u c t i v i t . \ .
The propert ies of [~I)tx ~lig. 3) arc in a number

of ways dif [erent. In this hexagonal structure w,,_.
have lhe I , ] - [ ! dNlance equal 1o 4.1 A. ' lhc
electr ical resistivity is large , I()() y . ~ - c m ~ al
(()on1 lcmpcralt ]rc, btll decreases oil cool ing as
e x p e c t e d in typical metals . A g a i n wc havc a
( " u r i c - W e i s s law at high l c m p e r a t u r c , with ,u,~.n-
2.6 /J,n- bul with considerable anisotrop.~, of g. the
h a s a l phme suscept ibi l i l7, al low t e m p e r a t u r e s
bein G roughl , , t w i c e thal of the c - d i r e c t i o n , in
a d d i t i o n , t h e r e is a peak in the susccpt ibi l i t \ a!
14 K. which has Ilo specific heat anomaly,, l h c
real ly unusual behavior, in vicv, of the super-
c o n d u c t i v i l \ at 0.5 K of this c o n l p o u n d , is its
specif ic h e a t , w h i c h s h o w s ~l 1"~ In t e r m , btll rise
at low t e m p e r a t u r e s (to a vahne of 4 5 ( ) m , l / m o l
t ; . K:), b e l i e v e d to bc the s i g n a t u r e of f e r r o -
m a g n e t i c spin f luctuat ions [2 I-

"l 'herc arc two e x p e r i m e n t s on thc s t l p e r c o n -
d u c t i v i t v of l J P t x , w h i c h arc s u g g e s t i v e of I ~- I)
pair ing. T h e first, s o m e w h a l weak e v i d e n c e is
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Fig. 3. Tempera tu re dependence of some properties of
O P h [17].

from the u p p e r critical field anisotropy [8], which
has been used by V a r m a as pointing to a po la r
p -wave superconducting state. The second
stronger ev idence comes from ultrasonic ab-
sorption below 7"~ [9]. In this case, a good T z law
has been found, consistent with a line of zeroes in
the superconducting gap, as predicted for the
po la r p -wave state.

An examination of the table shows the
remarkable variation of 3; of almost two orders of
magnitude across the series of uranium super-
conductors. We see that there are superconduc-
tors represented in all ranges of U-U spacing and
3;, and it is a curious fact that magnetically
order ing uranium compounds cover nearly the
same range of these parameters. It is strange,
however, than no extremely large 3; U com-
pounds have so far been found, which show
neither superconductivity nor magnetic o rde r as
seen in CeAI3 and CeCu6. No measurements at
present point to o the r than conventional super-

Table I

l ' , . 3' d ( U - U )
Material {K} {mJ/mol U- K2} {,~} Ref.

yU 2.1 - - 2.96 1 I
a-l.J 1) 25 3.12 12
UCo 1.5 - - 3.21 13
U6Mn 2.4 - - 3.21) I 1
Uc~Fe 3.8 26 3.20 14
U~,Co 2.6 21 3.20 15
U,Ni I).4 - - 3.20 11
U 2 P t C , 1.47 75 3.52 16
UBel~ 0.9 1000 5.13 1
UPH 0.5 450 4.1 2
UAI2Si: 1.34 27.9 4.15 10
URu~ 11.145 12.4 3.98 10
UAI2Ge2 1.60 - - 4.22 1(1
UGa~Ge2 0.87 - - 4.22 1(I

conductivity for the o the r uranium superconduc-
tors.

T h e r e is an additionally strange behavior seen
in the c o m p o u n d UAI2Si2. This forms in the same
Cu3mu structure adop ted by UAI3 and USi3, and
in fact has aT which is half way between the
respective 3;'s of the end members. Yet neither
UA13 nor USi3 is superconducting [10]. One
wonders if o the r cases of this unexpected super-
conductivity might be found. Finally, we note
that many of the superconducting compouds of
uranium have 3;'s, which are close to what one
expects for density of states given by assuming
that the measured low temperature susceptibility
is all Pauli-type in origin.

Work performed u n d e r the auspices of the U.S.
Department of Energy.
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