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Introduction

Hulett and Bonnerl; and Faulk end Hollinawar th2
have shown by precise measurements that the composition of a
solution of HCl and water which boils at a constant
temperature is sufficiently acourase to permit the use
of this material direotly for the preparation of stand-
ard solutions for use in volumetric analysis. This
investigation was undertaken to determine the boiling
points, compositions and densities of HBr solutions
distilling at pressures of 750, 760 and 770 mm.of meroury
respectively. Experiments in this laboratory by Ewing
and Shadduck® have shown that the composition of HBr
distillate at 760 mm, pressure is constant, Work with
this material by other workers has shown a variety of
results. Leger® reports the boiling point of HBr at 760
mm, pressure as 127° and the composition of the distillate
48% HBr, Carriere and Cerveau? give a boiling point of
126° and a ocomposition of 47.5% HBr for the distillate
at 760mm, pressure. A. Bineau® thought the constant
boiling acid was the pentahydrate having & composition
of 47.43% HBr. Roscoe? disproved this by distillation
of the HBr solution at two widely separated pressures,
At 760 mm,pressure the acid boiled at 126° and showed
a composition of 47.86% HBr. At 1947 mm.pressure the
same sample of acid boiled at 153°C and had a ocomposition
of 46.3% HBr. A review of this range of values lends its

support to the advisability of a re-determination of some
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of the oconstants concerncd by precise methods.
Experimental Work
Preparation of Materials

Water; Conductivity water was used throughout this
investigation.

Hydrobromic aeid; The best commercial grade of
Baker's Analyzed acid containing 34 per-cent of HB.r was
used . It was purified by fractional distillation. Five
distillations of the acid were made. These were carried
out in an apparatus similar to that used in the deter-
mination of the boiling point. The glassware coming in
contact with the HBr solution with the exception of the
thermometer was pyrex. No other material except air came
in oontact with the acid. The 1000 ml., distilling flask
with a ground glass stopper and sealed to a condenser
was charged with about 800 ml, of the HBr solution and
after the system was sealed its pressure was adjusted to
760 mm.of mercury. The distillation was carried out
at this pressure which was constant to within + .2 to .3
mm. of meroury. When the boiling point of the aeid had
reached 1249 a second receiver was supplied, The HBr
solution distilling off at 124° to 124.4° (uncorreoted)
was collected. As the temperature began to rise toward
the end the distillation was stopped, the system recharged
with more acid and the procedure repcated. When the acid

had been completely worked over the first fraction to



distill off wés charged back into the flask and worked
over again, This being completed the residus was
discarded, the flask rinsed and the procedure repcated
using the fraction of distillate from 124° to 124.4°,
Bnd portions, the first to distill off and the residue
left in the flask were discarded., The distillate with
a bolling point of 124.4° was retained eand a third, fourth
and £ifth distillation was carried out in a llke manner.
This gave a distillate pf HBr clear as water. The final
portion having a boiling point of 124.4° was considered
sufficiently pure for this investigation. It was stored
in a carefully cleaned brown glass stoppered bottle,
which had previously contained HBr solution, until needed,

Silver nitrate; A commereiaelly pure grade of
Baker's analyzed silver nitrate was used. It showed no
turbidity when a portion was dissolved in a small volume
of water, A five per-cent solution, by weight, containing
three ml, of concentrated nitric acid per 1000g. was
prepared, allowed to stand overnight in a covered container
then filtered through a carefully prepared asbestos
goech crucible,

Nitric acid; A commereially pure grade was used.,
This acid showed no turbidity when treated with silver
nitrate.

Asbestos; Asbestos fiber of good quality was
digested in 20% hydrocholéric aeid for two hours on a steam
bath, then filtered and washed until free from chlorides,
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It was suspended in water until needed.

Thermometer; An anschutz thermometer was used., It
was graduated to read .2° and had a range from 85°
to 160° .

Barometer; The barometer was of standard weather
bureau type.

