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INTRODUCTION.
The free energy of formation of the hydrogsgn

halides at ordinary temperatures may be calculated
most readily by the ald of electromotive force data
and of vapor-pressure measurements. Thus, from the
electromotive force of the cell H, (1 atm.), HC1
€q formal), 012 (1 atm.), may be oalcﬁlated the
free energy of 1HCl1 in a ¢ formal eolution. By add=-
ing to this the free energy increase attending the
compression of 1HC1 from the pressure ol which hydro-
gen chloride is in equilibrium with its ¢ formel
soluxion to a pressure of one atmosphere, the frse
energj of formation of hydrogen c¢hloride is cbtained.
The necessary electromotive force date, in the
case of hydrogen chloride, have been determined with
a considerable degree of accuracy; but, as pointed
out by Ellisl, the existing data for the vapor-
pressures of hydrogen chloride above iis aqueous
golutions at 25° are not at all consistent. This
investigation wos undertaken with the object of
‘securing the necessary vapor=-pressure datsa.

PREVIOUS DETFRMINATIOHNS.
2
A comparison of the valuee determined by Gahl

1. FEllis, J. Am. Chem. Soec., 38, 737 (1916).
2. Zeit. Phys. Chem., 33. 178 (190C).
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at 25° and by Dolezalek! at 30° for the vapor=pressures
of hydrogen chloride above its aqueous solutions
indicates inaccuracy in the methods of one or of both
of these investigators. Thus Linhart® has calculated
from Dolezalek?s resulis that at 25° the vapor-pressure
of & solution containing 6.75 mols of HC1l per 1000
gramg of water is 0.27 mm.: and Gahl found the vapor-
pressure of a solution of this concentration to be but
0.08 mm.

Dolezalek's method consisted in passing a mixture
of hydrogen and oxygen generated by the electrolysis
of a potassium hydroxide sclution through saturators
filled with the hydrochloric acid solution, and then,
through an apparatus for absorbing the hydrogen chloride.
The volume of the gases passed was calculated from the
difference in weight of the generating apparatus before
and after a run. The hydrogen chloride was absorbed in
standard potassium hydroxide solution and its amount
determined by titrating back with acid. Eight to fifteen
litere of gas were passed in from 5 to & hours. In ihis
way the vapor-pressure at 30° of hydrochloric aclid gas

above its aquecus solutions from 5 %o 10 normal was

determined.

1. Zeit. Phys. Chem., 26, 33%, (189¢).
2. J. Am. Chem. Soec., 39, 2601 (1917).



Gahl investlgated the vspor-pressures st 25% of
hydrogen chloride in equilibrium with ite solutions from
1 tc 6 normal. He passed a mixture of hydrogen snd
oxygen generated by the electrolytic decomposition of
a potassium hydroxide sclutions through ssturstors
filled with the hydroehloric acld sclutions and then
tﬁreugh a conductivity cell contalning about 1 ve. of
water. The volume of gases passed was oslculated from
the quantity of electricity used in decomposing the
potassium hydroxide solution. The gases were bubbled
through saturators consisting of epiral tubes about
1 em. in diametex; The amount of hydrogen chloride
taken up by the water in the cell was determined by
measuring the conductivity of the resulting solubtion.
OUTLINE OF METHOD.

The method employed in this investigation was to
determine the hydrogen chloride contalned in a given
gquantity of alr in equilibrium with a hydrochloric aecid
solution and compare this with the amount of water wapor
whigch the same air contained when in equilibriwum with
pure water at the sasme temperature, From a knowledge of
the vapor-pressure of water at the temperature of the
experiment, the vapor-pressure of hydrogen chloride gas
could then be computed. This method awvoids the rather
difficult deter .mination of the volums of inert gases

passed through the apparatus.



