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OF TERBIUM METAL*
E. C. Heltemes and C. A. Swenson
Institute for Atomic Research and Department of Physics

Iowa State University, Ames, Iowa

'l'he low temperature heat capacily of terbium metal has been
measured by Kurti and Safratal from 6°K to 0.5°K, and by Stantan,
Jennings and Spedding2 from 4°K to 1.4°K. Both measurements in-
dicated an anomaly above 1.0°K, but of different magnitude and shape.
This anomaly may well be associated with sample purity. The specific
heat data below 1°K given by Kurti and Safrata showed a nuclear contri-
bution which appeared to obey a T-2 law to 0.5°K. The objective of the
present experiments, which used two cast samples of Ames Laboratory
terbium metal similar to that used by Stanton, et al, was first, to use
" a high purity sample to verify the results of Kurti and Safrata, and
second, to extend these results to a lower temperature in an attempt to
observé a departure from the T-2 dependence.

An ADL magnetic refrigerator, conside’rably modified, was used to
cool the samples, and {:his established the lowest available temperature
as 0.25°K. The heat reservoir of the magnetic refrigerator (also a

piece of terbium metal) was connected by a copper rod to copper wires
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imbedded in a paramagnetic susceptibility thermometer (a sphere of
powdered potassium chrome alum saturated witﬁ DC 550 silicone oil),
which was in turn attached to the sample assembly by means of a
superconducting léad switch3, This thermal switch, which was oper-
ated bya11qu1d r_'zit-"rqgen-coqled solenoid, connected the susceptibility
thér'rn;)n.iet,e.ri»t'o' the éample assembly, and enabled measuremenfs to‘ be -
made without haﬁving the susceptib\ility therrmmometer in therfnal contact
" with the sample.’ |
The ‘s,a.i.irnp:'l‘e'- as_sérhbly éor}sisted of two thin pieces ‘of terbium. (0, 6063
- moles each for mostof the runs), bolted and glued with GE 7031
adhe's;iVe,ﬁt'_o' both ‘sia-e'sz" qf;'é thjn copper strip, a manganin heater with
supercohnd_lricjt:in'g' 'r;iélsiufﬁ' leads wound non-inductively aroux;d the terbium,
ahd, 31m1lar1y glu.éd". ‘and a 470 ohm (nominal) 1/2 watt '"Old Speer" 1;esistor
mour‘it’e'dj‘;t.'x;"'vthé;\clqp'pér "lstrip. The carbon resistor and thé susceptibility
thermometer were (é'a;libifated be,ltwe?n 4°K and 1°K using the Tggp scale,
ami tl;e re51stordata 'v;/ei'é .fitted to an equation of the form T, = a ln R

‘('ln R;B)f;. : Theterm 2 varied slightly (6ne to three percent) from one
run toﬁt}he*pextv, yvhereas E was roughly constant. Typical values were a=

00955 and b =2715 Paramagnetic susceptibility temperatures, Tg,

<

T

r’

Wé‘ré nsed to obtain ‘qorrectidns to the extrapolated temperatures, T
which"we”fe 'obtained’ from the above equation. The temperature difference,

Tg-T

- 'waé less than 0,02° at all températures, but decreased rapidly

below 0. 5°K. ‘This ‘resulted in a fairly large currection to AT, the

.1t
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apparent temperature change for a given heat input, in this .i'egion. The
carbon resistor: temperatures were monitored on a 0-1 mv recprding
potentiometer which was attached to the gélvanometer terminals of a

Rubicon Type B potentiometer. The procedure was, in most respects,

4

‘the same as that used by Gaumer and Heer™ in measuring the atomic heat

of sodium metal.
The ~-l.i¢at"'capacity of the non-terbium part of the sample assembly

) wés estimatedt '5.'9“~r,oughly four percent at 1°K, and was of much less -
s_i’g'n'iffic'a;ﬁ;:_eféf lower temperatures. The nuclear contribution, Cyy Was

obtai-ﬁed by su.b'_ti'act‘irig from the data this correction and the values of
" Stanton, et dl, for the spin wave and electronic terms, while the lattice

