


4 thesis, presented to the Department of Chemistry
of Union College, in partiasl fulfillment of the requirements
for the degree of Bachelor of Seience in Chemistry

o Yol G (ol

approved by _Cleanleo @B Ibend

sy 1939



The tempersture of the vepor over & boiling ssline solution hes
been stated by Hichael Farsdey: to be the same as the boiling temperature
of the pure solvent. However, Gay Lussac snd Wulner® believed the tempers-
ture of the vapor to be the same as the temperature of the solution from
which the vapor was evolved. Neither Feradey nor Cay Lussse seemed to have
done extensive experimental work on this subject in order to find exactly
what the temperature of the vepor is.

Since that time quite & bit of work hes been done on this probles,
all of which was divided into the two schools of thought; that presented by
Peradsy snd the one by Gsy Lusssc. Ho one seemed to believe that the wapor
temperature might be something other then thet of the boiling solvent or
solution itself. K. Sciweber® experimented snd found bie results to sgree
with the work of Fareday, but I. Pollitserd, 0. Knoblsuch and ¥. RelherS,
Balke and Wilson®, sud E. von Reissmenn? found thet they agreed with the
statement of Gey Lussac. At Union College James Rice® in 1928, E. S. Bartlett
in 1929 snd Leo ¥. Scott in 1951 worked on the problem. Both Rice and Bartlett
found their results to asgree in general with the statement of Feraday. Scott's
work did not.

in interesting secount of how Feredsy and Gey Lussec errived at their
opinions on the subject wae given by C. Harker® in 1920,

In 1822 Pereday found thet in his experiments when the bulb of a
thermometer wes sprinkled with selt snd introduced into steem the tempersture
recorded was greater then 100° C., the steam genersted from & boiling sslt so-
lution bad only the tempersture of 100° C.



Gey Lussse differed with Farsdsy on theoretical grounds. He con-
sidered thet the vepor must have the same temperature ss the liguid with whieh
it is in contact.

Later on Paraday published & paper in which he proved the contentions
of Gay Lussae to be corrvect.

The one work et Union College which seemed to give fairly poritive
results was that of Bartlettl?. He ettempted, by means of eertsin conclusions
of 4. Berthend, Briner, snd A. Schidlofll shout the Fbulleseople Persdox, to
show theoretically thet Faradey's first contention wes correct. They belleved
that the work done against osmotic pressure in chenging the coneentration of
mnmuumumrthmzmnmmmmummA
solution, The formetion of vapor st 109° C. from & boiling satursted salt so-
lution actuslly requires less heat than the formation of the same amount of
vapor &t 100° €. from boiling water.



APPARATUS
mwmuvmmmwmu
prevent: (1) the cooling of the vepor once it had been evolved; (2) the
heating of the vapor after it bad been evolved; (5) spleshing of solution on
the thermometer. Thers iz 2 possibility of radistion to or from the ther-
mometer, but thls redistion would heve been negligible in sny case.

The first two objectives to overcome were eliminated by the use
of & guart Dewar which wes silvered. The vacuum geve excellent imsulation to
the solution which the Dewar conteined. The Dewar being mede of Pyrex glase
prevented sny heat flow from the solution to its vapor by conduction through
the wells of the Dewar. This entire Dewsr was them plsced in & water thermo-
stat kept at & falrly high tempersture of around 80° C,

4 clesrer description of the complete apparatus can be mede by re-
ferring to the sccompanying drawings.

In Figure I is pletured the Dewar alone. An electriec iknife heater
(a)mmummmmwummm;mmmm
w&;mmm,mmwwummuwmm.m
as & stirrer to keep the solution homogeneous, as well as to prevent the salt
from caking out onto the heater, where the solution bubbled ento it. 4 110° C.
thermometer (o) immersed into the solution, so thet the bulb of the thermometer
was sbout half the way down into the solution, showed the steady rise of the
solution temperature.

In order to prevent splashing of solution smnd condensstion of vepor
on the thermometer, & salt trap wes designed which would eliminete both of
these points,

Referring to Pigure IIs 4 plece of sheet copper (&) was cut im the
shape of & cone, so that it would slide onto the thermometer snd protect the



bulb of the thermometer {rom vepor condensetion which would ordinerily rum
right down onto the bulb and give & false reading of the vupor temperature.
This operates in the same way &8 & person is sheltered from the rain by an
usbrells. 4 plece of gless tubing (b) sbout 12 mm. inside dismeter snd sbout
5 em. long was then put over the bulb of the thermometer and fastened to the copper
shelter by meens of steel wire and beat and moisture prool cement. The bottom
of the glase tube whichk was opened was covered with a fine mesh bronze sereen(e).
The sereen permitted the free asccess of the vaper to the bulb, but at the sune
time prevented any solution to splash onto it.

PFigare I1I is a complete drawing of the entire apperatus when in
operation.

