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We have measured the heat capacity of 9-methylcarbazole at 4 < T/K < 345 by adiabatic
calorimetry and compared it with that measured by differential scanning calorimetry (d.s.c.) at
120 < T//K < 355. The d.s.c. measurements were made by both a scanning method and by an
enthalpic, or intermittent heating, method. The molar heat capacities C, ., determined by d.s.c.
agreed with the values obtained by adiabatic calorimetry within the usual error associated with
dsc, about 001-C,,. No anomalies or transitions were observed up to 350K.
Thermodynamic functions obtained from these values are tabulated at selected temperatures.

1. Introduction

Facilities for the determination of heat capacities by classical precision calorimetry,
commonly considered an “absolute” measurement, have become scarce in the
Western Hemisphere. This decrease has been paralleled by a meteoric rise in the
number of commercially available comparative instruments that can be used to
determine heat capacity.’’ These heat capacities lead in turn to the determination of
thermodynamic properties. A serious need exists for basic thermodynamic values for
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a variety of materials over wide temperature ranges, particularly at
400 < T/K < 1000. This temperature region is rarely accessible to adiabatic
calorimetry and can be difficult for drop calorimetry, two of the classical techniques
used for heat-capacity determinations.

The study described in this paper had three aims. First, we wished to evaluate the
capability of differential scanning calorimetry (d.s.c.), a widely used comparative tool,
for the determination of thermodynamic properties of materials. The d.s.c. has
significant advantages. The accessible temperature range (120 < T/K < 1500) is
large. Small samples (mg) are sufficient. The instrument is readily available
commercially at relatively low cost. Its operation is simple by comparison with most
adiabatic or drop calorimeters. Major disadvantages include the comparative nature
of the measurements, the requirement for suitable reference materials, extreme
sensitivity to manipulative techniques, and the need for time-consuming replicate
measurements.

Second, we wished to determine whether it was feasible to use a d.s.c. to develop
reference materials for use in the calibration and correction of heat-capacity
measurements made with a d.s.c., an admittedly unorthodox procedure. The Boulder
Laboratory of NIST has had considerable success in the development of reference
materials for temperature and enthalpy of transition, by d.s.c., for use with d.s.c.
Normally a reference material is developed by an absolute technique, by two
independent techniques, or by one comparative technique accompanied by round-
robin results. Because of differences in behavior of various materials in a d.s.c,,
particularly differences related to thermal conductivity, there is a need for reference
substances suitable for use with different types of materials. Efforts to accomplish
these certifications by precision calorimetry had proved largely impractical. At the
request of various standards groups, studies were undertaken in the Boulder
Laboratory to determine the feasibility of the use of d.s.c. for these purposes. The
results of these studies'®® and of subsequent work demonstrate the utility of these
methods for temperature and enthalpy of transition. Recent results obtained by both
precision calorimetry and d.s.c. are given in table 1.

Our third aim was to study a pure compound, for which heat-capacity results had
not been published, by both adiabatic calorimetry and by d.s.c. Because very pure
9-methylcarbazole was available and no published results were found in the
literature, we proceeded with the measurements. After their completion,
measurements of the heat capacity of 9-methylcarbazole made in 1958 were brought

TABLE 1. Comparison of measurements of transition temperatures and specific enthalpies of transition

T/K Awh/T- 57
Tin (same lot)
Drop calorimetry 505.10+0.01 60.224+0.19@
ds.c. 505.11+0.14 60.15+0.15
Biphenyl (different lots)
Adiabatic calorimetry 342.098 120.45+0.02®

ds.c. 342.42+0.27 1204140577
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to our attention. These results have since been published and will be compared with
the present measurements.®

Several factors affect the accuracy and precision of d.s.c. measurements.
Equipment design is a prime consideration. Whether a particular instrument design
is suitable for heat-capacity determinations must be evaluated by comparison of
results obtained with that instrument for a reference material with the accepted
values. It is essential that the values be adjusted, or calibrated, through concurrent
measurements of a suitable reference material.’® If a reference material similar to the
material to be studied (liquid, metal, inorganic, organic) is available, it should be
used. %Y Internal instrument-calibration routines arec not a substitute for
adjustment of values with results for a reference material. These chemical
calibrations, so called because chemical substances are used, are particularly
necessary for heat capacities because the specific energies measured (~0.3J-g~!) are
small by.comparison with transition energies (~11J-g~* to ~160J-g~1). Replicate
specimens are required; at least one specimen should be rerun to evaluate potential
irreversibility.12)

