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Equilibria 1n the Systems of the H igher 
Alcohols, Water and Salts. 

The dehydration of alcohol is such a common process that it has been 
studied by many chemists. 1 Foote and Sholes2 have studied the general 
theory of the drying action of a salt on a liquid and the importance of 
the amount of water which can be taken up by the salt. Frankforter 
and Frary3 discovered the efficiency of KF as a alting-out agent for ethyl 
alcohol, worked out a means of te ting the strength of alcoholic liquors 
by means of the action of KF and investigated the equilibria of the foi 
lowing systems: Potassium fluoride water-ethyl alcohol; potassium 
fluoride- water normal propyl alcohol; potassium carbonate-water- methy'1 
alcohol; potas ium carbonate water ethyl alcohol; potas ium carbonate 
water- normal propyl alcohol and sodium chloride water normal propyl 
alcohol. It was thought advi able to continue the work of Frankforter 
and Frary with some of the other alcohols and with some other alt . 

1 Soubeiran, Ann., 30, 356 (1839); Mendeleef, Z. Chem., 1865, 26o; Erlenmeyer, 
Ann., 160, 249 (1871); Smith, Chem. News, 30, 235 (1874); Lescoeur, Bull. soc. chim., 
[3] 17, 18 (1897); Yvon, Compt. rend., 125, 1181 (1897); Ostermeyer, Pharm. Zeit., 
431 99; Z. anal. Chem., 39, 46 (1900); Vitali, Boll. chim. farm., 37, 257; 
z: anal. Chem., 39, 46 (1900); Bttll. Chem. Zeit ., 24, 814, 845 (1900) ; Young, J. Chem. 
Soc., 81, 707 (1902); Evans and Fetsch, J . Am. Chem. oc., 26, 1158 (1904); Winkler, 
Ber., 38, 3612 (1905); Kailan, Mo11atsh., 28, 927 (1907) ; Frankforter and Frary, J. 
Phys. Chem., 17, 402-473 (1913). 

'J. Am. Chem . Soc., 33, 1309 (1911). 
3 J. Phys. Chem., 17, 402-473 (1913). 
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it has been shown, 1 the salting out of an alcohol belongs to the class of 
equilibria in ternary mixtures where two liquid phases are possible. Each 
component, mixed with either of the others, gives a system of only one 
liquid phase, that of a solution of one in the other. Only when all three 
components are present can two liquid phases exist. In representing 
such systems, use is generally made of the system of coordinates founded 
on the equilateral triangle, either with unit altitude or with the side of 
unit length.2 In the first case, use is made of the fact that the sum of 
t;he lengths of the three perpendiculars drawn from a point within the tri
angle to the three sides is equal to the altitude. The three components 
of the system are represented by the three vertices, A, B and C: the 
ides opposite these vertices are lettered a, b and c. Any point 0 within 

the triangle represents a mixture of A, B and C in the proportions of and 
numerically equal to the lines Oa, Ob and Oc, these lines being drawn 
perpendicular to the sides. In the second case, where the length of a 
side is taken as unity, the case is the same except that the lines drawn 
t.o the ides meet those sides at an angle of 120°. That is, they are drawn 
to any side in a direction parallel to either of the other two sides. 

Some use has also been made of a right-angle isosceles triangle in repre
nting equilibria in ternary mixtures, 3 but this is not at all general. In 

this paper the triangle with sides of unit length will be employed except 
where rectangular coordinates are used. 

Schreinemakers4 and others have discussed the general theory of such 
systems and the application to them of the coordinates based on the 
equilateral triangle. 

Fig. r is a general form of the diagram for a ternary system of this 
class. The three vertices represent the three pure compounds involved; 

A '"""J any point within the triangle rep
resents a mixture of all three, 
while any point on a side repre
sents a mixture of the two com
ponents represented by the ver
tices including that side. In Fig. 
r H represents the composition of 
a solid hydrate of the salt A, D 

(...,1,rJ c ...__,.__.-'""\G represents the composition of the 
. .__ ______ --=~-~l'J(alcomt) saturated solution of the salt in 

~~ tthe pure water, while G represen s 
'Schreiuema~ers, Z. phys. Chem., 22, 93, 515 (1897); 23, 649 (1897); Frankforter 

and Frary, Loe. cit. 
2 G . G. Stokes, Proc. Roy. Soc., 491 174 (1891); Gibbs, Trans. Conn. Acad., 1876• 

3176; Roozeboom, Z. physik. Chem., 15, 147 (1894). 
Roozeboom, Ibid., 12, 369 (l893). 

4 Schrelnemakers, Loe. cit.; Frankforter and Frary, Loe. cit. 
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composition of the saturated solution of the salt in pure alcohol. The line 
I) E P F Q G is the locus of all homogeneous mixtLrres which would 
he separated into two phases by the addition of an infinitesimal quantity 
of the 'ialt. 

'!'his line D E P F Q G, which is the boundary between the homo
geneous and heterogen ou · systems, may be fairly regular throughout 
its length, but there are tltree portions which call for separate considera
tion. The point E represent the solution which is obtained by adding 
alcohol to a saturated solution of the salt in water until no more alcohol 
is taken up. This absorption of alcohol by a solution of a salt in water is 
usually accompanied by a precipitation of some of the di olved salt In 
case the salt forms a hydrate at the temperature u ed, the point E repre
'ients the lower layer of a system of two liquid phases which i. in equi
librium with the solid hydrate . The portion DE of the line DE PF Q G 
is thus the locu · of all solutions which are saturated with respect Lo the 
salt, which contain alcohol in amounts varying from none to the amount 
in the solution at E and which are in equilibrium with the solid hydrate. 

The point F represent the upper layer, i. e., the alcoholic solution of 
salt and water which is in equilibrium both with the solution at E and 
with the solid hydrate if one exists, otherwise with the anhydrous salt . 
Whenever we have the condition of two liquid phases, the lower layer 
has a composition represented by x, and the upper layer that represented 
by y. With increasing salt content x approaches the point E, while y 
approaches F. With decreasing salt content x and y approach the lim
iting position P and with less than this amount of salt the solution be
comes homogeneous. The line E P F is the locu of all values of x and 
y and is called the binodal curve, the point P is called the plait point and 
the straight lines connecting x and y are called tie lines. The tic Jines 
may be parallel but are not o necessarily. 

The line F Q G is the boundary between homog neous olutions with 
alcoholic content higher than F and heterogeneous mixtures of such solu
tions with either the hydrate or the anhydrous salt. The point Q is the 
limiting value of four areas and by an infinitesimal change in composi
tion may become any one of the following: a homogeneous ystem below 
F Q G, a mixture of the anhydrous salt with the solution Q G, a mix
ture of the solid hydrate and the solution F Q or a mixture of solution 
Q with both the anhydrate and the anhydrous salt. 

The area C D E P F Q G B i the locus of all homogeneous systems. 
The remaining areas are all heterogeneous and contain either a solid phase 
or two liquid phases. Area H D E is a mixture of the solid hydrate in 
equilibrium with a solution represented by some portion of DE. Area 
E PF consists of two liquid phases only. Area HF Q contains the 
solid hydrate in equilibrium with the solution F Q. Area HE F contains 
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the solid hydrate in equilibrium with two liquid phases. Area A Q G 
represents a mixture of the anhydrous salt with a solution represent~d 
by some point on Q G, while the area AH Q represents all of the solid 
hydrate and the anhydrous salt which are in equilibrium with the alco
holic solution of the salt. 

