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UNCLASSIFIED

ABSTRAOT

The mlar voluaw of deutm’iumand of a 1:1 atom

ratiomixtureof deutetiumand tritiumhave been

masured in the temperaturerange of 19.5to 2465° K.
.

The equation

VM (en?/mle) = 20.188+ 0.03587T+ 0.006565T2

representsthe combineddata of thisresearchand of

earliermeasurementsin the range18.7to 20.5°K by

Clusiuaand Bartholen&.

The data for the triti-euterium mixturemay

be repxwentedby:

VM (cm?/mle) = 18.155+ 0.129bT+ 0.004203T2

-3-
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INTRODUCTION

The onlypreviousdeterminationof the molarvolum of deuterium

is thatby ClusiW and Bartholed(1) who made eightmmsurements

(l)K. Cluaiua and E. Bartholem’, Z. Physik.Ohem.B30,237, (1935).

betuaen18.8 and 20.5°K. This report presentsthe resultsof molar

volaummmmrements in the range19.5to 24.~ K for puredeuterium

and for a SO:SOatinpercentmixtureof deuterium- tritium.

APPARATUS AND PROCEDURE

The apparatusused comsistedessentially●f (1) a calibrated

gas pipette and constant volums manometer

gaa added to the condensing system, (2) a

preaathe ga8 into the condensingcyatem,

leadingto the pycnometerand imcludimg●

to masure the amunt of

mmc~ ~pusher~ to com-

(3) a small volume w

Wallace

ferentialpressuregaugefor meaauringtie quhem

(4) the pycmemeterproper.

and Tieraandif-

presaure, amd

The pycne-ter waa cenmcted to the filliaglineby a smallglasa

capillargtubeon which a finemarkwaa etchedto definethe Mquld

volunu. The pycxmeter volm te thismarkwaa 0.06&17cm3 and the

capillaryvolunmin the vicinityef the markwae 0.000360cE?/mm.
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A doublecompartmenteddewarmssel

and liquidhydrogenservedas a cryostat

containingliquidnitrogen

for the apparatus. It was

attachedby xmmnsof a slidingsealso that the liquidhydrogenbath

levelcouldbe maintainedat a constantlevelwith respectto the

fiduciarymarkon the pycnometer.Varioustemperatureswere attained

by varyingthe bathpressure up to 30 lbs gaugepressureby an

auxiliarypressureregulatingdetice. Temperatureswere =asured

a strain-freeplatinumzwsistancethermo~terwhichhad &en cali-

bratedat the Bureauof Standards. Occasionaltemperaturechecks

were madeby coqaring tie resistancethemmxmter temperatuxwwiti

thatobtainedfzmm the vaporpressureof

Molarvolunmmeasurementswere made

gas (nmsured in the gas pipette)to the

the liquidhydrogenbath.

by addingknownamountsof

condensing system until

liquidwas condensedin the pycnometerup to

calibrationmark. The systemwas allowedto

the vici.ni~of the

equilibratefor about

30 *U*S d won the -niscus level with respect to tie markwas

notedby meansof ● cathetoxmter$the resistancethermometercur-

rent and potentialwere msasuzwdon a Uhitedoublepotentiometer,

and the bath and systempressuresuezw

bathtemperaturewas changedand ● new

llmde.

observed. Afterthis,tio

set of similarreadingswas
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The Pycno=ter volww was determinedin the samemannerexcept

thatpure @drogen was used as a calibratingliquid,the data of

Scottand Brickuedde(2) beingused to establishthe volunm. The

‘2)R.B. Scottand F. G. Brlclmdde, J. ResearchNBS ~ 237, (1937).

%oxlous volumw of the gas In the comecting lineswas determined

by independent~asurementsas a functionof the bath temperaturein

orderto compensatefor the uncertainpartof the volum justabove

the bath levelwhichwas in a severeteqeraturegradientregion.

The deuteriumused containedO.~ atompercentof pmtium as the

only impuri~ determinableby the mass spectrograph~The tritium

was originally99.7% PH$ buts once the 50:50 -- ~ -e ups

a gradualincreasein He3 due to disintegrationand an increasein

protiuacontentdue to exchangewith stopcockgreasewas etident.

Theseimpuritiesinterferedwith condensationof We T-D mixture

when attemptswere made to make nummreaentsin the temperaturere-

gion above2L.50K.

RESULTS

A. kNltWi=:

The ndar volumesof deuteriua In the teqerature range19.5 to

2&.2°K are shownin TableI. The fiveexperirnntalvaluesof tbis

.
6
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researchwere

Barthole=’ &

equation:

combinedwith the

the IaastSquares

v~ (d/mole)“

The maximumdeviationof

20.188

eight~asurementsof Clwius and

mthod to obtainthe following

+ 0.03587T+ 0.006%!$12

the experiausntalpoints from this equation

is 0.025 cJ/smle (or O.lx) and the

c#/mole (or 0.04%).

B. Deuterium-TritiumMixture:

A mixturecontaining b9.? Qole

percentdeuteriumwas used in these

standarddeviationis 0.01

percenttritiumand 50.3mole

masuremants. SinceT2 and ~

equilibraterapidlyeven at roomtemperatures,the mixturewas

actuallya threecomponentone containingapproximately50% TD a8

#hOUM~ US electrometric-~iU.

The ten experkmtal pointsare shownin TableII and can be

representedby the equation:

VM (c#/nmle) = 18.555+ 0.1294T+ 0.004203T2with a maximum

deviationof 0.08 cm3/wle (or 0.35%)and a standarddeviationof

0.05 c~/mole (or0.25).
.

7
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TableI

MolarVolum of Deutarium

T OK VM (cm3/nnle) Dev. (talc.-obs.)

2b.20~ 24.905 -0.003

23.~ 2&.620 + .006

22.375 24.281 . .004

21.14 23.889 0 .009

19.51 23.bU + .025

TableII

Molar Volume of a SOsSOAtam PercentTritium-DeuteriumMixture

T ‘K

2L06

23.28

22.64

22.S6

22.~6

21.75

21.X?

20.73

19.56

19.%

v~ (cJ/mole)

24.11

23*79

23.68

23.695

23.53

23.39

23.09

23.05

22.66

22.74

8

hV. (talc.-obs.)

-0001

+ 0.06

- O.oh

-0.08

+ ooo~

-0003

+ 0.07

-0001

+ 0.04

-0.05
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