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On thetriple point of equilibrium hydrogen

H. SAKURAI
Nationallnstituteof Applied IndustrialScienceandTechnologyJapan

Theheatcapacityof solid andliquid equilibriumhydrogerandits triple pointarecalorimetricallystudiedoy anopencell
systemusinga closedcycle refrigerator Differentshape®f the heatcapacitycurvesof solid hydrogenareobsered at
temperaturegearthetriple pointin thecaseof about2 g of ferric hydroxideasa catalystfor theortho-paraequilibration
againstabout0.1 mol of hydrogenandin the caseof about0.2 g of the catalyst.In thelattercase the melting curvesof
thetriple pointarecalorimetricallymeasuredisingthreedifferentsource®of hydrogerandthelarge sampledependenc
of thetriple point temperaturef equilibrium hydrogenis obsened. The maximumdifferenceamongthreesampless
about0.338mK, which may be causedyy the isotopicvariationof naturalhydrogen.The resultsof the massanalysis
shaw thatthedependencef thetriple pointtemperaturés 0.005mK perppmof deuteriumin the hydrogen.

This document® isthe summary of a submitted pa-
per to the proceedings of Tempmeko2001.

1 Heat capacity anomaly of solid
and liquid hydrogen

The heat capacitiesof hydrogen,excluding the fixed
pointcell, attemperaturesearthetriple pointweremea-
suredusing? g of ferric hydroxideasa catalystfor ortho-
paracorversionof about0.1mol of hydrogen.Theresults
areshavn in Fig.1. They arenearlythe sameasthosere-
portedfor a sealedcel?. An extra peak,otherthanthe
triple point, with theincreaseof the heatcapacityof solid
hydrogenat temperaturegust belov the triple point was
obsered, which is not a normal shapeof heatcapacity
curve nearthetriple point. Thepeaktemperaturés nearer
to thetriple pointthanthe casein thesealeccell.

This anomalydiffers from the premeltingof the triple
point. As shawvn later, the heatcapacityis alsoincreased
by the premelting of the triple point, but the catalyst
anomalyis muchlargerandindicatesstrongerinteraction
betweersamplehydrogenandthe catalyst.

From the results,it may be that a catalystshavs the
anomalyon heatcapacitycurves at temperaturesiround
the triple point whena large amountof a catalystis used
comparedvith theamountof the sample.For therealiza-
tion of the thermometricfixed points, a situationwhere

*)written by IATEX2e on FreeBSD.

thereis an anomalyin the heatcapacityat temperatures
nearthe fixed point is generallyunsatisfactoryand the
anomaly probably affects the fixed point temperatures.
The melting curves of the triple point were deformed
comparedwith the resultsdescribedbelon with a small
amountof a catalysts.
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Fig. 1. Heatcapacityof hydrogenin the caseof
2 g of a catalystat temperaturesearthetriple
point.
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Fig. 22 An example of changesof the triple
pointtemperaturesvith time by ortho-paracon-
versionin thecaseof lessthan0.2g (A) or about
0.2g(B) of ferric hydroxideasa catalyst

2 Equilibration of ortho-para hy-
drogen

The shapeof the heatcapacitycurve of solid hydrogen
dependedn the amountof a catalystand the anomaly
becamenggligible in the caseof the orderof 0.1 g of a
catalyst.But as hasbeenalreadypointedoutS), the con-
versionratebecamesmallandit took morethanaweekto
completethe ortho-paraequilibration.It wasfoundthata
massof catalystof about0.2 g againstabout0.1 mol of
hydrogengave no detectableanomalyon the heatcapac-
ity curve andanacceptabl@eriodfor equilibration,i.e. a
few days.

In this experimentthe equilibrationof ortho-andpara-
hydrogernwasconfirmedby measuringhe change®f the
triple point temperatureasshovn in Fig.2. Thedatain-
dicatedby 'B’ in this figure arethe resultsin the caseof
about0.2g of ferric hydroxideascatalyst.Thetriple point
temperaturebecameconstantvithin theexperimentaker-
rorsof 0.1 mK after3 days.