Vapor from the boiling solution eseaped freely to the stmosphere
through the stirring rod tube.
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JHEORETICA,

- The various features which this apparatus consists of should now be
explained as to their funetion in showing thaet the vapor temperature over &
boiling saline solution is the same @s the vepor temperature over the pure
boiling solvent. :

4s to beat flow from the boiling solution through the walls of the
er;m.mamtxmummmmtnum.wmnmu
artm:mmtummmutm—lmm,nqnuwww
come of equal tempersture. If snytiing this heat flow should raise the tem-
perature of the vapor, but the experimental date showed the vapor temperature
to rise watil it resched 100° C. and then remained comstant. The only other
source of heat other then that of the vepor reaching the thersometer would have
been radistion from the hesater itself, Of course there was nothing to prevent
this from occuring, but caution wes taken to see that the hester was well im-
mersed into the solutionjend since the vapor temperature remeined at 100° C.
while the solution boiled, it was naturslly thought that there wes no signi-
:tht«mmmamwmwrmtbmm.
mmmtwmmumwmwamm,
there was no chance of sny appreclsble bheat flow to the thermometer from other
sources.

nﬁ-m-umnmnmmamﬂtm,rc
wmwmmmmmmmtmmmmm
Upon the thermometer,in which case the temperature registered would hsve been
that of the condensed vapor, and therefore could not heve been any higher then
the bolling point of the pure solvent. The explenstion of the comstruction of
the selt trap was given in & previcus section of this treatise; and so no spece
will be devoted to thet here. The only proof to sseertain whether the salt



trap did suecesafully wmhat it wes Intended to do was to resove the thermometer
mwrmmm,arurnm,md&ummtmwomwm-
densstion on thke buldb or not. There was no evidence st all that condensstion

had teken plece during the run. The bulb was even touched with the tongue to

mﬂww&aﬁmhﬁ:ﬂn&mmmmwﬂtwmm

the thermometer,in which cese & higher tempersture them 1000 C. would have been
obeerved if the splashing was sppreecizble.



I. The cuter vessel or thermostat wes filled with weter snd beated
by flsme until the temperature of the water was near boiling or 100° C. The
vessel was then removed from the flame snd two clectric knife hesters were
M.nwmumwmmmxnmuammmm&.,
&s shown by & thermometer placed in the water especially for this purpose.

II. The Dewar containing the salt solution stopper, heater and ther-
mometer were then placed inm the weter and held there rigldly by s metel sleeve
fastened to the thermostat. i cover wmas pleced over the spparetus, leaving
exposed only the scales on the thermometer, and the plugs of the heaters, which
were comnected to the 110 v. lsboratory source. &5 the solution was heated by
mmm,m:d&t’swmnmmunnnmmm
ofmammmmm mmmm,mm
of both vapor and solution were contiaued to be recorded for s time to see if
they varied from constant values. In every case both the vapor temperature and
the solution temperature seemed to resch their meximum velues st sbout the same
tine.

III. &t the completion of the run the stopper holding the thermometer
snd heater from the Dewsr, wes removed and the selt trap siipped away f{rom the
bulb of the thermometer, which was then exsmined for smy eondensstion or traces
of salt. Neither ever seemed to Lave formed st all on the thermometer.

7.



The results obtained with the spparatus seemsed to be quite con-
clusive thet the temperature of the vapor sbove & boiling selt solution is
the seme sz the temperature of the pure solvent. ;

The salt trap was successful in doing what it was designed to do.
It prevented solution splashing on the thermometer bulb, end it prevented
condensation of the vapor on the bulb of the thermometer.

The fect that at sll times the temperature of the thermostet wes
not the same indicstes thet probably the thermostsat wes not necessery, snd the
vacuus contained between the walls of the Dewar was sufficient insulstion to
Preveut sny heat flow either fyom or to the solution through the Dewar.

If no serious feult has been overlooked in the spparstus, the fol-
lowing conclusions cen be drewn.

The tempersture of the vapor sbove & boiling salt solution is the
same or close to that of the pure solvent.

The vapor was not cooled after escspe from the solution. If there
Was any temperature chenge in the vapor at all it must heve been en incresse.

Finally, it might be suggested thet with this same spparstus,
mhm#ﬂthwmﬂmuwhum‘ﬂ“hm



Calibration ~ Thermometer used in vapor No. 1 100.0° ¢. o°
Thermometer used in solution Mo, 2 100.1° ¢. 0°

Thermometer used in thermostat Ho. 3 99.9° C. ”®

Yo, £ No. 3

Bagp Nolaxity Initial v %, Andtisl sol. e Aaitial therm. $.

i 5N 78.5° C. 81.8° ¢. 64.0° C.

2 5 80.5° ¢, 74.9° C. 80.0° ¢,

3 5N 68.4° C. 75.8° C. 82.0° C.

4 sat'd, sol. M C. l%.@' C. ﬁcﬂ 0‘

5 set'd. sol. 98.5° C. 101.5° ¢. 79.0° ¢,

8 sat'd. sol. 98.0° ¢. 100.0° €. 84.0° C.
Bun Holarity Einal v, %. Eipgsl sol. t. Einal thers, $.

1 x| 100.1° ¢ 104.9° ¢. 64.0° C.

2 3 ¥ 100.6° ¢. 105.4° C. §9.0° ¢,

3 BN 100.0° ¢. 104.5° ¢. 61.0° C.

4 sat'd. sol. 101.0° ¢. 110.2° ¢. 79.00 ¢,

o sat'd. sol. 100.00 C. 108,0° C. 79.0° ¢,

6 set'd. sol. 100.0° ¢. 108.8° ¢C. 84.0° ¢,
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