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HEAT macmwmrmcm O?MBmﬁﬁl 5% AND u"x*
william H. Lien and Norman E. F}:tillips

nepartmant of Chemlstry and Radiatton Laboratory,
Unive*‘@ity of California, Bezkaley, California

Work parfm-mea um%r the e.uapices of the U.8. Atomie Emergy
miwten

- At low ,ﬁempamms‘ ﬂ:xa.: prméipa;}:'ié@atﬁmmﬁn %o the (rlmat« - -
capacity of dielectric lzsamda é@s t‘mm the éxuita‘.tion of long o
vave length labtice vibrations. At liguid helim tmmmwreﬁ
the imormt %ra,ve lengths ere of tkm oniar of 109@ A, 1t -i‘allwn
that the heat capacity ab liquid ha}.i\m memtums of particles
with linear ammmm of 1060 A% or less must. aiffer momi&ambw

. from thaét of mcmsmpic crysﬁala of x,m gaus mammasl.. ﬁantmn

(-1.),2;, W, mmu, J. CGhem. Phys., ;1;8;;,;63"(1950}

Bas given o trestuent based on the elsgtic contibuum model and the
.. continuous frequency spectrum ,&p@mﬁmﬁwq; This ‘approximation
15 valid only for wave lengths which are gmsll compared to the

© . particle size. Jure and Pitger” nave poitited put that for still

(2)g. sure and K. 8. Pitser, J. Am. Ghes. Soc., T4, 6030 (1952)

sallor particles or lover vemperatures & dontribubdon from the
external d’egr&e's_ of freedom of the maivmm pa.rticlea can be
expacted to be. mrtant They have eﬁlmlate& the beat capacity
of & meterial which hss 2 Debys cmmm@g %mmm of :

A hﬂ@ax and which 18 in the form of cubes 3,{}:,) A@ on edge. The



2

ﬂfa'&

calculated hest capacity consists of two contributions: a constant
term of 6% per particle for the degrees of freedom associated
with the mtion of ’Ishe pa:rticle as a vhole, end & sum of hamnie:

-oﬁeil&ator f\mctians for the internal degrees at‘ fm&am. The

o torms are of comparable size P but the constant term
éominatas i;ha heat capacity bem l.) K.
The mea&nremems &eserﬂmﬁ here were m&e mx mamesium omde '

prépared by ﬁhe dabyammon ef ma@esium !wdmﬁéa at 350 c.

. Nitrogen a&saz'ptimi ismhem gove & sarfaae ayea of 166 meters /mn S

ccrrespem&iag to an eége mn@h af 100 A 15' i‘!’é 18 sssumed ‘hhat
the pax-tmles are in: i;he shape @f -eubes. : .

Becauge aﬁ’ the h;lgh surface srea it was &u@ractical to t.ms ',"J;
helwm exchmge 3&3 ta o»b’sain thermsl equilibrima in the ywder o
aﬁé go an experimnt ws carried out to aet&mim tm time

v,nec:essary for theml eguilibrium wﬁ.ﬁhom; exchange gs,s whe ezmeri«:
- ment consie?fed af mtmauaina heat in%o ‘the mmr:i.oz‘ of a Lcosely

packed, t.he"mhlly ﬁ,éola"éed sample of the pOWdar and ahserving ‘the
temperature cha.ngas a’b the surface of the sample‘ ‘The .surface
temperature followsd chenges in heater pawar with 8 time lag of
3 to 5 minutes. This time lag vas congidersbly less than had been' 5
expected aﬁd-h&é led us to s;peculam"én' the pcééﬁbmty that potion. <. -
of the inﬁividnal particles may have contributed to heat trensport. o
a8 Wll as ‘w heaﬁ; caapaciw The them}. wnduc@ivity asf&im'beﬁ

from the equll;:pﬂtm tines is .a‘bcmt 5= 1@ 8 mtt eal ;&eg




For the hemt capacity mesgurements the powlder wos sealed
in & thin welled copper calorimeter to which whs attached o carbon -
resigtance thermometer and s heater. &zaart :!’mm the time that |
hod to be alloved for the mttaloment of thermal equilidrium, the
exporimental method was the same as t&w.twhich hae been deserited |
in conpection with other maaammmsa; B e w.mleie account af»'
B. E. Phillips, Proceedings M the Fifth Internatiossl
Conference on Luw Temperature Phyxﬁcs; Mimm wise., Aag. 1957
(m be pubngaea)

: whieh wiil a.ppaa:e ah@rtly Pigs 1 s&rmsf tm h&a‘m capacity € a8 a.
piot of ¢/73 § ve T, This plot e@mms “bhe d1£ferance between |

- the small pmmms aaa macrOBCOPie ex'yﬁml.a ' for which c:/‘r-? v
would be 6 canstant equal to ebout 008 millijonles mole” > deg
- as astimte&f‘mm maguremeats 8t highez t@n@@mﬁtma.k’s

T ) . -

We B Gmuqu@ and R. G, Ax’ﬂhimm: J$A4C~5-§‘?‘, 561 (193?)¢

(‘3) o .
G. 8. Paaks m R K. we:wey, J. mw. < 30, ¥7 (1926},

leiﬁam*}ely the results are consigtent with the trestment of .
Jura and Pitzer ﬁ.n that the hegt capacity ig mm@iﬁbw greaber
than thet of macroscopie crystals and showe o siower bempersture
variabion, particularly et the lowset tomperetures. The parrow
range of texperatures covered by the measwrements and the sbsence
of measurements below 1.5° K introduce congidersble uncertainty

tato any estimate of the constent term in the heat capaclity but
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Figure 1 - Feat Capacity of Mg0. The surﬁtce area of
the sample was 166 meter?'/gm
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it is pogeible %o fix an upper limit of sbout one-third of the
value ecalculated for 100 A cubes. This discrepancy could be
aceounted for by the particles having sn irregular shepe oy
surface roughness which would lead to an overestimate of thelr
number. In addition, the uncertainty in particle éize and shape
preciuvdes a guantitative comparison oi‘ the temperature dependent
part with theory einse that part alsa depends on size and shape.’
The measurements are being extended 4o higher, and to lover

temperatures.
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