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light absorbed by an oil film in the region of 320-400
mp was indicative of the durability of the film upon
exposure to accelerated weathering conditions.

REFERENCES

. American Paint Journal Convention Daily, Nov. 5, 1946, p. 33.
. Beadle and Kraybill, J. Am. Chem. Soc., 66, 1232 (1944).
Bergstrom, Arkiv. Kemi, Mineral Geol. Bd., 214, N:0 14,
Bolland and Koch, J. Chem. Soc., 121, 445 (1945).

Farmer and Sutton, ibid., 119, 122 (1943).

. Farmer and Sutton, ibid., 119, 541 (1943).

. Farmer and Sutton, ibid., 7122, 10 (1946).

qa’)tﬂ%:&:l@b—i

8. Hilditch, J. Oil & Colour Chemists’ Assoc., 30, No. 319, 1 (1947).
9. Holman, Lundberg and Burr, J. Am. Chem. Soc.,67, 1285 (1945),
Holman, Lundberg and Burr, ibid., 67, 1386 (1945),
Holman, Lundberg and Burr, ibid., 67, 1890 (1945),
Holman, Lundberg and Burr, ibid., 67, 1669 (1945).
Holman, Lundberg and Burr, ibid., 68, 562 (1946).
Holman, Lundberg and Burr, Oil & Soap, 23, 10 (1946).
10, Kass, Miller, Hendrickson, and Burr, Abstracts of Papers, 99th
Meeting, Am, Chem. Soc., Cincinnati, Ohio, April 1940,
11. Long, Official Digest, April 1946, p. 150,
12, Lundberg and Chipault, J. Am. Chem. Soc., 69, 833 (1947).
13, Miller and Burr, Chem. Rev. 29, 419 (1941).
14. Mitchell and Kraybill, J. Am. Chem. Soc., 64, 988 (1942).
15. Mitchell, Kraybill, and Zscheile, Ind. Eng. Chem., Anal. Edition,
15, 1 (1943).
16, Moore, Biochem. J., 81, 138 (1937).

The Hydrolysis of Soap Solutions. IIl. Values of pH and the
Absence of Fatty Acid as Free Liquid or Solid

JAMES W. McBAIN, P. LAURENT® and LUCILLE M. JOHN,? Department of Chemistry,

Stanford University, California

OAPS hydrolyze to form hydroxyl ion and free

fatty acid, but the latter is converted into soluble

or insocluble undissociated acid soaps. The con-
version of free fatty acid into acid soap causes the
soaps to hydrolyze far more than the acetates (N/10
sodium acetate hydrolyzes to the extent of 0.007%)
though the fattyvacids are but slightly weaker than
acetic acid. Thus the hydroxyl ion concentration is
no longer equal to that of the free fatty acid but is
at least an order of magnitude larger, since the corre-
sponding fatty acid is consumed by forming acid soap.

At least three opinions have been expressed as to
the presence of fatty acid in soap solutions. McBain
has long maintained that, though fatty acid is always
formed, there is never sufficient present to saturate
the solution. Ekwall (1) holds, however, that there
is more than sufficient for saturation only in a nar-
row range of very dilute solutions, just below the
limiting concentration which he describes as the high-
est coneentration in which the free fatty acid can
appear before its conversion to acid soap. Powney
and Jordan (2), on the contrary, have calculated that,
not in the most dilute solutions, but in approximately
0.0056 M sodium laurate, 0.001 M sodium myristate,
0.0002 M sodium palmitate, and 0.00003 M sodium
stearate at 60°C., the solubility limit of fatty acid is
reached and that in a range above these concentra-
tions it is in excess of and may be several hundred
times greater than the saturation value.

To confirm one of these views, pH values of potas-
sium and sodium soap solutions were determined, and
from them the actunal concentration of free fatty acid
in solution was calculated. This amount was found
to be less than the saturation value, as determined
by conduectivity measurements, given in the preced-
ing communication.

From the pH wvalues the percentage hydrolysis
was also calculated. Estimates of hydrolysis have
ranged from negligible to complete hydrolysis, based
upon various types of data, including E.M.F. meas-
urements, catalysis, indicators, analysis of ultrafil-
trates, extraction with benzene or other solvents, and

1 Present address: University of Paris, Kcole Normale Superieure,
France.

® Present address: Duchesne College, Omaha, Nebraska.

pH measurements, Much of the earlier work has
been done on sodium soaps. Ekwall and Lindblad
(3) published pH data obtained by use of the glass
electrode for sodium laurate at 20°. Stauff (4) used
the hydrogen electrode to measure the pH of sodium
soaps at 60°C. and constructed hydroxyl ion activity
curves as a function of concentration but did not
disclose the pH’s. Likewise, Powney and Jordan (2)
using the glass electrode determined the pH’s of a
number of sodium soaps at 25, 40, 60, and 80°C., pub-
lished hydrolysis-concentration curves but did not
give the pIl’s. Some earlier studies of potassium
soaps have involved E.M.F. (5), indicator (6), and
extraction (7) methods, but there are but few data
on their pII’s in the literature. Hence the determina-
tion of the pH of sodium and potassium soaps over
a range of concentrations is here recorded for 25 and
50°C.
Experimental

Kahlbaum’s best acids, and some Lepovsky’s puri-
fied myristic acid were used in preparing the soap
solutions. They were first analyzed by titrating them
with alkali in 70-809% aqueous alcohol to determine
the equivalent weight. MeBain and Van Tuyl (8)
showed by the titration curves of laurie and myristic
acids in 809% alcohol, using phenolphthalein as in-
dicator, that the equivalence point, the point of
inflection, and the color change coineided whereas in
aqueous solution the point of inflection required
1.5% excess lauric acid and 6.29 excess myristic
acid. In this study titrations were made in aqueous
alcoholic solutions using approximately decinormal
sodium hydroxide, potassium hydroxide, and sodium
hydroxide with a glass electrode; the results of
the three titrations agreed closely. Also the results
seemed to be independent of the concentration of
aleohol, provided that there was sufficient to prevent
precipitation.