The alr was first passed through a preliminery
saturating apporatus which consisted of o series of
three Fmmerling tubes containing glass beads and
partially fillcd with a solubtion of hydrochleric aeid
of the some concentration as that used in the saturator.
From these tubes the air was led into the saturator,
whioh was of the typs desigmed by Berkeley ond Hartleyt
with the modifications made by Weshburn and GOrdona.
The chief advantage of this type of saturator is thal
the air does not bubble through the sclution, but passes
over it and along the walls of the vessel which are
belng continually wet with the sclution. In this way
mnere Qomplete sasturstion is obtalned then in the noTe
commonly employed air-bubbling method, and denger of
carrying spray over intc the absorber is greatly
reduced. Indeed, =8 was shown in this inveatigatian,
it is made entirely negligible. The total length of
path over which the aiz travelled in passing through
the seturator was about 140 om. Eaoch of the first five
limbe of the soturstor was about one third filled by
placing in it 30 cec. of the hydrochloric aeid sclution

while the l1smest limb contained only 10 cc.

1. Proc. Roy. Soe. Londen, g, 156 (1906).
2. H. B. Gordon, Univ, of Ill., Thesis. (1912).



The hydrogen chloride was absorbed from the
saturated air by then passing the latter over a dilute
godium hydroxide solution contained in o small Hwo~-
iimbed absorber, similasr in construction to the ocatur-
ator. This asbsorber contained sbout 10 eec. of the
alkaline solution in cach limb. The coneentration of
the sodium hydroxide solution vazried from 0.1 to 0.5
nﬁrmai - depending upon the amownt of hydrogen chloride
which was o be absorbed.

After the absorntion of the hydrogen chloride,
the alw, already almost saturated with water vapor, was
completely saturated by passing it through a saturator
of the same type and si%é as that used for the hydrogen
chloride gas saturation. The amownt of water conialned
in thie air wes deternined by abeorbing it in a ceries
of four U tubes, the firet contained caleium ahlﬁii&ﬁ,
the others broken pwmice stone molstened wi%h.ccgpan~
trated sulphuric acid.

The saturators and the hydrogen chloride absorber
were in a thernostat mounted on & rocoking device which
oseillated shout 30 times s minute. The U tubes for
absorbing the water were outside the thermostat. To
avold passibla‘c@nﬁﬁnmation of water vapoxr, the tube
cormecting the lset saturator with the U tubes wae
kept at o siightly higher bemperature than the thermo-
stat by passing a small electric current through a wire

wound arcund 1t.



Finally, the air passed through a roughly calibrated
gas meter, This served to indicate the spproximate rate
of flow of aixr through the systen.

From 60 to 125 liters of alr were passed in each
determination through the system at a rate of 7 to 10
liters per hour. A% the end of a run the water absorbers
wexre immediately removed and weighed. The solution in the
sbsorber for hydrogen chloride gas was poured into an
Erlenmeyer flask, and the absorber rinsed with four 10 co.
portions of distilled waler, which was shown by tests to
be ample to remove all chlorides. When more than 0.001
equivalent of chlorine wae present in the absorber, it
wag determined by the standard method of Gooch. Smaller
amounts were determined by the methed of Mclhean and Van
Slykel modified as follows: +the halide was precipitated
in the presence of a known amount (about one gram) of
free nitric acid with an excess of 0.025 normal silver
nitrate solution. After coagulaiion of the colleoidal
precipitate had been aceomplished by shaking the mixture
for a few seconds with itwo drops of caprylic alaohola,
the silver chloride was removed by filtration through
a Gooeh erucible. The excess silver nitrate contained
in the filtrate was titrated with 0.01 normal potsssiunm
oidide which has been standardized aguinat the silver

1. J. Anmer. Chem. Soc., 37, 1128 (1916).
2. Ber. 24, 3351 (1891).



nitrate solution. Just before titration four cc. of
trisodium citrate solution® were added from a burette
for each gram of free nitric acid present. Under these
conditions, using starch as an indicator, two drops of
the 0.01 normsl potassium ilodide gave a sharp color
change that could be seen in 150 ec. of solution. This
corresponds to about 0.02 mg. of chlorine.