Samples should be either very pure or homogeneous or, for an inhomogeneous
substance, representative. The specimens should be relatively large, of mass at least
8 mg to 15mg, and prepared so that they are in good thermal contact with the
specimen pan. The heating rate should ensure either that temperatures are uniform
throughout the specimen or that the temperature gradient is negligible by
comparison with other potential errors. The placement of the specimen cell in the
calorimeter should be stable throughout the measurement and readily reproducible.
Inconsistent placement of specimens, and of lids if they are used, will cause
significant variability and non-reproduéibility in the results.

Two methods are in general use for heat-capacity measurements: scanning and
enthalpic. In the scanning method, measurements are made by heating continuously
over relatively wide temperature ranges. Heat capacities are determined from the
displacement of the curves for the empty pan, the standard, and the sample from the
isothermal bascline. The enthalpic method, which is so named because heat
capacities are determined from C, , = AH, /AT, utilizes an intermittent heating
procedure that allows for return to the isothermal baseline and equilibration every
few kelvins, as is done in adiabatic calorimetry.(!3-17

2. Experimental

The 9-methylcarbazole (N-methylcarbazole, CAS Registry # 1484-12-4) used in this
study was an American Petroleum Institute Standard Reference Material.'® It is
certified as (99.995+0.005) moles per cent pure and was used as received.

For the adiabatic calorimetry, a mass of 7.481003 g (£0.04127745 mol, based on
the TUPAC 1985 scale) was placed in a gold-plated copper calorimeter (laboratory
designation W-99) with four internal vanes and a central entrant well for
(thermometer + heater).'® For buoyancy corrections, a calculated crystallographic
density of 1.21 g-em™3, as determined from the structural studies of Popova and
Chetkina,?® was used.
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After loading, the calorimeter was evacuated and helium gas was added to the
vessel to a pressure of 2.4 kPa to facilitate thermal equilibration. The vessel was then
sealed with an annealed gold gasket that was pressed tightly on to a stainless-steel
knife edge of the calorimeter top by means of a screw closure about 5 mm in
diameter.

The molar heat capacity C, ,, was measured at 7 < T/K < 344 in the Mark XIII
adiabatic cryostat, which is an updated version of the Mark II cryostat described
previously."® A guard shield was incorporated to surround the adiabatic shield. A
Leeds and Northrup capsule-type platinum resistance thermometer (laboratory
designation A-5) was used for temperature measurements. The thermometer was
calibrated at the U.S. National Bureau of Standards (N.B.S., now NIST) against the
IPTS-1948 (as revised in 1960)" for temperatures above 90 K, against the N.B.S.
(NIST) provisional scale at 10 < T/K < 90, and by the technique of McCrackin and
Chang?? below 10 K. These calibrations are judged to reproduce thermodynamic
temperatures to within 0.03 K at 10 < T/K < 90 and within 0.04 K above 90 K.?3

For the acquisition of heat capacities, the controlling computer®* 2% was
programmed for a series of determinations. During the drift periods, the computer
recorded both the calorimeter temperature and the first and second derivatives of
temperature with time. This allowed the equilibrium temperature of the calorimeter
to be established before and after the energy input. While the calorimeter was
heating, the magnitude of the heater current and potential and the duration of the
heating interval were obtained. Also recorded were the apparent heat capacities of
the system, which included the calorimeter, heater, thermometer, and sample.

Specimens for the d.s.c. measurements were prepared both from material used for
the adiabatic measurements and from material which had not been previously
heated. Specimens ranged in mass from 1.835 mg to 12.515 mg; they were pelletized
with hand pressure in a commercial pellet press. The hermetic aluminum cells were
sealed in a nitrogen atmosphere.

The procedures normaily used in the Boulder laboratory for the preparation of the
d.s.c. were followed. For calibration of the temperature scale of the instrument,
fusion temperatures of 2,2-dimethylbutane (125.81 K),?% mercury (234.30 K),(27-2#®
and naphthalene (353.39 K),**! were used. Calorimetry Conference sapphire®®*® was
used as the reference material for the calibration of the d.s.c. heat-capacity results.
Sapphire was selected as the reference material for its stability and because it is the
only reference material certified for heat capacity over the range of measurements to
be made.