For the plI determinations stock solutions were
prepared by adding the calculated volume of stand-
ard alkali to a weighed amount of acid. This was
heated on a water bath at approximately 70-90°C.
until the acid dissolved, then cooled, and diluted to
volume with conductivity water. The sodium hydrox-
ide solutions were made from ecarbon dioxide-free
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sodium drippings and conductivity water; potassium
hydroxide solutions were made from Bakers ‘‘ Ana-
lyzed,”” after a preliminary rinsing to wash away
carbonate from the solid.

A few measurements were made on stock solutions
made by another method. Alkali was added to the
acid, yielding a soap which was considered to have
the same concentration as that of the alkali; e.g.
0.5555 g. of lauric acid was dissolved in 20.09 ml. of
0.1379 N, potassium hydroxide to give 0.1379 N potas-
sium laurate solution. The error involved in neglect-
ing the volume of the acid would be small in all but
the more concentrated solutions. The results of the
two methods, used by different persons, did not agree
preeisely. Most of the values given are those obtained
by use of the first method, but some of the second
(by P.1..) are also given.

The stock solutions were diluted as follows, boiled
out conductivity water being used throughout. The
normalities are N,, or approximately N,, neglecting
the slight volume change on mixing. 2.50 ml. of
water were added from a 10-ml. mieroburette to 10
ml. of 1.000 N solution to give an 0.800 N solution,
6.67 ml. of water were added to 10.00 ml. of 1.00 N
to give a 0.600 N solution. Using pipettes, 10.00 ml.
of solution were diluted with an equal volume of
water. (Thus 0.800 N was diluted to 0.400 N, 0.400 N
to 0.200 N, 0.600 N to 0.300 N, 0.300 N to 0.150 N.)
5.00 ml. of 1.000 N were diluted to 50 ml. in a volu-
metrie flask, giving .100 N solution, which was diluted
through the range 0.0800 to 0.0100 in the manner
given above. 0.100 N was diluted to 0.0100, 0.0100
to 0.00100 N, and these were diluted as above.

For the pIl measurements the Beckman pl meter
and the blue glass-calomel assembly was used. The
meter was checked with a series of buffered solutions
made from Burrell buffer tablets. A small meter
correction was necessary above pH 9.80. In the tables
both corrected and uncorrected pH’s are given at
25°C. No correction was applied at 50°C.

Before each series of measurements the meter was
standardized by use of a pH 7 buffer, and it was
checked from time to time against a second buffer of
pH 11. To make a measurement 15-20 ml. of the
solution were placed in a 50-ml. beaker, brought to
25 or 50°C., suspended in a Dewar flask, and the
blue glass-calomel electrode assembly was lowered into
the solution. The reading was taken after three to
five minutes, when it was usually, but not always,
quite constant. During this short period the solutions
were in contact with the atmosphere. Otherwise they
were kept enclosed. It should be noted that any car-
bon dioxide  taken up by the soap solution would
tend to lower pH and favor formation of free fatty
acid. However, as is shown, the fatty acid was not
‘enough even to saturate the water in the soap solu-
tion. For readings at 50° the temperature regulator
of the meter was set at 40°, the meter was adjusted
so that it read correctly the pH 7 buffer (6.97 at
50°C.). Then if x is the dial reading at 50°, the pH

313

6.97 393 (x— 6.97).

The stock solutions were allowed to stand for a day
or more before making the measurements as the pH
may vary with the age of the solution. Most of the
measurements were made on the diluted solutions 10
minutes to an hour after dilution though some re-

mained for a longer time. With some solutions the
variation in pH is appreciable, in others it is slight.
The pH of a 0.1 N potassium myristate solution
measured 10.95 just after its preparation from the
acid and alkali; after 16 hours the value was 10.47.
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CONCERTRATION OF SOAP

F1¢. 1. Comparison of the pH of sodium and potassium
soaps at 25°.

A portion of it diluted to 0.01 N read 10.62 just after
dilution, and 10.70 the next day. In general, when
solutions were diluted tenfold, a longer time was
required to reach a fairly constant pH than when
diluted twofold.

For each soap studied a number of solutions were
prepared and the pH measured, the average of these
results, rounded to the nearest 0.05, or in some cases
the nearest 0.1, of a pH unit are given in the tables
which follow. From the pH, the hydroxyl ion activ-
ity was calculated using for the ionization constant
of water 10-'* at 25° and 10-13-2% at 50°C.

To test the effect upon pH of solubilized hydrocar-
bon about one equivalent of hexane was added to
some of the laurate stock solutions and allowed to
stand for 24 hours or longer. A small amount of the
hexane was solubilized. The solution was diluted in
the usual manner, and the pH was determined simul-
taneously with an untreated solution. A slight low-
ering of pH and of hydrolysis is due to the solubilized
hexane. The pH values listed in the laurates under
““corrected pH’”’ have had the meter correction ap-
plied and are rounded off to the nearest 0.05 of a pH
unit and are sometimes slightly greater or less than
the designated pH since other data were: also consid-
ered. Tables I, II, IIT, and IV give the pH, the
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hydroxyl ion activity, and the percentage hydrolysis
at 25 and 50°C. for the soaps studied. Table I in-
cludes the effect of solubilized hexane on the laurates
at 25°C. Table V gives some pH values of soaps
prepared by the second method deseribed above.

