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HEAT CAPACITY OF THE y PHASE OF He

Guenter Ahlers

Inorgenic Materials Research Division :
of Lawrence Radiation Laboratory v )
and Department of Chemistry ' ‘
University of California
Berkeley, California

About two years ago Vignos and Fairbanks reported a new solid phase,

Cx o : ) L o1
identified as the v phase, in He ,

and soon thereafter Schuch and Mills
established that this phase has a body-centered cubic ( bee ) structure.
Recently Grilly and Mills established the PVT relations for the transition

. . . -~
from the @ to the yv phase, and from the ¢ and Yy phases to the liquid.J The

i o _
¢ phase in He has an hexagonal close-packed ( hep ) structure. Both an hep
and a bee structure also exist in Hes, and the heat capacity of both of these
- > S W Y, - v'- fo ‘ ‘5 ~ ’-.‘. l;. 3

phases has teen measured by Heltemes and Swenson for this isotope. The

Debye 6 of the bece phase was found to be about 20% swaller then that of the

hep phase at the same density, -the isotope effect on © was observed to be

'only slightlyt;arger than the mo'5 ratio in the hcp phase, and an anomaly of

unknown origin was found in the heat capacity of the bec phase. The work

o~

presented here was undertaken primarily to determine if a similar difference

in the lattice heat capacity of the two phases also exists in He ', to determine

the iéotdpe effect in the bee phaée; and to see if a similar ahomaly exists

“in the heatvcapacity of v Heh.

Work performed under}thefauspices of the U.S. Atomic Energy Corzission.
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Experimenfa‘ investigations of the n:one*tﬁcs of the Y vhase of HeL'
are difficult because of the small volune and tempera ature range over which
this phase exists. In order to measure uhe heat caoacwtj, tc erétufe'iﬁ—v
crements of l or 2 X lO 3 oK hud to be us ed. It was noneuhe‘c 5 péss;bie'
-to obtain a nreczsmon of the order of l% in the. heat CgDaCltha by us 1n5 a’
,gefmanium thermometar:which was calibrgte@ aga;nst-tae vapor pressurc of Heh,ﬁu:
Thevéample‘was:ihtroauced.into a beryllium;éonper container through a stain-.
 less steel capillary at L2 %. ”hg cunlllary was then oloc ted by co L
the bath, to which it was att acbed to 1. 2 °K. . Thereafter the sample was.
ccoled by means of a mechenical heat suluch. | |
- It is an.inherent,limitation of'thié nethod that only moiar volumes,léss
than 20.98 ce are aécéééible to measureménis;f.FQr any.greater'volume theré
is,no‘freézing in the capllla*y; and the saﬁple cahnot be keot.at constant‘
volune. 'For this reason the data obtolned here are llmlued to the hlgnar~ f
"densify region of'the Y phase. |
In v1ev of ﬁhe small range of den . sities ;nvdlved invthése meésuréments; .‘
- ‘1t was not posglble to make a dlrect dgtermlnatlon of the oalee dcn51uy

with mea nlngful accuracy.v Rather the mola; volume was 1pfe ed from.the

'a-to llquld or Y- -to- llquld tran31t10n temnerature and the data of. Grllly and

3.

1lls.

t

Soms of the exnerlmental results in the o nhase and most of the results

in the be Dhuse are pr sented in Figure 1. Within experimental accuracy, the
'Dabye 8 of the a_phase decréases linearly with increasing temperature over RS
. .. 0
the temper turc ranre covered here. Tne DAbye 8 of the Y phase is 15.9 7}

One set of meas urements on the o ghase was made at 2 molar volu:~ £ 19.87 cc,
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at which direct comparison with existing data is possible. The data presented

here agree well with those of KeeSom and Keesoms, put differ from those of

On

Webb et al. by about.le% in the heat capacity. ;Thc_heat.capacity of soiid
Heh has - also been mea sured by Dugdale é.nd'Simoﬁ7 aﬁa:by‘Hgltemes end Swenson.

| However, Dugdale and Simon's data are at sﬁalier mblar_?blumes; and compafisoﬁ

is difficult,  Heltemes and Swenson's data include the mol lax volume range

Stﬁdied her e, but are qunpoged ."lluble only below 1.1l K Thus comparison
is again not straightforward. Since the 6 values re “tca he ein are tempera-

ture—dependent'and only extend down to 1.3 OK'or (T/e) a2 0.052, ‘an extrapbla-

tion to 1.1 K or (”/b) O;Ohh.mugy be m“au.v Cdmpari$on with Debye 6 values

of other suostupces on whlch accurate me asureﬁeﬁis are available ovef a’

' large temperature ranﬁe ShOWS that a lineér extraboiation‘in_this relative
tgmoe“auurc ranfe is not 11 ely to be in error cy mo e than 1 or 2%, This'
type of‘extranol&tlon agrees xell fith Heltemes'and'Swenson’s-aﬂ*a at dO 9
4 .
cc/ﬁole, but Giffers from their dgta by hp in 6 at 19. 87 cc/hole. .

In oxrder vo comb“re uhe Deoye e vglnes of tn° o and’ the T phas t the
 saﬁé_molar vblume,vafaln an’ eXurapolatlon is neéessary becaugc the two-phdse
ﬁc oerauare range et constgnt VOluue is _about 0.2 %k. Extrapolation fronm
(n/8) & 0. 050 to (T/G) 0. 007 nust ve made in thls case, and again a linear

exuranol“tlon fo: the o phase is not llxely to introduce a prohibitive error.

