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O F LATE YEARS a number of papers have been 
published dealing with restricted aspects of the 
semi-micro analysis of fats and oils and indi- 

rectly of soap. Thus procedures have been described 
for the semi-micro determination of the acid and sa- 
ponification value of fats and oils (1, 2) and for the 
semi-micro determination of the Thiocyanogen value 
(3). Gorbach (4) has discussed the micro determina- 
tion of total fat, unsaponifiable, phosphatide, phos- 
phorus, sterols and f a t  c o n s t a n t s  (acid number, 
saponification number, acetyl value, t h i o c y a n o g e n  
number and peroxide value) while Chargaff (5) has 
described micro methods (really semi-micro) for the 
determination of iodine number and saponification 
number. Micro methods are, of course, in many cases 
readily adaptable to a semi-micro basis. 

This paper presents for the first time a procedure 
for the complete semi-micro analysis of a soap. The 
question may rightly be raised as to the utility of 
employing semi-micro methods in the analysis of a 
soap. Apart from the speed and ease with which 
analyses can be completed it is frequently found that 
the successful solving of a research problem depends 
upon the ability to analyze completely a small sample 
or to run a series of successive determinations on a 
limited amount of material. In addition to problems 
arising from research it should be mentioned that 
quality complaints by consumers are frequently ac- 
companied by soap residues of less than several grams 
aggregate weight. For these and several cognate rea- 
sons it is felt that semi-micro methods for the analysis 
of soap merit serious consideration. 

The scheme o f  analysis employed in this study is 
shown in Figure 1. Reference to this schematic dia- 
gram while reading the text will facilitate following 
the descriptive outline of the various procedures. 

I t  is a fortuitous circumstance that :r little spe- 
cial apparatus is required for the semi-micro analysis 
of a soap beyond the usual micro glassware stocked 
by most laboratory supply houses. The apparatus 
required is described under each determination. A 
semi-micro balance sensitive to • 0.05 mg. facilitates 
the work but is not absolutely necessary as Benedetti- 
Pichler (6) has shown that many ordinary analytical 
balances of American manufacture possess a sensi- 
tivity of _ 0.05 mg. In weighing the sample the 
method of swings should be employed (7). 

A special apparatus setup is required for the deter- 
mination of free fat ty acids (or free caustic alkali) 
and unsaponified material. This is however readily 
constructed from ordinary laboratory ware and in- 
volves a minimum of glass working. 

Experience with the procedures described in this 
paper will enable the analytical chemist to apply his 
acquired skill to the determination of such constitu- 
ents as are less frequently encountered in the analysis 
of soap. Benedetti-Pichler (8) has summarized the 
factors which need to be considered in converting a 

* B y  m i s t a k e  P a r t  I I  in  th is  ser ies  of th ree  ar t ic les  w a s  publ i shed  in 
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macro procedure to a micro procedure. The same 
factors apply, though in a lesser degree when modi- 
fying a macro procedure to a semi-micro procedure. 
In general it suffices to multiply all masses of reagents 
and capacities of apparatus by the ratio obtained by 
dividing the mass of sample on the semi-micro scale 
by the mass of sample on the macro scale. 

Sampling 
At the outset of this work it was expected that 

considerable difficulty would be encountered in ob- 
taining a homogeneous and representative sample for 
analysis. In particular it was felt that sprayed soap 
products would prove to be non-uniform in composi- 
tion in amounts as small as 20 to 30 milligrams. It  
was found, on the contrary, that sprayed (granu- 
lated) soap products require only the usual quarter- 
ing procedure (on a small scale) to insure uniformity 
of the analytical sample (9, 19). 

Solid samples are prepared for analysis by quarter- 
ing, if the sample is sufficiently large, and the entire 
quarter diced with a sharp knife or razor blade. The 
operation should be carried out as rapidly as possible 
on a non-porous and non-absorbent surface. If  the 
sample is too small to admit of quartering, proceed as 
directed with the entire available sample. 

Semi-nlicro samples can sometimes be obtained by 
employing a cork borer of small diameter to obtain 
20- to 30-milligram portions. As each sample is ob- 
tained, it is immediately transferred to a stoppered 
weighing bottle which has been previously tared. 

