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PREFACE

Standard Reference Materials (SRM's) as defined by the
National Bureau of Standards are well-characterized materials
produced in quantity and certified for one or more physical
or chemical properties. They are used to assure the accuracy
and compatibility of measurements throughout the Nation.
SRM's are widely used as primary standards in many diverse
fields in science, industry, and technology, both within the
United States and throughout the world. They are also used
extensively in the fields of environmental and clinical anal-
ysis. In many applications, traceability of quality control
and measurement processes to the national measurement system
are carried out through the mechanism and use of SRM's. For
many of the Nation's scientists and technologists it is
therefore of more than passing interest to know the details
of the measurements made at NBS in arriving at the certified
values of the SRM's produced. An NBS series of papers, of
which this publication is a member, called the NBS Special
Publication - 260 Series, is reserved for this purpose.

This 260 Series is dedicated to the dissemination of
information on different phases of the preparation, measure-
ment, certification and use of NBS~-SRM'Ss, In general, much
more detail will be found in these papers than is generally
allowed, or desirable, in scientific journal articles. This
enables the user to assess the validity and accuracy of the
measurement processes employed, to judge the statistical
analysis, and to learn details of techniques and methods
utilized for work entailing the greatest care and accuracy.
These papers also should provide sufficient additional infor-
mation not found on the certificate so that new applications
in diverse fields not foreseen at the time the SRM was orig-
inally issued will be sought and found.

Inquiries concerning the technical content of this paper
should be directed to the author. Other questions concerned
with the availability, delivery, price, and so forth will
receive prompt attention from:

Office of Standard Reference Materials
National Bureau of Standards
Washington, D.C. -20234

Stanley D. Rasberry
Acting Chief
Office of Standard Reference Materials
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SRM 1969: Rubidium Triple-Point Standard - A Temperature Reference
Standard Near 39.30 ©°C

B. W. Mangum
Center for Basic Standards
National Bureau of Standards
Washington, DC 20234

ABSTRACT

Previous work has demonstrated the practicability of using the triple
point of rubidium as a temperature reference point. As a result of that work,
a Standard Reference Material (SRM) has been developed. It is designated SRM
1969 - the Rubidium Triple-Point Standard. This publication reports results
of an investigation of 100 SRM 1969 cells; it describes SRM 1969, the tests
which were performed on the cells, the conditions under which the cells were
tested, the results of the tests, and Lhe recommended procedure for the use of
SRM 1969 in calibrating thermometers. For the 100 cells, the temperatures of
the midpoints of the plateaus of the melting curves ranged from 39.280 °C to
39.313 9C, with a mean value of 39.303 °C. The melting ranges of the samples
varied from approximately 8 mK to approximately 24 mK, with a mean value of
14 mK. Only two cells had melting ranges greater than 20 mK, one being 21 mK
and the other 24 mK. An estimated uncertainty of *0.010 ©°C is assigned to the
midpoint temperatures of the plateaus of all cells except for those two cells. .
Thus, in using SRM 1969 cells for the calibration of thermometers, a calibra-
tion at any point on the plateau of the melting curve should provide a
temperature (the value specified on the Certificate accompanying each cell)
with an uncertainty no greater than +0.010 ©C. With special care, a thermom-
eter can be calibrated against an SRM 1969 cell to an uncertainty as small as
+0.005 ©C in the National Bureau of Standards (NBS) assigned value.

The use of these SRM 1969 rubidium triple-point temperature standards in
clinical and biomedical laboratory applications should significantly enhance
the accuracy of temperature measurements in the region of body temperature.

I. INTRODUCTION

Melting-point, freezing-point and triple-point temperatures of high-
purity metals are widely used as temperature fixed points in high-precision
thermometry.1'u Some fixed points serve as defining fixed points for the
International Practical Temperature Scale of 1968 (IPTS-68)5 (see Table I) and
a large number of others serve as secondary fixed points596 (see Table II for
a list of some of them). Within the past few years, the melting point of
gallium has been developed7‘9 as an easy-to-use temperature fixed point for
use in the clinical, biomedical and chemical laboratories, and to provide a
point needed for the calibration of or for checking the calibration of
thermometers. 15 10-12

