THE TESTING AND ANALYSIS OF SOAPS
by
SIGMUND FLORIAN KIELMA

A Thesis Presented for the Degree of
GRADUATE IN PHARMACY

UNIVERSITY OF WISCONSIN
1924



II

III

Iv

VI

vii

TABLE OF CONTENTS.

Introduction-==-cccccaccamca e a e 1

1) Desirablility of water in soap.
2) Determination of water.

Fatty AcidSecececccccccc e 6

1) Vegetable fats used.

2) Determination of fatty acids.
ag Insoluble.
b) Soluble.

AlKall~ewmccmcmc e 8

1) Free alkali desirable.
2) Determination of alkali.
a) Free.
b) Combined.

Accidental or added impuritieg--=-=-- 10

1) Sodium Carbonate.
2) Sodium Chloride.
3) Silica.

b ]

Soaps of the United States
Pharmacopoela-«-accccmmca e e 13

Bibliography-ewe-eeecmccm e e ccceeem 15



The Testing and Analysis of Soaps.

Soap, of the United States Pharmacopoeié, is of two
kinds, hard soap and soft soap. The former is made from
olive o0il and sodium hydroxide, the latter from cotton-
seed oll and potassium hydroxide; both are, therefore,
free from animal fats or soaps prepared therefrom.

Soap ,1ike other colloidal substances, is capable,
under certain conditions, of adsorbing large quantities
of water and still retaining a hard, solid conslstency.
The water cdntent of soap must,{therefore, be carefully
controlled. Unless carefully prepared, a large excess
of alkali ig liable to be found in soaps. A large excess
of this uncombined alkali renders soap harsh and unfit for
most purposes, especlally for medicinal use.

The above mentioned impurities are those which, from
the very nature of soaps, might be expected to often be
present: In addition to these there are "d8dded and

accldental impurities, as mineral and organic fillers,

resin, metallic compounds, medicinal substances and various

s
other materials. To guard against the presence of added

'and accidental impurities, many tests have been devised.
The United States Pharmacopoeia contains tests which serve
to determine the purity of the official soaps.

There{is required for the proper formation of soéﬁe,

a certain amount of water which enables the particles of

/
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soap to form a compact and yet readily soluble mass.

Other things being equal, the solublility and effectiveness
'or & soap are proportional to the amount of water contained
in the soap; therefore a rather high water content is very
desirable. A considerable amount of thie water is in
ecolloldal combination with the soap substance and is re-
talned by the soap under éil ordinary conditions, or even 1if
the soap has been kept for a long time and appears dry.
All soaps have the properties of taking water from the air
or of glving 1t off again to the air with changes of
external conditions. These properties vary in the different
kinds of soaps. The chemical constitution of goape has the
greatest influence on these propertlies. Thus sodium soaps
hold their water less tenaciously and give off more water
than do potassium soaps. The fatty aclds with which the
Sodlum or potassium are combined have an influence on the
power of a soap to retain or give off molsture. Fiachar,,
in his experimente on water in soaps glves the following
results:- " A Tirst factor in the amount of water held by
different soaps 1arruaidant in the nature of the metallic
radical combined with the fatty acid. If the radical
most errecii?e 1n'tﬁis regard 1s given rirat,'tha sequence
is about as rullawa}- NH,, K, Na, Li, Mg, Ca, Hg, Pb."

After experimente performed with various acld radicals
£

1. Soaps and Proteins, 1921, p. 14.



Flscher reached the following conclusion:- "Under
atharnihu fixed conditions the water-absorbing fuwer of
any soap depends upon the nature of the fatty acid in the
soap, increasing with ite height in a given series." It
is thus seen that there are two chief factors controlling
the amount of water which a soap contains.

Though a considerable quantity of water is highly
degirable in nn;pé; the amount muest, of course, be within
reasonable limite.  An excese of water would h--uonuiderad
an adulteration by the consumer. Soaps contalning an
excess of water become unsightly and light in weight upon
loss of this Iut;r. The amount of water in a hard soap
influences ite hardness and the ease with which i1t rubs away.
Commerecial hard soap contains a variable amount of water.