The concentration of the hydrochlorie acid solu~
tion whose vapor-pressure was being determined was
found by taking, at the end of a run, a sample from
the last two limbe of the saturator and titrating this
acid ‘against a weighed amount of sodium carbonate.
REAGENTS USED.

For concentrations below 6 normal the hydrochlorie
acid used was prepared by the distillation of Bakert's C. P.
6 normal aeid, the first and last portions of the dis-
tillate being rejected., This constant boiling mixture,
which was approximately 6 normal, was diluted %o the
desired concentration with distilled water. For concen-
trations above 6 normal Fimer and Amend's €. P. 11.2
normal aeid was diluted.

The silver nitrste sclution, which was prepared
from the pure salt, wes standardized by precipltating
and weighing as silver chloride, employing a Gooch
ecrucible, The potassiun iocdide solution was prepared

1. MocLean and Ven Slyke, loc. clt.
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from Baker's C. P, salt and standardized against the
silvex nltrate solution. The sodium carbonate was
Bakerts C, P, and was theroughly dried before using.
Tests showed that all of the reagentes employed were
free from chlorides.

PRELIMINARY EXPERIMENTS.

. Preliminaty experiments were made to determine
the effeotiveness of the saturaior and of the absorber.
To test the degree of saturation of the air with the
hydrogan chlorlde, three runs were made. In each of
thense runs about 100 liters of alr were passed through
the eysien at rates of five, ten, and twenty liters
per howr respectively. The wgpor preesures thus detexr-
mined sgreed with one anothor to within 2 per cent. To
further test the saturation, the preliminary éaturatiag
device was bYenporarily removed and & run made. The
value given by thle experinent was within 1 per cent
of those previously found. The experimenta of Goxdon
and of Hauael ghow that the method of saturating the
alr with water-vapor is efficient and reliabls.

They passed alr through similar saturators at & much
faster rate than that used in this investigatlon end
obtalined équilibmium conditicns. Thus in one experi-

ment alr was pessed &b a rate of &7 liters per hour.

1. J. Am. Chem. Soc., 27, 309 (1915).



The difference between the vapor-pressures of water
as given by two such saturators in series was 0.02
per cent.

The efficiency of the absorber wgs demonsitrated
by the fact tha%, when 60 liters of air were passed
through the apparatus at a rate twice as great as
that agtually used in the final experiments, no det~
erminable amownt of cohlorine was found in a second
absorber. It was further tested by examining the
water contained in the water saturator. If the hydro-
gen chloride were not completely removed from the alr
during its passage through the absorber gontaining
the scdium hydroxide solution, it would be largely
taken up by the following paxrt of the system, namely,
the water saturator. After two or three runs had
been made without renewing the water in the saturator,
it wae tested and found to yield lese than 0.1 mlilligram.

, The concentrated sulphuric acid in the last U
tube in the water absorbing deviee was frequenily
removed. This U tube ueually incrcased in weight about
4 milligrems as compared with a total weight of water
absorbed of spproximately one and a half grams. The
amowunt of water which escaped absorption was certainly

lese than 0.1 per cent, Differential msnometers
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placed between varicus parts of the symtem showed that
any pressure differences in the system were less than
0.1 mm. of mercury. In the final emperiments the
manometers were not used.

METHOD OF COMPUTING THE VAPOR PRESSURES.

In computing the resulis from the experimental
data it is asssumed that the waber-vapor and the
hydrogen chloride gas at the low pressures involved
obey the perfect-gas law. The error introduced by
these sssumpiions is gertainly mueh less than the
ezmaig of the experimentel method,

fhe vapor-pressurs py of hydrogen okloride in
ite solubdion, which 1Is equal to ths partlal pressure
of hydrogen chloride in ihe air in squilibrium with
1%, is given by the familar expression:

p, ¥y = MyRT. (1)
Hore Ny is the nuwber of mols of hydrogen ghlorilda
gontalned at ﬁhe>tamperature T in the volume of alx ¥y
which passes through the hydrogen ghloride saturabor.
Foz the water-vapor we have the sinilar expression:

