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High Temperature Heat Content and Entropies of Hafnium Tetrafluoride and Rubidium
Fluoride!

By C. E. KaAYLOR, G. E. WALDEN aND DoNaLD F. SumiITii

RECEIVED FEBRUARY 3, 1950

Measurements of heat contents above 273°K. were conducted for hafnium tetrafluoride and rubidiumn fluoride to tempera-
tures of 1103 and 1199°K., respectively. Normal behavior was observed for botli compounds. Heat content equations

were derived and entropies calculated.

Introduction

This paper presents the results of heat-content
measurements throughout the temperature range
273.15 to 1199.0°K., with calculated entropies for
hafnium tetrafluoride and rubidium fluoride.

Data on these compounds in the range studied
have not been published previously.

Materials
The hafnium tetrafluoride (supplied by the Oak Ridge
National Laboratories) was purified by sublimation under
vacuum. Thereafter, spectrographic analysis? showed thiese
impurities: Zr, 1.09,, with traces of Mg, Al, V and Fe.

accuracy. This procedure was repeated at tem-
perature intervals of approximately 30° over the
273.15 to 1199.0°K. range. In each run the
previously determined heat content of the con-
tainer for that temperature was deducted fromn the
total heat evolved.

The experimentally determined heat-content
values of the samples are listed in Table I. They
are expressed in calories per mole and the molecular
weights are in accord with the 1953 International
Atomic Weights.

The experimental results reported have not been corrected Tasee 1
for impurities. MEeASURED HEAT CONTENTS ABOVE 273.15°K. (CaL.

Th= rubidium fluoride (also supplied by thie Oak Ridge MoLE 1)

National Laboratories) was use;‘l as received, Ilglfpuri?ies, 7K. Hr — Hegts T, °K. He — Hous
(({)e(t)e(:)r(ﬁér%cd spectrographically,? were KF, 0.29,, NaF, RDBF (mol. wt. 104.48)

The samples were enclosed in platinum crucibles, the heat 372.2 1253 719.8 5954
contents of whicli were determined by separate mcasure- 384 .4 1338 756.9 6399
ments. After filling with sanple, the crucibles were evacu- 308.5 1528 775 1 6690
ated, filled with helium, evacuated to approximately 10
mm. hielium pressure and sealed by platinum welding. 6.7 1642 806.6 7203

423.2 1913 816.9 7245
Measurements and Results 443.9 2101 835.8 7580

Heat-content measurements were made in a 459.1 2290 870.3 8110
Bunsen ice calorimeter of the type described in 476.9 2560 911.6 8914
detail by Ginnings and Corruccini.® The calibra- 488.2 2723 945.8 0536
tion factor for the unit, established electrically, 517.9 3111 064 .7 9711
was found to be 270.44 =% 0.06 joules per gram of 555. 4 3629 991.3 10234
mercury. Additional calibration tests on a syn- 566 .4 3676 1018.4 10656
thetic sapphire sample, at four different tempera- 594.5 4095 1034.2 11160
tures, vyielded enthalpy wvalues that checked 620.2 4420 Liquid
accepted values* with less than 0.159; deviation. 637.7 1637 1075.6 17274

The experimental procedure used in the calori- 651.7 4844 1106.8 17855
metric studies was as follows: A sample of ap- 678.9 5198 1136.2 18383
proximately 18 g., sealed in the platinum con- T09.0 5536 1167.4 18896
tainer, was heated to an approximate predetermined T16.5 5820 1199.0 19349
temperature in a Marshal furnace designed so that HEF, (mol. wt. 254.6)
it could be shunted to obtain a region of uniform - o i o0
temperature. The temperature of the furnace was 365.7 ‘)(19? 6975 11729
measured with a platinum-platinum 109 rhodium ‘38@8 2939 ‘_f’J‘"_’ 1}9‘36
thermocouple previously calibrated against a 424.2 011 ‘_%30 M’“f
National Bureau of Standards thermocouple. J"O?“’ Hrdd ‘,(’j'x lf(ff’j
Once it had been assured that the entire sainple 4?2"% 5449 ?’_1)0'8 15535
and container had reached the test temperature, %34'3 0911 8_‘2‘(’ l?g‘f
the container was dropped into the calorimeter, f{“}b (_302’_ 8‘3‘?'6 1975},1
the system closed and the heat evolved in cooling gi’({; : ;;3)(1); :(jig i‘_;’);

B ~o p .y . 1 [ I [ 0L
to 273.15°K. measured with the greatest possible A 181 o1 0 18039
T O N OO0 noo s 1
\:'?trh tlklllemTilTni‘veI;sity ::If A;'llil\‘)illn;l, N o o e ? 626.6 9657 0443 19362

(2) E. fi. Creitz, supervisory cliemist, analytical, Burean of Miuzs 657.3 10437 971.5 20383
Southern Experiment Station, Tuscaloosa, Ala. 663.6 10649 1008.6 21551

(3) D. C. Ginnings aud R, J. Corruccini, J. Reseuwrch Natl. Bur. 674.8 11080 1041.0 29615

. =83 (1947
ML;Z;MI?)JSCss(‘,jngrju(ulg;H‘;;d G. T. Furukawa, TH1s JOURNAL, T8, 522 688.5 11478 1078 4 23696
(1833). 1103.3 24501
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Hafnium tetrafluoride did not exhibit any phase
changes within the range of temperatures studied.
Equipment limitations prevented extending the
heat-content measurements to a temperature
sufficiently high for determining the melting point
and the heat of fusion of this compound.

