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INTERNATIONAL

Standard Guide for
Use of Water Triple Point Cells’

This standardisissued under the fixed designation E1750; the numberimmediately following the designation indicates the year of
originaladoptionor,inthecaseofrevision, theyearoflastrevision. Anumberinparenthesesindicatestheyearoflastreapproval. A
superscriptepsilon( &)indicatesaneditorialchangesincethelastrevisionorreapproval.

INTRODUCTION

Thetriplepointofwaterisanimportantthermometricfixedpointcommontothedefinitionoftwo
temperaturescalesofscienceandtechnology,theKelvinThermodynamicTemperatureScale(KTTS)
andthelnternational TemperatureScaleof 1990(ITS-90).TheI TS-90wasdesignedtobeascloseto
the KTTSastheexperimentaldataavailableatthetimeoftheadoptionoftheITS-90wouldpermit.
Thetemperatures(T)onthe KTTSaredefinedbyassigningthevalue273.16Ktothetriplepointof
water, thus defining the thermodynamic unit of temperature, kelvin (K), as 1/273.16 of the
thermodynamictemperature of thetriple pointof water (1,2) .2 Thetriplepointofwater,oneof the
fixedpointsusedtodefinetheITS-90,isthetemperaturetowhichtheresistanceratiosW(T)=R(T)/
R(273.16K)of the standard platinumresistance thermometer (SPRT) calibrations arereferred.

Thetriplepointsof variousmaterials(wherethreedistinctphases,forexample, theirsolid, liquid,
andvaporphases,coexistinastateofthermalequilibrium)havefixedpressuresandtemperaturesand
arehighlyreproducible.OftheITS-90fixedpoints,sixaretriplepoints. Thewatertriplepointisone
of the most accurately realizable of the defining fixed points of the ITS-90; under the best of
conditions, it can be realized with an expanded uncertainty (k=2) of less than *0.00005 K. In
comparison, itisdifficulttoprepareanduseanicebath withanexpandeduncertainty (k=2)of less
than +0.002K (3).

Thetriplepointsof variousmaterials (wherethreedistinctphases,forexample, theirsolid,liquid,
andvaporphases,coexistinastateofthermalequilibrium)havefixedpressuresandtemperaturesand
arehighlyreproducible.OftheITS-90fixedpoints,sixaretriplepoints. Thewatertriplepointisone
of the most accurately realizable of the defining fixed points of the ITS-90; under the best of
conditions, it can be realized with an expanded uncertainty (k=2) of less than +0.00005 K. In
comparison,itisdifficulttoprepareanduse anicebath withanexpandeduncertainty (k=2)ofless
than +0.002K(3).

1. Scope 1.3 Procedures foradjusting the observed SPRT resistance
1.1 This guide covers the nature of two commercial water readingsfortheeffectsofself-heatingandhydrostaticpressure

triple-point cells (types A and B, see Fig. 1) and provides a aredescribedinAppendix X1andAppendix X2.

method for preparing the cell torealize the water triple-point 1.4 This standard does not purport to address all of the

andcalibrate thermometers. Tests forassuring the integrity of safety concerns, if any, associated with its use. It is the

a qualified cell and of cells yet to be qualified are given. responsibility of the user of this standard to establish appro-

Precautions for handling the cell to avoid breakage are also priatesafety andhealthpractices and determinethe applica-

described. bility of regulatorylimitationspriortouse.

1.2 Theeffectofhydrostaticpressureonthetemperatureof

. . S 2. Referenced Documents
awatertriple-pointcellisdiscussed.

