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LOW-TEMPERATURE HEAT CAPACITY OF PrCu,
Marilyn Wun and Norman E. Phillips
Inorganic Materials Research Divisidn Lawrence Berkeley‘Laboratofy
and Department of Chemistry; University. of California,
Berkeley, Callfornla 94720
ABSTRACT

New measurements of the heat capac1ty of PrCuz, between 70 mK and

20 K, are reported. The 7 K anomaly appears to be_assoc1ated with a

bJahn—Teller‘distortion. A value of 1 + K = 29 is obtained for the'knight ,

. 34
shift" of the Pr nuclei.



We report measurements of the heat capacity ofvPrCuz extending from
70 mK to»20 K in zero magnetic field and including some measurements in
'magnetic‘fields to 38 kOe. Our zero-field results arevqualitatively
o siwilar to those reported earlier by Andres et 51L1, hut‘they differ in
seueral details. ' S | S, e
Andres et'al; observed‘a heat capacity anomaly in PrCuz.that_had.

: a.maxiuum near 7 K and an entropy of approximately.Ran. AsSoeiatiné :
the anomaly with a-singlet first excited crystal—fieid 1evei; theyvesti;
mated A/k ; 13 K for its separation from the,ground level. The small
-value of the hyperfine heat capacity and an almost temperature 1ndepend—
ent susceptibility between 1 and 7 K both suggested that the ground level
was'also.a singlet. vBelow 0.5 K, the heat capatity increased Witﬁidéff
creasing temperature, and below 90. mK the increase was faster thaniTéz,o
' The susceptibility showed a maximum near 54 mK. These results were.infu

terpreted.as associated with a cooperative antiferronagnetie nuclear.:
ordering.
Our results for the heat capacity between.0.3 and 10 K'are'shown5in

- Fig. 1. To provide a rough estimate of the lattice and electronie heat

v

‘capac1t1es, we have’ also shown the heat capac1ty of LaCuz. (The'strUCtures

-of LaCuz' and PrCu2 differ s but are related by a small distortion,3_and
the'den51ty’of LaCujy is approximately 10z 1ower2vthan that of PrCuz)
.The 7K anomaly is somewhat hlgher and sharper than reported by Andres

. et al. 1 and as shown in Fig 1, it is much sharper than a two- level

Schottky anomaly. The shape of the anomaly shows_that it cannot,be pro—

duced by fixed crystal-field levels, hut'suggests instead thatiit arises
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from a cooperative transition. Similar anoﬁaiies have been observed, for ex-
ample, ‘in Tm AsO44 and TmV045, and attributed to Jahn-Teller distortions.

In each of these cases the data are accurately reproduced by a molecular

" field calculation. 1In the presént case, the transition is somewhat broad-

ened, prsibly by strains and inhomogeneities, and we have introduced a

gauésiah distribution of critical temperatures into_the caICulationF;o '
account for'this. ‘The solid curve in Fig. 1 repfesents a'm01eculaf field
calcuiaﬁioﬁ‘for the case of two ievels that are degenerate (of nearly de-
generate)at high :emperatures; but with the degeneracy lifted b& a Jahﬁ-‘

Tellerfdistortion. ' The mean critical'temperature'is 7.5 X and the haif

‘'width in critical temperature is 0.35 K. Fig. 1 shows that there'ﬁuSt-be an

additiqnal contribution to the heat capacity at temperatures near 8 K and

 above, and our data at higher temperatures suggests that it persists’td,

above 20 K. 'A third crystal-field state that prbduces a Schottky anomaly

with a peak near 12 or 13 K would give a contribution of the corré@tdnagnitude.

Thus, although.we have nof made a detailed éalculation,»it seemé pfobabie
that the_c;ystal—fieid heat - capacity between 1énd 20K is'the.su@ of.tﬁét
associated with a Jahn-Teller distoftion involving the two lbwestfétates,
which have ;vsgpargtionvA/k < 7K at T §7K and Ao/kaZTC = lSk at“ék;?énd'
that'ariéing from a third étate‘near 25 K.. | . o
Our heat capaéityrresults below 1 K are'shéwn.iﬁ Fig. 2.> ihé éef§;,
field resultsvarg similar to those of Andrés et a1.,1 but théy-@fe 1§§ér.
in magﬁipude;-onlf 60% as g:eat at 0.1 K--and Sh§w;aiweaker.temperafu%é.
dependence--only the few points below 80 mK incréasé as répidly:aé i“?.

For 0.3 T < 0.6 and O< H < 20 kOe, our results are represented by C =

0.029 T + (0.003 + 7.94 x 1075H2) T2 J/mole K, where H is the field in



kOe. Iﬁ this region it is reasonablé to aséociate’the.fieid—depgndeng o
tefm with a hyperfine-enhanced nuclear contribuﬁiog; B
.c = R [(I + 1)/ 31}[(1 + K) pH/k T]_2'.. |
This gives 1+ K = 29 + 1 for the Knight shift, This value is in goodr
agreement with‘that obtained by Andres'et'al.;?gl_+ K %_32 * lo,bfrom an
- analysis of"the sqscéptibility. |
In éumﬁary; ouf-interpretaﬁion of the crystalffield heat'capgcity:

differs from that given in Ref. 1; but is consistent with a singletf7 3

ground state for the Pr+3 ions at T< 7K. Our value for 1 + K agreeS'With

that derived from susceptibility measurements to within the ungertainty
of that value. Our measurements show no indication of a cooperative nu-
clear ordering, but they do not extend to the temperature of the‘su§cep—

‘.tiBility maximum.
13 . .
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Fig. 1. The zero-field heat capacity of PrCuz'bétween 0.3 and 10K.
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Fig. 2. The heat capacityvof.PrCu
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, at temperatures below 1K.
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