Pp Vp = NoRT. (2)
Here v, is the volume of alr aa it passes through
the saturator for water-vapor. The volwkes vy and Vp
are not exsetly the same; for, though the total pressure

in the two saturators is substantizlly the same (as
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shown by the differential menometers), the partisl
pressure of the air is Paﬁps'91 ag it leaves the
hydrogen chloride saturator, and Pe~po a8 it leaves
the water saturator, Py being the barometriec prassure
and Py the vapor-pressurs of water above the acid
godution. Since the quantity of the aix is the sanme
in the two cases, ifs pressure-volume produst must
 Dbe the seme; that is:
(Pa—pe=p1) vi = (pgpp) ¥ (3)

By combining equations (i), (2), and (3), the

fallew}ng expregelon fox p; results:
Py = Fyppplpa~pg-p, )
1R

£t 25° the vepor-prescure of water vapor above the
acid solution, pg was interpolated from the values
given by Linharﬁlg for pp the veiue 23.76 mm. was
employed, Nlignd Ny are the mols of hydrogen chlicride
and of water respectively found in the absorbers. In
calculating the wvepor-pressure al 30°, it wae assumed
that the small correction fa&tcr‘paqpsﬁil had the same

: Pa~P2
value, ab thé same concentration ss al 25°. For po at

30° the velue 31.85 mm. was employed.

1. J. Am. Chem. Soeo., 339, 2607 (1917).
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EXPERIMENTAL DATA AND COMPUTED VAPOR-PRESSURES FOR
 'HYDROCHLORIG ACID.

The experimental data and the calculated vapor-
pressures are given in Table 1. In this table ¢ is
the concentration in mols per liter of the acid sol-
ution. M is the consentration expressed in mols
per 1000 grams of waterl, E is the equivalents of
ghlorine found in the absorber, W is the welght in
grame of the water absorbed by the U tubes, p 1s the
pressure in millimeters of mexcury of hydrogen chloride
above its eclutions and under D mm. and DY are given |
the deviations, in millimeters and in percentages, of
the individusl walues from the smooth curve obiained
by plotting the experimental wvalues of Zoglﬁp againet
those of ¢. (Fig. 1)

2. In orxder %o convert concentrations in mols per litre
of sclublon into mols por J00C grams of water & greph
vas exployed. The values of ¥ were caloulsted from the
density daba in Lendolt-Birnstein Tebellen, 1912, p 262,
after corrvecting to 25°, snd weve plotled agnlinat gox-
responding velueas of 9. A fevw experimental determina~-
tione made in the courss of this investigation, as well
g8 those given by Fllie and Linhers, cheok very elosely

the values obtained by these caloulatlons.



% c
25° 3.021
3.656
4.570
4. 834
- 5.352
5.559
5.706
6.238
6.980
7.546
8.27¢

#5248
#8.256

30° &.990
6.364
7.364
7.764

H
3.240
3.952
5.041
5. 364
6,018
6.270
6.457
7.148
£.1457
2.950
$.99¢C

9.960
9.972

5.569
7.329
8.726
9.286

Table 1.
Ex10° W

0.0521
0.0982
0.3118
0.3259~
0.7085
0.7552
0.9836
l.0652
3.6856
%.,9205
19483

g.6428
9.1160

0.%137
1.0953
6.7685
6.7488¢

2.8697
2.4536
a.é&§9
1.780¢%
2.0632
1.858)
2.0729
1.2060
1.6026

1.17%6

1.9856

1.0%36
0.9612

1.6198
0.8957
1.50%8
1.1395

P
0.0078
0.0172
0.0857
0.0791
0.149
0.173
©.206
0.385

0.5999

1.819
k.26

§,01
k.12

0,348
0.712
2.6
3.5

£ aolutions saturatsd with calomel.

13.