2.1 ASTM Standards: 3
E344 TerminologyRelatingtoThermometryandHydrom-

! ThisguideisunderthejurisdictionofASTM Committee E20onTemperature etry
Measurement and is the direct responsibility of Subcommittee E20.07 on Funda-
mentalsinThermometry. —
Current edition approved May 1, 2009. Published June 2009. Originally 3 Forreferenced ASTM standards, visit the ASTM website, www.astm.org, or
approvedin 1995.Lastpreviouseditionapprovedin2002asE1750-02. contact ASTM Customer Serviceatservice @astm.org. For  Annual BookofASTM
2 Theboldfacenumbersinparenthesesrefertothelistofreferencesattheendof Standards volumeinformation,refertothestandard’sDocumentSummarypageon
thisstandard. the ASTM website.
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http://dx.doi.org/10.1520/E0344
http://www.astm.org/COMMIT/COMMITTEE/E20.htm
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FIG. 1 Configurations of two commonly used triple point of water
cells, Type A and Type B, with ice mantle prepared for
measurement at the ice/water equilibrium temperature. The cells
are used immersed in an ice bath or water bath controlled close
to 0.01°C (see 5.4)

E1594 GuideforExpressionof Temperature

3. Terminology

3.1 Definitions—The definitions given in Terminology
E344applytotermsusedinthis guide.

3.2 Definitionsof Terms Specificto This Standard:

3.2.1 inner melt , n—a thin continuous layer of water be-
tween the thermometer well and the ice mantle of a water
triple-pointcell.

3.2.2 referencetemperature , n—thetemperatureofaphase
equilibriumstateofapuresubstanceataspecifiedpressure,for
example, theassigned temperature of afixed point.

3.2.2.1 Discussion—Atanequilibriumstateofthreephases
ofasubstance,thatis,atthetriplepoint,boththetemperature
andpressureare fixed.

4. Significanceand Use

4.1 This guide describes a procedure for placing a water
triple-point cell in service and for using it as a reference
temperatureinthermometercalibration.

4.2 The reference temperature attained is that of a funda-
mentalstateof purewater,theequilibriumbetweencoexisting
solid,liquid, and vaporphases.

4.3 Thecellissubjecttoqualificationbutnottocalibration.
The cell may be qualified as capable of representing the
fundamental state (see 4.2) by comparison with a bank of
similar qualified cells of known history, and it may be so
qualifiedandthequalificationdocumentedbyitsmanufacturer.

4.4 The temperature to be attributed to a qualified water
triple-point cell is exactly 273.16 K on the ITS-90, unless
corrected forisotopiccomposition (referto Appendix X3).

4.5 Continued accuracy of a qualified cell depends upon
sustainedphysicalintegrity. Thismaybeverifiedbytechniques
describedin Section6.

4.6 The commercially available triple point of water cells
describedinthisstandardarecapableofachievinganexpanded

uncertainty (k=2) of between *0.1 mK and =*0.05 mK,

dependinguponthemethodofpreparation.Specifiedmeasure-
ment procedures shall be followed to achieve these levels of
uncertainty.

5. Apparatus

5.1 The essential features of type A and type B water
triple-pointcellsareshowninFig. 1. Atransparentglassflask
free of soluble material is filled with pure, air-free waterand
thenispermanentlysealed,air-free,atthevaporpressureofthe
water. A reentrant well on the axis of the flask receives
thermometersthataretobeexposedtothereferencetempera-
ture.

5.2 The waterused as the reference medium shall be very
pure and of known isotopic composition. Oftenitis distilled
directly into the cell. The isotopic composition of cells filled
with“rainwater”isexpectednottovaryenoughtocausemore
than 0.05 mK differenceintheirtriple points. Extreme varia-
tionsinisotopiccomposition,suchasbetweenoceanwaterand
waterfromoldpolarice,canaffecttherealizedtemperatureby
asmuchas0.25mK( 7).

5.3 Foruse,aportionofthe wateris frozen withinthecell
toformamantleoficethatsurroundsthewellandcontrolsits
temperature.

5.4 Thetemperatureof thetriple pointof waterrealizedin
a cell is independent of the environment outside the cell;
however,toreduceheattransferandkeeptheicemantlefrom
meltingquickly,itisnecessarytominimizeheatflowbetween
thecellanditsimmediateenvironment. Thismaybedoneby
immersingthecellinanicebaththatmaintainsthefulllength
of the outer cell wall at or near the melting point of ice.
Alternatively, commercial automatic maintenance baths, built
specifically for this purpose, are available. In such baths, the
triple pointof waterequilibriumofthecell, onceestablished,
canbemaintainedformanymonthsofcontinualuse.Toavoid
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radiation heat transfer to the cell and to the thermometer, the
outer surface of the maintenance bath is made opaque to
radiation.