A good hard soap contains about 20% of wnt-;; the amount
in various hard soaps varies from 8% or 104 to 25% or 40%.
The United States Pharmacopoeia limit of water for solid
hard soap 1s 36% and for ihe powdered auap'ﬁoﬁ. The
Britleh Pharmacopoeia allowe a limit of 30% for solid hard

. Boap. g

Soft soap, or potassium soap, has a gfant affinity for
water. The United States Pharmacopoeia allows 52% of
water in soft soap. The United States Pharmacopoeia gives
the following method for determining water:- _
Dissolve 0.5 Gm. of scap, accurately welghed, in ;b mils
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of alecohol, evaporate the solution to dryness in a tared

beaker containing | Gm. of clean sand, which has been pre-
viously dried at 110% C. to constant weight. Dry the
residue at 110% G;-tn constant weight. The lose of welght
does not ux;;ad 36% for unpowdered soap and 10§ for
powdered soap. In evaporating tha-sﬂlut.inn-a small flame
ghould be used and the beaker placed on a water-bath, other-
wise the sand may be ejected from the beaker.

A commonly employed method for the determination of
water is the rnlluwingt--2 10 Gm. of soap is welghed,
dissolved in hot water and iha volume made up to ldﬁ'nc-
While s8till warm fﬂ cc. 18 measured out in a pipette and
transferred to a weighed flat-bottomed dish. The solution
1s evaporated to dryness on a water-bath and dried at 100%* C.
till constant. The loss represents the loss of wnterrin
1 Gm.

Fit:patriuk; gives the following method for determining
water;- 1 Gm. of the soap is welghed into & 200 ce. conical
flask, 50 cc. of absolute alcohol is added and heat applied
to diesolve the soap completely. The solution i1s allowed
to cool somewhat and 1is Illtarea througsh a filter into
another 200 ce. flask. The insoluble material remaine on
the filter. The filter i1s washed with alcohol, allowed
to cool, and 5 Gm. of anhydrous sodium sulphate added. The
flask is corked and allowed to stand for 24 hours. Thé

2. Soaps, 1921, p. 221.
3. Proceed. A. Ph. A., 59, p. 92.



solution 1s then filtered into a 200 cc. conical flask
which has been previously welghed along with some porous
tile. The alcohol 18 evaporated off on a water-bath and
the raaidﬁnl soap dried in a steam oven for 15 minutes.
The flask and soap are then cooled in a daaiﬁcator, corked
and welghed. From this the welght of anhydrous soap is
found and the smount, of water calculated.

The xylene method which serves so well, in many
cases, for the determination of water, does not appear to
be applicable to the determination of water in soaps.

The fats employed in making the soaps official in
the United States Pharmacopoela are of vegetable origin.
The officlal soaps should be entirely free from animal
fats or soaps made from animal fats. Cottongeed oil
and potassium hydroxide are used in making the soft soap
and olive oll and sodium hydroxide in the hard soap. The
following is the test given for animal fats by the United
States Pharmacopoeia:- An aleoholic solution of soap,
1 in 25, should not gelatinize on cooling. This test is
based on the fact that animal fats solldify at a much
lower temperature than do vegetable fats, containing, as they
do, a larger amount of solid acids.

The olive and cottonseed olls used in making the official
soaps should be free from other olls and meet the other re-
quirements of the United States Pharmacopoeia. Most of the

commercial soft soaps are made from linseed oil, which forms



an odorless and neat appearing soap. Lineeed olil has
many times been suggested as a substiture for the cotton-
seed oil which is at present employed by the Pharmacopoeia
and it was roriarly used. Sapo Animallis, recognized in
the British Pharmacopoela, is made from animal fats
containing prineilpally stearin.

The follniins'is the method of the United States
Pharmacopoeia for determining the fatty acida of the official
soapa:~ Dissolve about 10 Gm. of soap in 200 mils of hot
distilled water, add 2 dr;pa of methyl orange T. 8. and
then diluted sulphurlec acid with constant etirring until
the aqueous layer becomes red. Boll the mixture until the
supernatant layer of the fatty acide ls clear and free from
sollid particles. Separate the agueous layer with the :
ald of a slphon and wash the fatty aclds by decantation
with hut_diatillad water, until 10 mile of the washings,
acidulated with a drop of hydrochloric acid ne longer gives
& precipitate on the addition of barium chloride T. S. Now
place the dish containing the fatty acide on a water-bath
and heat until the fatty acids are completely liquefied,
then filter the warm acids through a dry filter in a hot-
water funnel into a flat dish and dry the acids over
sulphurlc aecid. The iodine number of the acids thus
obtalned is not less than 84 nor more than 90.