In case the salt does not form a hydrate, or in case the hydrate does 
not exist at the temperature involved, the point H may be considered 

A 1.,,,111 as having moved along C A 
until it coincides with A, while 
Q moves to the left and be
comes identical with F. Thus 
the three lines, H F, H Q and 
A Q become the single line A F, 
areas H F Q and A H Q dis
appear entirely, and we have 

~~---~6 the diagram shown . in Fig. 2. 

v.etcrJ c B (alcohol} Area E p F is unchanged, 
rig 2 AFG in 2 is represented by 

A Q G in I. Area A D E is a mixture of the anhydrous salt with a solu
tion on DE and area A E F is the anhydrous salt in equilibrium with 
two liquid phases. . 

For most purposes the chief interest is in simply loca ting the line 
DE PF Q G and especially the portion E p F. As the interpretation 
of a curve is more automatic in the case of rectangular coordinates, it is 
advisable to put some of the value in the form for comparison. In gen
eral, when it is desired to represent the composition of a three-component 
system in terms of rectangular coordinates, the values used are the ratios 
of the two most similar components to the third component. Thus 
in the case of two soluble salts and water, the two sets of values obtained 
by dividing the weights of the salts by the weight of the water present 
might be used. This method, however, does not well represent the re
lations existing between three such components as a salt, water and an 
alcohol. If only two of the three components are represented, the third 
an always be found by difference and some important inferences may 

at once be apparent, no matter which pair of components is u. ed. 
To illustrate the foregoing, the values obtained by Frankforter and 

Frary in their study of the system, potassium fluoride- water ethyl alco 
hol may be used in the following ways: If we plot the percentage of 
water against the percentage of alcohol, we obtain Fig. 3; which shows 
clearly that a the alcoholic content varies, the percentage of water, which 
is possible in a heterogeneous mixture of these two with the salt, reaches 
a maximum at about 8% alcohol and, becot)les less with any change . in 
the alq)holic content. If we plot the percentage of K F against the p.1tr-
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('(:ulage of water, we obtain Fig. 4, which tells us that the heterogeneous 
mixture of the three components which contains the maximum amount 
of water contains neither more nor Jess than about 220{ K F. If we 
plot the percentage of K F 
against the percentage of alco
hol we obtain Fig. 5, which 
<.hows that the K F and the 
alcohol are able to replace 
<'ach other to some extent in 
the solution and that the in
fluence of the K F in produc
ing saturation in a homogene
ous system is greater than 
that of th alcohol for equal 

70 
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For analytical purpo es, the r,.Y' ..3 

best method of repre enting the binodal curve in ternary systems of this 
class seems to be that cho en by Frankforter and Frary, which con ists 
in plotting all alcohol water mixtures on the vertical axis and the number 
of grams salt per hundred grams olvent on the horizontal axis. In thi 

. 
'\, . . 

• ,p. 

. . . 
,p 

method th first set of values are 
obtained by dividing the weight 
of alcohol by the ombined 
weight of the alcohol and water 
and the econd et are obtained 
by dividing the weight of salt 

,. , 0 ,. .. so .,, ,0 "° ,0 ,.. by th combined weight of water 
Rrc1n1: H,,O and alcohol. Thus the olubility 

Fi?+ 

.. .. 

of the alt in alcohol of all 
tr ngths is shown at a glanc 

and when the olubility of the 
salt in any alcohol water mix
tur i knovn1 , th trength of 
the alcohol is read ofT at once 
from the curve. Fig. <i show 
thi ystem of plotting, using 

L---10--2-0-Jo--.,-. --:so-...,.60,.-°"'7#,-M-:7'"""'""~-:-=-- th same values as those us d 
l?r cmr. alco!XJI in Figs. •, 4 and 5. 

Ftj. .s: 
Experimental Methods. 

An Erlenmeyer fia k with a tightly fitting ground gla stopp r and a 
side tube carrying a hort thermometer, so placed that the bulb of the 
thermometer was ju t above the center of the bottom of the flask, wa 
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used throughout the work. The flask was cleaned, dried and weighe~. 
The salt to be used was transferred directly from the desiccator to tlus 
flask, using a wide funnel to prevent any of the salt from adhering to the 

ro neck or sides of the 
flask. The flask was 
a g a i n weighed, the 

~ 70 

/{) 

weight of the salt be
ing obtained by dif
ference. Water was 
then added from a 
buret in amount suf
ficient to just dissolve 
the salt and the flask 
and contents were 
weighed. Alcohol in 
sufficient quantity to 

.r 10 1.r "" u Jo "" 4 st:r .n- 6(1 L.S cause a separation into 
Grom.5 XF ,arr /00:;'. .solwmf' two layers was then 

r 19 6 added and another 
weighing made. Water was now added one drop at a time until the 
mixture just became homogeneous. After this was weighed all the data 
for the calculation of the first point on the binodal curve had been ob
tained. 

Successive points on the curve were obtained by adding to this solu
tion, first enough alcohol to cause the appearance of two layers or of a 
distinct turbidity after shaking and then just enough water to again 
clear the solution. The flask was kept stoppered, except for the moment 
when one of the components was being added, and as neither the alcohol 
nor the water were allowed to come in contact with the neck or upper 
portion of the inside of the flask, the loss from evaporation was very 
mall. 

As the end point was always obtained by adding water from a buret, 
it is probable that the accuracy in individual tests was frequently not 
greater than 100 mg. However, these errors, instead of being cumula
tive, tended to neutralize each other, since after every addition the true 
amount of water present was determined by weighing the flask and its 
contents. 

All weighings were made on a large Troemner balance, which was easily 
sensitive to o. 2 mg. under a load of 200 g., but most of the weighings 
were made to milligrams only. The room in which the work was done 
was easily kept within o. 5 ° of 20 ° during the progress of all the measure
ments. The temperature of the solution itself at the time of the disap
pearance of the two layers was never allowed to differ by more than o. 2 ° 
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from 20°. As the heat of dilution of the concentrated solutions always 
tended to produce a rise in temperature on the addition of water, only 
a little water was added at a time, preventing even a temporary rise of 
more than 2 . 0°, and the mixture was always cooled to 20 . 0° before the 
final addition of water for clearing the solution, by gentle shaking in an 
adjoining room where the temperature was kept at about 18 °. 

As losses by evaporation would cause cumulative error in case the sol
nnt did not vaporize in the proportions present, several series of deter
minations were made starting with different points along the binodal 
curve. For example, the fir t series might be made by starting with a 
saturated solution of the salt in water as has been described. The first 
points in this series would b taken fairly close together, but the later 
ones farther apart by making successive addition of water and alcohol 
larger in proportion to the total weight of the contents of the flask as the 
solution became more dilute. The econd series might b · begun by mak
ing a olution containing only 60% of the amount of salt required for a 
saturated solution and a third <;cries might start with -tocr; of the amount 
of salt needed for saturation. This not only tended to liminate the cumu
lative effect of evaporation on the middle and right end of the binodal 
curve, but also did away with the objection that the decreased sensibility 
of all the mea urements made as the olution became more dilute and larger 
in amount, rendered the determinations le. s accurate . 

In those experiments where potassium fluoride and odium chloride 
were used, pirit blue was chosen as an indicator, barely enough being 
added to give a clear color to the alcoholic layer. With pota sium and 
odium carbonates phenolphthalein was used, sin e these salt de troy 

the color of the spirit blue. 

With increasing percentage of al oho! the con equcnt decrease in con
centration of salt caused a continually d crea ing difference in den ity 
of the two liquid layer . With solutions containing more than 607<, of 
alcohol the separation into two di tinct layers oft n required 20 minutes 
or more. However, th end point was more easily determined in these 
<>olutions by noting the time ·when the soluti n ju t ceased to be turbid 
after shaking. In the case of some of the mixtures obtained, a ingle 
drop of water would clear a olution which was o turbid that the outline 
of the thermometer bulb in th olution was only faintly seen. 