6. Assurance of Integrity

6.1 The temperature attained within a water triple-point cell
is an intrinsic property of the solid and liquid phases of water
under its own vapor pressure. If the water triple-point condi-
tions are satisfied, the temperature attained within the cell is
more reproducible than any measurements that can be made of
it.

6.2 The accuracy of realization of the water triple-point
temperature with a qualified cell depends on the physical
integrity of the seal and of the walls of the glass cell and on
their ability to exclude environmental air and contaminants.

6.3 Initial and continued physical integrity is confirmed by
the following procedures:

6.3.1 Test for the Presence of Air:
6.3.1.1 Remove all objects from the thermometer well.

6.3.1.2 The solubility and the pressure of air at 101 325 Pa
lower the ice/water equilibrium temperature 0.01°C below the
triple-point temperature. Since air is more soluble in water at
lower temperatures, the test for air shall be done at room
temperature. The test is less definitive when performed on a
chilled cell. At room temperature, with the cell initially upright
and the well opening upward, slowly invert the cell. As the axis
of the cell passes through horizontal and as the water within the
cell strikes the end of the cell, a sharp “glassy clink” sound
should be heard. The distinctive sound results from the sudden
collapse of water vapor and the “water hammer” striking the
glass cell. The smaller the amount of air, the sharper the clink
sound; a large amount of air cushions the water-hammer action
and the sound is duller.

6.3.1.3 With a type A cell, continue to tilt the cell to make
a McLeod-gage type test until the vapor (water saturated air)
bubble is entirely captured in the space provided in the handle.
The vapor bubble should be compressed to a volume no larger
than about 0.03 cm® (4 mm diameter). It may even vanish as it
is compressed by the weight of the water column. As in the tilt
test, the bubble test is more definitive when the cell is at room
temperature (see 6.3.1.2). Since type B cells do not have a
space to capture the vapor, the amount of air in the cell is
estimated by comparing the sharpness of the clink sound with
that of a type A cell.

6.3.2 Test for the Presence of Water Soluble Impurities:

6.3.2.1 When ice is slowly formed around the thermometer
well, impurities are rejected into the remaining unfrozen water.
Therefore, the impurity concentration of the unfrozen water
increases as the ice mantle thickens. The ice is purer than the
unfrozen water. Consequently, the inner melt (see section
7.1.3) that is formed from the ice mantle is purer than the
unfrozen water outside of the mantle.

6.3.2.2 Prepare a relatively thick ice mantle, according to
Section 7, by maintaining the dry ice level full for about 20
minutes. Make certain that the ice does not bridge to the cell
wall (see 7.1.9).

6.3.2.3 Prepare an inner melt according to 7.1.13. Using an
SPRT, make measurements on the cell and determine the
zero-power resistance according to Section 8 and Appendix
XI.

6.3.2.4 After 6.3.2.3, remove the SPRT. Gently invert the
water triple-point cell and then return it to the upright position
several times to exchange the unfrozen water on the outside of
the ice mantle with the inner melt water. (Warning—When
inverting the cell, do not allow the floating ice mantle to
severely strike the bottom of the water triple-point cell.)

6.3.2.5 Reinsert the pre-chilled SPRT used in 6.3.2.3 into
the well. Make measurements on the cell and determine the
zero-power resistance, according to Section 8 and Appendix
XI.

6.3.2.6 Typically, for high quality water triple-point cells,
the results of 6.3.2.3 and 6.3.2.5 will not differ by more than
+0.03 mK.

6.4 Any cell that had previously been qualified by compari-
son with cells of known integrity (as in 4.3), that has not
thereafter been modified, and which currently passes the tests
of 6.3.1 and 6.3.2, is qualified as a water triple-point cell.

6.5 Any cell that fails to pass the tests of 6.3.1 and 6.3.2,
even though previously qualified, is no longer qualified for use
as a water triple-point cell.