, ”hls ext rapolatlon ynelds a dlfTerence between the Debye 6 values for the

two'phasesvof 2+ﬁ,:which is aboutlthe same as that fOund in He3 for the phases
of the sa e crjotal structures. It therefore appears that the?largér lattice
heat capacity of the bcc phase ie not a peculiarity of He?, tutv rather that

1t is associated w h the structu e of the lattice.



Heltemes -and Swenson pointed:outfthat‘théfféfib1of‘the:Debyé e1vdl&eéf’

P e e e

for the two isotopes below 1.1 X in the hep vhese is 1.19, which is only ~

L.

a5 N 0. - - e A
slightly higher than (h/3) 2 = 1.16. A similar comparison for the bee

L

phase is difficult because the He <y phase can be investigated only at

3

‘ (T/8) & 0.1, and the cdata on He

refer to_:é;atively much»iqwéﬁ.tempé:atgré$;f ~

. The temperatufej&épendence‘of 6 in He& is not es%aﬁiished at ail: But égain»  '
comparison with éﬁher solids shows that 6 is in genexral close to a ﬁinimum |
at‘(T/b)L& 0.1, and thaf it is between 8 and 15% lower than at O k. One
can_thﬁs estimate that, if £he phase were stable, it would_hdve a pebye 6
of_lB;h to>19.9 OKvat‘O OK; -Cgmparison with'Héltemes and Swenson;s vaiue'fofv ;'f

bee H63 gives‘a ratio of 1.33 to 1.23 for the Debye 8's of the two isotopes.

oy e

in the bece pﬁase. Whereas the uncertainties in the atove compariscn are .

rather large, there is a definite indicétion that the_Débye g ratio is larger
.1vthan’thatiindi¢atéd by simple theory.' A similar effect has been observed»i§7 ”5f’ffjki
  solid hydrogen.and deuterium,‘wheré the ratié is l.6'réthef than l;h.s-'lt. "' |

- seems reasonadle to attribute the effect to the large anharmonicity due to

the large zero-pgint energy.b

Vv.An ahomalous contribution;to the h@at ca@acity of béc He%_ﬁés not obser#ed_ ' 1?‘
invthis:wbrk;  of céurséithe e£istencé of an anomaiy_can nof be fuled out . 5;   'f"$ 
entirely, beéguse of the rather ;mailvtemperature range. over which the phaseag e o
can bevinvestigéted.. In bee HeS at a molar.volume of 20.9 cc.Heltemes and -  '  ”f'j..
Swenson's data do not in.themselveé éstablish the existenéé of an anomaly._)  A L
The'ﬁefiat;onfof the.heat_capacity ffom'é Deb&e function éan in_fhiS‘casé be'; :‘v ;\ﬁ°
adeguately’eleainéd in terms of: the natural.aevigtiéﬁ ofbthevDebye & from-a "i ‘{m

o

‘constant value and is indeed cuite similar to that found in hep He at the same
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volume and Debtye €. Only at much larger molar volumes does this deviation
become larger than would ordinarily be expected, and there is some support

for postulating an anomaly. If there were an anomalous contribution to the

heat capacity in both isotopes, then the isotope effect wvould be more un-

certain,; and could be closer to the mo°5 value. If one attributes the total
nheat capacity to the lattice for the bcc phase of both isotopes,ythen the

isotope effect as reflected in the 6 ratio at 1.70 °K is 1.23, which is

- 5till considerably larger than the n°*? ratio. The curve for 6 vs T corres-

ponding to Heltemes and Swenson's total heat capacity at 20.9 cc/hblé is éhéwn‘i.ff’
in Figure 1 for comparison.' f
N . 3 L ,

At present neither the data on He™ nor those on He are sufficient to
clearlj'estdblishvthe rgiatiye magnitudes oi possible anomalous.and lattice .
contributions to the heat capacity of the bece phases of the two isotopes.
In He4 there is not much hope for improvement because of the natural limita—
tions éet by the existence range of ﬁhe phase. The bece phase of He3 cgh
perhaps be studied more thoroughly, and one would hope that more precisé
data over a larger temperature range would shed some light on the provlem.

_Considerable‘information wvas gained during this work on the detailed

~ behavior of HeLL along the various phase boundaries. In particular, the

difference betﬁeen‘the A point in the liguid at the melting line and the.

'upper triple point was found to be 10 x 10—3 OK, in agreenent with Vignos and

Fairbanksl and in disagreement with Grilly and Mills.3» Work on the o - ¥

two-phase region is still in progress, -and a comprehensive report on all the _

work will be given elsewhere.
The author is indebted to Professor Norman E. Phillips for many stimulating

discussions during the course of this work. : L
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Figure Caption .
Figure 1. Debye theta vs temperature for the ¢ and v phases 'of solid Heh.
/ A indicates the values obtained by Heltemes and Swenson
9 ,
for the volumes of He , used in this experiment and
B indicates the Debye € calculated from Heltemes and Swenson's:

total heat capacity for bee Ee at 20.9 ¢e/mole.
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This report was prepared as an account of Government
sponsored work. Neither the United States, nor the Com-
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