Rubidium fluoride had one phase change,
that of melting, within the temperature range
studied. The results for this compound, in both
solid and liquid states, appear normal in com-
parison with other alkali halides. The melting
point was found to be 1048°K. and the heat of
fusion 5490 cal. per mole.

TaBLE II

Hear ConTENTS (CAL. MOLE™!) AND ENTROPY INCREMENTS
(CAL. DeEGREE ! MoLE ~!) ABovE 273.5°K.

RbF HfF
Hr — St — Hr — St —
T, °K. Haizas Saiz1s Haz.1s Seias
298.15 305 1.06 675 1.86
400 1544 4.65 3276 9.33
450 2175 6.14 4621 12.49
500 2823 7.50 6023 15.44
550 3489 8.77 7344 17.96
600 4175 9.96 8832 20.54
650 4881 11.06 10344 22.92
700 5609 12.14 11886 25.20
750 6356 13.17 13431 27.33
800 7148 14.19 14990 29.34
850 7912 15.17 16565 31.35
900 8723 16.10 18147 33.15
950 9553 17.00 19717 34.84
1000 10408 17.88 21321 36.48
1048 11252(S) 18.70
1048 16742(L) 23.94 . S
1050 co . 22912 38.03
1100 17668 24 .80 24529 39. 54
1150 18613 25.63
1200 19554 26.43
Table II presents smooth heat-content and

entropy data for the two substances at even 50°
intervals in the 400 to 1200°K. range.
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The heat-content equations presented below
were derived by the method of least squares, using
the experimental data from Table I. The average
deviations are indicated by the figures in paren-
theses.

The heat-content equation of the solid RbF was
derived to fit conditions:

Hy — Hysas = a + 0T + ¢T? + dT+! (1)

Co = b+ 2T — dT-2 where C, = 12.04 at 283.15°K.5
()

0=a+4+bT 4+ cT? 4 dT'at 273.15°K. (3)

The heat-content equation of HfF, was made to
fit only conditions 1 and 3, since no heat-capacity
data were available at low temperatures.

Least square solutions were obtained by means
of a Univac-60 electronic computer.® Entropy
increments were calculated by means of the
method suggested by Kelley.” The heat-content
data are represented by the equations

RbF (solid)
Hy — Hops = —2078 4+ 79667 + 4.605 X 107372 —
1.206 X 105 T-!(273.15 to 1048°K.; %0.59%)
RDF (liquid)
Hy — Hypa, = 61518 — 11303 X 10'T 4+ 4416 X

107472 — 3.50677 X 107 T~ (1048 to 1200°K.;
+0.5%)
HfF,
Hr — Homs = —11884.9 + 3.1904 X 10' T+ 3.739 X
10—472 + 89889 X 105 T~! (273.15 to 1103.3°K.;
+0.7%

The data show that average deviations of the
experimental heat contents from the calculated
values are greater at the lower than at the higher
temperatures.

(5) J. W. Brgnsted, Z. Elekirochem., 20, 554 (1914},

(6) R. W. Smith, Jr., Supervisory Mathematician, Region V, Bu-
reain of Mines, U. S. Department of the Interior, Pittsburgh, Penna.

(7) K. K. Kelley, Bulletin 476, Bureau of Mines, U. S. Department
of the Interior, Berkeley, California.
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Isotopic Exchange between Potassium Iodide and Benzyl Iodides. Solvent Effects!

By J. A. LEARY AND MiLTON KAHN
RECEIVED MARCH 12, 1959

The rates of exchange between benzyl indide and potassium iodide and between p-nitrobenzyl indide and potassium iodide,
in acetone, are represented by the rate laws: R = 9.5 X 10W0e~13.72/ET(KT)(Bz]) and R = 2 X 1021480/ RT(KI)(p-NO,-
Bzl), respectively, where the units of R are mole liter 7! sec. 1. The rates of exchange, at 0°, between benzy! iodide and
potassium iodide in acetone—ethanol, acetone—water, acetone-phenol and acetone-carbon tetrachloride mixtures and be-
tween p-nitrobenzyl iodide and potassium iodide in acetone—ethanol mixtures have been studied. The inhibitory effect of
the hydroxylic compounds has been correlated with their tendency to solvate the iodide ion through hydrogen-bond formation.

Introduction

The isotopic exchange between benzyl iodide
and potassium iodide, in methanol and ethanol,

(1) This paper is a portion of the dissertation presented by J. A.
Leary in partial fufillment of the requirements for the degree of Doctor
of Philosophy in the Graduate School of the University of New Mexico.
June, 1956, Presented before the Physical and Inorganic Division of
the American Chemical Society in Atlantic City, September, 1956,

was found to proceed via an Sx2 mechanism with an
easily measurable rate at room temperature.?
However, under the same conditions, the reaction
appeared to be extremely rapid in absolute ace-
tone.®

(2) P. Stillson and M. Kahn, THis JoUrNAL, T8, 3579 (1953).

(3) P. Stillson. Doctoral Thesis, The University of New Mexico,
1951.