Some soaps contaln soluble fatty aclids which would not
be determined if the usual methods were empinjad.
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Douinikiawits# gives a method for determining insoluble

and soluble fatty acids as follows:- 10 Gm. of the soap
are dissolved in water and decomposed hj a elight excess of
sulphuric acid, the flask being heated until the insoluble
fatty acids collect as a clear layer on the surface of the
agueous liquid. The vessel and ite contents are now cooled
and the cake of fatty aclds dislodged, while the aqueous
layer is filtered through a molstened fllter paper. The
cake of fatty acide is washed three times with boiling water,
cooling and filtering oauh.timn. The filtrates are collected
together, methyl orange is added as an indicator, and to the
liquid a dilute solution of caustic soda 18 added until the
pink color changes to orange. At this stage the whole of
the mineral acid is neutralized, but the soluble fatty acids
are free. Phenolphthalein 18 now added and the liquid
titrated with N/10 sodium hydroxide.

The various propertles desired in the use of soaps are
that they should be good detergents both for"the removal of
dirt and any natural secretion or fat from the skin. To do
this without injury to the epidermis it ls necessary that
the soap should have a very aliéLt amount of free alkall.

The free alkall removes a small portion of the natural fats

of the ekin, leaving the pores clean and open so that they

can perform thelr natural dutlies. A soap with an excess of
fat will not do t.hin.5 £

#'I Ghﬂl- z#it-. 1”9. P TE’S.
5. Journ. A. Ph. A., 1916‘. p. 295.
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The hard soap of the United States Pharmacopoela
should contain a very emall amount of free sodium hydroxide.
To determine whether there is more sodium hydroxide than
the limit allowed, the Pharmacopoela gives the following
test:=~ Dissolve about 10 Gm. of soap accurately weighed,
in 100 mile of alcohol, with the aid of heat. Filter off
the undissolved residue and wash the filter with boiling
alcohol. This alcohollc filtrate and washings are not
reddened by 3 drops of phenolphthalein T. S5. The exact
amount of sodium hydroxide is not determined and the method
is inaccurate and indefinite.

The following method of Divlnns has been found
satisfactory in determining free alkall in soaps:- To a
solution of 2 Gm. of the soap in 50 cc. of alcohol, contained
in a flask provided with a reflux condenser, an excess of
N/10 stearic acld is added and the flask heated on a water-
bath until a clear solution is obtalned. The excess of
stearic acid is then determined with N/10 soda solution, the
difference gilving data for free alkali, both hydrate and
carbonate. In a second experiment with the same quantity of
soap, the carbonate 1s removed b} means of a 104 solution of
Baﬁla and the remaining free alkali eat‘inatad-.all ﬁefnre. The
difference between the total free alkall as previously as-
certained and the caustic alkall as naunrtaiﬁad in the
second experiment gives the amount of free alkall pren&nilaa
carbonate in the sample.

6. Pharm. Central., 1901, p. 589.
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F. H. HeringtnnT used the follewing method in

determining free alkall in soaps:- 1C Gm. of scap is
weighed out in a wide mouth bettle, Sﬁ cc. of water added and
the flask heated untll solution is effected. The soap 1is
then salted out by addition of 50 mils of a hot saturated
solution of sodium sulphate. The mixture 18 then filtered
and the preeipitate and washings are titrated with N/10
sulphurliec acid, sllver nitrate being used aﬁ indlicator by the
spot method.(Brown silver oxide showing as long as free
hydroxide remains in the titrated solution.) Carbonates

and eilicates do not interfere with the process, which is
sensitive enough to detect 0.01% of alkall added to a neutral
soap.