7. Realization of the Water Triple-Point Temperature

7.1 The ice mantle that is required to realize the triple-point
temperature of water can be prepared in a number of ways.
They produce essentially the same result. A common procedure
is as follows:

7.1.1 Empty the well of any solids or liquids. Wipe the well
clean and dry, and seal the well opening with a rubber stopper.

7.1.2 If the triple point of water cell has not already been
tested for the presence of air, perform the tests indicated in
6.3.1 for presence of air.

7.1.3 To obtain an ice mantle of fairly uniform thickness
that extends to the top, immerse the cell completely in an ice
bath, and chill the cell to near 0°C.

7.1.4 Remove the cell from the bath and mount it upright on
a plastic foam cushion. Wipe the cell dry around the rubber
stopper before removing the rubber stopper.

7.1.5 Remove the rubber stopper and place about 1 cm?® of
dry alcohol in the well to serve as a heat-transfer medium while
forming an ice mantle around the well within the sealed cell.

7.1.6 Place a small amount of crushed dry ice at the bottom
of the well, maintaining the height of the dry ice at about 1 cm
for a period of 2 to 3 min. In repeated use of the cell, the ice
mantle melts mostly at the bottom; hence, it is desirable that
the ice mantle be thicker at the bottom. Crushed dry ice may be
prepared from a block or by expansion from a siphon-tube tank
of liquid CO,.

7.1.7 At the interface of the well, the water is initially
supercooled, and the well becomes abruptly coated with fine
needles of ice frozen from the supercooled water.

7.1.8 After a layer of ice forms around the bottom of the
well, fill the well with crushed dry ice up to the vapor/liquid
interface.

7.1.9 Replenish the dry ice as it sublimes, maintaining the
well filled to the liquid surface, until a continuous ice mantle as
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thick as desired forms on the surface of the well within the
water(usually4to8mmthick). Themantlewillappearthicker
thanitsactual thicknessbecauseofthelenticularshapeofthe
cellandtherefractiveindexofwater. Theactualthicknessmay
bebestestimatedbyviewingfromthebottomofthecellwhile
itisinvertedorbyimmersingthecellinalargeglasscontainer

of water. ( Warning—During preparation, the mantle should

neverbeallowedtogrowatanyplacetocompletelybridgethe
space between the well and the inner wall of the cell, as the
expansion of the ice may break the cell. In particular, if
bridgingoccursatthesurfaceofthewateratthetopofthecell
underthevaporspace,melttheicebridgeby warmingthecell
locallywithheatfromthehand,whilegentlyshakingthecell.)

7.1.10 Whenthemantleattainsnearlythedesiredthickness
oraftermaintaining thedryicelevelinthe well atthe water
surfaceforabout20min,returnthecelltotheicebathwiththe
entrance to the thermometer well slightly above the ice bath
surface and allow the dry ice to sublime completely. By
allowingthedryicetosublimecompletely, thebottomofthe
wellstayscoldlongerand the mantle grows thickerthere.

7.1.11 Afterthethermometerwellbecomesfreeofdryice,
immersethecelldeeperintotheicebathandfillthewellwith
icebathwater.

7.1.12 Allowthecelltoremainpackediniceorintheice
bath fortwo daystostabilizeits temperature. Because of the
strains in the ice mantle prepared using dry ice, a freshly
preparedmantlecangiveatemperaturethatisasmuchas0.2
mKlow.

7.1.13 Wheninitially prepared, the mantle will be fixed to
thewallofthewell.Beforethecellcanbeused,athinlayerof
ice nextto the thermometer well shall be melted. To prepare
this“innermelt, brieflyandgentlyinsertametalorglassrod,
initially at room temperature, into the well to heat the well
slightly. Therod should have asmoothrounded end toavoid
scratchingorpossibly breakingthecell. Uponremoval of the
rod, tiltthecelltoanangleofabout45°fromtheverticalaxis
and observe for the rotation of the mantle. If the mantle is
properlydetached,itwillspinfreelyaboutthewell. Theliquid
water film should be thin to minimize the thermal resistance
betweenthethermometerwellandtheice/waterinterface.The
liquid water film between the mantle and the well surface is
essential tothe properrealization of the triple-point tempera-
ture. Thefreedomofthemantleshouldalwaysbecheckedby
tiltingthecell priortoand after calibrating thermometers.