Clinical and biomedical laboratories need temperature fixed points as
references for specific tests, for calibration of thermometers, and for
checking thermometers for calibration drift. The feasibility of the use of



Table I. Defining Fixed Points of the IPTS-—68a

Assigned value of International
Practical Temperature

Fixed points Tg(K) tgg(C) -

Triple point of equilibrium hydrogenb 13.81 -259.34
Boiling point of equilibrium hydrogen at a

pressure of 33330.6 Pa (25/76 standard

atmosphere)bsC 17.042 -256.108
Boiling point of equilibrium hydrogenb’c 20.28 -252.87
Boiling point of neon® 27.102 -246.048
Triple point of oxygen 54,361 -218.789
Triple point of argon® 83.798 -189.352
Condensation point of oxygenc’d 90.188 -182.962
Triple point of water | 273.16 0.01
Boiling point of water® 373.15 100
Freezing point of Tin® 505.1181 231.9681
Freezing point of zinec 692.73 419.58

- Freezing point of silver 1235.08 961.93
Freezing point of gold 1337.58 1064.43

aExoept for the triple points and the equilibrium hydrogen point at 17.042 K,
the assigned values of temperature are for equilbrium states at a pressure of
101325 Pa (1 standard atmosphere). If differing isotopic abundances could sig-
nificantly affect the fixed point temperatures, the abundances are specified.

quuilibrium hydrogen means that the hydrogen has its equilibrium orth-para
composition at the relevant temperature. "Ortho" and "para" are the designations
for the molecular configurations (nuclear spin arrangements) of hydrogen.

CFractionation of isotopes or impurities dictate the use of boiling points
(vanishingly small vapor fractions) for hydrogen and neon and condensation point
(vanishingly small liquid fraction) for oxygen.

dThe triple point of argon may be used as an alternative to the condensation
point of oxygen.

“eThe freezing point of tin may be used as an alternative to the boiling point
of water.



Table II. Some Secondary Reference Points

International Practical Temperature

Equilibrium state Tgg(K) t68(6C)

Triple point of normal hydrogen? 13.956 -259.194
Boiling point of normal hydrogen? 20.397 -252.753
Triple point of neon ‘ 24,561 -248.589
Triplc point of nitrogen 63.116 -210.004
Boiling point of nitrogen T7.344 -195.806
Boiling point of argon 87.294 -185.856
Sublimation point of carbon dioxide 194,674 - 78.476
Freezing point of mercury 234,314 - 38.836
Ice pointb 273.15 0
Triple point of phenoxybenzene

(diphenyl ether) 300.02 26.87
Melting point of gallium 302.922 29.772
Triple point of gallium 302.92}4 29.774
Triple point of benzoic acid 395.52 122.37
Freezing point of indium 429,784 156.634
Freezing point of bismuth 544,592 271.442
Freezing point of cadmium 594,258 321.108
Freezing point of lead 600.652 327.502
Boiling point of mercury 629.81 356.66
Boiling point of sulfur 717.824 Lyl . 674
Melting point of the copper-aluminum eutectic  821.11 548,26
Freezing point of antimony 903.905 630.755
Freezing point of aluminum 933.61 660.46
Freezing point of copper 1358.03 1084.88
Freezing point of nickel 1728 1455
Freezing point of cobalt 1768 1495
Freezing point of palladium 1827 1554
Freezing point of platinum 2042 1769
Freezing point of rhodium 2236 1963

(continued)



Table II. Some Secondary Reference Points (cont'd)

International Practical Temperature

Equilibrium state Tgg(K) tgg(°C)
Melting point of aluminum oxide 2327 2054
Freezing point of iridium 2720 2447
Melting point of niobium 2750 2477
Melting point of molybdenum 2896 2623
Melting point of tungsten 3695 3422

@Normal hydrogen is a mixture of 75% orthohydrogen and 25% parahydrogen.

bThe ice point is a very close approximation to the temperature defined as
being 0.01 K below the triple point of water.



the triple-point temperature of rubidium as a temperature reference point near
body temperature has been investigated previously by usi3 and other§1'. We
found13 that it would meet the need for such a reference point, although the
uncertainty in the definition of its triple point is considerably greater than
that of some other metals,. e.g., gallium!. The uncertainty is, nevertheless,
not so great as to make the’ triple-point temperature of rubidium unsuitable as
a reference point, particularly if each cell is measured and the reference
temperature is certified, as is the case for SRM 1969.