D mm. D%
Q.000 0.0

0.000 =1.2
0.000 =0.5
0.002 +2.5
€.006 +i,1
0.006 3.6
€.006 =&.9
©.022 =3.0
0.052 +5.3
0.00k +0.2
0.051 +1.2

0:%6 "‘"2."“%‘

0.033 0.8
MenTwme o1 %



By the aild of the curve in Fig. 1 values of the
vaporX-pressures were interpolated to round concentrations.
The results for 25° and 30° corresponding to both mols
per 1000 grams of water and to mols per liter of solu-
tion are given in table 2.

Tabie 2,

LI » ¢ p ¥ M P ¢

25° 4,0 0.0185 %.0  U.0R76 30 5.0 ==--= 5,0 0,148
5.0 0.0537 5.0 0.0938 6.0 0.220 6.0 0.470
6.0 C.AN 6.0 0.297 7.0 0.544 7.0 1.472
7.0 0.345 7.0  G.973 6.0 L1.258 8.0 4.75
8.0 0.830 &0 3.08 9.0 2.89
9.0 1.8y
10.0 &.26

Toe vapor-pressurss ab 25° given in Teble 2 are
two or thres times as grest as those imberpolated ab
ecxrespénding uonaéntraﬁiena from Gand'ts data, IV is
laoposeible te point ul speciflic causes of exxox in
Gahlts method because he sppavenily did not teet the
efficiaency of his saturators and beoause he gives 1o
data showing the concordance of his zesulis, nor de-
talls such se the ralte of flow of gases through Lis
apparatus, the voluwe of gases passed, ele. As already
stated, Zllis pointed cub thet Ganl's resulis were not

consistent with the electromotive foxge data.
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In order to test the accurasy of the values foumd
by Dolezalek, the four determinations at 30° were made.
The resulis obtained are more consistant with each
other than are Dolezalek's, and on the average differ
from the values interpolated fyom she date of that in-
vestigator.by about 40%; in faol, st certain concentra-
tions the velues given by Dolezalek for 30° are approx-
imately sgual to those interpolated for 25°, from the
regults of thls investigetion. The vepor-preasures at
30° were compared with those at 28° by the aid of the
van't Hoff equation. The average differences between
the four expsrimental vzlues obiained at 30° and the
corresponding resulls caloulated from the experiments
at 25°, is 8¢. This is not lorge comsidering the char-
acter of the data, particularly the uncertainty of the
thermochemical values involved.

EXPTRIMENTAL DATA AND COWPUTED VAPCR-PRESSURES FOR
HYDROBROMIC ACID.

The vapor~pressures of hydrogen bromide above iis
agquecus solutions at 25° were determined between the
congentrations 5.8 to 11.0 mols per 1000 grams of water.
The experimental dels =nd geleviated results are given
in table 3. In caleculating the results it was assumed,
beesuse of lack of awailable data, that the vepor-pressures

of water above the hydrobromic acid sclutions are the
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‘sama ag those above the hydroechloric acid solutions of
the same concentrations. The error thue introduced isa
very small since these values appear in the corzrection
fagtor.

Tabis 3.

5.076 5.851 0.0130 3.69% 0.00153 0.0 0.0

5.482 6.39% 0.0165 2.250 0.0032 — {32,5)
6.37% 7.632  0.0333 2.497 0.00577 0.001 -15.4
6.845 8,315 0.0617 2.33% 0.011% 0.001 -6.5
6.850 8.325 0.0866 &.411 0.043% 0.001 =7.2
7-393  9.143  0.118 2,217 0.0232 0,002 9.4
7-730  9.655 0.249  2.337 0.0466 0.007 =13.9
8,221 10.440 0.460  2.261 0.0838 0.003 =1.5

8.546 10.950 0.705 2.155 0.143 0.000 _~0.0
Hean e B,

The deviations were obtained from ths curve ob-
toined by plotting valuza of logyo' P agalnst values of
c. {f1g. 1.). Although the moan peveentage error is
mueh grester in the case of hydrogen bromide, it will
be noted thatl the deviations expressed as mm. of marcury
are snaller. The vepor-pressures of hydrogen bromide
are about eighty times smaller than those of hydrogen
chloride at corvresponding concentreilone; this ie &f
sourse related to the fast theb the conatant bolling
mixture of hydrobromic seid boils ab 126°, while that



of the hydrochloric acid boils at 110°.