In handling the flask, the hands were never allowed to come in contact 
with the sides or bottom of the fla k. The flask was lifted by the flange 
at the top of the neck and when not in the balance was always placed on 
a sheet of filter paper. 

The Purification of Propyl Alcohol. '!'he alcohol u · d in the following 
experiments came from C. F. A. Kahlbaum 's factory of Berlin. It was 
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obtained especially for the work tabulated below and represents Kahl
baum's highest purity. Test indicated, however, that it was not pure. 
Its boiling point was not constant and its specific gravity did not 'lgree 
with results obtained by others, who had studied it. On examining the 
literature, a fairly wide range of variation in the physical constanb \\as 
found. The variation was due, without doubt, to the extreme difficulty 
in obtaining the alcohol in perfectly pure form as was indicated in the 
final purification of the samples in hand. The sample, just as it came from 
the factory, began to boil at 94. 5 ° under 7 50 mm. pressure, grad uall Y 
increasing to 97° as the process continued. The specific gravity changed 
but little, increasing from 0.7954 to 0.8015. That there was water pres
ent as one of the impurities there can be but little doubt ; that there was 
some little ethyl or possibly isopropyl alcohol present seems also quite 
likely. Work was therefore begun for the purpose of removing the 
above-mentioned impurities and any others which perchance might be 
pre ent. 

The first attempt to purify the alcohol was made by treatment with 
the dehydrating substance, potassium fluoride. While the process' evi
dently removed some of the impurities, as water, the sample was by no 
means pure, after such treatment. Aft~r this it was boiled for some 
hours with powdered quicklime under a reflux condenser, and again re
distilled. This treatment again removed some of the impurities, as indi
cated by the more constant boiling point. It began to boil at 96 ° and 
gradually increased to 97. 2 at 7 54 mm. Anhydrous copper sulfate was 
next tried, but without changing either the boiling point or the specific 
gravity. Magnesium amalgam was then tried. After standing 24 hours 
in contact with the amalgam, the alcohol was decanted off and again 
redistilled. Both the boiling point and the specific gravity approached 
a constant value, although not entirely so. The sample was finally boiled 
for several hours with sodium amalgam, again decanted off and redistilled 
over quicklime. The boiling point was practically constant at 97. 5 ° 
and 753 mm. pressure. .\s further treatment failed to change the boil
ing point, the alcohol was regarded as pure. No attempts were made to 
determine the nature of the impurities present. There seems to have 
been an appreciable quantity of water and possibly, as already stated, 
ethyl alcohol. 

The phy ical con tan ts were then taken with the following results: 
B. p. 97.3-5° at 752 mm . 
Sp. gr. (20°) mean of three determinations 0.8032. 

The refractive index was taken with the latest type of Pulfrich refractometer at 20° 
using the hydrogen spectrum tube as the source of light. Three different sets of read
ings gave the following average values: Ha 1.39023, Hp 1.37651, H-y 1.36786. 

1 J. Am. Chem. Soc., 36, 1103. 



Sp. gr ...... . 
B. p ........ . 

Br!lhl. 

0.8044 (20°) 
97.2 

13 

Landoldt and 
Jahn. 

0 . 8074 (19 °) 
97 .0 

Zander. 

0. 8069 (17 °) 
97 .4 

Frankforter and 
Tera pie. 

o .8o32 (20°) 
97.3-5 

l'he purified alcohol was kept in a double stoppered bottle until it was 
to be used. All the experiments tabulated below were made with this 
purified alcohol. 

Purification of Isopropyl Alcohol.- The alcohol used in the following 
experiments came from Kahlbaum's factory of Berlin. It was bought 
for pure alcohol, although, as in the case of propyl alcohol, this sample 
was by no means pure. It evidently contained, as wa the ca e with 
propyl alcohol, some water, and the careful ob ervation of the boiling 
point indicated that there was some ethyl alcohol present. 

The purification was carried out as in the case of propyl alcohol. The 
original sample began to boil at 79. 5 °, after which the boiling point ·lowly 
rose to 82 °, over half passed over, however, below 82 °. Repeated dis 
tillation failed to yield more than 40~ of the original sample with a 
boiling point of 82 °. 

The first purification was made by potabsium fluoride. The fluoride 
raised the boiling point but it was nevertheless not constant. The sam
ple was next boiled under a reflux condenser for several hours with pow
derc~d quicklime and again redistilled. The boiling point again indica
ted further purification. Finally, the partially purified ample was treated 
with sodium amalgam, the alcohol decanted off, dried thoroughly, again 
treated with powdered quicklime and redistilled. The boiling point 
rose to 82 ° and remained practically con tant, ri ing less than one degree 
during distillation . The sample thu treated wa~ u ed in the experiment 

giYen below. 
The physical constants were then taken and compared with those ob

tained by others. The following tabulation gi\'es the constants as com

pared with those given by o~her : 
BrObl. Zander. F. and T 

0.7887 (20°) 0.7861 ( 17 °) 0.788 1 (20°) 
82 .3 82.3 82 5 

Sp. gr ... . ....... ... . 
B. l' ............ . . 

Refractive index (20°). Ha 1.3796o, HfJ 1.36550, H-y 1.35584. 

System: Normal Propyl Alcohol- Sodium Carbonate--Water.- This 
was the only system containing propyl alcohol which wa studied as the 
systems: propyl alcohol- potassium fluoride water, propyl alcohol potas
sium carbonate water, propyl alcohol sodium chloride water had been 
thoroughly investigated by Frankforter and Frary. For purposes of 
comparison, data were ought on the behavior of a single alt with iour 
dillerent alcohols and also on the behavior of single alcohols with four 
different salts. To make certain that the values obtained were strictly 
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comparable with those obtained by Frankforter and Frary, preliminaiy 
sets of readings were made with propyl alcohol, using potassium fluoride 
and potassium carbonate as the dehydrating salts. All of these results 
checked well and could be plotted in on the same curves as those obtained 

by them. 
The sy tem: normal propyl alcohol- sodium carbonate- water has a 

long binodal curYe and is an easy one to measure, as the separation into 
two layers take place ea ily and quickly and the end point with phenol
phthalein was easily determined even in mixtures where the solven t 
consisted of 60% or more of alcohol. Eight sets of measurements were 
made on this system and three individual measurements in addition . 
The e determination. extended over about a week and the extent of the 
agreement between successive cries, as shown by the curve in Pig. 7. 
indicates that the method used was at least free from any_ large 
Yariable rror. All measurements were made as described under Ex 
p rimental 1ethod and the results are shown in Table I, Table II, and 

Fig. i· 
TABLE I. 

, ystem : Normal Propyl Alcohol-Sodium Carbonate-Water at 20.0 °. 

Solvent added . 

Water. 

12 .310 
4. 102 
5 . 135 

I I.714 
2 394 
6 .818 

14 .794 

21 4 6 
7 14 
6 684 
9 423 
9 250 

2 1 o833 
3 1204 
2 4389 
3 1499 
4 4480 
5 3389 

Alcohol. 

I . 771 
I 482 
3 . 133 

7.555 
3 .527 

11 181 

I 504 
I 389 
I .571 
2 .5 l 

3 075 

5 9398 
3 . 2040 
3 o8o+ 
4 .8463 
6 .+833 

. 220.j. 

Total weight present. 

Na.co,. 
0 . 91 
0 .891 
0.891 

2 .354 

2 .653 
2 .653 
2 .653 
2 .653 
2 653 

0 .6196 
0 .6196 

0 7738 
0 7738 
0 . 7738 
0. 7738 
0 .7738 
0 7738 

Water. 