In Figures 1 and 2 the pH values are plotted as
a function of the concentration. They show that the
pH of the potassium soap is nearly always somewhat
higher than that of the ecorresponding sodium soap.
For the laurates the difference is small at 25°, and
also in the more concentrated solutions at 50°C.,
while in dilute solutions the two curves nearly coin-
cide. For the myristate, palmitates, and stearates at
50° the pH of the potassium salt is usually only a
few tenths of a unit higher than that of the sodium
salt, but at 25° the difference may exceed one pH
unit in concentrations above 0.004 N.

1 T T
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CONCENTRATION OF SOAP

Fig. 2. Comparison of the pH of sodium and potassium
soaps at 50°.

The curves at 50°C., Figure 2, show best the in-
crease in pH though it is not a uniform increase, with
increasing carbon content from the laurates to the
stearates; for example, the pIl’s of 0.01 N solutions
of potassium salts are: laurate, 7.70; myristate, 9.4;
palmitate, 9.9, and stearate, 10.35, and of the corre-
sponding sodium salts: 7.75, 9.25, 9.8, and 9.8. At
25° in the higher concentrations used the sodium
stearate curve is slightly lower than that of the pal-
mitate, contrary to what one might expect. Preston
(9) in the study of the detergent action of sodium
soaps also found the palmitate and stearate order
was the reverse of that expected in ‘‘whiteness of
washed cloth-concentration’” eurves. MHowever, both
of these latter systems were curded mixtures (not

all solution) in the higher concentrations used, so
sorption may be partially responsible for this order.

Milton A. Lesser (10) in ‘“‘Pros and Cons of Toilet
Soap Irritation’’ states ‘‘The pH range of 1% solu-
tions of toilet soaps was found. to be 9-11 by Klander

—T T T
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PERCENTAGE HYDROLYSIS

qONcENTRATIOH oF LAUﬁATE
1.0 0.1 0.01

D.001 N

¥16. 3. Percentage hydrolysis-concentration curves for the
laurates at 25° and 50°.

and co-workers (Arch. Dermat, and Syph.; 1931, 162,
517). Sharlitt (New York State J. Med., 1943, 43,
160) found a pll range of 9-10 for toilet soaps.’’
Our results for pure soaps range from 11.7 for the
highest concentrations of the highest soaps, and 9.9
for the highest concentrations of potassium laurate,
down to 7.1 for the laurates in 0.001 N and about 8
for the stearates in 0.0001 N. Our results for 1%
solutions range from 9.5 for laurates to 11.6 for
potassium palmitate and stearate.

Under our data for pI percentage hydrolysis-con-
centration curves were constructed for each soap.
Figure 3 gives those of the laurates at 25° and 50°C.
Potassium and sodium laurate are similar in percent-
age hydrolysis, but in all but the most dilute solutions
that of the potassium salt is greater than that of the
sodium salt. For the laurates percentage hydrolysis
is roughly twice as great at 50° as at 25°. Potassium
myristate is hydrolyzed about six times as much as
the sodium salt in 0.01 N solution at 25°, the differ-
ence is very small at 50°, A maximum occurs in each
of the hydrolysis curves, and, if the concentration is
sufficiently dilute, a minimum is also present.

The 0.2 N sodium laurate was clear at 25° but read-
ily set to a solid curd when cooled slightly below 25°.
At times, beautiful needles separated from 0.1 N solu-
tion when the temperature fell to about 20°, An
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TABLE I
The pH, Hydroxyl Ion Activity and Percentage Hydrolysis at 25° and 50°C. and the pH in the
Presence of Solubilized Hexane at 25° for Potassium and Sodium Laurate
25°C. 50°
Cone’'n Ny pH Corr. aou Percentage 201 Percentage
pH Hex. pH x10* Hydrolysis rH X10% Hydrolysis
Porassium LAURATE
1.0........ 9.80 9.88 9.85 0.708 0.0071 9.60 2.19 0.022
0.8.. 9.80 9.85 9.85 0,708 0.0088 9.60 2.19 0.027
0.4.. 9.87 9.85 9.95 0.891 0,022 9.50 1.74 0.044
0.2.. 9.80 9.85 9.85 0.708 0.035 9.45 1.55 0,078
0.1.. 9.75 9.68 9.80 0.631 0.063 9.40 1.38 0.138
0.08 9.68 9.62 9.75 0.563 0.070 9.35 1.23 0.154
0.06 963 ) 0 ... 9.65 0.447 0.075 9.25 0.997 0.1638
0.04 9.48 9.45 9.50 0.316 0.079 910 0.692 0.158
0.03 9.20 | L. 9.30 0.200 0.067 &.85 0.389 0.129
0.02... 8.88 8.82 8.90 0.0794 0.040 8.40 0.138 0.069
0.015. 840 | ... 8.50 0.0324 0.022 8.05 0.0617 0.041
0.01... 8.05 7.94 8.10 0.0126 0.013 7.70 0.0275 0.027
0.008. 7.72 7.97 7.80 0.00621 0.0079 7.50 0.0174 0.022
0.006, 757 | 7.65 0.00447 0.0074 7.40 0.0138 0.023
0.004. 7.48 7.42 7.40 0.00251 0.0063 7.30 0.0110 0.027
0.002 7.24 7.07 7.30 0.00200 0.10 7.20 0.044
0.001 710 ] L 7.10 0.00126 0013 1 b s
SOopTUM LAURATE