Distillation apparatus; The dis tillation flask, con-
denser, receiver and manometer were similar to those
used by Foulk and Hollingsworthz in their investigation
of hydrochloric acid solutions, One end of a 2.9 cm pyrex
glass tube was constricted slightly about 2 cm,from the
end, The lower end of a heavy wall pyrex test tube was
heated, tapered and drawn slightly so that it fitted the
constriction in the 2.9 cm tube., This Junection was then
ground to a perfeet fit, A short piece of glass rod
having an eye in the end was secaled to the lower end of the
ground glass stopper. A hook was fashioned in another
piece of glass rod placed through this eye and sealed
together thus giving a flexible joint. The lower end of
this glass link was so shaped that it would slip under
and around the bulb of an anschutz thermometer suspending
it freely in the tube. A 500 ml. round bottom flask was
sealed on the base of the 2,9 am. tube. 9 cm. from the
flask a distilling arm was sealed on the neck, This
arm wvas in turn sealed to the pyrex ocore of a condenser,

leading to the receiver containing s=mall sample bottles
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for the collection of samples of the distillate.

The condenser and flask were painted black with the
exoep tion of the meck of the flask above the distilling
arm. The bulb of the flask was also covered with a
paste made of sheet asbestos and water. This dried well
and formed an efficient insulation which aided in main-
taining an even temperature and preventing bumping during
distilla tion.

An ebulator made from a piece of pyrex tubing,and
pyrex glass beads were also used as insurance against’
bumping,

The neck of the flask above the distilling arm was
wrapped with asbestos rope. A short open space being
left for the reading of the thermometer which was sus-
pended so that its buldb hung about 4 cm. below the
distilling arm,

The pressure regulator consisted of a bottomless
glass bottle sinkered with a sufficient quantity of lead
to cause it to sink to the bottom of a 20.5 by 46 cm.
glass battery Jjar filled with water. The neck of this
bottle was fitted with a one hole rubber stopper and a
stopcock. The bottle was suspended by a wire over a
pulley above. The opposite end of the wire was loaded with
movable weights so that by adding more or taking off some
the bottle could be raised or lowered thus exerting the
desired effect on the pressure of the system to which it

was attached.,



A small amount of friction was neeessary for
the proper functioning of this device. The stopcock
was connested by means of rubber tubing to a T tube
one end of which conneeted to a manometer, the other
end to the receiver for the distillate.

Pyonometer for density determina tion; The
pyenometer was of the vacuum type made by sealing a
marked capillary tube to the bulb of a 50 ml. pyrex
distilling flask and sealing on at the other end of this
capillary a stock having a ground junction to fit a
filling device and a eap to prevent evaporation,

Procedure.

Five small weighing bottles and a 150 ml,
beaker were placed on the movable base in the receiver
which was then sealed, its 1id being held in place by
two small clamps. About 400 ml, of the pure HBr
solution was placed in the distilling flask which was
heated with a burner. The barome ter reading was
corrected and the pressure in the system regulated by
the ocontrol to 750; 760; or 770 mm of mercury on the
HBr solution., As soon as the distillation was well under
way the pressure did mot vary more than 4 .2 to ,3 mm.of

meroury. The [ressure was watched carefully and the

boiling point was noted each tims a sample was collected.
%hen the 150 ml., container was nearly filled with

the distilla te, two or three or more samples of from
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3 to 4 ml.each were collected. Then the flame was
removed, the pressure was released, the stoppers
placed in the weighing bottles, weighings made and the
sample s analyzed.,

Part of the work was done by this procedure,
then it was found expedient to vary the method s_li ghtly
80 the density might be determined from the sams dis-
tillation. One 100 ml.,beeker end one 150 ml. beaker
were placed in the receiver 125 to 150 ml.of the HBr
was distilled off then a 100 ml.sample was distilled
end collected in the second container, Two portions
of this sample were transferred toveighing bottles for
analysis and the pycnometer was filled with a portion
of the remainder, brought to oconstant temperature by
allowing it to set overnight in a thermostat at 25,05°
Ce. The content of the pycnometer was then adjusted to
the mark by means of a capillary tube. Excess HBr
solution above the capillary was wiped away and the
stopper cap inserted. The outside of the pycnometer was
dried, the pycncmeter placed in a dessicator for 10
minutes then weighed. Barometric pressw e and temperature
were reeorded for use later in calculation of the density,