7.1.14 Whenthecellis stored completely immersedatthe
icepoint,ice will grow betweenthe mantleand the cell wall.
Ifthecellisexposedtotheicepointtemperature,thecell will
notbeharmedbythegrowthofice.Beforeusingthecell,melt
any ice thatbridges the mantle and the cell wall by momen-
tarily immersing the cell in a large container of water, by
running water from the faucet over the cell, or by warming
with your hands. ( Warning—Do not warm the water triple
pointcellanymorethannecessary.Sincethedensity of water
isthegreatestatapproximately4°C,thiswarmwaterwilldrift
downwardandmeltmoreicethandesirable.)

8. Useofthe Triple Point of Water Cell

8.1 Ensurethattheice mantleis well-formed overmostof
theverticalwallofthewellandoverthebottomofthewelland
thatitcanspinfreely aboutthe well.

8.2 Soakasmallpieceofplasticfoaminice-coldwaterthat
isfreeoficeandpushittothebottomofthethermometerwell.
Ifanyiceis adhering to the foam, the thermometer readings
will be unstable. The foam cushions the thermometer at the
bottomofthe well.

8.3 Coolanaluminumbushinginice-coldwaterandlower
it onto the top of the foam. The aluminum bushing should
“slide-fit”’insidethethermometerwellandoverthethermom-
eter,anditshouldbelongenoughtoextendaboutlcmbeyond
thetopofthetemperaturesensingpartofthethermometer.The
upperendofthebushingshouldhaveaninternaltapersothat
the thermometer can be guided easily into the bushing. The
aluminum bushing enhances the thermal contact and also
centersthe thermometerinthe thermometer well.

8.4 Chill the thermometer to near 0°C in a tube of water
immersedintheicebathbeforeinsertingitintothewell. This
coolingwillkeepthethicknessoftheinnermeltaboutthesame
for different thermometers to be calibrated and also will
prolong the duration of the ice mantle. The thermometer is
chilled in a tube of water cooled in the ice bath, instead of
beingchilleddirectlyintheicebath,toavoidintroducingice
particlesintothe thermometer well.

8.5 Except while inspecting it, keep the cell immersed to
such a depth that bath water flows into the well. Avoid the
presence in the well of ice particles. These particles would
cause an unwanted depression of the well temperature. The
bath should be designed to prevent ambient radiation from
reaching the water triple-pointcell.

8.6 Insert the chilled thermometer into the well, allow the
thermometertocomeintoequilibriumwiththecell,andmake
“steady-state” resistance readings at the chosen continuous
current (see  Appendix X1).( Warning—As in all calibration
andtemperaturemeasurements,careshallbetakensothatthe
stemofthethermometerdoesnotconductsignificantheattoor
from the sensing element in the well. Test objects of high
thermal conductivity, such as some metal-sheathed industrial
thermometers, might conduct significant ambient heat to the
sensingelementalongtheirsheaths.Forthesethermometers, it
isadvisabletoinsertthemfully intothe welland toimmerse
thecelldeeperintotheicebathsothattheemergentportionof
the thermometer outside the well would be cooled in the ice
bath to approximately 0°C. Transparent test objects, such as
silica-glass-sheathed thermometers, may transmit heat by
“lightpiping”tothesensorfromheatradiatingsources,suchas
lights,inthelaboratoryenvironment.Forthese,itisadvisable
to cover the emergent portion of the thermometer with an
opaquecover,suchasablackfeltcloth.)