Iﬂ the analyesis of soap not only 1& the free alkall
determined, but the alkalil combined with the fat as scap also.
The following is the method of Grelots for determining total
alkeli:- Dissolve 2 Gm. of sgoap in 100 mils of boiling
water, add 5 or 6 drops of a 1% aquenﬁa solution of Congo Red
and titrate with seml-normal hydrochloric acid, maintaining
the temperature at 80%#C., so that when the fatty aclde are
liberated they rise and float an‘tha surface; they do not
interfere with the titration and the end reaction is very
sharp. Another determination is made, this time for the
free alkali. The difference between the total alkali and
the free alkali will give the percentage of alkalil cumbiﬂnd

7- Am. Journ. of Pharm., 88, p. 262.
8. Pharm. Journ., 1907, p. 361.
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as soap. .

The United States Pharmacopoela gives a method for
determining the free alkall in soft soap. The method 1& the
following:~ Dissolve about 5 Gm. of Soft Soap, accurately
welghed, in 100 mils of hot alechol, colleet the reeldue, 1f
any, on a riitnr and thoroughly wash it with alcohol. The
combined filtrate and washings, on the addition of 0.5 mil
of phenolphthalein T.S. and titration with N/10 sulphurie
acid V.5., shows not less than 0.1% nor more than 0.25% of
potagsium hydroxide. It 1 seen that soft soap contalns
much more free alkali than does the hard soap. This
probably is due to the large amount of water in the soft soap,
hydrolysis taking place.

Sodium carbonate, sodium chloride and, slilica mepe found
in soaps as impurities. The sodium carbonate may be present
because it is sometimes the alkali used in the making of soaps,
or 1t may be formed by the action of carbon dloxide upon
sodlum hydroxide. Sodium silicate and siliga are elther
added as flllers or may merely be acclidental impurities. The
United States Pharmacopoela has devised the following test
for the determinatlon of sodium “chloride, sodium carbonate
and silica in hard soap:- Dissolve about 10 Gm. of seap,
accurately welghed, in 100 mile of alcohol, with the aid of
heat. Transfer the un&inaulvad residue, if any, to a tared
filter which has been dried at 100#C. and wash it thoroughly
with boiling alcohol. Its welght, after drying at 100%C.



‘does not exceed 1% of the welght of dry soap in the

1.

original welght taken. The welght of this residue,

thoroughly washed with dlstilled water and dried at 100%C.,
does not exceed 0.15% of the weight of dry scap in the
original weight taﬁan (silica and other accidental impurities.)

The amount of insoluble residue in soft soap 1ie
determined in the same manner as that in hard socap, but the
amount is 3% of the weight of the sosp taken.

There may also be present in soaps metallic compounds
which were pregent in the fate used or were added to color
the soap. The United States Pharmacopoeia gives under
Soap the followlng test for metallic impurities:- Ten mils
of an aqueous solution of Soap (1 in 20) remains unchanged
in color upon the addition of ammonium sulphide T.S., and
upon acidulating another portion of 10 mile of the solution
with hydrochloric acld and filtering;'the filtrate remains
unchanged in color when an equal volume of hydrogen sulphide
T.5. 18 added and the mixture allowed to stand well-stoppered,
in a warm place, for half an hour.

It ie seen that soaps which would be used in Pharma-
copoelal preparations must cunr;}m with the high requirements
set down by the United States Pharmacopoela. It is of utmost
importance that the Pharmacopoeia should set such standards
because inferior soaps might ruin the preparationes in which
they are used and not gilve the desired effects. Some ﬂ} the

preparationg containing Soap are intended for internal use and



foreign substances in the soap might be 1lnjurious to
the patlent. The United States Pharmacopoela.as for
all the other medicinal substancee it contalns, maintains

a high standard for Soaps.

12.



Pharmacopoelal History
of Soap.

1820-~-First Edition.
Soap--Not official.

1830~-New York.
Sapo Albus--White Soap.

1830--Philadelphia.
Sapo--Soap.

1840~-8econd Revision.

Sapo--8oap.

1850-=Third Revision.

Sapo-~Soap.

1860=-=Fourth Revision.

Sapo--8oap.

1870--Fifth Revision.

Sapo--Soap.

1880--81xth Revision.

Sapo--8oap.

Sapo Viridis--Green Soap (Soft Soap).
1890~-~Seventh Revision.

Sapo--Soap.
Sapo Mollis--Soft Soap (Green Soap).
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1910--Ninth Revision.

Sapo Mollis--Soft Soap.

-
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