By the aid of the curve in Fig. 1 values of the
vapor~pressure were interpoclated to round concentraiions.
The results expressed both as nols per liter of solution
and as mols per 1000 grams of water are given in table 4.

Table %.

" K. P & P
6.0 0.0017H4 5.0 0. 0043
7.0 0.00396 6.0 ¢.oUlk35

8.0 0.00847 7.0 0.0140
G.0 0.0226 5.0 0.06z2

i0.0; G.0573

11,0 0.151

COMPARISON WITH ELECTROMOTIVE FCRCE DATA.

The vepoxr-pressure data for hydrogen chilorids
ray ve sompared with the electromotive force moasure-
ments of Ellis and of Linhar$ in the following mennes.*
The Iree-energy decrsase aliending the transier of
iHCL frow a selution ¢ molal to & solution 0.1 molal®

is given by the expressions

1. There ies no corresponding eleotromotive force data
for hydrobromic agid concenization celis.

2. 'The resulis coculd be reisrred i¢ a sciution ci any
other concentration within the range of ths E.M.¥, data;

the concentration 0.1 nelal offers purtlecular advanisges
for the free snsrgy onleulations.
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-AF = ENF (%)
where E is the electromotive force of z cell in
which the above change in state takee place. The
seme free~enevyy decrease® may be expressed also by
means of the equation:

-A¥ = RT7T 10gg. B (5)
where p snd pn 3 amevthe'vapcs-yﬁgé%uree of hydrogen
chloride above its ¢ molal ond ite 0.1 molal solutions
respentively.

From equations (&) and (5) the relation

ENF = RT loge p_
¥o.1

fallﬁws. Henag

L0 b = Aemygeg,i FEEE {6)
Therefore the graph wbtained b% pi@ﬁting valusa of
1eglep ageinst corzespunding values of B, shouldd bé
& straight line howving the slope W ¥/ 2.30% B 7.

The deeired values ¢f E may be resdily calous
istved from the yesults of Eilis and ol Linhart,
Both of these investigators determined the eleciro-
metive foree at 25% of cells ouf the tyve

H, (3 atm.}, HOL (¢ molal), Hg,Cl,Hig

over & considerable concentration rouge. Dby sub-
tracting the electrumotive foree of the eell in

which the concentraticn ig ¢ formal, from that of the
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eimilax cell in which the concentration is 0.1 formal,
the quantity E which ie to be substituted in equation
(6) is obtained. These values were calculated and
plotted against concentratione exyressed as mols pexr
1000 grams of water. The results of Ellie and of
Linhart are in good agreement with each other., From
this graph values of E corresponding to the concen~
trations at which the wvapor-pressures were experiment-
ally determined were read off and plotted against
values of log,.p. (Fig. 2.)

At concentrations below about 7.15 molal the
pcin?s were found to lie on a straight line having the
slopé required by equation (6). Above this concen=-
tration they continue to lie on a smooth curyy but
not upon the required straight line. This deviation
can be acecounted for only by assuning an exror in
either the electromotive force or the vapor-pressure

data.l

1. In the electromotive force determinations the hydro~
chloric acid solutions which were in contact with the
calomel electrodes were saturated with calomel. Exper-
iments showed that the effect of dissolved calomel

upon the vapor-pressure of a 10.0 molal hydrochloric

acid was negligible. See table 1.



Since five cogcordant determinations of vapor-pressure
were made between 7.15 and 10.0 molal, while but one
electromotive forece result is available within this
range, it seems more probable that the later is in-
correct. An error of 3 millivolts in the electromotive
foree data at 10.0 molal, or of 1 percent in the con-
centration of the acid employed would account for

thie deviation; an error of 10 percent dn the vapor
bressure measurements would also account for i%, but
‘at 10.0 molal three determinations were made and the
mean of the corresponding values has a probable

error of but 0.8 percent.