12 .310 
16-412 
21 ·5+7 

I I . 714 
14 . 103 
20 .926 

14 .794 

21 . .j.86 
28 .634 
35.318 
44.741 
53 .991 

21 .0833 
2.j. . 2037 
16 6246 
29 . 7925 
34 2405 
39 .5794 

Alcohol. 

I. 771 

3. 253 
6 .386 

7.555 
11.o82 

23.263 

I .504 
2 .893 
4 .464 
7 .045 

10 120 

5 .9398 
9 . 1438 

12 .2642 
17 .1105 
23 .5938 
31 .8142 

Total 
contents. 

14 .972 
20 .556 
28 .824 

19.553 
25.474 
44.473 

17 .904 

18.630 

25 .643 
34 . 180 
42 435 
54 . 439 
66 . 76.+ 

27 . 7969 
34 . 1213 
39 .6626 
47 .6768 
58 .6081 
72 1674 

Total 
solvent. 

i4.081 
19.665 
27 .933 

19 .269 
25 . 190 
44 . 189 

15.550 

16 . 169 

22 .990 
31 .527 
39.782 
51 . 786 
6.j. . 11 l 

17 . 1665 
21 .5272 

27 .0231 
33. 3475 
38 .8888 
+6 .9030 
57 .8343 
71 .3936 



TABLE I (co11ti11ued). 

System: Normal Propyl Alcohol-SOdium Carbonate-Water at 20.0 ° 

Solvent added. Total weight present. 
Toto.I'; 

contents. 
Total 

o;;olvents Water. 

13. 21 I 

I .51 2 
2.692 
3.592 
6. 773 

7.6609 
I .3660 
3. 7613 
0.0000 

34. 455 

Alcohol. 

9.848 
3. 173 
4.982 
6. 734 

13. 182 

I I .2584 
2.9 125 
8. 1427 

16 .3792 

I. 216 

N111CO.. 

0.258 
0.258 
0.258 
0.258 
0.258 

0.0563 
0.0563 
0.0563 
0 0563 

3.944 
3.944 

5 910 

Water. 

13 . 211 
14 .723 
17 .415 
21 .007 
27 .78o 

7 .6609 
9.0269 

12 .7882 
12. 7882 

.H 455 

TABLE II 

Alcohol. 

9.84 
13 .02 1 
19 803 
24 .537 
.n.719 

II .2584 
14 . 1709 
22 3 136 
J8.6928 

I 14 
2 224 

I. 216 

23.317 
28 .002 
35. 476 
45 .802 
65. 757 

18 9756 
23.2541 
35. 1581 
51 5J7,) 

29 616 
'17 664 

23.059 
27.744 
.)5.218 
45 .544 
65.499 

18.9193 
23 1978 
,)5. t018 
51 . 48!0 

25.672 
.33 720 

,).'\ .671 

System: Normal Propvl Akohol-Sodium Carhonatl' \\ ater 

Grams per 100 g. solvent. 

NasCO.. Water. Alcohol 

6.328 87.423 12 571 
4.531 83.45 16 542 
3. 190 

I 474 
I . 127 
0 64,1 

15 . 13 
15.220 

II 540 
8 415 
6.669 
5 123 
4. 138 

2.863 
2.320 
1.990 
I 650 

95. 138 
95.324 

93 +58 
90 24 
88.779 
86.396 
'4. 215 

78.020 
72 .580 
68 .463 
63.519 

22 862 

39 2o8 
43 994 
52 64+ 

6 542 
9. 176 

II .22 1 
13 6o4 
15 785 

17. 177 
21 .099 

21 .980 
27. 420 
31 .537 
36.481 

Per c nt. by "l't~h t present. 
• a1CO. Wat<r Alcohol 

5 954 
4336 
'.()()J 

I 451 
I 114 

0 638 

13.149 
13 211 

10 .147 
7,76,1 
6 252 
4 74 
3 974 

2. 7 4 
2.26 
I .951 
T . 62,) 

. 2 217 

79 37 
74 7'\2 

.'i9 909 
-.'i J82 
47 05.l 

• 2 630 
' 2 7.\2 

3 7• 7 
,'3 774 
83 227 

:? • l -

79.937 
76.694 

75 4 
70 934 
67 12 
62 48, 

11 .829 
15 .82(, 

.,., 155 

.)8 639 
4J 504 
'i2 ,)Ol 

.5 • 66 
8 56,) 

10 520 
12 942 
15 1,5 

16 .'179 
20 5o8 

21 J6.' 
26 79· 
30 921 
.>5 9 
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TABLE II (continued). 

System: Normal Propyl Alcohol-Sodium Carbonate-Water. 

Grams per 100 g. solvent. Per cent. by weight present. 

:::-la2C<h. Water Alcohol. Na,COa. Water. Alcohol. 

l . 33 59 .20+ 40.796 I .320 58.423 40.257 
I .084 55 . 438 44 .562 l .072 54.844 .f4.08+ 

I .Il9 57.292 42.7o8 I .105 56 .660 42. 235 
0 .930 53 .o67 46.933 0.920 52.578 46.502 

0 733 +9·449 50 .55 1 0.723 49.089 50. 185 
0.567 46 . 125 53 875 0.562 45 865 53.573 
0 .394 42.413 57.587 0.392 42 .247 57 .361 

0.298 +o .+93 59.507 0.297 40.372 59.331 
0.243 38 .913 61 .087 0.242 38 .819 60.939 
0 . l6o 36 .432 63.568 o. 160 36.373 63.466 
0.109 24 841 75 . 159 0 . 109 24.813 75 .077 

15 363 95 528 + .472 13.318 82.806 3.888 
JI 696 93 405 6 .595 10 .472 83.622 5.906 

16 568 96.591 3 409 14.214 82.862 2.92+ 

System: Isopropyl Alcohol- Potassium Fluoride- Water.- 'l'wo series 
of measurements of this sy tern were made, one starting with 23. 474 o/t 
alt and running to r5 . II9 ~.the other between 34.134 and n.020% 

by weight of K F. As 
it was quite difficult to 
get good end points in 
the titration of ·olu
tions of isopropyl al
cohol containing over 
20 l of the alcohol, 
i.e., with I ss than 10C ( 

of K F, five separate 
determinations w e r e 
made by adding to a 
olution of K F and 

water ju J. enough of 
rt.,O~-"--"--"--'L.Y.=..>.<:..,,,.'"'2.:>L.AL.,/,/.->£..~Jl....!.~U<...:::.t.....'f."' 

the alcohol to cause 
the separation into Fiy. 7. 

two layer , weighing each of the components as it was introduced. 
The temperatur was carefully controlled and kept within ±0.2° of 
20.0°. 

It was expected that the .results for isopropyl alcohol would somewhat 
re emble those obtained by Frankforter and Frary with normal propyl 

•r ............ -.--..--.------~~ 
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alcohol, using the 
same sall. However, 
on plotting the values 
obtained, the differ 
ences were so great 
that it was thought 
po sible that differ
ence in the conditions 
or in the condition of 
the salt wer responsi 
ble and a portion of 
their work was re
peated .. \s the re ults 
all checked with those 

r,g 8. of the earlier work it 

was plain that the difference was due to difference in the: alcohols alone: . 
and later work, as will be shown, corroborate. this view. 

The: percentage of alcohol pre ent in the olvent ranges from 1. 555 to 
82. 750 and the agreement between the successiYe values was especially 
good. The measurements and calculated results are shown in Tahles 

TIT and IV and are plotted in Fig. 8. 