9. Keywords

9.1 calibration;definingfixedpoint;fixedpoint;hydrostatic
head pressure; International Temperature Scale of 1990 (ITS-
90); intrinsic property; Kelvin Thermodynamic Temperature
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Scale (KTTS); qualification; self-heating; standard platinum
resistance thermometer (SPRT); triple point; triple point of
water; water triple point cell

APPENDIXES

(Nonmandatory Information)

X1. SELF-HEATING OF RESISTANCE THERMOMETERS IN THE TRIPLE POINT OF WATER CELL

X1.1 In resistance thermometry, the applied electric current
results in Joule heating, which raises the temperature of the
resistor above that of the measurement medium (reference
temperature) and, correspondingly, increases its resistance.
This temperature increase or the self-heating depends upon the
electric power being dissipated and the thermal resistance
between the sensor wire and the measurement medium (that is,
water/ice interface of the inner melt of the water triple-point
cell). For accurate measurements, it is necessary to account for
any variation in the self-heating of the thermometer under the
conditions of calibration and under the conditions of tempera-
ture measurement. Self-heating will be expressed interchange-
ably in the following analysis as either the temperature increase
(difference) or the corresponding resistance increase under
conditions of steady-state Joule heating of the thermometer.
The temperature difference AT is related to the product of the
measured resistance difference AR and the reciprocal of the
temperature derivative of resistance (dR/dT) of the thermom-
eter at the temperature of measurement, that is, in X1.2-X1.13,
at the water triple-point temperature.

X1.2 The self-heating can be separated into two compo-
nents. The first is the internal self-heating (ISH), which is the
temperature difference between the thermometer sensor and the
external surface of the thermometer sheath. At a given mea-
surement temperature, this difference depends only upon the
thermometer construction and the electric power; hence, at the
same electric power, the internal self-heating is the same at the
time of calibration and when the thermometer is being used to
determine temperature. The second is the external self-heating
(ESH), which is the temperature difference between the ther-
mometer sheath and the measurement medium; this difference
depends upon the thermal resistance between the two and on
the electric power.

X1.3 The total self-heating (TSH), the sum of internal and
external self-heating, can be determined simply by making
steady-state resistance measurements at two currents.

X1.4 At low thermometer currents, the TSH is directly
proportional to the electric power dissipated in the thermom-
eter resistor. The thermometer resistance R, at zero current or

no self-heating is, therefore,
Ry =R, —i,> X (R, —RIi,? —i,?) (X1.1)

where:
R, = the steady-state resistance at i; mA, and

R, = the steady-state resistance at i, mA.
The TSH at i; mA is given by:

TSH = [R, — R, X [1/(dR/dT)]
=i, 2 X [(Ry — R/, * — iy )] X [1/(dRIAT)]  (X1.2)
X1.5 [Insert the chilled thermometer into the thermometer
well of the water triple-point cell and record steady-state
resistance readings at a continuous current, for example, of 1
mA and then at 2 or 1.414 mA according to Section 8.
Calculate the resistance at zero current from the observations
according to Eq X1.1.

X1.6 Wheni;, =1 mAandi, =2 mA, Eq X1.1 reduces to:
Ry =R, — (R, — R)3 = (4R, — R)3 (X1.3)
At 1 mA,

TSH = [(R, — R,)/3] X [1/(dR/dT)] (X1.4)

X1.7 Calculate TSH at 1 mA from the observations in X1.5.

X1.8 The ISH can be determined by conducting the
measurements under conditions of negligible external self-
heating, with the thermometer making nearly perfect thermal
contact with the temperature medium. An ice bath, prepared
using finely shaved ice and a minimum of water so that the
small ice particles and water would be in intimate contact with
the thermometer sheath, closely approximates the conditions of
nearly perfect thermal contact. The observed TSH becomes,
therefore, the ISH, since ESH =0 (see X1.3, Eq X1.2, and Eq
X1.4).

X1.9 Prepare an ice bath of at least 50 cm depth using
finely shaved ice with a minimum of water. Prepare a close-
fitting well for the thermometer in the ice bath by inserting into
the bath a chilled glass rod or tube of the same outside diameter
as the thermometer. First chill the thermometer according to
8.4 and 8.5, carefully insert the thermometer into the ice-bath
well, and then make steady-state resistance measurements at 1
mA and at 2 mA, according to X1.5.