In many cases it is possible to weigh out all the 
necessary samples for analysis at one time. Such a 
procedure obviates difficulties due to the loss of 
moisture. 

Liquid soap requires no preparation other than 
thorough mixing. 

Mechanically mixed samples which are so imper- 
fectly mixed as to show separate particles of the 
various constituents can be weighed in bulk, trans- 
ferred to a 25-ml. volumetric flask, dissolved in a 
small volume of water and the solution made up to 
the mark with H~O at room temperature. Separate 
aliquots of a solution so prepared can be employed 
for the different determinations required. 

Mechanically mixed samples can sometimes be suc- 
cessfully ground fine in a mortar, but there is always 
the danger of loss or gain of moisture or absorption 
of CO~ and the operation should be carried out with 
due regard for such a contingency. 

Uniformity of the analytical sample obtained as 
described above was demonstrated by running repeat 
determinations on various constituents. From these 
determinations the average deviation of the mean was 
calculated. The values obtained are shown in Table I. 
It was found that the values obtained for the average 
deviation of the mean vary from approximately the 
same to five times as great as experienced in the 
macro-analysis of similar type products (10). 
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FIGURE 1. 
SCHEMATIC DIAGRAM FOR THE SEMI-MICRO ANALYSIS OF SOAP 
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Reagents Required 
In general the reagents required for any par t icular  

determination are given under  the procedure for  the 
determination. There are a few general reagents, 
however, which are used throughout  and to avoid 
repetition are given here:  

P h e n o l p h t h a l e i n  indicator solution: dissolve 0.5 
gram phenolphthalein in 100 ml. of absolute ethyl 
alcohol. 

Methyl orange indicator solution: dissolve 0.2 gram 
of methyl  orange in 700-800 ml. of hot water, filter, 
and dilute to a liter with cold water. 

Redistilled ammonium hydroxide:  all ammonium 
hydroxide should be redistilled and stored in glass- 
stoppered pyrex bottles. 

Determination of Moisture 
Weigh 15 to 30 mg. of sample into a tared Coors 

porcelain boat (30 x 6 x 4 mm.) Transfer  the boat and 
sample to a vacuum pistol dryer  of the Abderhalden 
type. I f  the dryer  is provided with a narrow metal 
shelf (approximately 20 x 125 mm.),  as many as six 
samples may be run  simultaneously. Acetylene tetra- 
chloride (tetrachloroethane, B.P.  146.3) or a stable 
organic compound boiling at 140-150~ should be 
employed as the heating medium. A suitable drying 
agent, such as anhydrous CaSQ,  is employed as the 
dessicant. 

The sample is dried to constant weight in a vacuum 
of 8 cm. or less of mercury.  I f  necessary, the sample 
may be weighed af te r  undergoing drying for  a mini- 
mum period of 31~ hours, but  drying to constant 
weight results in more t rus tworthy values. 

Air  entering the drying apparatus  during the re- 
establishment of normal atmospheric pressure should 
be dried by passage over the same drying agent enl- 
ployed in the apparatus. Allow the sample to cool 
m a long handled weighing bottle (piggie) and 
weigh. The loss in weight is calculated as per cent 
volatile matter.  

Determination of Sodium Chloride 
Accurately weigh between 20 and 30 mg. of sample 

and t ransfer  to a 5-ml. beaker. Add 2 to 2.5 ml. of 
water and heat on the steam bath until  the sample 
is completely dissolved. Add one drop of methyl 
orange indicator solution and 1:10 HN03 solution 
drop by  drop unti l  the f a t ty  acids are liberated. Al- 
low to stand on the steam bath unti l  the fa t ty  acids 
clear. F i l te r  through a wet filter (No. 40 Whatman, 
35 ram. in diameter) collecting the filtrate in a 25-ml. 
Er lenmeyer  flask. Wash the paper  and fa t ty  acids 
with 3 to 4 ml. of hot water. To the filtrate add 
CaCQ,  a few milligrams at a time, with swirling, un- 
til the solution is neutral  as shown by the yellow 
color of methyl orange. Allow the solution to cool to 
room temperature.  Add one drop of potassium chro- 
mate solution and t i t rate  with N/50 AgNO~ solution. 
Run a blank simultaneously with the sample. Ti trate  
both the blank and the sample to the same color of 
endpoint. 

