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bility. This is compatible with the view that at
infinite dilution the water molecules in the immedi-
ate neighborhood of the cation are more electro-
stricted than those surrounding the anion. Conse-
quently the change in environment for the cation is
less drastic than for the anion when the solvent is
subjected to increased electrostriction by increasing
the total electrolyte concentration. Since these
effects would be more apparent in dilute solutions
(when most of the electrostriction occurs) it can be
assumed that these differences in environmental
change are, in part, responsible for the lack of con-
stancy of the ratios of salt mobilities to ionic mobili-
ties which are observed in the more dilute solutions.
As would be anticipated, in the same concentration
interval, the ratio D'/(2D%.+ D&-)/(D%.+ + D&~
is nearly constant (it equals 1.12 = 29;). At
lower concentrations it approaches unity by anal-
ogy with the Nernst expression.

Also in Fig. 1, all the Gouy data are plotted for
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BaCl; as well as the available electrometric values.
The two sets of data are entirely consistent. The
not unexpected maximum in the D vs. 1/Z plot is evi-
dent for this system at ¢ =< 1.4 molar.

The fact that the Gouy data for BaCl, so nicely
substantiate the electrometric data in dilute solu-
tions leaves still unexplained the anomalous behav-
ior of CaCl, solutions which have been shown to de-
part from the Onsager-Fuoss theory much more
drastically than either MgCl; or BaCl,. %13
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The Density of Liquid Fluorine between 67 and 103 °K.'

By RoGER L. JARRY aND HENRY C. MILLER
Receivep NovEMBER 17, 1955

The density of liquid fluorine has been measured over the temperature range 67 to 103°K. An all metal system was used.
The data obtained have been fitted to the equation, d = 1.907 — 2.201 X 10737 — 2.948 X 10737%, where 4 is the density
in g./cm.? at temperature I". The uncertainty in the density is estimated to be #=0.19%, and in temperature =0.05°.

Introduction.—As part of a program at this
Laboratory for the determination of the physical
properties of fluorine-containing compounds, an
all-metal apparatus was devised for measuring the
density of liquefied gases. This apparatus was
used to extend the temperature range of measure-
ments on liquid fluorine and to prevent possible
contamination by reaction with glass.

Apparatus and Experimental Procedure.—A cryvostat
similar to those in the various low temperature laboratories
in this country was used. The nickel pycnometer was en-
closed in a copper block which was suspended within a
vacuum space. A small monel packless valve was used to
close off the pycnometer volume (about 27 cc.). Measure-
ment of temperature was accomplished by means of a cap-
sule type platinum resistance thermometer, which had been
compared with the National Bureau of Standards tempera-
ture scale.

The mass of fluorine introduced into the pycnometer was
measured by means of calibrated volumes in an air thermo-
stat. Pressure of the fluorine in these calibrated volumes
was measured by means of a Booth-Cromer nullpoint gage?
and a mercury manometer.

The determination of the amount of liquid fluorine held
in the pycnometer was made in the following manner. To
start a series of determinations the pycnometer was filled at
a temperature slightly below that chosen for the first point,
using an excess of about 29,. Following the condensation
filling operation and after temperature equilibrium had been
obtained the pycnometer valve was closed and the excess
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liquid allowed to expand as a gas into an evacuated volumne.
At the same time heat was applied to the valve and tlhe
1/s" nickel line leading from it. This heat was maintained
until the valve and line had reached a temperature well
above that needed to prevent condensation in the line and
valve. From this initial point each successive determina-
tion was made by allowing the liquid to expand with increas-
ing temperature into the line above the valve, obtaining tem-
perature equilibrium, closing tlie valve and allowing the
excess liquid to expand into a calibrated volume. As a
check on the mass balance at the end of a run, the entire
remaining quantity of liquid fluorine was expanded into the
volumes and measured.

Materials.—The fluorine used in this study was produc-
tion material manufactured by this company and packaged
in cylinders as a compressed gas. To purify the fluorine,
it was condensed using liquid nitrogen and the middle portion
from the revaporization used. The purity of the fluorine
used in this study by comparison with analysis of a cylinder
of the same lot which was not given any purification step
was 999, or better. In view of the agreement with previous
data (see Results and Discussion below), and within the
limits of precision of the measurements, the fluorine must
have been of a purity of at least 99.5%..