TABLE III. 

System: Isopropyl Alcohol-Potassium Fluoride-Water at 20.0° C. 

Solvent added. Total weight present 
Total Tot.ii ,-----

Waler. Alcohol. KF. Water. Alcohol r-ontent". solvent 

17.893 0.490 5 .639 17.893 0.490 24.022 18 383 

0.583 0 418 5.639 18 476 0 908 25 023 19 384 

r.767 0.505 5.639 20 243 I ,413 27 295 2J 656 

3.448 0 816 5.639 23 691 2 229 31 559 25 920 

4.101 1.638 5.639 27 792 3 867 37 29 JI 659 

17 .6o3 0. 27 9.267 17. 6o3 0. 278 27. 14 17 881 

5.6o4 0.431 9. 2·67 23 207 0.709 33.1 3 23.916 

15 .233 3.090 9 267 38.440 3 799 51 5o6 42. 239 

20 344 12.242 9.267 58 784 16.041 84 0<)2 74 825 

15. 879 67 .334 1 .551 15.879 67.334 4· 764 83.213 

21 .722 104.204 2 .147 21. 722 104.204 12 .073 125.926 

16.527 24. T 19 2 .o6r r6.527 24. l 19 42.707 40.646 

27. r51 24. I I9 2.429 27. 151 24. 119 53.699 51 .270 

12. 729 24. I 19 I .464 12.729 24. IT9 38.312 36.84 



TABLE IV. 
System: Isopropyl Alcohol-Potassium Fluoride-Water. 

Grams per 100 g. solvent. Per cent. by weight present. 
KF. Water. Alcohol. KF. Water. Alcohol. 

30.675 97.334 2.666 23.474 74.486 2.040 
29.092 95.316 4.684 22.535 73.836 3.629 
26.039 93 .475 6.525 20.659 74.164 5.177 
21.755 91 .400 8.6oo 17.868 75.o69 7.o63 
17.812 87 . 785 12.215 15.119 74.513 I0.368 

51 .826 
38. 748 
21 .939 
12.385 

r.864 

I . 705 

5 .071 

98.445 
97 .035 
91.oo6 
78.562 

19.082 

17.250 

40.661 

l .555 
2.965 
8.994 

2 l .438 

80.918 

82.750 

59.339 

47.043 

34. 134 
27.927 
17.992 
II .020 

64.841 
69.936 
74.632 
69 .904 

18.733 

16.961 

38.699 

50.561 

l .024 
2. 137 
7.376 

l9.07(J 

79.437 

81 .363 

56 .475 

44.915 

.) 973 34.545 65 .455 3.821. 33.225 62.954 

System: Isopropyl Alcohol- Potassium Carbonate-Water.- A few 
measurements were made in the systems i opropyl alcohol ~aCl-water and 
isopropyl alcohol ·odium carbonal water, but as the addition of alcohol 
caused a cparation of the solid salt, instead of a separation into two lay
ers, over quite a wide range and as end points were very slow, complete 
curves have not as yet been worked out. 

In the system isopropyl alcohol ·potas ium carbonate water, four series 
of measurements were made, the alcohol varying from 2 009 to 5.'i. 6503 
of the mixtur • and the salt content from 2. 869 to 30. 9i9%· The max
imum amount of water was found when the solution contained about 
19 Y. of salt and i r r of alcohol. 

r n this wstem, as in that of isopropyl alcohol potassium fluoride 
water the \ a I u e s 

~co., 
were found to differ 
great!) irom tl10~e 

obtained with normal 
propyl alcohol and 
the difference· found 
were entirely 'iimilar 
in the two ca. l's 
·when plotted 111 

r ctangular coordi
nate· the cur\"e for 
this sy tern more 
nearly approached a 

/:;opropyl 
straight Ii n e th an in H,, O ........ _._...._......., ....... _.__,._...__.._,'--"-><.-"'--"--"--''--"-"--' Alcohol 

Fty 9 
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any other system of alcohols and water in which potassium carbonate 
wn-. 11sccl. That is, the isopropyl alcohol and the potassium carbonate 
\\t:rc able to replace each other in solutions just in equilibrium in al
most co11sla11t proportion · throughout. The measuremenh for thi-, 
system arc sh0\\"11 in 'fables V and VJ, and the percentages of the three 

components present are plotted in Fig. 9. 

TABLE , .. 

System: Tsopropyl Alcohol- Potassium Carbonale- \Vater at 20.0 ° C. 
Sol vcn t added. Total weight present. 

--- --- Total Total 

\\'ater Alcohol. K,co,. W ater. Alcohol. con tcnt!'t . solvent. 

40 570 11 .689 7.297 40. 570 11 .6 9 59 556 52.259 

0.812 0.741 7 .297 4 1 .382 12. 430 61 109 53.812 

() 537 0. 749 7 .297 41 .9 19 T3 T79 62 395 55 .0<)8 

l() 24.'i 0.487 7.510 16.245 0 487 24.2.p 16 . 732 

:1 543 0.507 7 . 5 ro 19 . 788 0.994 28 292 20 782 

4 306 0.967 7 .5ro 24.094 0 9 11 33 515 26 005 

4 252 (). 937 7 510 28.246 2.848 JS 6o4 Jl 094 

s 148 J. 272 .) 10 36.394 6 120 50 024 42 514 

:1 882 3 .602 7 510 40 .2 76 9 722 57 50, 49 998 

I 2 597 14 -357 l .o6o 12.597 14 .35 7 0 14 26 954 

0.544 0.953 l .o6o 13. 141 15 310 29 511 28 451 

() 863 0.947 1.o6o 14 .004 17 257 32 321 31. 261 

I 322 3.304 I .o6o 15 .326 20 561 36 947 JS 887 

24. 731 20.56 1 2. 747 24. 731 20 561 4 039 45. 292 

0.647 I 088 2. 747 25 378 2 I 649 49 774 47 027 

TABLE VI. 
System : Isopropyl Alcohol-Potassium Carbonate-\\"atcr 

Grams per 100 g. solvent. Per cent. by weight present. 

KtCO.. Water. Alcohol. x:.co •. Water Alcohol 

13 963 77.633 22 .367 12 25J 6 121 19 627 

l ,). 56o 76.901 23 .099 11 .941 67 718 20 341 

I ,) 244 76.0 I 23 9 19 II 695 67 I ;\ 21 (22 

44 .844 97.089 2 9 11 JO 979 67 .012 2 .ooq 

36 137 95.2 17 4 · 7 3 26.545 69 .942 J-5 13 

28.879 92 .651 7.349 22 4ol:i 7 I 90 5 702 

24. 152 90.841 9.159 19 .454 73. 16 7 .H7 

17 665 85 .6o5 14.395 15 .01,1 72.75J 12.234 

15 021 80 555 19 .445 13 .059 70 035 16.905 

3 933 46 . 735 53.265 3 784 44 967 51 249 

3 726 46. yg, 53.8 12 3.592 44 -29 51 879 

3 391 44 797 55 . 203 J.28o 43 32, 53.392 

2 954 42 7o6 57.294 2 869 4t 481 55 650 

6 .o65 54 .603 45 .397 5 718 51.4 l ·12 01 

5.841 53 .965 46 .035 - .5 19 50 986 43 495 
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System: Allyl Alcohol- Potassium Fluoride-Water.-Three sets of 
measurements were made in this system. The first series was made 
with a solution containing 2. 251 g. of pota ium fluoride and the first 
measurement was made KF 

with 7.129% alcohol in 
the solvent. .\lcohol 
and water were added in 
succession through ten 
measurements, bringing 
the a l cohol up to 
54.2 r 10i0 of the solvent 
A separate determina
tion was made on a solu
tion containing 65.221 <' c 
of alcohol in the soh-cnt, 

then a 'ieries running L~;l;li:6;~~~~~~~~~S,t~~"l::, ~O A~ from 59.948 to 75.377~ ~ Akohol 

alcohol in the solvent rig.lo 
and to obtain points at the other end of the curve ro 190 g. of potassium 
fluoride were di oh·erl in 20 cc. of water, o 506 g. of alcohol was added 

TABLE VII. 
System: Ally] Alcohol-Potassium Fluond Water at 20.0° C. 