The potassium chromate solution is prepared by  
adding 62 grams of potassium chromate to 100 nil. of 
water. Add several drops of N/10 silver ni t rate  solu- 
tion, shake thoroughly, and allow to settle for 1 to 2 
hours. Fi l ter  and use the clear filtrate. 
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TABLE I 
P r e c i s i o n  of l~esults Obta ined  E m p l o y i n g  Selected Semi-~,Iicro Analy t ica l  P r o c e d u r e s  for  the  Semi-Micro  

Ana lys i s  of a Commerc ia l  S p r a y e d  Soap P r o d u c t  

D e t e r m i n a t i o n  
N u m b e r  
of Deter -  

m i n a t i o n s  
Made  

Most  
P robab le  

Va lue  
% 

E x t r e m e  
V a l u e s  

% 
Mean 
Devia -  

t ion 

Average 
Deviation 

of the 
M c a n ( l l )  
Semi-Micro 

Scale 
% 

A verage  
Dev ia t i on  

of the 
~lean(ll)* 

Macro  
Sealc  

% 
Mois tu re  ........................................................... 14 5.74 5.30- 6.09 0.19 + 0 . 0 5 0  ........ 2 
S o d i u m  Ohloride ............................................... 20 5.70 5.25- 6.38 0.25 + 0 . 0 5 6  0 . 0 1 8  
Alcohol Inso luble  .............................................. 4 30.13 29.60-31.02 0.45 •  ___0.041 
A n h y d r o u s  Soda Soap -~- U .............................. 4 60.17 59.85-60.40 0.24 + 0 . 1 2  + 0 . 0 7 3 3  
Sil ica (S i02 )  .................................................... 8 8.72 8.04- 9.35 0.36 + 0 . 1 3  •  
Total  Alkal i  as  Na20 ......................................... 8 16.35 15.96-16.66 0.20 •  •  

1All de~viations g iven  a rc  based  on coo)e ra t ive  w o r k  by n i n e  ana lys t s  w i t h  m i n i m u m  ind iv idua l  exper ience  in  soap ana lys i s  of one y e a r  ( 1 0 ) .  
2 No comparab le  va lue  avai lable .  
a Value g iven  is f o r  a n h y d r o u s  soda soap  m i n u s  unsaponi f iab le .  

Determination of Alcohol Insoluble 
Accurately weigh between 40 and 60 rag. of sample 

into a 5-ml. beaker. Add 2 to 2.5 ml. of neutral abso- 
lute ethyl alcohol [redistilled over NaOH and pro- 
tected from the air (protective tube filled with soda 
lime) to prevent absorption of C02] and place the 
beaker and contents on the steam bath. Cover with 
a small watch glass. Stir occasionally. 

The alcohol is previously neutralized in bulk by 
adding a drop of phenolphthalein indicator solution, 
warming almost to boiling and adding N/50 NaOH 
to a faint pink color. The hot alcohol can conven- 
iently be neutralized in a small separatory funnel 
which is closed with a CaCI~ tube containing soda 
lime. The neutralized alcohol will stay pink for days 
under such storage conditions and is immediately 
available at any time by drawing off through the 
stopcock. 

When the soap appears to be completely dissoh'ed 
(15-20 minutes), filter off the alcohol insoluble mate- 
rial into a tared Gooeh crucible (Coors porcelain, 
15 x 15 ram., capacity 1.5 ml.). Wash the residue in 
the Gooch 5 to 6 times with neutral absolute alcohol 
employing a total volume of approximately 5 to 8 ml. 
Dry the residue in the Gooch in an air oven at 105~ 
Allow to cool in a desiccator and weigh. 

When using ethyl alcohol from a wash bottle the 
mouthpiece should be provided with a short absorp- 
tion tube filled with soda lime to prevent absorption 
of C02 by the alcohol. A wash bottle properly de- 
signed for semi-micro work does not require the 
application of external pressure to perform its func- 
tion (12). 