Heat capacities reported here were determined from measurements made in the
heating mode at 0.083 K-s~! over various ranges at 125 < T/K < 350. Additional
measurements were made at a scan rate of 0.021 K-s~'. In the lower-temperature
regions, cooling was provided by a liquid-nitrogen reservoir; for higher-temperature
series of measurements, a mechanical refrigeration system was used. For
measurements made with liquid nitrogen as coolant, a mixture of helium and neon
was used as purge gas rather than the argon used as purge gas at higher
temperatures.

The d.s.c. measurements were made both by the commonly used scanning method
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and by an enthalpic method, the software for which was developed in our laboratory.
For the enthalpic studies, 10 K temperature intervals were used. For one series of
measurements the intervals were chosen to provide heat-capacity values at 120 K,
130 K, - - -; in an alternate series, the intervals provided values at 125K, 135K, ---.
In this way, heat-capacity values over the entire temperature range were obtained at
5K intervals. The ranges over which thesc measurement series extended were
120 < T/K €220, 170 < T/K <280, 200< T/K <250, 220< T/K < 320,
220< T/K <355, 225<T/K<355 and 300< T/K <350. Scanning
measurements  covered the temperature intervals: 120 £ T/K < 235;
120 £ T/K < 280; 235 < T/K < 355; 300 < T/K < 350.

The heat-capacity values were corrected for differences in pan mass by use of the
procedures suggested by Luebke and Tria;®" the required equation for the heat
capacity of aluminum was derived from the work of Giauque and Meads®? and
McDonald.®® The corrected values were transmitted to the computer for further
correction and fitting.® *? The accuracy of the heat-capacity measurements, at the
calibration settings for temperature range and for type of measurement, was assessed
through comparison of values obtained for sapphire, treated as a sample, with the
literature values.®) Precision for each set of measurements was determined from the
deviations from the fitted curve.®-12

3. Results and discussion

The experimental molar heat capacities for 9-methylcarbazole, as determined by
adiabatic calorimetry, are presented in table 2. As there was no evidence that the
C,, . values depended on the thermal history of the sample, they are given in the
order of increasing temperature. The estimated errors in these heat capacities

decrease from ~0.01-C, , at 10K to <0.005-C, ,, at temperatures above 30 K. The

TABLE 2. Experimental molar heat capacity of 9-methylcarbazole (M = 181.23704 g-mol~};
R =8.31452)-K~!-mol~?) determined by low-temperature adiabatic calorimetry

TK C, /R T/K C,./R T/K C, /R TK C, /R TK G, /R
941 04915 31.16 3883 100.62  10.57 189.70  16.85 282.17 2481
1018 0.5982 3366 4337 10609  10.67 197.60  17.48 28781 2535
1104 07164 3649 4.655 11162 1104 20323 1791 29346 2585
1191  0.8453 3949 4970 117.13 1150 20885 1841 299.11 2637
1279 09845 4275 5298 12266 1178 21447 18.90 307.74 2690
13690 1121 4624 5670 12820 1221 2011  19.37 31037 2733
1460 1283 4997  6.064 13374 1261 22573 19.90 31602 2790
1551 1436 5417 6486 13932 1295 23137 2031 32167 2845
1665 1.631 5886  6.909 14488 1344 23701 2084 32731 2901
1800 1858 6362 7369 15047 1377 24265 2133 33296  29.54
1936  2.083 6866  7.830 15606 1422 24828  21.80 33861 3005
2094 2354 7395  8.184 161.64 1467 25392 2235 34426 3061
274 2.645 7926  8.624 16724 15.18 259.58 2274
2455 2930 8444  9.162 17285 1549 26522 2326
2660 3.238 89.68  9.580 17846 1597 27087 23.80

28:87 3.563 95.14 9811 184.07 1641 276.52  24.29
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FIGURE 1. Experimental molar heat capacities C,, , at constant pressure plotted against temperature.

sample heat capacity represented from 0.42 to 0.78 of the total measured heat
capacity.

A plot of C, , against T at 4 < T/K < 345 is shown in figure 1. No transitions or
anomalies were observed up to 350 K. Smoothed values were obtained from a large
plot of the experimental heat capacities. Integration of these smoothed values yielded
the thermodynamic functions. Values of C, /R and the derived functions are
presented at selected temperatures in table 3. The heat capacity of 9-methylcarbazole
below 9 K was determined by fitting our experimental values below 20 K to the
limiting form of the Debye equation with a plot of C, against T? and
extrapolating to T — 0.