0.2..... 9.72 9.63 9.70 0.501 0.025 9.30 1.10 0.055
0.1.. 9.72 9.70 9.70 0.501 0.050 9.30 1.10 0.110
0.08 9.68 9.64 9.70 0.501 0.063 9.30 1.10 0.135
0.06 9.58 9.55 9.60 0.398 0.066 9.20 0.872 0.148
0.04 9.42 9.37 9.40 0.251 0.063 9.00 0.55 0.137
0.03 9.04 9.00 9.10 0.126 0.042 8.75 0.308 0.103
0.02... 8.62 8.58 8.60 0.0398 0.020 8.45 0.155 0.077
0.015. 8.28 8.28 8.30 0.0200 0.013 8.05 0.0617 0.041
0.01... 7.90 7.86 7.90 0.00794 0.0079 7.75 0.0308 0.031
0.008. 7.70 7.70 7.70 0.00501 0.0063 7.50 0.0174 0.022
0.006 7.62 7.48 7.60 0.00398 0.0066 7.40 0.0138 0.023
0.004 7.47 744 7.50 0.00316 (.0079 7.30 0.0110 0.028
0.002 7.256 7.22 7.25 0.00178 0.0079 7.0 0.0055 0.028
0.001 732 7.10 0.00126 0013} e e vees

0.028 N solution remained quite clear on standing,
but in the more dilute solutions acid soap separated.
1.0 N potassium laurate was clear; likewise those
down to about 0.04 N, where acid soap appeared.
Crystals formed in the more concentrated solutions on
standing. All of the laurate solutions were clear at
50°C.

0.05 N sodium myristate readily set to a curd when
cooled slightly below 25°, and even at 25° the solu-
tions from 0.05 to 0.01 N tend to set; first many
white spherical nuelei appear, then the entire solu-
tion erystallizes to curd. The pH of a clear sol of
0.05 N measured 9.97, and after setting the pH was
10.26, corresponding to the separation of some soap.

TABLE II

The pH, Hydroxyl Ion Activity, and Percentage Hydrolysns of Potassium and
Sodium Myristate at 25° and 5

25°C. 50°
s pH a0H Percentage aoH Percentage
Cone'n Ny PH Corr. x10% Hydrolysis pH X 10* Hydrolysis
POTASSIUM MYRISTATE
1.0 10.50 10.70 5.01 0.05 9.70 2.75 0.027
0.8.. 10.50 10.70 5.01 0.063 9.70 2.75 0.034
0.4.. 10.50 10.70 5.01 G.12 9.70 2.75 0.069
0.2.. 10.50 10.70 5.01 0.25 9.60 2.19 0.11
0.1.. 10.50 10.70 5.01 0.50 9.60 2.19 0.22
0.08 10.55 10.75 5.62 0.70 9.60 2.19 0.27
0.06 10.60 10.80 6.31 1.05 9.70 2.75 0.46
0.04... 10.60 10.80 6.31 1.6 9.65 2.45 0.61
0.,03... 10.70 10.90 7.94 2.6 9.65 2.45 0.82
0.02... 10.70 10.90 7.94 4.0 9.60 2.19 1.1
0.015. 10.70 10.90 7.94 5.3 9.50 1.74 1.15
0.01... 10.70 10.90 7.94 7.9 9.40 1.38 1.4
0.008. 10.65 10.85 7.08 8.8 -9.30 1.10 14
0.006. 10.30 10.40 2.51 4.2 9.15 0.776 1.1
0.004 9.80 9.85 0.708 1.7 8.70 0.295 0.69
0.0038 9.50 9.50 0.316 1.1 8.50 0.174 0.58
0.002. 8.90 8.90 0.0794 0.40 8.10 0.0776 0.39
0.0015 8.50 8.50 0.0316 0.21 7.90 0.0436 0.30
0.001. 8.25 8.25 0.0178 0.18 7.70 0.0275 0.27
0.0005 7.90 7.90 0.00794 0.16 7.40 0.0138 0.27
0.0001 7.25 7.25 0.00178 018 1 el e
SopIUM MYRISTATE
10.00 10.10 1.26 Q.25 9.60 2.19 0.44
10.00 10.10 1.26 0.31 9.60 2.19 0.55
10.00 10.10 1.26 0.63 9.50 1.74 0.87
10.00 10.10 1.26 1.26 9.25 0.977 0.98
9.95 10.00 1.00 1.25 9.20 0.87 1.1
9.80 9.85 0.708 1.2 8.90 0.437 0.73
9.40 9.40 0.251 0.63 8.55 0.195 0.43
9.00 9.00 0.100 0.33 8,25 0.0977 0.32
8.60 8.60 0.0398 0.20 8.00 0.0550 0.27
8.40 8.40 0.0251 0.17 | eiie b e e
8.10 8.10 0.0126 0.13 7.60 0.0219 0.22
8.00 8.00 0.0100 0.12 7.50 0.0174 0.22
7.70 7.70 0.00501 0.12 7.20 0.0087 0.22
7.40 7.40 0.00251 0.12 7.00 0.0055 0.27
7.20 7.20 0.00159 0.16 | .. ..
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TABLE III
The pH, Hydroxyl Ion Activity, and Percentage Hydrolysls of Sodium Palmitate and
Stearate at 25° and 50°C.
25°C. 50°
. pH aoH Percentage a0H Percentage:
Cone'n Ny pH Corr. X104 Hydrolysis pH X 10%* Hydrolysis
SopivM PALMITATE
104 10.55 3.55 1.8 9.8 3.47 1.7
10.4 10.55 8.55 3.5 9.8 3.47 3.5
10.4 10.55 3.55 4.4 9.85 3.89 4.9
10.4 10.55 3.56 5.9 9.85 3.89 6.6
10.4 10.55 3.55 8.8 9.75 3.09 N
10.4 10.55 3.55 11.9 9.7 2.75 9.2
10.35 10.5 3.15 15.8 9.4 1.38 6.9
............................ 9.2 0.87 5.8
9.8 9.85 0.708 71 8.85 0.389 3.9
9.5 9.5 0.316 4.0 8.6 0.219 2.7
9.3 9.3 0.200 3.3 8.45 0.155 2.6
8.9 8.9 0.0794 2.0 8.25 0.0977 2.4
8.7 8.7 0.0501 1.7 8.1 0.0692 2.3
8.4 8.4 0.0251 1.2 7.85 0.0398 1.9
8.2 8.2 0.0159 1.1 7.6 0.0219 1.5
7.8 7.8 0.00631 0.63 7.4 0.0138 1.4
SODIUM STEARATE
10.3 10.45 2.82 2.8 9.8 3.47 3.5
10.3 10.45 2.82 3.5 9.9 4.36 5.4
10.3 10.45 2.82 4.7 9.9 4.36 7.2
10.3 10.45 2.82 7.1 9.9 4.36 10.9
10.3 10.45 2.82 9.4 9.8 3.47 11.6
10.2 10.3 2.00 10.0 9.65 2.45 12.3
10.1 10.2 1.59 10.6 9.5 1.74 11.6
9.9 9.95 0.891 8.9 9.3 1.10 11.0
9.75 9.8 0.631 7.9 9.1 0,692 8.6
9.6 9.6 0.398 6.6 8.8 0.347 5.8
9.3 9.3 0.200 5.0 8.55 0.195 4.9
9.0 9.0 0.100 3.3 8.3 0.110 3.7
8.5 8.5 0.0316 1.6 8.0 0.055 2.7
8.0 8.0 0.0100 1.0 7.5 0.0174 1.7