!;olvent added. Total weight present. 
~ Total Total 

Water. Alcohol. KF. Water. Alcohol. contents. solvent. 

8.585 0.659 1.251 5 5 0 659 I I . 495 9.244 
1.293 o 4or 2 25 I 9 . 78 i .o6o 13. 189 ro.93 
2 .591 <J.429 2 251 11.469 I 489 15.209 12.958 
2.572 1.544 2. 251 q .041 J 033 19.325 17 .074 
I .986 I 630 2 251 16 .027 4 663 22 941 20.690 
1.850 2 28 2 251 17.877 7 491 27 619 25.368 
1.495 J 120 2 251 19 .372 I0.611 32 .234 29.983 
2 . 298 .i o8 l 251 ll . 670 15 .699 39.620 J7 369 
2 .859 6 538 2 251 24 .529 22 237 49 017 46 . 766 
.~ .859 11 372 2 251 28 388 33.609 64 248 61 997 

12 092 22 .676 0 .659 12 0<)2 22 .676 35.427 34 76 

7.344 J2 .8o 0 .450 7 .344 12 .8o8 20.6o2 20.152 
0 666 2 . 487 0.450 8 010 15 . 295 23 . 755 23.305 
0 567 J.65 0 .450 577 18.953 27.980 27 .530 
0 833 4 .533 0.450 9 4ro 2.~ .486 33.346 32.896 
0 813 .495 0.450 10.223 31.981 42.654 42.204 

2 l. 788 o.5o6 ro . 190 21. 788 o.5o6 32 .484 22.294 
3.9o8 o.56o 10. 190 25.696 1.006 36.952 26. 762 
5.570 0.887 ro.190 31. 266 I 953 43.409 33.219 



21 

TABLE VIII. 
System: Ally! Alcohol-Potassium Fluoride-Water. 

Grams per loo g. solvent. 
KF. Water. Alcohol. 

24.341 
20.580 
17.37r 
13. 184 
IO. 880 
8.873 
7.508 
6.024 
4.813 
3.631 

l .895 

2.233 
I .931 
I .635 
l .368 
I .o66 

92.871 
90.309 
88.509 
82.236 
77.463 
70.471 
64.610 
57.989 
52.450 
45.789 

34.779 

36.443 
34.370 
3 l. 155 
28.605 
24.223 

7. 129 
9.691 

l l .491 
17.764 
22.537 
29.529 
35.390 
42 .OII 
47.550 
54· 2 II 

65.221 

59.948 
65.630 
68.845 
71 .395 
75. 377 

Per cent. by weight present. 
KF. Water. Alcohol. 

19.583 74.685 5.732 
17.068 74.896 8.036 
14.801 
II .648 
9.813 
8. 150 
6.983 
5.682 
4.592 
3.503 

l .861 

2. 184 
I.894 
1.608 
I.349 
l .005 

75.407 
72.656 
69.860 
64.726 
60.098 
54.694 
50.042 
44. 184 

34· 13 [ 

35.646 
33.721 
30.654 
28.218 
23.967 

9.792 
15 .696 
20.327 
27.123 
32.9r8 
39.624 
45.365 
52 .311 

64.007 

57.316 
64.385 
67.737 
70.432 
74.977 

+5.707 97.730 2.270 31.368 67.073 l.5~9 
38.076 96.017 3.983 28.575 69.540 2.885 
30.675 94.121 5.879 23.474 72.027 4.499 

and water added to just clear the solution which now contained 21 788 
g. of water. This solution contained only 2. 27% of alcohol in the solvent 
and two more additions of both alcohol and water were made, bringing 

the alcohol content up to 3. 879% of the solvent. 
When plotted in rectangular coordinates the curve for allyl alcohol

potassium fluoride-water closely approaches that of isopropyl alcohol, 
which it most nearly resembled in slope throughout. The measurements 

are recorded in Tables 
VI and VIII, and the 
curve is shown in Fig. IO. 

System: Allyl Alco
hol- Potassium Carbon
ate-Water. -This sys
tem was studied in the 
ame manner a those 

first mentioned, nineteen 
readings being taken. 
The alcohol ranged from 
1.424 to 81. 159°7c of the 
mixture. The results 

"O'LS;~~~~~~nl~~it~Q's"!St~'J.fg/w; are shown in Table IX 
and in Fig. 11. Ftg. //. 
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System: Ally! Alcohol- Sodium Carbonate- Water.- Values were ob
tained for mixtures ranging from 16.722% to 60.835% alcohol, only 
eleven readings being taken. End points at both ends of the binodal 
curve were hard to obtain. Results are shown in Tables XI and XII and 
in Fig. 12 . 

System: Ally! Alcohol- Sodium Chloride- Water.- As in the previous 
system, the end points 
were rather uncertain 
with less lhan 20 or 
more lha11 70C,,; of alco
hol i11 the solvent, so 
record is made only of 
such readings as seemed 
mosl lrusl\yorthy, as 
lhey suflice lo give a 
\·cry good idea of the 
general form and slope 
of the binodal curve. 

With all vi alcohol the L~lt~~~~~~~;ZS;~szs~~ Al(yf 
position o.f the curves 1'0 AlcohtJ/ 

obtained with lhe differ
ent salts u ed is much 
greater than with the 
propyl or isopropyl alco
hol and in consequence 
any inferences which 
might be drawn as to 
the effect of the pre -
ence of various ions in 
the solution should b 
more evident in the sys
tems containing ally! al
cohol as one component. 

Fiy. IE!.. 

/\hCI 

Results for this sys
tem are shown in Tablesh'..0 '-..>£....0"--"~..),/__:1£....ll..:>/.~::,t_~,o,,~_y_Y....cll..J.LY~ Ally! 'A!idl<il 
XIII and XIV and in ,. r19. IJ . 

Fig. 13· TABL.B IX. 
System: Ally! Alcohol-Potassium Carbonate-Water at 20.0 ° C. 

Solvent added. Total weight present. ----.. 
Water. Alcohol. 

18. 152 
4 .089 
J.029 
J.986 

0.390 
0 .493 
0.522 
0.784 

Kt CO... 

8.856 
8.856 
8.856 
8.856 

Water. Alcohol. 

18 . 152 0.390 
22 .241 0.883 
25.270 J -405 
29. 256 2 . 189 

Total 'rota! 
contents. solvent. 

27.398 18.542 

JI. 980 23. 124 

35.531 26.675 

40.301 31 .445 
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TABLE IX (continued). 

Solvent added. Total weight present. Total Total 
~~-~ 

Water. Alcohol. K,CO.. Water. Alcohol. contents. solvent. 

