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Most measurements of the heat capacities of dilute

2
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alloys have been interpreted in terms of the indirect {via the

cornduction electrons) exchange interaction between the magnetic

S
. 1 2) . s :
ions. Overhauser ) and Marshall( ) nave derived, from scmewaal

different models, similar expressions for the low-temperature

neat capacity that predict a concentration-independent term

proportional to temperature. Measurements on dilute Fe in Cu by
Franck, Manchester and Martin<3> above 0.4°K did not show tais
behavior but it was possible to éxtrapolate the data to 0°K in a
way consistent with thé predictions. More recently, experimental
and theoretical evidence for the existence of a low-temperature
spin~compensated state for isoclated localized moments has been

RN € R .
obtalned,( ) and expressions predicting concentration-proportional

neat capacities varying (Et temperatures well be}ow the Xondo
temperature, Tk) as T,(D’O)-T in T,<7) and Tl/2 (8) have been
derived. Separation of the two neat capacity contributions
(arising from interactions between meagnetic ions and from the
thermal dreak-up of the spin-compensated state) therefore require

measurements over a wide range of coancentrations. We report here

* . '
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some preliminary results of new measurements on dilute solutions
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of Fe in Cu that cover concentration regions in which each cortri-

bution is expected to dominate the heat capacity.

' The samples were prepared under vacuum in an in

-
V

furnace and chill-cast from the melt.

i

duction

Chemical anulysis of

portions from opposite ends of the samples and microprobe a

failed to show any evidence of inhomocgeneity or precipitati

nalys

on oT

the Fe. The 4.2-°K resistivity also suggests that the samples
are wiform and free of effects of oxidation.
Heat capacity measurements have been made on 0.070, 0.13,
0.18, and 0.27 at% samples between ~ 0.06°K and 1°X, and on a
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Fig. 1.. The low-temperature heat capacities of dilute solutions

of Fe in Cu.
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Fig. 2. The excess heat capac
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0.01 .t% sample between 0.3°X and 20°K. The results are shown in

. . Ly . -2 .
Fige { the lowest temperaitures & small T 7 ferm, approxinately

proportional to concentration, is oovserved. For the 0.07 to 0.27
2]

e ! g -, m™ “ ki T

at’ samples, subtraction of the T ~ term leaves a well-cefined

linear term extending to about 0.11°X for the 0.07 atdh samd

and to higher temperatures for the others, in qual;tative azree-
ment witn the exirapolations made by Franck et §;.K3> The linear
term however is not concentration independent, dbut increases by
about LO% as the concentration increases from 0.07 %o 0.27 ath.

This trend is similar to, but larger in magnitude than, that

(9)

observed by Hill and Pickett at nigher temperatures and
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ties of the dilute solutions (over

that of pure copper) divided by T and by concentration.
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concentrations. The decrease in the linear term with decreasing . - “

concentration may itselfl bve & consequence of the occurrence of

-

the spin compensated state, Since_the formation of this state, in
thé hore dilute solutions, can be expeéted to reduce the intgr—
actions between the localized moments. At the higher temperatures
and.lower concentrations the heat'capacity in excess of that of
pure copper becomes more nearly proporﬁional to concentration

(seé Fig. 2.), as suggested by the earlier work.(3) The 0.010

at% sample does not appear to show the low-temperature rise in

C/T associated with the "concentration-independent” interaction
term, and the results for this sample may correspond to the
concentration~proportional limit expected for the spin-compensated
state. Further experiments are necessary to establish this
defiﬁitely but it is alreadyvclear that in this limit C varies
more rapidly than Tl/?, and may in fact be proportional to T br

to T 1n T. :

Daybell et 3&.,QO) have recently reported measurements v
between 0.04 and 1°K on 0.01l and 0.038 at% samples, and interpret
the results as showing‘a Tl/2 heat capacity for the spin-compen-
sated state throughout this range. The 0.010 aﬁ% results.repofted
here are more precise by a facfor of 5 than their.0.0ll at%
results at comparable temperatures and, although they agree in
magnitude, show that between 0.3 and 1°K C is Varjing much more
nearly as T. Furthermore, the marked deviations from proportion-
ality to concentration found in this work Strongly suggest thet
the ldw-temperature upturn in‘C/T reported by Daybell et al., is

associated with interactions between the Fe ions.
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This report was prepared as an account of Government
sponsored work. Neither the United States, nor the Com-

mission, nor any person acting on behalf of the Commission:

A. Makes any warranty or representation, expressed or
implied, with respect to the accuracy, completeness,
or usefulness of the information contained in this
report, or that the use of any information, appa-
ratus, method, or process disclosed in this report
may not infringe privately owned rights; or

B. Assumes any liabilities with respect to the use of,
or for damages resulting from the use of any infor-
mation, apparatus, method, or process disclosed in
this report.

As used in the above, "person acting on behalf of the
Commission" includes any employee or contractor of the Com-
mission, or employee of such contractor, to the extent that
such employee or contractor of the Commission, or employee
of such contractor prepares, disseminates, or provides access
to, any information pursuant to his employment or contract
with the Commission, or his employment with such contractor.





