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Tlhe visible and ultraviolet absorption spectrum of fluorine gas was determined over the range 2100 to 8000 A. A single
broad absorption peak was observed with a maximum molar absorptivity of 6.00 liters per mole cm. at a wave length of

2845 A. Beer's law was obeyed over a pressure range of 50 to 760 mm.

Increasing the temperature to 100° caused only a

slight decrease in the absorption which was within the experimental error arising from more rapid etching of the cell windows.
This absorption appears to be consistent with the pale yellow color of fluorine, and it falls in place in the trend of the colors

of the halogens in the periodic system.

Although Moissan? reported both liquid and
gaseous fluorine to possess a pale yellow color, he
did not observe an absorption spectrum for either
state. More recently, attempts to obtain the dis-
sociation energy of fluorine from the convergence
of the band spectra have indicated continuous ab-
sorption with a maximum in the vicinity of 2800
A.3-%  QOthers have expressed doubt as to the exist-
ence of any absorption due to fluorine in the visible
and ultraviolet regions.’

Experimental

Apparatus.—The measurements were made over the range
2100 to 8000 A. with a Cary Model 11 double-beam record-
ing spectrophotometer. The cells were machined from
nickel pipe, 2.2 cm. in internal diameter, and were equipped
with replaceable quartz windows which were held in posi-
tion by brass ring nuts and sealed with Teflon gaskets.
The optical path in the cells was 10.00 cm. in length. A
1/,-inch nickel side tube for filling the cell was provided with
a Hoke No. 1103 bellows valve and a flare connector.

To fill the cell, it was connected to a manifold which was
provided with sources of fluorine, nitrogen and vacuum.
The pressures were measured with a mercury manometer and
catlietometer, using a McLeod gage as a standard. This
system, which was exposed only to helium, was isolated
from the fluorine manifold by a Taylor Model 204 RF-3
differential pressure multiplier, which was operated as a
null-point indicator. This arrangement gave a precision
of about #0.05 mm. in determining the fluorine pressure in
the cell.

Material. —The fluorine was acquired from the General
Chemical Division of the Allied Chemical and Dye Corpora-
tion under a purity specification of 999,. Analyses by ab-
sorption in mercury® and by titration with bromine in a
bromine trifluoride medium?® indicated a purity of about
99.5%,. This material was used without further purifica-
tion.

Procedure.—The cell was attached to the fluorine mani-
fold, evacuated, and leak tested. It was then conditioned
with about 300 mm. of fluorine for two periods of approxi-
mately one hour each. After re-evacuation it was filled
with a measured pressure of fluorine at room temperature.
The valve on the cell was then closed, and the measurements
were made in the spectrophotometer, using an identical
evacuated cell as the standard. The total time required
to fill the cell and obtain the spectrum was about 20 minutes.
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The determinations at higher temperatures employed a
similar cell equipped with electrical resistance heaters.
The heat input was controlled with a Variac autotrans-
former and the temperature was measured with a copper-
constantan thermocouple soldered to the cell wall.

In all the determinations, blanks were established by
measurements on the evacuated cell before and after each
series of observations.

The resulting molar absorbancy index values, in units of
1. mole™ em. 1, were calculated by means of the ideal gas
law from the pressure and temperature when the cell was
filled. Under these conditions fluorine behaves ideally with-
in the experimental error as shown by the data of Doescher,?
and by direct vapor density measurements using the Reg-
nault method (observed: 38.00 & 0.15 g. per G. M. V.;
theoretical, 38.00).

Results

A series of runs at room temperature with vari-
ous concentrations of fluorine resulted in the data
shown in Table I. A rather broad peak was found
with a maximum at 2845 &= 5 A. Beer’s law was
obeyed over the pressure range 50 to 760 mm., giv-
ing a molar absorbancy index of 6.00 = 0.05 1.
mole ! cm.~! at the maximum,

TaBLE I
ABSORPTION SPECTRUM OF FLUORINE AT 25°

A, A. 1. mole yll'cm -1 A, A. 1. molzlyf'cm. -1
2100 1.10 3400 2.56
2200 1.60 3500 1.89
2300 2.18 3600 1.35
2400 3.02 3700 0.92
2500 3.98 3800 .63
2600 4.94 3900 .41
2700 5.63 4000 .30
2800 5.95 4100 .21
2845 6.00 4200 .14
2900 5.95 4300 .10
3000 5.59 4400 .07
3100 4.94 4500 .06
3200 4.14 5000 .00
3300 3.35

Although chemical analysis had shown the pu-
rity of the fluorine to be about 99.59 a further con-
firmation by a physical method appeared desirable.
A three-gram sample of the fluorine was condensed
into a trap with liquid nitrogen, and twenty ap-
proximately equal fractions were removed succes-
sively at the equilibrium vapor pressure of about 285
mm. for spectrophotometric measurements. Low
molar absorbancy indices in the first and last frac-
tions indicated about 4 and 10 volume 9, respec-
tively, of non-absorbing impurity; the intervening
fractions gave the normal value. This resulted in
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an over-all purity of 99.39, for the fluorine used in
these measurements. All the data have been cor-
rected by this factor.