43ecause of this uncertainty in the data for the

solutions more concentrated than 7.15 molal, only
those results obtained within the range in which the
electromotive forge and vapor-prescure data show

good agreement were employed to calculate py 3, the
vapor-pressure of hydrogen chloride above its 0.1
molal solution; this wvalue ie employed in the free
energy calculations which follow. From the experimen-
tal result at each of the & concentrations below 7.15
molal, =tha wepor-pressure of 0.1 molsl HCl was cal~
culated by means of equation (6). The mean of these
values 1s 2.23 x 10“6mm., the average deviation from
the mean is 3.4 peréent and the probable error 1.2

rercent.
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Since careful electromotive force data are
available down to concentrations as low as 0.01
molal, the vapor-pressures of hydrogen chloride above
its sélﬁxions of any concentration between 0.01 and
10.0 moial may be determined within a few percent by the
atd of equation (6) or by interpolation from the direct
vépor-pressure measurements.

FREE ENERGY OF FORMATION OF HYDROGEN CHLORIDE.

The electromouive force at 25° of the cell

Hg + HgpCl,, HCL (0.1), C1p (1 atm.)

has been determined to be 1.0896 voltel and that of the

cell’

Hy, (1 atm.), HCL (0.1), Hg,Cl, + Hg
to be 0.39904% volt®. Hence the elsotromotive force
of the cell

H, (1 atm.), HO1 (0.1), Cly(1 atm.)
is 1.4886 volte; the probable error of this vslue is
about 0.5 millivoltl. The relation =AF = E N F then
gives =34, 330 ¥ 10 calories as the free energy of one
HCl in 0.1 molal sclution.

1. Lewis and Rupert J. Amer. Chem. Soec. 33, 299, (1911)
2. Ellis. Ibid. 38, 75%, (1916).
3. See Noyes and Ellie. Ibid. 39, 2540, (1917).
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The fxee encrgy ¢f formation of hydrogen ehloride
is obtained by adding to the sbove valus, the free
energy incresse which resulis when the pressure is
changed fsom that which the hydrogen chloride has
above its 0.1 molal solution, pg 3, %0 a pressure of
one atﬁosphere. This free energy incresse is given

by the relation =AF =R T log, _760 _ (7)
Po.a

This equation.is caged upon the assumption that the
gas obeys the perfect gas 1§w at pressures less than
one atmosphere. At this pressure the deviation of
hydrogen chloride is 0.74% percent at 0°; it is less
at 25°.' The wncertainty thus introduced into the
result given by equation (7) together with that
involved in the value 2.23 x 10'6 which is substituted
for pp.1 is thus about 0.6 percent. Equation (7) then
gives 11,630 7 70 calories as the free energy increase.
The free energy of formation of hydrogen chlorlde

at 25° is henoce =22,700 + 70 calories.



SUMMARY .
1. Determinations of the vepor-pressure of hydrogen
ghloride above its agueous solutions at 25° have been
made between 3.2 and 10.0 molal. The results have a
probeble error of 0.6 percent; they sre two or three
times as great as the previocus data of Gahl., Four
determinations carried out at 30° are concordant bud

give results differing greatly from those of Dolezalek.

2. Deterninations ¢f the vapor-pressure of hydrogen
bromide above its agueous sclutions at 25° have been
nade between 5.8 molal and 11.0 molal. The results have

a probable error of 2.4 percent.

3. The vapor=-pressure messurements for hydrochlozic
acid solutions between 3.2 molal and 7.15 melal sre
in good agreement with the electromotive forxce of
hydrochloric acid eoncentration cells. By the ald of
such electromotive force dota the vapor-pressure

of hydrogen chloride above its agueous solutions at

concentrations as low as 0.0l molal may be calculated.

L, The free encrgy of hydrogen chloride at 25° is
«22,700 X 70 calories.
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