4.941 I .321 8.856 34. 197 3.510 46.563 37.707 

4.840 1 .651 8.856 39 .037 5 . 161 53.054 44 . 198 

6.972 2.982 8.856 46.009 8. 143 63 .008 54.152 

13.624 3.045 2.283 13.624 3.045 18.952 16 .669 

2 .000 I .479 2.283 15.624 4.524 22.431 20. 148 

I. 772 l . 731 2.283 17.396 6. 255 25.934 23 .651, 

l .814 2 .246 2 .283 19 .210 8.501 29.994 27 . 711 

2.697 3.520 2.283 21.907 12 .021 36 . 211 33.928 

3. 179 4 .246 2.283 25.086 16 .267 43 .636 41 .353 

I l .328 12 .076 0.575 II .328 12.076 23.979 23.404 

l .630 3.437 0.575 12.958 15.513 29.036 28.471 

3.436 7.361 0.575 16.394 22.874 39.843 39.268 

4 .779 12.581 0.575 21. 173 35 .455 57.203 56.628 

l l .824 25 .816 0. 198 ll .824 25.816 37.838 37 .640 

8.207 35.5 12 0 .0.373 8.207 35.512 43 .756 43 .719 

TABLE x . 
System : Ally! Alcohol-K2C03-Water Measured at 20.0° C. 

Grams per 100 g. solvent. 
Per cent. by weight present. 

LCO.. Water. Alcohol. KtCO.. Water. Alcohol 

47. 746 97.897 2. 103 32.324 66.251 l .424 

38.298 96. 181 3.819 27.694 69.545 2.76 1 

33.200 94.733 5.267 24 .925 71. 119 3.955 

28. 163 93 .039 6 .961 21.975 72 .592 5 .432 

23.486 90.691 9.309 19.020 73 .42 2 7 .538 

20.037 88.323 Tl .677 16.693 73 .579 9. 727 

l6 .354 84 .963 15 .037 14. 056 73 .020 12 .924 

13 .696 8 1 . 733 18.267 12 .044 71 .888 16 .o67 

11 .331 77 .546 22 .454 10 . r76 69 .656 20. 167 

9 .653 73 .553 26 . 447 8.802 67 .079 24. I 19 

8.239 69.323 30 .677 7 .610 64 .046 28 .343 

6.729 64.569 35.431 6.304 6o .499 33.197 

5.521 60.663 39.337 5 .231 57 .621 37.279 

2 ·457 48.402 51 .598 2.398 47 . 242 50.36o 

2.020 45 .5r3 54 .487 I .980 44.629 53 ,+25 

1.464 41. 749 58. 251 l .443 41 . 147 57 .410 

I .015 37 .390 62 .6JO 1.005 37.014 61 .98 1 

0.526 3 I. 413 68 .587 0.524 31. 247 68. 228 

0.0853 18. 772 8 1. 228 o .o85 18 . 755 81 159 

TABLE XI. 
System: Ally! Alcohol--8odium Carbonate-Wa ter at 20.0° C. 

Solvent added. Total weight present. Total Total 

Water. Alcohol. NasCO,. Water. Alcohol. contents. solvent. 

l 1.090 2.502 I .370 II .091 2.502 14.963 13 .593 

2.346 1 .684 I .370 13 .437 4 · 186 18 .993 17 .623 

2.683 2.2 !3 r .370 16 . 120 6 .399 23.889 22 .5 19 
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J.490 2 .900 I .370 19.6JO 9 .299 30. 279 28.908 
5.620 5.599 I .370 25.230 14.898 41.498 .fO l 28 
6.o66 6.897 1.370 31. 296 21. 795 54.461 53'.091 

10 359 9 6o4 0.293 JO. 359 9.604 20. 256 19 963 
I 304 I .590 0.293 I I .663 I I. 194 23. 150 22 857 
2 273 J.861 0.293 13.936 T 5 .055 29.284 28 .99r 
4 131 8 253 0.293 18.o67 23.308 41 .668 +1 .375 
6 919 5.958 0.293 24.986 39. 266 64.545 64 2,)2 

TABLE XI I. 
Grams per 100 g. solvent. Per cent. by weight present. 

Na.CO.. Water. Alcohol. Na1C00. Water. Alcohol. 
IO 079 81 593 18.407 9. 156 74. 121 16. 722 
7 774 76 247 23.753 7.213 70. 744 22.042 
6.o84 71 584 28.416 5.735 67 .478 26.787 
4 739 67. 34 32. 166 4.525 64.764 30. 71 I 

3 414 62 74 37. 126 3.302 60.798 J5.900 
2 580 58 948 41.052 2.516 57. 465 40.019 

I 468 51 891 .;8.109 I ·445 5 I. 140 47 ·+15 
I 282 51 .026 48.974 1. 265 50.381 48.354 
1.011 48 070 51 .930 1.000 47.590 51 .410 
0 708 +3 666 56 334 0.703 43 .360 55.937 
0 456 38 61 112 0.453 38.711 60 835 

TABLE XIII. 
System: Ally! Alcohol-Sodium Chlorid Water at 20.0° C. 

Solvent added. Total weight present. 
~ ----- Total Total Water Alcohol. NaCl. Water. Alcohol. contents. solvent. 

12 189 18.922 I .580 12. 189 18 .922 32.691 JI.Ill 
0.2 2 4.094 I .580 12.471 23.016 37 .077 35.487 
1.099 8+n I 580 13.570 3 1.463 46.613 45.033 
9.5 4 2 . 352 2.215 9.584 2 .352 14. 151 11.936 
I .2 4 I. 721 2 215 I0.868 4.073 17.156 14.941 
0 .932 I• 79 2 21 II .800 5.871 19.886 J7 .67 I 
0.5 6 2 522 2.215 12.386 8.393 22.994 20. 779 
0 95 J 50,l 2.215 13.344 11.896 27.455 25. 240 
I 61 I 6 150 2.215 14.955 18.046 35.216 33.001 

TAHLE X IV. 
Grams per 100 g. solvent. Per cent. by weight present. 

.·act. Water. Alcohol. NaCl. Water. Alcohol. 
5.079 39. 179 6o.82r 4.833 37. 286 57.881 
4.452 JS· 142 64.858 4.262 33.644 62.093 
3 509 JO. IJJ 69.867 3.389 29. I 12 67.498 

18.557 0 295 19. 705 15 .654 67. 723 16.623 
14.925 72.739 27.261 12.913 63.346 23.741 
12.535 66.776 33.224 I I. 140 59.337 29.523 
JO 650 59.6o8 40.392 9.634 53.865 36.500 
8.776 52 6 47. 132 8.o69 48.601 43.330 6 712 45 317 54.683 6.290 42.465 51. 244 

In order to get an idea as to the relative efficiency in salting out power 
of the various salts employed and also as to the varying effect of individual 

iiiiiiiiiiillil• ........... lllllllil .... -. ..... __ .. _ 



salts on different alcohols, four diagrams have been made. Fig. q i a 
comparison of the Yalues obtained with sodium chloride, sodium car-

bona t e , potassium 
fluoride and potas
sium carbonale wilh 

Prcpyl Alcohcl 

mixtures of propyl al
cohol and water. Fig. 
15 is a compari on of 
the ame four sal ls, 
using ally! alcohol and 
water as the solvent. 
In addition, Fig. r 5 
contains two value 
for sodium fluoride 
and four for pota sium 
chloride. The e will be 
discussed later. Fig. 
16 is a comparison of 

"""'~~~S~~~~~~i;;,~~ solvents from four dif-/'bc1 
A<Ca. KF ferent alcohols, ethyl. 

----------- ally!, normal propyl 

Crams salt fU 1oog· SolvenT 

F'.f'N 

and i opropyl alcohol 
using a single alt, po
tassium fluoride. Fig. 