But in the caseof lessthan0.2 g, the orth-paraconver-
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Fig. 3: Heatcapacityof solid andliquid hydro-
genat temperaturesearthe triple point in the
caseof about0.2 g of ferric hydroxide.

sion period becamdongerasshavn in thecurve 'A’ in
Fig.2. In this casethe massof catalystis lessthan0.2 g
but largerthan0.1g. As the measuremenif the massof
ferric hydroxidebelow 0.2 g is not so easy it is difficult
to clarify thecritical amountof the catalyst.But thevalue
of around0.2 g maybe optimalfor obtainingequilibrium
hydrogerwhile alsoeliminatingthethermalanomaly

In the caseof about0.2 g of catalystdn about0.1 mol
of hydrogennoanomalywasobseredontheheatcapac-
ity curve of solid hydrogen,asshavn in Fig.3. The pre-
melting heatcapacityincreasds alsoclearly obsered at
temperaturegist below thetriple point. But thisincrease
is morethantentimessmallerthanthe catalystanomaly
In the caseof lessthan0.2gof a catalyst,suchasthe case
of A’ in Fig.2, therewasalso no anomalyon the heat
capacity Fromtheseresults,sucha smallamountof the
catalystmay have a smallereffecton thetriple pointtem-
peraturghanthatof the recommendedealizatior? .



3 Sample dependency of the triple
point temperature

Hydrogenmoleculeis amixtureof H,, HD andD,. On
averagenaturalhydrogenis saidto containabout0.015%
of deuterium. But the ratio of D to H dependdargely
on the sourceof hydroger. The sampledependeng of
the triple point temperatureof hydrogenwas estimated
experimentallyusingthreedifferentsourcesof hydrogen.
About 0.2 g of ferric hydroxideascatalystin 0.1 mol of
hydrogenwere usedin this experiment. The resultsare
shavnin Fig.4. Thedatawereobtainedn severalrunsof
heat capacitymeasuremenafter equilibrationand were
plottedagainsthe inverseof the meltedfraction 1/F. Al-
mostall the datashav linear dependencen 1/F within
experimentalerror. But threesamplesshov a systematic
differencein thetriple point temperatureThe maximum
differenceamongthesesampless about0.338mK atthe
extrapolatedvalueof 1/F= 0.

The deuteriumcontentof two samplesvasdetermined
by a massanalysis. SampleA containsabout33 ppm
of deuteriumand SampleC hasabout101 ppm. From
thesedata thedeuteriundependengcof thetriple pointof
equilibriumhydrogenis about0.005mK perppmof deu-
terium. This value was estimatedfrom the temperature
whentheinverseof the meltedfractionis extrapolatedo
zero.Soit maybeabout10 % largerthanthatof thevalue
atthemeltedfractionof 1.

This valueincludessuchuncertaintiessfollows.

1. In this experiment,anopencell wasusedandit took
about3 h to liquefy the samplehydrogeninto the
fixed point cell. Thereis no guaranteghatthe deu-
teriumcontentof thesamplen thecontainelatroom
temperaturés keptin thecell.

2. Inthecell, filling tubeandferric hydroxide thereare
hydrogenmoleculesor ions. Sothereis a possibility
thatthe deuteriumin the samplegaswasreplaceby
suchhydrogen.

But by estimatingfrom other catalystexperiments,the
correctiongrom theseitemsmay be small.
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Fig. 4: Sampledependeng of the triple points
of equilibriumhydrogen.

4 Conclusion

Theanomalyin theheatcapacityof solidandliquid hy-
drogenis causedy theinteractionbetweerhydrogerand
the catalystemployedo equilibrateortho-parehydrogen.
To reducethe anomaly oneneedsto usean amountof a
catalysthatis smallcomparedvith theamountof sample
hydrogen.In this case,a numberof daysarerequiredto
equilibrateortho-parehydrogen.

Theisotopicdependeng of the triple point of equilib-
rium hydrogeris estimatedo beabout0.005mK perppm
of deuterium.

References

1) Supplementarinformationfor theInternationalfem-
peratureScaleof 1990,BIPM, 1990

2) H. Sakurai, Proceedingsof Tempmeko’99,(ed.J.
DubbeldamandM. deGroot,Delft 1999),124-128

3) H. Sakurai,Transaction®f the Societyof Instrument
andControlEngineergJapanese000,36, 743-748

4) F. PaveseandW. Tew, CCT/2000-19