X1.10 Calculate the ISH at 1 mA, according to X1.6 and
X1.8 and the data from X1.9. At the triple point of water, the
range of ISH of SPRTs at 1 mA can range from 0.3 mK to 4 or
5 mK, depending upon the thermometer design.

X1.11 The ISH determined in the ice bath can be used to
calculate the ESH in the measurements with the triple point of
water cell according to:
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ESH = TSH — ISH (X1.5)

where: TSH is from measurements in the triple point of
watercell(see X1.6,EqX1.4,and X1.9). Withawatertriple
pointcellof 1 3mminsidediameterwellandathininnermelt,
the ESH at 1 mA corresponds to about 0.1 mK using a
close-fittingaluminumbushingwithathermometerof7.5mm
outside diameter sheath.

X1.12 Thermometer calibrations are usually expressed in
terms of steady-state readings with continuous 1 mA current

withthethermometermakingperfectthermalcontactwiththe
temperature medium. Toexpress the calibrations at | mAfor

the measurements of the thermometer in the triple point of
watercell, thesteady-stateresistancereading ~ R,(seeX1.4, Eq
X1.1)isadjustedtozeroESH(OESH) (see X1.11,EqX1.5).

X2. EFFECTOFHYDROSTATICHEAD ONRESISTANCETHERMOMETERSINTHE TRIPLEPOINTOFWATER CELL

X2.1 Thetriple-pointtemperature within the cell isinde-
pendentoftheatmosphericpressureandtemperaturesurround-
ingthecell. However, the triple-point temperature isrealized
onlyatthesolid-liquid-vaporinterfacenearthetopofthecell.
At the location of the temperature-sensing element of a
thermometer, thetemperatureisinfluencedbythehydrostatic-
headpressureoftheinternal watercolumn(—0.73mK/m).For
accuratemeasurements, itisnecessarytoapplyacorrectionto
the observed resistance for the temperature effect of water
height above the thermal center (middle) of the sensing
elementofthethermometer.

X2.2  For example, when a resistance thermometer is
insertedinawatertriple-pointcell withitsthermalcenter265
mm below the upper surface of the water, the observed
resistancewouldcorrespondtothatatatemperature(.193mK
(-0.73 mK/m X 0.265 m) below the water triple-point tem-
perature, thatis,0.009807°C.( Warning—Theexamplegiven
inX2.2.1and X2.2.2 arebaseduponthedepthof265 mmas
describedherein.)

X2.2.1 Toadjustthis observed thermometerresistance, for
example, at zero current (see X 1.4, Eq X1.1), to that of the
watertriple-pointtemperature, use therelation:

R, (OESH) = R, — ESH X (dR/dT) (X1.6)
X1.13  Compare theresults of X1.12 with those of X1.4,
X1.5,and X1.6.
R,(273.16K ) = R, + 0.000193 X dR/dT (X2.1)
where: dR/dT correspondstothatvalueat273.16K.
dRIdT = R(273.16K ) X dW/dT ~ R, X dW/dT (X2.2)
ForSPRTs:
dWIdT = 0.0039880/Kat273.16K (X2.3)

Hence, the thermometer resistance at 273.16 K and zero
currentbecomes:

Ry(273.16K ) = R, + R, X 0.000193 X 0.0039880

= 1.000000770 X R, (X2.4)

Forthermometer calibrations at zero-current, use the value
fromEqX2.4tocalculateresistanceratios.

X2.2.2 For thermometer calibrations at 1 mA, adjust R,
(OESH)forthehydrostaticheadeffect(0.193mK),according
toEqX2.1-X2.4,seealso X1.12,Eq X1.6. The thermometer
resistanceat273.16 Kand 1 mA currentbecomes:

R, (0ESH,273.16K ) = 1.000000770 X R, (0ESH)  (X2.5)

For 1-mAthermometer calibrations, use the value from Eq
X2.5tocalculateresistanceratios  (1,2) .