The addition of nitrogen to the fluorine caused
no observable effect on the absorption spectrum.
In one case 600 mm. of nitrogen was added to 100
mm. of fluorine, and in a second experiment an
equal pressure of nitrogen was added to 300 mm. of
fluorine. In both cases a decrease of only 0.01 1.
mole™! cm. ™! was found, which is well within the
experimental uncertainty.

In order to determine the extent of the reaction
between the fluorine and the cell, measurements
were made over time periods much longer than the
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Fig. 1.—Absorption spectra of the halogens,
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normal 20 minutes. These showed that the cell
windows were very slowly etched at a rate generally
less than 0.001 absorbance unit per hour, as indi-
cated by blank measurements. In addition, the
fluorine was consumed at a rate of about 0.7%, per
hour. For the usual observation period of 20 min-
utes, both effects were negligible.

Higher temperature measurements at 50, 75 and
100° indicated no large differences in the absorption
peak. Decreases of 2.1, 2.8 and 3.19,, respec-
tively, were observed, but these values are subject
to some uncertainty due to the appreciable etching
of the cell windows at these temperatures.

Discussion

The continuous absorption peak height and loca-
tion for fluorine are in agreement with those found
by von Wartenberg®® and Bodenstein,’ falling be-
tween their results. There is little doubt as to the
existence of this absorption of fluorine, but it is
small in comparison with those of the other halo-
gens. 111213 The position of this peak, with its
lower region extending into the violet part of the
visible spectrum suggests the very pale yellow color
frequently reported for gaseous fluorine. The re-
lation of the absorption spectrum of fluorine to
those of the other halogens is apparent in Fig. 1.
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Liquid-Vapor Equilibria in the System Bromine-Bromine Trifluoride
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The 75 and 100° isotherms of the system bromine-browmine trifluoride have been determined.

At both temperatures the

system exhibits azeotropes at pressures greater than the sum of the pressures of pure bromine and bromine trifluoride.
This suggests another molecular species in the vapor phase coexistent with bromine and bromine trifluoride.

The presence of bromine monofluoride as a spe-
cies in mixtures of bromine and bromine trifluoride
was suggested by Ruff and Braida.? Fischer,
Steunenberg and Vogel? showed that there is a
marked positive deviation from ideality with the
formation of a liquid immiscibility gap in the con-
densed system bromine-bromine trifluoride. There
was no evidence for the formation of solid bromine
monofluoride.

It had been observed at temperatures around
—10° by Ruff and Braida that the pressures over
mixtures of bromine and bromine fluorides were in
excess of those predicted from the properties of the
known pure compounds using reasonable assump-
tions. Similar excesses of pressure for liquid mix-
tures of bromine and bromine trifluoride at temper-
atures from 25 to 125° have been noted in this Lab-
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oratory. In order to obtain further information
about the occurrence of bromine fluoride and to
evaluate the feasibility of the bromine-bromine tri-
fluoride separation, 75 and 100° isotherms of the
bromine-bromine trifluoride system were studied.
Apparent molecular weights calculated from vapor
densities at 75 and 100° for the system bromine-
bromine trifluoride were obtained.

Experimental

Materials.—Reagent grade bromine was purified by dis-
tilling off a large portion, abotit one-quarter of the original
volume at room temperature to remove any chlorine pres-
ent. The remainder was passed over phosphorus pentoxide
in order to remove traces of water. The sample to be used
was condensed in a Fluorotliene trap cooled with liquid ni-
trogen. Approximately 15- to 20-ml. portions were col-
lected in the trap at a time. Each portion was frozen,
evacuated and thawed several times to remove non-condens-
able gases. A 3-to 4-ml. portion of tlie bromine in the trap
was distilled off to remove any further impurities more vola-
tile thian bromine. The residual amount of bromine was
then distilled into the eqnilibrium cell of the apparatus.

Reagent grade browmine trifluoride was purified by dis-