1 7 shows the results with the same four alcohols using potassium carbonate. 
The three components are represented in rectangular coordinates by 

plotting the two liquid components together in one direction and the 
solid in terms of its ratio to the sum of the two liquids at right angles. 
Thus a horizontal line at 30 0 alcohol in the solvent also repre ents by 
difference 703 of water in the solvent. All the points plotted r pre ent 
:vhat might be called "turbidity points," the Jin connecting the points 
m any system being the boundary between the bomogeneou and hetero
geneous systems. To illustrate: Given any olution with a com po i
t~on represented by any point on any of the lines shown and if its compo i
tion be altered by the addition of an infinitesimal amount of the ~alt, 
the solution will separate into two phases. In all ca es, except the Yalues 
for allyl alcohol with potassium chloride and sodium fluoride on Fig. r5. 
these phases are both liquid. In the portions of the curves hown in 
Figs. T 4, 15, I6 and 17 the addition of an infinitesimal amount of the alco

hol will effect ~h same separation into two phases. 
One of the most noticeable things in Figs. 14 and 15 is that the order 

of efficiency in salting out effect, per gram salt in 100 g. solvent, i the same 
for propyl alcohol as for ally! alcohol in olutions with high alcoholic 

a -------~~----------------



' 
cont nt, sodium chloride having the least effect and sodium carbonate 
the most per weight used. 

It has been suggested that the salting out effect of salts on a lcohols 
was largely a matter of the ions present in the solution of the salt. In 
order to determine whether any such law governed the matter, trials 
\\ere made using sodium fluoride and potassium chloride with allyl alco
hol as the. e two salts, with the other four used, would give us three potas
sium salts, three so-
dium salts, two car
bonates, two chlorides 
and two fluorides 
thus completing eries 
which should show 
any very definite rela
tions if these existed. 
With both potassium " 
chloride and sodium ~ 
nuoride results were 
somewhat undecided, 

(I 
v; "l.3 

~ 
as neither salt gave ~ 
two liquid phases on ~ 

~ 
addition to an alcohol- " 
water mixture within " .., \ "t, 
the limits of composi- ~ \ ' 
lion used in the other 
curve . However, two 
pha es were easily ob-
tained, one solid and 
one liquid, which could 
b made homogeneous 

Al(yl ;//c(Jh(J/ 

s 
Grams salt 1er toog. so/Yen'/' 

Ft5 15. 

by the addition of water and again separated by addition of alcohol or of 
alt. Thus, while these points measured are real turbidity points, they 

are not strictly comparable with points on the other curves. However 
this would not eem to vitiate the conclusions drawn, since the existence 
of any law correlating solubility and the ions present would apply equally 
here. 

If we examine Fig. 15 for such evidence, we find that it takes less of 
the odium alt than of the potassium salt to cause a separation into two 
pha e , whether the alt be the carbonate, the chloride or the fluoride. 
This, however, may be due as much to the greater weight of the mole
cule of potassium alt as to the individuality of the ion concerned. If 
we hould express the amount of salt used in terms of gram-molecules 
or in normality, our curves would not show the same regularity and the 
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similarity between the 
order of the salts in Fig . 
r4 and i5, would di ap
pear entirely. 

If we look for a specific 
effect of the a id ion, in 
Fig. 15, we get but little 
encouragement. It r -
quires less of the fluo
ride· to alt out the al
cohol than of the corre
sponding chlorides,- but 
when we ompar the 
fluorides with the car
bonate , we s e that, 
while it tak s less of the 
sodium fluoride than of 
the sodium carbonate to 

'------,.7-----~----+.---- cause a paration into 
Grams- salf per""'!- sof .. ,n~ two pha e , it requir s 

F'S' 16 mor of the pota. ium 

fluoride than of the potas ium arbonate . 
. \ttention hould be 'alled to the fact that while many of the curves 

s em to approach as the alcoholic cont nt d creases, in reality th ·y usually 
diverge, for the differ nte in alt content of limiting homog neous c;olu
tions containing solnnts of like composition is measured hy horizontal 
di tances between parallel curve and not by perpendicular di ·tance . 

A comparison of Figs. 16 and 1 i hows at once a '>triking similaritv. 
Through a larg portion of their length the order is the same for the diff;r
ent alcohols in the case of the dehydration with pota. ium fluoride a with 
potassium carbonate. The position and the slope both give the same 
average values. This makes it dear that th salting our effect of alts 
on water-alcohol mixtur s is d pendent largely on the individuality of 
the alcohol u ed and that difference· arc fairly on tant \\;th changing 
-;alts. When we e k th reason for the differ nces in the cuncs of the 
various alcohols with a -ingle salt, th mo t notic abl fact i. th gr at 
difference in the value for th isom ri propyl alcoholc;. ·one of lhe 
alcohols inve ligated show great differen e than these t\\O and it is at 
once plain that ther is no additive pr perty invoh- d. Th two un· 
showing the mo t imilarity are tho • for allyl and isopropyl alcohol in 
both Fig. 16 and Fig. 17. This in pite of the fact that thi pair shO\\. 
th most dis imilarity, ch mically, of any of the po. ·iblc six pair pre ent. 
• ormal propyl alcohol and ethyl al ohol ar most ·imilar chemically, 



and while there is some slight resemblance between their curves as shown 
in Figs 16 and 17, it is not pronounced and the differences in the amounts 
of salt present necessary 
to cause a separation 
into two layers is very 
great., and becomes in-
creasingly so as we in-
crease the amount of 
water present in solu
tions of both . This is 
especially evident if we " 
note the horizontal dis- ~ 
lances between the two ~ 

~ curves. 
Summary. ~ 

~ 

-\! 
Seven new systems ~ 

have been investigated ~ 
and curves plotted, ~ 
namely: 

ormal propyl alco
hol- sodium carbonat 
water; 

Isopropyl .alcohol- po-
tassium fluoride- water; 

s 

Grams .satr 11~r 11119 . solvent 

F,j'· 17. 

I sopropyl alcohol- potassium carbonate- water;. 
Ally! alcohol potassium fluoride-water; 
Ally! alcohol potassium carbonate- water; 
Ally! alcohol odium carbonate- water; 
Ally! alcohol odium chloride-water. 
Potassium fluoride was found to be the most saLsfactory of the de

hydrating agents employed, especially when the object was the determina
tion of the water content of the alcohol, on account of the ease with which 
the end point could be determined with widely varying composition of 
!:>Ol ent. on account of the fact that it caused a separation into two phases 
only and those both liquid pha es over a relatively large range in com
po ition of olvent and on account of the large amount of water with 
which it combines to form its lowest hydrate. Potassium carbonate 
was found to work very satisfactorily for all of the alcohols studied. 

Curves have been worked out for the determination of the water con
tent of ally! alcohol and of isopropyl alcohol by the method used and 
recommended by Frankforter and Frary for ethyl and normal propyl 
alcohols. 

o evidence was found relating the salting out effect to the chemical 
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constitution of the salts or the alcohols. The salting out efficiency of a 
salt seems rather t o be a function of its solubility in the water and in 
the alcohol of the amount of water with which it unites to form its lowest 
hydrate, and of the ability of the alcohol to replace the water of hydra

tion. 



VITA. 

Sterling Temple, son of Judson Chapin Temple and Francis Isabella 
Temple, was born in Morristown, Minnesota, October 22, 1882. He 
graduated from Hamline University, St. Paul, Minnesota, in June, 1905, 
and received the degree of Master of Arts from the same institution in 
June, 19o6. During the year 1907-08 he was enrolled as a student in the 
Graduate School of Harvard University, Cambridge, Massachusetts, he 
taught Chemistry in Rayen School, Youngstown, Ohio, during the years 
1908- 10, and in Dakota Wesleyan, Mitchell, South Dakota, in 1910- 12 · 

He was appointed Instructor in Chemistry in the University of Minnesota 
in 1912 and has been enrolled as a graduate student since that time. 
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