Based on our previous work13, we have now developed a rubidium triple-
point Standard Reference Material (SRM). It is designated SRM 1969 - the
Rubidium Triple-Point Standard - and it is available from the Office of
Standard Reference Materials of the National Bureau of Standards (NBS). Pro-
vided that care is exercised in using these SRM devices, the user can confi-
dently expect to achieve a calibration point near 39.30 °C for which the
uncertainty is no greater than *0.010 ©C. The most reproducible point of the
melting curve for calibration work is the midpoint temperature of the plateau.
Since the variation of this temperature among the SRM 1969 cells is larger
than either the irreproducibility of the midpoint temperature of any given
cell or the melting ranges of the samples in the cells, each SRM 1969 is
accompanied by a calibration certificate, which includes the value of the
midpoint temperature and a copy of the melting curve of the sample, as ob-
tained at NBS.

The remainder of this publication describes SRM 1969, the tests performed
on the SRM 1969 cells, the conditions under which the cells were tested, the
results obtained from testing 100 SRM 1969 cells, and the recommended proce-
dure for using the cells in calibration work. '

II. EXPERIMENTAL DETAILS
I1.1. Samples

The rubidium used in preparing SRM 1969 was supplied by MSA Research
Corporation. All cells were prepared from the same lot of material, which was
stated by the supplier to be 99.9+% pure rubidium; the emlission spectroscopic
analysis (provided by MSA Research Corporation) of that material is given in
Table III. Although the rubidium used in preparing the SRM 1969 was taken
from the same lot of material and presumably had the same chemical composi-
tion, the SRM 1969 stainless-steel containers themselves may have contami-
nated the rubidium put into them and by different amounts. This would be
reflected in the triple-point temperature and also in the melting range of
each cell. Preliminary measurements on the SRM 1969 cells indicated that the
plateaus of their melting curves occurred over a range of temperatures which
was considerably greater than the irreproducibility of any given cell, and
this made it necessary to test the melting behavior of each cell so that a
certificate could be provided for it.

II.2. Sample llolders

The Type 304 stainless-steel containers were fabricated and filled with
the 99.9+% pure rubidium by MSA Research Corporation. The containers are of



Table III. Analytical Report of Rubidium Used to Fill SRM 1969 Cells
Type of Material Rubidium Lot No.  D-L447-980-1
Grade of Material High Purity
Element ppm Element ppm Element ppm
Fe -5 Cr -5 Sr -1
B -5 Si -5 Ba -3
Co -5 Ti -5 Ca 1
Mn -1 Ni -5
Al -5 Mo -5 Na -5
Mg -2 v -5 K -5
Sn -5 ' ' Be -1 Rb Balance
Cu -2 Ag -1 Cs 700
Pb -5 . Zr - -10 0,
C

Remarks: The prefix - indicates less than.

Metallic impurity levels reflect analysis of the

" chloride form of the metal.

Reference: Emission Spec Analysis - NUMEC Plate No. 12850-51-63




an all-welded construction and their dimensions are as indicated in Figure 1.
They were thoroughly cleaned, evacuated and then baked to remove adsorbed
oxygen and other volatile materials. " While' under vacuum and at a temperature
above the melting point of rubidium, the cells were completely filled with
liquid rubidium and the stainless-steel bellows valve of each cell was then
tightly closed. The rubidium in the tube above the valve was removed and the
tube sealed with a stainless-steel plug in an argon atmosphere. Each cell
contains approximately 154 g of rubidium. The plug should not be removed nor
should the valve be opened. Extreme caution is essential in handling
rubidium. Rubidium ignites on contact with air and reacts violently with
water, the liberated hydrogen being burned simultaneously. Consequently, the
valve must be kept closed and the plug in place.

I1.3. Tests of Samples

The melting behavior of each SRM 1969 cell was determined in a well-
stirred constant-temperature oil bath at a temperature of 39.450 °C. This
temperature was selected for testing after obtaining melting curves of several
samples at 39.400 °c, 39.450 °C, 39.500 °C and 39.700 ©cC.