The recently published values of the heat capacity of 9-methylcarbazole™® are
lower than those obtained in this work for most temperatures greater than 30 K.
These differences, which varied from +0.010-C, , to —0.013-C, ,,, are shown in
figure 2. The material used in all our determinations of heat capacity was not taken
through the fusion transition at any time during the measurements. Thus, its thermal
history differed from that of the material used by Messerly et al;** this difference
might have a bearing on the differences observed.

The accuracy of the heat-capacity values measured by d.s.c., as evaluated from the
heat capacities of sapphire measured with the same instrumental settings, was
+0.006-C, ,, or better except for 250 < T/K < 285, where it was +0.01-C, .
Occasionally, two points out of 25 would show a larger deviation. Some
measurements were made with a d.s.c. head of slightly lower sensitivity than that
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TABLE 3. Standard molar thermodynamic functions for 9-methylcarbazole
(M = 181.23704 g-mol1; R = 8.31452J-K ! -mol~'; &2 = ATSS, — ATH®/T)
T Com AZSy AJH,, Py
K R R RK R
©) ©) 0 0 0
(5.00) (0.1600) (0.0800) (0.4000) (0.0000)
10.00 0.5580 0.2995 2.195 0.0800
15.00 1.365 0.6665 7.002 0.1997
20.00 2182 1.167 15.87 03732
25.00 2.984 1.738 28.78 0.5865
30.00 3752 2.349 4562 0.8281
35.00 4452 2,980 66.14 1.090
40.00 5.030 3612 89.84 1366
45.00 5.560 4.235 116.3 1.650
50.00 6.060 4.847 1454 1.940
55.00 6.540 5.447 176.9 2232
60.00 7.020 6.037 21038 2.524
65.00 7.492 6.618 2470 2.817
70.00 7.935 7.189 2856 3.109
75.00 8.367 7.752 3264 3.400
80.00 8.802 8.306 369.3 3.690
85.00 9.188 8.851 4143 3977
90.00 9.565 9.387 461.1 4263
95.00 9.923 9.914 509.9 4.547
100.00 1029 1043 560.4 4828
110.00 10.96 11.44 666.6 5.384
120.00 11.65 1243 779.6 5931
130.00 12.36 13.39 899.6 6.468
140.00 13.07 14.33 1026.7 6.996
150.00 13.78 15.26 1161.0 7.516
160.00 14.55 16.17 13026 8,029
170.00 1534 17.08 1452.1 8.534
180.00 16.11 17.97 1609.3 9,034
190.00 16.88 18.87 17743 9.528
200.00 17.68 19.75 1947.1 10.02
210.00 18.50 20.63 21280 10.50
220,00 1937 21.52 2317.3 10.98
230.00 20.24 2240 2515.3 11.46
240.00 21.10 2328 2722.1 11.93
250.00 2197 24.15 29373 12.41
260.00 22.83 25.03 31613 12.87
270.00 23.73 2591 3394.1 13.34
280.00 24.62 26.79 36359 13.81
290.00 25.53 2767 3886.6 14.27
300.00 2644 28.55 4146.5 14.73
310.00 27.38 2943 44155 15.19
320.00 28.31 30.32 4694.0 15.65
330.00 29.26 3120 4981.8 16.11
340.00 30.19 32.09 5279.1 16.56
350.00 30.69 3297 5583.4 17.02
298.15 26.27+0.03 28.3940.03 40977456 14.64+0.02
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FIGURE 2. Comparison of experimental heat capacitics from reference 8 with the present adiabatic
measurements: A = {(Cp. m)lit‘(cp, m)present}/(cp, m)presem'

normally used in our laboratory; the accuracy of those measurements was
+0.01-C, , over the entire temperature range.

The precision of the measurements depended on several factors: specimen size;
measurement mode; the refrigeration system in use; and the temperature range of the
measurements. Heat-capacity measurements made with specimens having a mass less
than 9 mg were not considered satisfactory and no results are reported for them. The
precisions of measurements with liquid nitrogen as coolant were: scanning,
+0.006-C, ,; enthalpic, +£0.01-C, ,. For measurements made with mechanical
refrigeration, the precision was +0.01:C, ,,. The precision in studies made with
liquid nitrogen as coolant deteriorated as the temperature increased. This is
attributed to the fact that, during a series of measurements, the depth of immersion
of a cold finger in the liquid varied through evaporation of the coolant. The effect on
precision was observed particularly with enthalpic measurements because the
intermittent equilibration steps significantly increased the time required for a series
of measurements.