MeBain and Hay (6) likewise found that soap solu-
tions from which soap had separated were more alka-
line than the same wholly in solution. Ekwall and
Lindblad (3) reported that a clear solution of 0.1833

N sodium laurate had a pH of 10.33, which six min-
utes later fell to 10.15, when it had been converted to
a gel! 1.0 N potassium myristate is a clear solution
at 25°, in 0.5 N solution a slight deposit separates on

TABLE IV

The pH, Hydroxyl Ion Activity, and Percentage Hvdrolgrsls of Potassium Palmitate and
Stearate at 25° and at 50°C

25°C 50°
pH aon’ Percentage 4 Percentage
Cone. Nv pH Corr. X10* Hydrolysis PH ;01%4 Hydrolysis
POTASSIUM PALMITATE

11.2 11.45 28.2 2.8 9.8 3.47 0.35

11.2 11.45 28.2 3.5 9.8 3.47 0.43

11.2 11.45 28.2 4.7 9.85 3.89 0.65
11.3 11.6 39.8 9.9 9.85 3.89 0.97
11.35 11.65 44.7 149 | b e
11.45 11.75 56.3 28.1 9.9 4.36 2.2
114 11.7 50.1 33.4 9.9 4.36 2.9
11.35 11.65 44.7 44.7 9.9 4.36 4.4
112 11.45 28.2 35.5 9.9 4.36 5.8
11.05 11.30 20.0 333 Lo b
10.8 11.0 10.0 25.0 9.8 3.47 8.7
10.6 10.8 6.31 21.0 9.7 2.75 9.2
10.4 10.55 3.55 17.7 9.4 1.38 6.9
10.25 10.8 2.00 13.3 9.2 0.87 5.7
10.0 10.1 1.26 12.6 9.0 0.55 5.5
9.8 9.85 0.708 8.8 8.8 0.347 4.3
9.6 9.6 0.398 66 . | ..
9.3 9.3 0.200 5.0 8.4 0.138 3.4
9.09 9.0 0.100 3.3 8.2 0.087 2.9
0. ()002. 8.8 8.8 0.0631 3.1 8.0 (.055 2.7
0.0001 8.3 8.3 0.020 2.0 7.65 0.0246 2.5
0.00005.... 7.6 7.6 0.00398 8.0 7.3 0.011 2.2

POTASSIUM STEARATE

11.0 11.25 17.8 1.7 10.2 8.70 0.87
11.1 11.35 22.4 2.8 10.2 8.70 1.1
11.8 11.6 44.9 11.2 10.2 8.70 2.2
11.3 11.6 44.7 14.9 10.25 9.77 3.3
114 11.9 50.1 25.0 10.3 11.0 5.5
11.4 11.7 50.1 33.4 10.4 13.8 9.2
11.3 11.6 39.8 39.8 10.35 12.3 12.3
11.2 11.45 28.2 35.5 10.3 11.0 13.8
11.0 11.25 17.8 29.7 10.3 11.0 18.3
10.8 11.0 10.0 25.0 10,1 6.02 17.8
10.6 10.8 6.31 21.0 9.95 4.90 16.3
10.4 10.55 3.55 17.7 9.7 2.75 13.7
10.3 10.4 2.51 16.6 9.5 1.74 11.6
10.1 10.2 1.59 15.9 9.2 0.870 8.7
9.9 10.0 1.00 12.5 9.1 0.692 8.6
9.7 9.7 0.501 8.3 8.95 0.493 8.1
9.2 9.2 0.159 4.0 8.7 0.275 8.3
9.0 9.0 0.100 3.3 8.5 0.174 5.8
8.7 8.7 0.0501 2.5 8.3 0.110 5.5
8.55 8.55 0.0855 3.5 8.15 0.077 7.7




standing. In 0.01 N solution a rather heavy precipi-
tate appears; in 0.001 N there is a light precipitate
of acid soap.