Prior to the beginning of the melting of the rubidium in each of the SRM
1969 cells, calibrated thermistor thermometers were inserted into the ther-
mometer wells of the cells while the cells were in air at about 22 ©C. The
thermometers were positioned such that they rested on the bottom of the well.
The cells containing the thermometers were than placed in plastic cell holders
located in the oil bath. Measurements of the temperatures with the thermistor
thermometers were then begun, and measurements continued to be made every four
minutes until most, or all, of the rubidium had melted. This process was
repeated at least once for each SRM 1969 cell. The temperature of the mid-
point of the plateau of the melting curves, which is specified on the SRM
Certificate as the temperature calibration point, was obtained from these
melting experiments. Reproductions of the melting curves are provided as part
of the SRM certificates.

The freezing behavior of several cells was obtained by placing them,
containing the thermistor thermometers, in an 0il bath maintained at
39.100 ©°C. The cells were held in the bath by plastic cell holders. Prior to
putting the cells in the 39.100 ©C bath, the rubidium samples had been totally
melted by placing the cells in an o0il bath at about 70 ©C, and leaving them
there until they reached the bath temperature, as indicated by a small plati-
num resistance thermometer.

II.4. Apparatus Used in Testing

a. Constant-Temperature Bath

The constant-temperature bath used for all of the melting and freezing
experiments on the SRM 1969 cells was a commercially available bath having a
volume of about 14 liters. A low-viscosity oil (a dimethylpolysiloxane) was
used as the bath fluid. The temperature of the oil bath was maintained at the
selected values to within %0.002 OC by means of a commercially available
proportional controller, using a thermistor as the sensor. Compressed air,
which passed through a heat exchanger (located in an ice bath) before entering
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Figure 1. Cross-sectional drawing of SRM 1969, Rubidium Triple-Point Standard.
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the bath cooling coil, was used to provide the requisite cooling. Although
the temperature of the oil bath was maintained within. %0.002 OC .of the tem-
perature selected for a melting or freezing experiment for the duration of the
experiment, such precise control is not necessary in the normal use of SRM
1969. This will become evident in Section III and is indicated graphically by
the figures of that section.

b. SRM 1969 Cell Holder

Holders for the rubidium SRM 1969 cells, shown in Figure 2, were con-
structed of Plexiglas tubes attached to a Plexiglas base plate (attached by
using a glue made by dissolving Plexiglas in dichloromethane). This assembly
was suspended in the constant-temperature oil bath from a Plexiglas top plate
by means of three Plexiglas rods. Holes were drilled in the base plate, as
shiown in Figure 2, to permit o0il flow around the cells. The cell holders were
immersed sufficiently deep in the bath oil that the tops of the stainless-
steel plugs on the tops of the SRM 1969 cells were about 2 cm below the top
surface of the o0il. All immersion problems then were negligible and tempera-
ture gradients along the cells were minimized (except at the boundary where
the cells extended from the cell holders). The cell holders (i.e., the
Plexiglas tubes) provided some slight insulation around the bottom 5 ecm of the
cells and this caused the duration of the melts to be somewhat greater than it
would have been if the 0ill were constantly flowing over the entire cell.
Plexiglas tubes which covered more of the cells could have been used to
further extend the duration of the melt, but this would have caused an undue
amount of time to be spent in testing the cells.

c. Thermometers

The thermometers used in this investigation were bead-in-glass probe-type
thermistor thermometers15716 which had been calibrated over the temperature
range from 0 ©C to 70 ©C against a standard platinum resistance thermometerl’
(SPRT) in a temperature-regulated oil bath. The thermistor thermometers and
the SPRT were located in adjacent wells of a copper block in the o0il bath
during the calibration. This insured temperature equilibrium among the
thermometers and also damped any sudden temperature fluctuations. Measure-
ments of the SPRT resistances were made with an ac resistance bridge.18 The
SPRT had been calibrated previously by the NBS Platinum Resistance Thermometer
Calibration Laboratory using the same ac bridge. Fluctuations in temperature
during calibrations at a given calibration temperature, as measured by the
SPRT, were about *0.1 mK. The uncertainty in the resistance measurements of
the thermistor thermometers corresponded to about +0.25 mK. By fitting the
equation