Heat capacities obtained by d.s.c, corrected for pan-mass differences and
instantaneous instrument behavior,® ! were fitted and are compared with the
adiabatic values in table 4. The deviation plot for both enthalpic and scanning
measurements, compared with our smoothed adiabatic values, is given in figure 3.
We note, however, that the deviations of the experimental adiabatic heat capacities
from the smoothed curve over this same temperature range varied by up to
+0.005-C, ..
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FIGURE 3. Deviations, A4 = {(C, p)as.c.—(Cp maa}(Cp, mlaa» Of heat capacities determined by @,
scanning d.s.c., and [, enthalpic d.s.c., from the values obtained in this work by adiabatic calorimetry.

The enthalpic heat capacities show negative deviations over the entire temperature
range. We find this both surprising and puzzling. In theory, the enthalpic procedure
compensates for any thermal lag present in the system. The entire area under the
curve is taken to determine heat-capacity values rather than a point-by-point
consideration of displacement from the isothermal baseline. In the enthalpic
procedures used in this work, an equilibration period of 5 min was allowed between
successive steps. One possible explanation for the observed negative deviatioas is
that the repeated return to the baseline and rise to full-scale displacement in some
way does not account fully for the thermal lag. The total area AH under the curve
registered in each step is smaller than it should be, so the heat capacity calculated
from it is smaller.

TABLE 4. Comparison of heat capacities obtained by adiabatic calorimetry, enthalpic d.s.c., and scanning

ds.c.
T/K C, /R T/K T C, /R
Adiabatic Enthalpic  Scanning Adiabatic  Enthalpic  Scanning

130 12.36 11.95 12.43 240 21.10 20.90 20.86
140 13.07 12.77 13.26 250 2197 21.75 21.68
150 13.78 13.58 13.82 260 22.83 22.60 22.60
160 14.55 14.39 14.57 270 23.73 23.48 23.43
120 15.34 15.20 15.28 280 24.62 24,35 24.85
180 16.11 16.00 16.14 290 25.53 25.26 2574
190 16.88 16.81 16.94 300 26.44 26.18 26.77
200 17.68 17.62 17.82 310 - 27.38 27.12 2781
210 18.50 1843 18.60 320 28.31 28.08 28.21
220 19.37 19.25 19.31 330 29.26 29.08 29.25

230 20.24 20.07 19.98 340 30.19 30.08 29.99
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Values obtained from measurements made at a slow scan rate or on very light
specimens showed poorer precision and were considered unsatisfactory. The poorer
precision is though to be the result of the considerably smaller power to be detected
under those experimental conditions. No dependence of heat capacity on scan rate
was observed in this work; indeed, if the scan rate selected is suitable, given the
nature, size, and configuration of the specimen, no scan-rate dependence is to be
expected. No significant difference was observed between specimens prepared from
previously unheated material and those prepared from material used for the
adiabatic measurements. In fact, most of the specimens were reused up to 10 times;
no differences that could be attributed to their thermal history were observed.

In summary, satisfactory heat-capacity measurements and the subsequent
thermodynamic functions can be determined from d.s.c. measurements though the
error limits are larger than those expected from classical precision calorimetry. If
highly precise values are required, it is more satisfactory to carry out the
measurements by classical methods. The great care required by d.s.c. measurements,
the need for careful adjustment and interpretation of results, and the time consumed
by replicate measurements to ensure satisfactory precision, make the ds.c.
measurements a poorer option.

For many purposes, however, the accuracy and precision of d.s.c. measurements
are satisfactory. In those instances, d.s.c. is a convenient and practical tool; for scarce
materials or in difficult temperature regions, it is indeed a desirable one.

Because of the difficulties mentioned here, we would not recommend that d.s.c. be
used in general for the preparation of heat-capacity reference materials. Only in
instances of a pressing need for a particular type of material that is considered
unsuitable for precision calorimetry or in a temperature range that cannot be
satisfied by classical methods should the arduous d.s.c. measurement procedures
required to certify a reference material be undertaken.

R.D.W. thanks the Department of National Defence (Canada) for financial support.
J.E.C. and K.M.M.-D. thank the Office of Standard Reference Materials of NIST for
partial support of this work.