The 0.01 N sodium stearate and 0.02 N sodium pal-
mitate were soft curded mixtures at 25°, and even at
50°, most of the curd did not dissolve. At 50°, 0.004
N solution was quite opalescent, and by 0.003 N erys-
tals of acid soap appeared. The 0.0004 N solution was
again opalescent. The pH of these curded mixtures
was variable, depending upon how the curd separated,
the length of time of standing, ete., so the values
given are but average values. For 0.01 N stearate,
values ranging from 10.0 to 10.6 were obtained at 25°

0.1 N potassium palmitate contained undissolved
crystals, which dissolved when the solution was
warmed to about 30°. Crystalline acid soap appeared
at 50° in 0.02 N solution, and persisted until the solu-
tion was very dilute. The 0.1 N potassium stearate is
a greasy viscous white mixture at 25°, but a clear
sol. at 50°. At 50° silky ecrystals were present in
0.04 N solution and continued until a concentration
of 0.0008 N, which was clear.

To determine the effect of added salt upon the pll
of a soap solution a weighed amount of sodium or
potassium chloride was dissolved in some of the stock
soap solution, then it was diluted in the usual manner.
The pH’s of treated and untreated solutions were
determined simultancously. The results are given in
Table VI. For potassium laurate solutions at 25° and
at 50° the added 0.1 N potassium chloride caused a
lowering in pll in concentrations 0.1 to 0.03 N, but
from 0.02 to 0.006 N a slight increase was ObbGI‘VQd
and again a decrease from 0.004 to 0.003 N. Sodium
chloride added to 0.01 N sodium myristate to make
it 0.01 N in sodium echloride had mno appreciable
effect upon the pI. ‘‘Solutions’’ of 0.01 N sodium
palmitate containing 0.1 N and 0.05 N sodium chlo-
ride were found to have a much lower pH than the
untreated solution. Some salting-out was apparent.
Ev1dent1y the effect of salt on the pH of a soap solu-
tion is rather complex. MecBain and Merrill (11)
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have shown that added electrolyte promotes solubili-
zation and micelle formation at dilutions where there
is no evidence for these phenomena without the
electrolyte.

Discussion
The pl values of soap solutions supply data for
(H*) (A7)
(HA)

presses the relationship between the components of a
solution of a weak acid. The concentration of fatty
acid ion (A-) is in some cases known from osmotic
data for soap solution; in other cases it can be
estimated. Then one can solve for the concentration
of undissociated fatty acid (HA), present in the
soap solution.

For solutions of laurate 0.01 N and less, the concen-
tration of free laurate ion (1), was taken to be equal
to the soap concentration, for 0.04-0.1 N solutions, (L')
was taken as 0.026 N, and for 1.0 N solution, (L)
was 0.12, the latter values being approximately those
given by McBain and Haton (7). The same values
were used for the myristates, though they are actually
somewhat lower. Palmitate and stearate ion concen-
trations were taken to be the same as those of the
soap, except for 0.006 to 0.02 N palmitate, where
(P7) was taken as 0.0032 N [the vrltlcal concentra-
tion, as given by Ekwall (12)].

Begmmng with the more concentrated solutions,
the calculated amount of wundissociated fatty acid
decreased with deereasing soap coneentration, passed
through a minimum, and then a maximum in the
case of the laurates and myristates. Perhaps the
concentrations used were not sufficiently dilute to
reach the maximum for the palmitates and stearates.
For potassium laurate the concentration of undisso-
ciated lauric acid increased as the concentration of
laurate changed from 0.1 to 0.006 N, then decreased
in eoncentrations from 0.006 to 0.001 N. In 0.006 N
solution it was about 93% of the saturation value;

(I1*) in the equation: — K, which ex-

TABLE V

The pH of Various Soap Solutions at 25° and at 50°C. Prepared by the Second Method
Mentioned in the Text ¥

. K Laurate K Laurate | K Myristate Sodium Laurate
Soap Cone, e Soap Cone. Soap Cone.
25° 50° 50° 25° 50°
10.1 9.23 9.60 0.2 e 9.71
10.1 9.28 971 9.78 9.67
10.2 8.99 9.76 9.52 9.42
10.0 8.16 9.60 8.4 8.31
9.98 7.68 9.42 8.0 7.68
9.0 7.29 9.32 7.8 7.48
8.8 7.29 8.40 7.5 0 ..
8.25  0.000T.cciiiiiiiiiiiiiniennn| e 7.97
7.6 7.5 7.68
7.3
7.1
6.4
Na K Na Pals ' St - t
Soap Cone Mytlswt? Myristate Soap Cone. M Soap Conec. Lml_t&_ti * Soap Cone, __ea—r_ai‘
50° 95° 50° . 50°
9.81 10.28 9.81 0.001311......ccuneeen. 10.05
9.62 10.20 9.71 0.00065 . 9.81
9.23 9.72 9.66 0.00082 9.56
8.50 9.15 10.05 0.000131.. 9.13
8.06 8.80 10.24 0.000065.. 8.79
7.72 8.10 9.71 0.000032.......crcvuene, 8.51
ST 7.90 9.32
7.78 7.85 8.74-8.94
715 | .. 8.60
AR O 7.5
6.7 7.0

_.. * These measurements represent single trials made on stock solutions whose concentration was taken as that of the added alkali.
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in 0.001 N about 67% ; and in 0.01 N it was slightly
more than 509 saturated at 25°. Ekwall (13) con-
sidered that in sodium laurate solutions at room tem-
perature free fatty acid separates in concentrations
from about 0.004 to 0.0065 N. At 50° the highest
lauric acid concentration reached lies in the region
0.006-0.008 N when it is about two-thirds the satura-
tion value. This might be compared with the calcula-
tions of Powney and Jordan which are given for
sodium laurate at 60°. They state that in 0.005 M
solution the approximate solubility limit is reached
(given as 12 X 10* M), and in 0.01 M the concen-
tration of laurie acid is about 3 times this value, and
in 0.1 M nearly 31 times this value! They have given
the approximate solubility limit at 60° as 4 X 10-°
M for stearic acid and 12 X 10-¢ for lauric acid. By
conductivity measurements at 50° the concentration
of undissociated lauric acid is nearly 80 times that of
stearic acid (total solubility is about 20 times as
great).