In filling the pycnometer was evacuated by a
water pump, a charge of the acid allowed to flow in,

nearly enough to fill the pycnome ter. The pycnome ter was
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agaln evacuated until bubbles ceased to ocome from the
HBr solution, then HEBr solution was let in slowly until
the bulb was filled. The small bubble remaining at the
top of the flask was removed by warming the pyenometer
in the hands until expansion of the contents expelled
it. On coeling to 25,05°C in the thermostat the
pycnometer was completely filled with air free HBr
solution,

vA.nalysis; The samples of EBr weighing 4 to S
g each were diluted to 800 ml in tall form liter
beakers. Slightly less than the theoretical amount
of 5% solution of silver nitrate was added slowly with
stirring this operation being carried on in the filtered
light of a photographic dark room. The samples were
covered and allowed to set for twelve hours then a
slight excess of silver nitrate solution was added end
finally $ ml. of concentrated nitrie acid. Comple te precip-
itation and rapid settling followed this treatment. After
standing twelve hours the silver bromide was filtered
onto platinum gooch orucibles which had been previously
treated by washing with dilute silver nitrate then
with water until entirely free from silver nitrate dried
at 110° overnight then at red heat to constant weight,
The Ag Br was washed with about 1 liter of conduetivity
water dried overnight at 1109 then finally heated just

to the fusing of the Ag Br. They were then cooled
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in a dissicator and weighed. Treatment was continued
to constant weight within + .0002 g. All weighings
were reduced to vacuo and a correction of .54 x 1068
of Ag Br added for each liter of solution plus wash
water used, The factor used for conversion of this

weight to the equivalent of HBr was ,43091,
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Interpretation of Data

Cazital letters in the tebulation indicate the dis—
tillation, small letters indicate the sepzrate fractions
of the distillate, Arcbic numerels, unless otherwise
stated, indicate the individuel scm.les of distillate
analyzed.

In the czlculation of the average for the densities,
those densities of the distillate at each pressure were
added and an average rmade.

In the crlculation of the averege of the I Br con-
tent, any unusuelly hi~ch or low vzlue vcs thrown out,
then the accented results from the indivicdual samples of
each cdistillation were added and zn avercge tcken, The
final averace X Br content w=s czlculated from these
averages of esch separate distillation. Series B, Tsble II,

was throvm out in this consideration.

Discusgsion
The cistillation rate was reculated so that 50 to €D

drops or 2.5 to 3 ml., distilled over per minute. It vas
found difficult to avoid bum>ing when e rate of distillation
slower than 40 drops or 2 nl. per minute was attemsted.

a smell window for ovservation of the gquantity of
H Br solution present was provided on one side of the dis-
tilling flask.

The thermometer was read with a magnifier by holding
a licht back of the flesk neck. ZEstimation of the

-16-



temperature to .05° could be -ade with e hich degree of
accuracy. .o veariation could be detected in the boiling
point afteran e;uilibrium condition hod teen attzined.

A very slicht vitratory movement of the manometer was
noticed out the ?ressure once regulated remeined con-
stent to vithin I .2 to .3 m. of mercury.

Tiie caliovration of the thernometer was rechecked
by reading it in boilins redistilled water =t a pres-
sure of 760 =m, of mercury. It was found necessary to
asply o correction of $.2°% to the thermometer used at
100°. 4 constant preszure was easily maintzined, but
this factor varied less vith = low rete of distillation.

All weichts were reduced to vacuum conditions before cal-

culations were made.

Summary
when investigated by precise methods it was found
that H Br distillate at 750 mm. nressure boils at 124.2° ¢,
contains L47.771% E Br and has a density of 1.48037; tha
H Br distillate zt 7€0 mm., pressure has a boiling vpoint of
124.6°, contains 47.785% H Br end has a censity of 1.47983,
and that H Br cistillate at 770 mm. pressure boils at 125,0°C,
contains L7.727. H Br and Les a density of 1.479¢3. The
constant toilin~ mixtures have a weicht normality of:
5.90%3" at 750 mm., of mercury
5;9063 et 760 =m, of mercury
5.8933 at 770 m1, of mercury
-17-



a volume normelity of:
8.7397 at 750 mm. of mercury
&.7386 =t 760 mn. of mercury
£.7c86 at 770 mm. of mercury.
The composition of E Br distillate at 760 mm. of —ercury

agrees closely with that reported bty Ewinc and Shadduck 3.
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