Results and Discussion.—The values for the
density obtained from the experimental data, for
two separate runs, are given in Table I. The
estimated uncertainty in the density is =+0.19,.
Temperature was known to +=0.05°. In the tem-
perature equilibrium period of approximately 25
minutes, the temperature drift was no more than
0.002° per minute. This order of stability was
easily maintained due to the large size of the cop-
per block, approximately 6000 g. Since the pycnom-
eter was calibrated at 30°, the volume was cor-
rected using values of the coefficient of thermal ex-
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largest correction to the volume as the result of

man* of the National Bureau of Standards. The contraction of the pycnometer on cooling was
TagLy I 0.1911 cm.,® or 0.7%, of its volume at 30°.
DENSITY oF L1guID FLUORINE A comparison, at several temperatures, of the
Dev. De values for the density obtained in this study and
Density,  Ohad - Deasity, oned ! those of various other sources are given in Table II.
T,°K. g/em? calcd. T,°K. g/em?  calcd. We agree well with White, Hu and Johnston® over
65.78* 1.638 +0.004 86.91 1.496 +0.003 the range duplicated and deviate only on extrapola-
71.76  1.594 — .003 88.26° 1.481 — .002 tion of their data to the boiling point of fluorine,
74,93 1.578 + .002 83.50 1.48¢ 4+ .002 85.02°K.* Comparing with the data of Elverum
78.59" 1.550 — .002 90.08 1.472 + .002 and Doescher” we tend to parallel their data with
78.62  1.553 + .001 91.55° 1.458 — .001  their values being 0.2-0.3% higher.
81.72  1.532 4 .002 91.75 1.460 + .003 The data of Table I have been fitted to the equa-
81.73* 1.528 — 002 94.73° 1.434 .000 tion
84.34 1.514 + .003 97.56% 1.412 .000
85.05° 1.505 — .002 100.21° 1.391 .000 d = 1.907 — 2.201 X 10797 — 2.948 X 1075T* (1)
85.67 1.505 4+ .003 102.75* 1.370 .000

a Indicates a separate rum.

TaBLE II

VALUES OF THE DENsITY OF LIQUID FLUORINE FROM

VARIOUS SOURCES
Temperature, °K

where d is the density in g./cm.? at the absolute
temperature 7. Deviation between the experi-
mental and values calculated from equation 1 are
given in column 3 of Table I.
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Pentafluorosulfur Hypofluorite and Thionyl Tetrafluoride
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The silver difluoride “‘catalytic” fluorination of thionyl fluoride at 200° results in the formation of thionyl tetrafluoride,
SOF,, and a sulfur-hypofluorite-type molecule with the formula SF;OF. The structure of each of these compounds has
been confirmed by chemical reactions and by infrared spectra. In the vapor state, thionyl tetrafluoride absorbs strongly
at 1383, 928, 821, 752, 637 and 567 cm. !, while the pentafluorosulfur hypofluorite absorption bands occur at 935, 888, 614

and 585 cm.~!. Both substances are gases.
and freezing at —99.6°.
and boils at —35.1°.

Introduction

The successful addition of fluorine to sulfur tri-
oxide across a sulfur—oxygen double bond to form
fluorine fluorosulfonate? suggested the possibility
of forming other sulfur-hypofluorite-type molecules
by allowing fluorine to react with molecules such
as sulfur dioxide and thionyl fluoride. As expected,
the predominant product of the reaction between
fluorine and sulfur dioxide was sulfuryl fluoride, but
a small amount of a highly reactive material of high
molecular weight, and possessing the typical hypo-

(1) Uaiversity of New England, Armidale, N. §. W., Australia,

(2) F. B. Dudley, G. H. Cady and D. F. Eggers, Jr., THIs JOURNAL,
78, 290 (1956).

Thionyl tetrafluoride condenses to give a colorless liquid boiling at —49.0°
Pentafluorosulfur hypofluorite condenses to form a faintly yellow liquid which freezes at —86.0°
This substance is a highly reactive oxidizing agent with an odor like that of oxygen difluoride.

fluorite odor, indicated that a compound such as
SF,(OF); or SFs(OF) was being formed. To test the
first possibility, sulfury! fluoride was passed through
the silver difluoride “catalytic” reactor® with ex-
cess fluorine, but the sulfuryl fluoride was un-
changed. If the reactive substance being sought
had the structure SF;OF, then the obvious prepara-
tive method would be the fluorination of thionyl
fluoride. However, thionyl fluoride was known to
react with fluorine on a platinum spiral at 150° to
form thionyl tetrafluoride, SOF4.* As a result of
(3) K. B. Kellogg and G. H. Cady, ibid., 70, 3986 (1948).

(4) W, Kwasnik, F.I.A.T. Review of German Science (1939-46).
Inorganic Chemistry, Vol. 1, 1948.