REFERENCES

1. McGlashan, M. L. Thermochim. Acta 1984, 72, 55.
2. Calll;man, J. E,; Sullivan, S. A.; Vecchia, D. F. Natl. Bur. Stand. (U.S.) Special Publication 260-99.
85.

3. Callanan, J. E.; Sullivan, S. A.; Vecchia, D. F. J. Res. Nat. Bur. Stand. (U.S.) 1986, 91, 123.

4. Natl. Inst. of Stand. and Tech. (U.S.) Standard Reference Material 2220. Temperature and Enthalpy'
of Fusion—Tin.

5. Callanan, J. E. Unpublished results.

6. Chirico, R. D.; Knipmeyer, S. E.; Nguyen, A.; Steele, W. V. J. Chem. Thermodynamics 1989, 21,
1307.

7. Natl. Inst. of Stand. and Tech. (U.S.) Standard Reference Material 2222. Temperature and Enthalpy
of Fusion— Biphenyl.

8. Messerly, J. F.; Todd, S. S.; Finke, H. L.; Good, W.D.; Gammon, B. E. J. Chem. Thermodynamics
1988, 12, 209.

9. Callanan, J. E; Sultivan, S. A. Rev. Sci. Instrum. 1986, 57, 2584.

10. Flynn, J. H. Thermochim. Acta 1974, 8, 69.



COMPARISON OF ADIABATIC AND SCANNING CALORIMETRY 243

. Callanan, J. E. Natl. Bur. of Stand. (U.S.) Interagency Report 88-3093, 1988.
. Hust, J. G.; Callanan, J. E.; Sullivan, S. A. Thermal Conductivity, Vol. 19. Plenum: New York. 1988.

pp. 533-550.

. Richardson, M. J.; Burrington, P. J. Therm. Anal. 1974, 6, 345.

. Cassel, B. Pittsburgh Conference on Analytical Chemistry, Cleveland, Ohio. March, 1974.

. Mraw, S. C; Naas, D. F. J. Chem. Thermodynamics 1979, 11, 567.

. Mraw, S. C.; Naas, D. F. J. Chem. Thermodynamics 1979, 11, 585.

. Mraw, 8. C,; Naas-O’Rourke, D. F. J. Chem. Thermodynamics 1980, 12, 691.

. APl Standard Reference Materials, Carnegie-Mellon University, Schenley Park, Pittsburgh, PA

15213.

. Westrum, E. F., Jr.; Furukawa, G. T.; McCullough, J. P. Experimental Thermodynamics. Vol. I.

McCullough, J. P.; Scott, D. W.: editors. Butterworths: London. 1968, p. 133.

. Popova, C. G.; Chetkina, L. A. Russ. J. Struct. Chem. 1979, 20, 665.

. Stimson, H. F. J. Res. Natl. Bur. Stand. (U.S.) 1961, 65A, 139.

. McCrackin, F. L.; Chang, S. S. Rev. Sci. Instrum. 1975, 46, 550.

. Chirico, R. D.; Westrum, E. F., Jr. J. Chem. Thermodynamics 1980, 12, 311.

. Westrum, E. F., Jr. Proceedings NATO Advanced Study Institute on Thermochemistry, Viana do

Castello, Portugal. Ribeiro da Silva, M. A. V.: editor. Reidel: New York. 1984, p. 745.

. Andrews, J. T. S.; Norton, P. A.; Westrum, E. F., Jr. J. Chem. Thermodynamics 1978, 10, 949.
. Callanan, J. E.; McDermott, K. M.; Sullivan, S. A. Thermochim. Acta in press.
. Natl. Bur. of Stand. (U.S.) Standard Reference Material-2225. Temperature and Enthalpy of

Fusion—Mercury.

. Callanan, J. E.; McDermott, K. M.; Westrum, E. F., Jr. J. Chem. Thermodynamics 1990, 22, 225.

. Certified Reference Material # 16-04, National Physical Laboratory, Teddington, U.K.

. Chang, S. J. Res. Natl. Bur. Stand. (U.S.) 1965, 69C, 19.

. Luebke, H. W.; Tria, J. J. Proceedings of the 13th North American Thermal Analysis Society

Conference. 2326 September, 1984.

. Giauque, W. F.; Meads, P. F. J. Am. Chem. Soc. 1941, 63, 1897.
. McDonald, R. A. J. Chem. Eng. Data 1967, 12, 115.