TABLE VI

The Effect of Added Salt on the pH ‘‘Solutions” of Sodium Palmitate
and Solutions of Sodinm Myristate and Potassium Laurate

pH of Sodinm pH of Sodium pH of Sodium
Palmitate Palmitate Myristate
Jone. . 0. .
Cone Alone ?q;é\{ Alone 1\?&50{\1 Alone OI\&ICF
25° 25° 25° 25° 25° 25°
10.30 8.72 10.58 9.13 9.97 9.95
10.40 8.68 10.50 9.18 9.94 9.98
10.40 8.90 10.50 9.8 9.78 9.78
10.40 9.04 10.50 9.45 9.38 9.42
............ 10.40 9.54 9.05 9.10
10.30 9.38 10.37 9.65 8.55 8.57
9.82 9.25 9.80 9.64 8.26 8.28
9.42 9.13 9.55 9.45 8.20 8.16
9.28 8.93 9.30 930 | .| .
8.82 7.90 8.90 8.60 7.84 7.84
8.70 7.60 8.70 8.41 [UOTPEE RN,
8.45 7.20 8.40 8,22 7.58 7.46
............ 7.63 7.96 7.28 7.38
pH of Potassium pH of Potassium
Laurate Laurate

Cone. Alone O]‘\'](‘{\ Alone OKIC{\Y
25° 25° *50° *50°

9.82 9.73 9.48 9.36

9.80 9.65 9.42 9.30

9.67 9.60 9.30 9.25

9.53 9.50 9.22 9.10

9.46 9.38 8.90 8.68

8.90 4.10 B.43 8.53

8.55 8.70 8.08 8.20

8.10 8.22 7.73 7.80

7.82 8.03 7.50 7.68

7.68 - 7.72 738 | ...

7.60 7.48 7.30 7.25

7.50 7.43 7.18 7.12

* Temperature correction was not made.

The concentration of undissociated fatty acid
reaches a higher per cent of its saturation value in
the laurates than in the other soaps over the con-
centration range calculated. The highest calculated
centration for palmitic acid was in 0.0001 N so-
dium palmitate and in 0.060005 N potassium palmi-
tate where it was 0.12 X 10-°* M at 25°, or 20% satu-
rated; at 50° it was about 40% saturated in sodium
palmitate and 26% saturated in potassium palmitate
of the above concentrations. The highest stearic acid
concentration was in 0.0001 N sodium stearate where
it was 26.6% saturated, and in 0.0002 N potassium
stearate, 11% at 25°C.; at 50° the percentage satura-
tion for the same concentration was 31 and 16, respee-
tively. These calculations confirm the concept that in
soap solutions containing exactly equivalent amounts

of alkali metal and fatty acid radical, hydrolytic fatty
acid is insufficient to produce saturation; therefore
free fatty acid does not separate out unless the solu-
tion is acted upon by an excess of acid, such as carbon
dioxide. ‘

Percentage Hydrolysis

Percentage hydrolysis is defined in terms of concen-
tration of hydroxyl ion in relation to the total stoi-
chiometric concentration of soap. A comparison of
the present values obtained for percentage hydrolysis
of soap solutions with those found in the literature
shows that, in general, earlier measurements are con-
siderably higher. However, the pH of a solution is
not invariable, but (assuming pure materials) de-
pends upon the methods of preparation and the age
of the solution, temperature effects, and sorption if
excess neutral or acid soap is present. The pH of
dilute solutions is much less constant than that of
more concentrated solutions. In practice there is the
effect of atmospheric carbon dioxide to cope with. It
is not surprising, therefore, to find eonsiderable vari-
ation in recorded pH’s. Calculations show that an
increase of 0.2 in pH corresponds to approximately
50% increase in hydrolysis, and an increase of 0.35
to nearly 1009% increase. Hence percentage hydroly-
sis calculated from pH measurements must be subjeet
to a range of variation, depending upon many faec-
tors, as age of the solution, ete.

Some conclusions, however, may be set down with
considerable assurance. The hydrolysis of the laurates
is very much less than that of the higher soaps, not
exceeding a few tenths of 1% at 25°, and in most
concentrations it is much less than this. At 50°C. it
is approximately twice that at 25°. Percentage hy-
drolysis for the myristates will not exceed a few per
cent, except for a small range of concentrations of
the potassium salt, and in most concentrations it is
much less than 1%. The hydrolysis of the palmitates
and stearates is much higher.

For each soap one can select a tenfold, or in a few
cases a hundredfold range where hydrolysis is much
greater than clsewhere (except perhaps in very dilute
solutions). Table VII summarizes this range of con-
centration with its eorresponding range of hydrolysis
together with the maximum hydrolysis and the con-
centration in which it oecurs.