X3. ADDITIONALINFORMATIONPERTAINING TOISOTOPICEFFECTS, V-SMOW,AND THETRIPLE POINT OF WATER

X3.1 Variationsintheisotopic contentofnaturally occur-
ring water can cause detectable differences in the TPW
temperature. A difference as large as 0.25 mK in TPW
temperatures has been found between ocean water and water
obtained from melted polar ice. Neither the SI definition of
Kelvin(theunitofthethermodynamictemperatureas1/273.16
ofthethermodynamictemperatureofthetriplepointofwater)
nor the official ITS texts (ITS-90 and IPTS-68) specify the
isotopiccompositionofwaterfortheTPW.Somesuggestthat
documentspublishedbyBIPM,suchas*“SupplementaryInfor-
mation for the International Temperature Scale of 1990” ( 7)
and “Supplementary Information for the IPTS and EPT-76”
specifythattheisotopiccompositionofwaterforTPWshould

besubstantially the sameasocean water.

X3.2 The following excerpts are taken directly from
“SupplementaryInformationfortheInternational Temperature
Scaleof 1990

“Anoperatingtriple-pointcellcontainsice,water,andwater
vapor, all of high purity and of substantially the isotopic
compositionofocean water.”

“Variations in the isotopic content of naturally occurring
watercangiverisetodetectabledifferencesinthetriple-point
temperature.Oceanwatercontainsabout(. 1 6mmolof *Hper
moleof 'H,0.4mmolof '"0,and2mmolof '80permole
of '®0; this proportion of heavy isotopes is almost never
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exceeded in naturally-occurring water. Continental surface

water normally contains about 0.15 mmol of *H per mole of
'H; water coming from polar snow or glacial ice may

olccasionally contain as little as 0.1 mmol of *H per mole of
H.

X3.3 The purifying of water may slightly modify its
isotopic composition (distillation normally entails a decrease in
the “H content), and the isotopic composition at an ice-water
interface is very slightly dependent on the freezing technique.

X3.3.1 A decrease of 10 pmol of “H per mole of 'H
corresponds to a decrease of temperature of the triple point of
about 40 pK; this is the difference between the triple points of
ocean water and the normally occurring continental surface
water. An extreme, and quite atypical, difference in the
triple-point temperatures of naturally-occurring water is about
0.25mK and is that between sea water and water obtained from
melted polar ice.”

X3.4 The international science community, through the
International Atomic Energy Agency, uses a defined Standard
Mean Ocean Water (SMOW) as a point of reference for studies
in the isotopic composition of waters. Measurements of isoto-
pic composition are made with respect to V-SMOW (Vienna-
SMOW) and SLAP (Stand Light Antarctic Precipitation), two
standard reference materials (waters) that span the isotopic
range of naturally occurring waters. Absolute measurements of

the isotope ratios for V-SMOW give:

(DI'"H)y—_ 0w = 0.00015576(5), (X3.1)
(01'°0),_gyow = 0.00200520(45) (X3.2)
("01"0)y_syow = 0.0003799(8). (X3.3)

Variations in isotope ratios are conventionally reported as
deviations from V-SMOW:

8180 [(180/16o)sample_(180/1GO)V_SMOW]/(lgo/IGO)V_
smow, and similarly for 8D and 8'70. Usually the results are in
the parts-per-thousand range so are expressed as permil (per
thousand, %00).

For isotopic compositions near V-SMOW, the effect of the
isotopes can be approximated by a liner function of the delta
values:

Toeas = Tv—syow + ApdD + Angd0 + Au,80  (X3.4)
There are few measurements of the isotopic depression constants. The
most precise are by Kiyosawa (1991) who measured the melting point
elevation of samples of water enriched with D and'®0. The depression
constants were found from Kiyosawa’s data to be: A,=628 * 6 uK and

Ayg,=0641 * 23pK. The value of A, is inferred as 57 pK.

The delta values 3D, 8'’0, and 8'80 for precipitation
(meteoric waters) are highly correlated. Approximate relation-
ships are dD=8+%3'%0+0.01, and 1+8'70 = (1+8'%0)"%,
Therefore, the temperature correction can be predicted from
measurements of 8D only according to:

(Tooas — Ty—sow) K = 712 X 3D - 0.8

meas

(X3.5)
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