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EBULLICSCOPIC MEASUREMENTS IN MIXED LIQUIDS

The study of the veriation of some phyaical property
with the composition of a binary mixture has been carried on
for a long time as & meens of securing an experimental basis
for a theory of mixtures. The properties whioh have been
studied are numerous inaluding viscosity, boiling points,
refraotive indicea, densities, spseolfic vwolumea, and various
thermal properties. Folsesule in 1843 and 1847 published
papers on the visecsity of mixtures particularly those of
ethyl sloohol and water. About the same time Binesu found
that the constant boiling mixture of hydrochloric aold and
water had approximately the composition HC1-8Hg0 end the eim-
ilaer mixture of nitric acid end water was represented as
2HNOz*3H20. This work reguited in the hypothesis thet these
constant boiling miztures are definite chemiocal compounds.
That hypothesia has since been shown to be untenabdle singe
Rosooe and Dithmar and othersg have found that the composition
of the constant bolling mixture dependas on the pregsurs and in
the case of mixtures of athyl alecchol and water it has been
found thet at low pressures the minimum in the beiling point
ocurve disappearsg, Such mixtures are therefore not considered
definite compoundas any more but the sxistence of & maximum or
minimum 1n a bolling point curve is taken 28 evidence of either

a certain amount of combination or a change in the sssociation
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or dissoclation of the liguids composing the mixture. The
argument which applies tc bolling points has been found to
spply elmo to other propertiea suoh as viscosity and heats

of mixture.

The thermodynamio treatment of mixtures began with
the work of Eirchhoffl and Gibbe® on the vapor preasure of
liguid mixtures. The theory advanced by Gibbs was worked out
independently on sn experimentsl basgis by Eonowalowd. He
distingunished three types of vapor pressurs ocurves for ocom -
pletely miseible liqunida and stndisd the changss ocourring in
the digtlllation of mixtures. The work of Kirchhoff was
oxtended by Duhem? who deduced a differential equstion for
the change of the logarithm of the vapor pressure with the
oomposition of the mixture. This ecuation was later integrated
by Margules5 and confirmed quantitatively by v.Zawidzkib.
Others have studied various special problems in the thermo-
dynamic¢ theory of mixtures and in some ceses experimentsl con-
firmation has been mecured?, The general theory of binary

systems has besn attacked by Gibbad, Planck? and Duhem'? who

1. Kirchhoff. Pogg. Ann. 103 104 {1858) .

2. Gibba. Scientific Papers Vol, I.

3. Konowalow. Wied. Arnn, 4 48 (1881).

4. Duhem. Tralte de lesesnioue Chemigue IV.

6. lMargules, 8itzungeber. Wien. Akad. 1895,

6. Zawidzki Z. physikal. chem. 36 129 (1900}.

7. Nernat Theoretische Chemies 6th Ed. P.115. Bose Z.physikal
chem. 58 621 (1907), ibld. 656 458 (1909) van der Wsals
Proe. Acsd. Amsterdam 10 66,125,183 (1909).

8, Gibbs S8cientific Papers B Vol. I.

9, Planck Thermodynemik 3 Aufl. Sec. 21l.

10. Dnhem. Traite I oh.viii IIT oh. i,1i.
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have derived a general equation for the dimplacement. of equi-
librium of a system. This equation has been applied in a few
osses snd Masingll has applied it ot the caloulation of the
heats of vaporiszation of water and ethyl slcohol and mixtures
of the two. In gemeral, however, this sguation and the others
have approximations intreduced sc s& to put them into a form
whioh may be used in omloulations #o that the ocaloulated
resulta do not agree as well as might be hopsd for.

Lesving, for the time being, the purely thermody-
namis theory of mixtures we have the work of DolezalekrlZ ad-
vooating the chemiesl theory of mixtures. He startsd with
the assumption that the partial prespure of sach component
is proportional to 1ts concentration in the liquid phame
provided no chemical ohange occurs cn mixing the ligquids and
that neither one ia polymerized ih the liguid state. If
there ie any sassoclstion of either ocomponent the partiasl
pregsure gurve of that component is conocave to the concen-
tration axis indieating disscciation of the polymerized
moleoulea. If ths &ﬁrve is concave the other way, the for-
mation of a compound of the two components is lndiosted. Om
this basis Dolezalek discussed the paire benzens-chloroform,
carbon tetrachloride-benzene, and chlorcform-ascetone. In the

caege of the chloroform-acetons mixtures by using the essumption
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11. Masing Z.physikel. chem. 81 283 (1912).
12. Dolezalek Z.physikal. chem. 64 727 {1908}. 71 191 (1910).
83 40,45 (1913).