1/T = A + B log R + C(log R)2 + D(log R)3

where T is the temperature in kelvins and R is the thermistor resistance in
Ohms, to the calibration data, the constants A, B, C and D were determined.
The temperature value then derived from this equation for a measured
thermistor-thermometer resistance agreed with that measured with the SPRT to
within *1 mK.
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Drawing of Plexiglas holder assembly for SRM 1969 cells.
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d. Temperature Measurement System

The temperature measurement system used 'in testing the SRM 1969 cells was
an automated system consisting of a microcomputer, a 6-1/2-digit digital
voltmeter, a constant-current source, a standard resistor, and the calibrated
thermistor thermometers.

III. RESULTS AND DISCUSSION

Some typical melting curves are shown in Figures 3, 4, and 5. Included
in these figures are melting curves of some of the samples having the lowest
and the highest midpoint melting temperatures. The two curves of Figure 3(a)
represent the melting behavior and the reproducibility of that behavior for a
single sample. Similar data for three other samples are presented in
Figures 3(b), 4(a) and 4(b). Three melting curves of one sample are shown in
Figure U4(b). The melting curves of most of the samples (about 70 of them)
exhibit an initial behavior such as that shown in Figure 3(a), i.e., the
initial rise in temperature to a fairly broad peak. This peak is attributed
to the hot bath 0il which flowed into the thermometer well of the cell when
the cell was placed in the o0il bath for melting. After some time, temperature
equilibrium was reached as the rubidium melted. The temperature in the well
decreased slightly as equilibrium was approached. Following the peak, the
temperature was rather constant for a time before increasing relatively
rapidly.- The latter temperature rise is typical behavior of samples melting
when perhaps 75% of the sample has melted and the remaining solid is at or
near the bottom part of the cell. The top part of the sample, which was
liquid, was warming from effects of the bath and the sample's finite thermal
conductivity, and the thermometer was beginning to sense the bath. When all
of the sample had melted, the sample temperature rose exponentially to the
bath temperature. All of these features of melting are depicted in Figure 5,
which has curves which represent the melting behavior of three samples of
rubidium. Note the rapid temperature rise of the samples to the bath tempera-
ture after all of the solid had melted. Also note the good agreement of the
melting curves of these three samples.

Although the melting-point temperature of a sample is the temperature at
the liquidus pecint, the position along the melting curve that is most repro-
ducible and, conscquently, most useful for calibration purposes is not at the
liquidus point but at or in the region of a point approximately midway along
the plateau of the melting curve (i.e., in the vicinity of a point approxi-
mately midway between the liquidus and the solidus points). In the region of
that point, which we will call the midpoint temperature, the curve is most
flat and any small changes in the fraction of material melted has only a small
effect on the liquid-solid equilibrium temperature. The Certificate gives the
value of the midpoint temperature. The reproducibility of the melting curves
for each of the 100 SRM 1969 cells is rather good. For the worst case, the
spread in the values of the temperature at the midpoints of the plateaus of
the melting curves of that sample was less than 10 mK. The spread was 1 mK to
3 mK for most of the cells.

The distribution of midpoint temperatures for the 100 cells is shown in
Figure 6. The mean value of the midpoint temperatures is 39.303 ©C and the

11
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median value is 39.305 ©C. The highest midpoint temperature was 39.313 OC and
the lowest was 39.280 ©C, there being a total spread of 0.033 ©C in the
midpoint temperatures for the 100 cells.

The melting range of a sample, as well as its melting .point, is.an
indication of the purity of the sample, the smaller the range, the higher the
purity. For the 100 SRM 1969 cells tested, the melting ranges varied from
8 mK to 24 mK, with a mean value of 14 mK. This is an indication that the
rubidium samples comprising the 100 cells of SRM 1969 have a higher purity
than the samples tested previously.13 Higher melting-point temperatures for
the SRM 1969 cells indicate higher purity also.