TABLE VII

Tenfold of Concentration in Which Hydrolysis Is Greatest With the
Corresponding Range in Hydrolysis, Also Maximum Hydrolysis

o Maximum Hydrolysis and
(R Its Cone.
Soap Tenfold Hydrolysis
of Conc. Range 95° 50°
0.004-0.0004{ 7.1 -5.0 |10.6% at 0.0015N|12.3% at 0.002N
0.04 -0.0004 {11.2 -4 39.8 0.01 18.3 0.006
0.008-0.0008 | 4.4 -4.0 |158 0.002 9.2 0.003
0.04 -0.0004 9.9 -5.0 [44.7 0.01 9.2 0.003
0.04 -0.004 0.31 -0.63 | 1.25 0.008 1.1 0.008
0.04 -0.004 1.6 -1.7 8.8 0.008 1.4 0.008
0.2 -0.02 0.025-0.02 | 0.066 0.06 0.148 0.06
J02  -0.02 0.03 -0.04' 0.079 0.04 0.163 0.06
Summary

The pH of the laurates, myristates, palmitates, and
stearates of sodium and potassium at 25° and 50°C.
was determined by use of a glass electrode. pH :con-
centration curves were constructed, and hydroxyl ion
activity was calculated. In general, the concentration
of hydroxyl ion ranges from 0.001 to 0.0001 N; for
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the less dilute solutions of the higher soaps, the upper
limit is exceeded by several fold, and in the more
dilute solutions the concentration may fall beneath
the lower value. Solubilized hexane reduced the pH
of potassium and sodium laurate but very slightly.
Potassium or sodium chloride reduced the pH of soap
solutions over a certain range but caused a slight
increase in a narrow intermediate range.

Using the pH values obtained, the actual concen-
tration of fatty acid in the soap solutions was cal-
culated, and was found to be less than the saturation
concentrations obtained by conductivity measurements
through the entire range investigated. Free fatty acid
therefore mnever separates as such from pure soap
solutions unless acted upon by excess of acid such as
carbon dioxide.

Percentage hydrolysis was calculated and curves
were constructed. In general, the potassium soaps
are hydrolyzed more than the corresponding sodium

Silicates in Soaps

R. C. MERRILL, Philadelphia Quartz Co., Philadelphia

ILICATES of soda were added to soaps before

1835. Soaps containing substantial quantities of

silicate became popular in this country during
the Civil War when the shortage of fats and rosin
in the North eaused manufacturers to add silicates
to their soap in order to extend the supply. The war-
time and present shortage of fats is reemphasizing
the value of silicates for this purpose. It is estimated
that the soap industry of the United States consumes
more than 200,000 tons annually of silicates calcu-
lated to the 41° Baumé solution equivalent. Most
commercial soaps now contain some silicate and some
contain it in very large proportion.

At first silicates in soap were regarded simply as
fillers which had little or no effect on the washing
action of the soap. It is now well established both
from careful laboratory studies and continued prac-
tical use under a wide variety of conditions over many
vears that silicates definitely improve the washing
action of soaps under conditions of use. Silicates of
soda are themselves detergents just as are soaps and
the numerous types of new synthetic detergents. Mix-
tures of soap and silicates in the proper proportions
are usually better than either alone.

Types of Silicate. Sodium silicates are composed of
varying proportions of sodium oxide (Na,O), silica
(8i0,), and water. More than 50 products varying
in the ratio of these three components are commer-
cially available as well as several potassium silicates.
The characteristics of those of most interest to the
soap and detergent manufacturer are summarized in
Table I. The sesqui- and metasilicates are white crys-
talline, readily soluble, definite chemical compounds
of fixed composition. ‘“GC’’ has a silica to alkali
ratio of 2.0 and is an amorphous hydrated powder.
““S8SC’’ is an essentially anhydrous solid of the same
ratio. The ‘“GC’’ silicate is spray dried and the
‘“8S8C’’ powder finely ground to provide rapid solu-
bility. Commerecially available silicates with a silica
to alkali ratio greater than about two are glasses
whose silica to alkali ratio may vary continuously
from two to about four, which is now the practical

soaps; the difference is slight for the laurates but is
considerably greater for the myristates, palmitates,
and stearates in higher concentrations at 25°C. The
difference is appreciably smaller at 50° than at 25°.
Percentage hydrolysis for the laurates is very much
less than for the higher soaps.
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upper limit. Although quite soluble, these silicates
can be dissolved satisfactorily only by steam under
pressure so are sold as solutions as concentrated as
practicable. The silicate now most commonly used by
soapmakers has a specific gravity of 41° Baumé and
a silica to alkali ratio of 3.2. The chemistry of the
soluble silicates is discussed elsewhere (1, 10).

Detergency of Silicated Soaps

pH and Buffering Action. The phenomenon of de-
tergeney is ecomplex and involves several factors whose
relative importance varies with conditions. One im-
portant factor involves the neutralization of the or-
ganic acids, sweat, and other acidic materials in dirt
and the saponification of fats, oil, and greases since
these are a substantial fraction of many dirts. These
materials are converted to water soluble sodium salts,
which are readily removed by rinsing. Likewise, pro-
teins and oil paints are usually more readily removed
by alkaline solutions. This requires a high pH and
high available alkalinity, which should be maintained
over a wide range of concentrations and temperatures
by effective buffering action. Both of these are ob-
tained by using a suitable soluble silicate.

In addition to removing certain types of dirt by
neutralization and saponification, the alkalinity of the
silicates prevents the formation of acid soaps and/or
free fatty acids by reaction of the soap with less alka-
line materials. Such materials include bicarbonates
in water softened by ion exchange methods, and car-
bon dioxide absorbed from the air as well as acidie
dirts. Acid soaps are generally regarded as having
little or no detergent action in aqueous systems.

Silicates, like other electrolytes, decrease the con-
centration at which micelles begin to form in soap
solutions. This may be important for, as data pre-
sented by Preston (2) indicate, a marked increase in
detergent action occurs at about the concentration at
which micelles begin to form. Silicates by themselves
do not solubilize water-insoluble dyes. This makes it
possible to obtain good cleaning without fading dyed
goods. The addition of silicates to a soap solution,