~ contribution was-assumed to be negligible below 1°K. The results for

"CN are sﬁox&n.li‘rifFi'g-.,‘4 1, where tfxe high temperaturé data can be expressed

-as .
i

- Cy= AxRx1073/T2 } (1)

- ,} :
Wlth A=28 (tl) (dashed li;le in Fig. 1). There is; a small dg’viation near
1°K whlchmaybedue to the tail of the anomaly mentioned above. The |
expe rlmentalerror 'é.b,ove 0.5%K is esti;natgd at about five percent, while
at _the'_.lqy.e.'st: ,feﬁl.pér;a"ture'.it could be as large ;s 10 percent due to un-
ce;'lta"i_ntiélg 1n thé _‘te,lr.xp'e rature differences. |

il{ﬁrti ;md Séf'fatia 'rle"pérlted A = 25 (+1), while the paramagnetic

.reéonance experiments of.Ba.ke'r and Bleaney5 on terbium ethyl sulfate

give A = 28.2 (£0.6). Our experimental data agree within experimental
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error with Kurti andlsa.frata at their lowest temperature, 0.56°K, and
also at 1°K if the same spiﬂ-wave correction term is used. Thus,

-the discrepancy in the values of A perhapé can bo;a traced to the fact
that they used ;too hiéh a spin-wave correction, and that they should have
obgerved' dgviations from equation (1) even at 0. 56°K. The agreem,el;xt
blet'ween'the"‘xj‘e'spr'x'ance' e.xpevriments in the dilute salts and the heat
capa'c.ity.‘-_'rheas_urérrients on the pure metal was excellent.

B § Th-e" ;i\‘iéle‘ar:,speciﬁc-heat of terbium arises from a split£ing of
the‘.nu_(':l'éa;j's._pih ‘stAate'vs" into four hyperfine levels. This splitting a.ris-es
fromaneffectwe field, Héff.; produced—by'the el;actronic spins in the

.  4£ .o‘rb'i.t%.‘l’s ,:.‘ intelféc,tir}g .-\’?vith the magnetic moment of the terbium

5 The nuclear specific heat could be -

6

nucleus, which has spin’l = 3/2.
_gi\'/‘eﬁ:‘b‘y a Ioif,rpula_:oﬂ;he "Sc'hottky type® if one assumed no direct nuclear
- spiﬁé'spﬂi‘n" -i:i:lté_r'a'c'tion':iﬁd an equal spacing, 4/3, between the four levels.
Thus S : .

LA ’R. exp(-3P [1+exp(-§rrf')] + 4 exp(—kT)2

AR (2)

The SI}’)veci'fi':c:If}‘i'e'a.t:;'aié‘z calculated from this eqtiation is shown also i.n Fig. 1
: (sslid li?xe)_..,' w1th A: 0 451°K,‘ corresponding to the high temperature
value of A‘V= 28 'F‘Th'e"ld'ié‘a:greement between the calculated ;:urve and the
experi}rné'nt::z'il-‘d"ata'. W_duldl. seem .to be slightly outside the e:&periméntél
e.r'r'Or ?.f Fh.e Ion‘es:t: ;céiﬁperatures. Equation (2) would predict a maximum

in the ',specific heat at about 0. 1°K, with a value of CN of the order of
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1. 5Aca'1/rrixol-deg.. The value of A also allows one to use the magnetic
moment of terbium as given by Baker and Bleaney7 (/a = 1,52 (+0.08)
nuclear ma‘gpetons) to calculate Heff =4 x 106, gauss.
41The‘authc')r.s,.are, indebted to Drs. F. H Spedding and A, H. Da_a.n?:
for kmdly furmshmg the high purity terbium metal which was used

_in this work.’
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FIGURE CAPTIONS = . |
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'

f Figure-:ii,‘ "The experimental data compared with Equations (1) and

1 (2) With:A=28 in Equation (1). - !
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