The duration of a melt for any given sample (which requires a fixed
quantity of heat for fusion) depends on the difference between the temperaturec
of the environment of the cell and the melting-point temperature. Results
obtained during melting of three samples in o0il baths at three different
temperatures are shown in Figures 7, 8 and 9. The bath temperatures for these
experiments were 39.400 ©C, 39.500 °C and 39.700 °C, giving temperature
differences of approximately 0.11 ©°C, 0.21 °C, and 0.41 ©C, respectively. Al-
though there is some scatter in the midpoint temperatures of the plateaus, it
is not large, the spread being approximately 3 mK for the sample of Figure 7,
approximately 2 mK for the sample of Figure 8, and approximately 6 mK for the
sample of Figure 9. One can see from Figures 7, 8 and 9 that, when a cell was
placed in a bath maintained constant at 39.400 ©C, the temperature in the
well of the cell was at the plateau of the melting curve for about 2 hours.
That was the amount of time available for calibrating a thermometer with those
cells. Over a span of 2 hours from the time the cells were placed in the
39.400 ©°C bath, the maximum change in the observed temperature of either of
these three cells was about 9 mK (Figure 7). The changes were about 5 mK for
the cells of Figures 8 and 9. Consequently, if one had calibrated a ther-
mometer or thermometers in either of these three cells and assumed the cell
temperature to be the midpoint temperature, the maximum error incurred would
have been no greater than 6 mK.

When the three samples of Figures 7, 8 and 9, as well as the other 97 SRM
1969 cells, were placed in a bath at 39.450 ©C and held in holders as shown in
Figure 2, the amount of time that the temperature in the well of any given
ccll was at the platcau of the melting curvec was rcduced to about 100 minutes.
This, then, is the amount of time available for calibrating thermometers with
the SRM 1969 cells when the cells are used in the manner just indicated. If
the SRM 1969 cells are placed in baths at temperatures other than the four
reported here, the length of time that the temperatures of the samples are at
the plateaus of the melting curves, and, thus, the cells are at the tempera-
tures for calibrating thermometers, can be estimated from the curves of
Figure 7, 8 or 9.

The uncertainties in the temperatures measured in our experiments were
estimated as follows. The resolution of the thermistor thermometer system was
approximately *0.0001 ©C, and the overall statistical uncertainty in the
temperatures measured with that system was estimated to be approximately
+0.00025 ©C. There is a systematic uncertainty of approximately ¥0.0006 ©C
relative to the IPTS-68, due to the calibration!’ of SPRTs and the fact that
the platinum elements are "real" (as opposed to theoretically performing)
materials.] The errors due to differences in self-heating in the calibrations
and in the experiments, and those due to immersion of the thermistors are

16
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negligible. Thus, the total uncertainty in our determination of temperatures
on the IPTS-68 with the thermistor thermometers was about *0.0015 ©C.

IV. RECOMMENDED PROCEDURE FOR USE OF SRM 1969 IN CALIBRATION OF THERMOMETERS

To obtain the best results in the calibration of thermometers using SRM
1969, the rubidium cells must be totally immersed in a well-stirred fluid bath
(preferably a light purified mineral oil) maintained at 39.45 t 0.05 ©C.
Since the SRM 1969 cells are approximately 30 cm long, a fluid bath somewhat
deeper than 30 cm should be used for.the calibration. The cell or cells
should be mounted in a holder such as that shown in Figure 2 (which holds 3
cells). If only one cell is being used, then a holder similar to that shown
in Figure 2, but modified to hold only one cell, could be used (such a holder
is provided with each SKM 1969 celli). As described in Section 11, the cell
holders are easy to construct. A tabulation of the equipment which is needed
to obtain the best results when using SRM 1969 in the calibration of
thermometers is given in Table IV.

Table IV. Ancillary equipment needed when using SRM 1969 to calibrate
thermometers.

Well-stirred fluid (oil) bath, approximately 32 cm in depth from top of fluid
surface.

Light purified mineral oil for the bath.

Temperature controller (20.02 OC perferably, but could use 0.05 ©C).

SRM 1969 holder (e.g., Plexiglas), such as provided with the cell.

Means of suspending SRM 1969 holder in the bath (e.g., Plexiglas rods attached

to a bath cover plate, which could be Plexiglas also).

Thermometer(s) to be calibrated (diameter less than 5 mm).
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The preferred procedure for calibrating a thermometer through the use of
an SRM 1969 rubidium triple-point cell is as follows. First, get the well-
stirred oil bath to a temperature of 39.45 + 0,05 ©C and maintain it at.that
point. Put the thermometer to be calibrated in the thermometer well of the
SRM 1969 cell (which has previously been placed in the Plexiglas holder).
Next, place (suspend) the cell holder, with the SRM cell and thermometer, in
the temperature-controlled oil bath. Wait 10 to 15 minutes, then read the
indication of 'the thermometer being calibrated. The correct temperature of
the thermometer is the value indicated on the certificate for the particular
SRM 1969 cell being used for the calibration. If other thermometers are to be
calibrated, they may then be placed successively in the thermometer well of
the SRM cell. There should be a minimum time of about 70 minutes available
for calibration from the time the cell was placed in the 0il bath. If more
than one thermometer is to be calibrated, the 'second and succeeding thermom-
eters should be allowed 5 to 10 minutes time to reach temperature equilibrium
with the melting rubidium in the cell before performing the calibration. The
smaller the mass of a thermometer, the shorter the length of time required for
equilibration. ' .

After the calibrations have been completed, or if the length of time that
the SRM cell has been in the bath is approaching that value at which the
temperature is near the end of the plateau region, remove the cell from the
oil bath and permit it to cool. The rubidium will freeze fairly rapidly and
the cell will be ready within 10 to 15 minutes to put back into the oil for

further calibration work. This melting and freezing process may be repeated
as often as required.

V. SUMMARY AND CONCLUSIONS

In testing 100 SRM 1969 rubidium triple-point cells, we have found that the
samples in the different cells were not of uniform purity, although the rubidium
metal used to fill the cells was taken from only one lot of material. Either
the rubidium became slightly contaminated during filling or by the presence of
different amounts of contaminants in the cells themselves.

The total range of the temperatures of the midpoints of the plateaus of the
melting curves was from 39.280 ©C to 39.313 °C, or a spread of 0.033 °C, with a
mean value of 39.303 ©C. The melting ranges of the samples varied from approxi-
mately 8 mK to approximately 24 mK among the cells, with a mean value of 14 mK.
Only 2 cells had a melting range greater than 20 mK, one being 21 mK and the

other 24 mK. Thus, with the exception of those two cells, an estimated uncer-
tainty of #0.010 OC in the midpoint temperature of the plateau of the melting
curve of each SRM 1969 cell will encompass the entire melting range of each
cell. Since the value of the midpoint temperature and a copy of the melting
curve will be provided with each of the SRM 1969 cells, the user will be able to
calibrate thermometers easily at the rubidium point to an uncertainty no greater
than *0.010 ©cC.

If the entire melting curve of an SRM 1969 cell is obtained with a
thermometer to be calibrated and if the midpoint of the plateau of that curve
is used as the reference, it is possible for a user to calibrate that
thermometer to an uncertainty that is no greater than #0.005 ©C. For a pure
material with Infinite thermal conductlvity and no supercoolling, the plateau
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is perfectly flat throughout the liquid-solid transition. For a slightly
impure material that has a finite thermal conductivity, however, the plateau
will not be flat and the material will have a finite melting range.8 The
midpoint of that range is the point of reference here and the thermometer
indication at that point of the plateau, rather than that at some arbitrarily
selected point anywhere along the plateau, is the value to be used in the
calibration. The temperature value in the vicinity of that midpoint is the
temperature specified on the calibration certificate for that particular SRM.
Thus, by ensuring that a thermometer is calibrated at the same, or very nearly‘
the same, position on the melting curve of an SRM 1969 cell as that determined
by NBS, rather than at just any position within the melting range, the uncer-
tainty of calibration can be reduced to *0.005 OC.

In conclusion, by following the procedure outlined in Section IV, the
user of SRM 1969 will be able to quickly and easily realize the rubidium
triple-point Lemperalure and use that Lo calibrate his thermometers. The
calibration procedure is straightforward and does not require the use of
complicated and expensive apparatus or the expertise of trained workers. The
calibration point provided by any one of the SRM 1969 cells is at an important
value for clinical laboratory applications, for use in hyperthermia applica-
tions, for use with clinical (fever) thermometers, and for general laboratory
calibrations. Through the use of these devices, the accuracy of temperature
measurements in this region of temperature should be significantly enhanced.
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