Determination of Anhydrous Soda Soap and 
Unsaponifiable * 

Collect the original alcohol solution and the wash- 
ings from the determination of the alcohol insoluble 
material in a suction flask (25-ml. capacity). Trans- 
fer the alcohol solution and washings to an Erlen- 
meyer flask (10-ml. capacity). Evaporate carefully 
(steam or microburner) to a volume of approximately 
3 to 4 ml. Add 4 ml. of water. Again evaporate to 
a volume of about 3 to 4 ml. Finally repeat the oper- 
ation. Transfer the solution, with the aid of 2 to 3 
ml. of hot H20 to a glass stoppered mixing cylinder 
(10-ml. capacity). 

Add one drop of methyl orange indicator solution 
and 1:10 sulfuric acid drop by drop until the fat ty 
acids are liberated and the solution is acid. Cool 
under tap water. 

�9 The  t e r m  unsapon i f i ab le  as  employed in this paper  r e f e r s  to a mix-  
t u r e  of unsapon i f i ab le  m a t e r i a l  a n d  any  unsaponif ied matter  that  may  
be p r e s e n t  in  adm ix tu r e .  

Extract  the solution six times, employing 2 ml. of 
ethyl ether for each extraction. On the first extrac- 
tion swirl only, to avoid loss of liquid at the stopper. 
Siphon each extract into a 25-ml. suction flask. The 
apparatus should be arranged as shown in Figure 2. 
Completeness of the extraction can be determined by 
Edeler 's method of placing a drop of the ether ex- 
tract on a ground glass plate. If, upon evaporation 
of the ether, a grease stain appears, the extraction is 
incomplete and should be continued (13). Any resid- 
ual fat ty acids on the ground glass plate should be 
recovered. 

. -  I . . . .  I 
o 5c~1 

F I G .  2. A p p a r a t u s  r e q u i r e d  f o r  t h e  s e m i - m i c r o  d e t e r m i n a t i o n  
o f  a n h y d r o u s  s o d i u m  s o a p  q -  u n s a p o n i f i a b l e .  

Save the extracted solution for the determination 
of glycerol (vide). 

Transfer the combined ether extracts (in several 
additions) to a tared 10-ml. Erlenmeyer flask. Evap- 
orate the ether on the steam bath with a current of 
dry, filtered air to a volume of approximately 3 ml. 
Add 3 ml. of absolute ethyl alcohol (redistilled over 
NaOH and protected from the air to prevent absorp- 
tion of CO~). 

Add one drop of phenolphthalein indicator solution 
and titrate to exact neutrality with N/20 NaOH. 
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Continue to evaporate on the steam ba th  unti l  the 
residue appears  dry. F inal ly  dry  to constant weight 
in an air  oven at 105~ allow to cool in a desiccator 
and weigh against  a ta red  flask. 

Correct for  neut ra l  salts in the N/20 N a O H  by  
t i t ra t ing  5 ml. of the la t ter  with N/20 ttC1 using 
phenolphthalein indicator  solution (one drop) .  Evap-  
orate the mixture  to dryness on the steam bath.  Dry  
to constant weight in an air oven at 105~ allow to 
cool in a desiccator, and weigh against  a ta red  flask. 

Calculate the amount  of NaC1 which would be ob- 
tained by  neutral izing 5 ml. of N/20 N a O H  with 
N/20 HC1, assuming the N/20 N a O H  to be 100% 
pure. Subt rac t  this value (in grams)  f rom the actual  
weight of NaC1 obtained. Divide the value so ob- 
tained by  5 to obtain the neut ra l  salt correction per  
nil. of N/20 NaOH.  Correct the weight of sodium 
soap plus unsaponifiable by  mul t ip lying the number  
of nil. of N/20 N a O I t  required to t i t ra te  the total  
f a t t y  acids plus unsaponifiable by  the neut ra l  salt 
correction per  ml. of N/20 N a O H  and subt rac t ing  
the weight so obtained f rom the weight of anhydrous  
soda soap plus unsaponifiable. 

Determination of Total Fat ty  Acids Plus 
Unsaponifiable (By  Calculation) 

To obtain the total  f a t t y  acids plus unsaponifiable 
the following formula  may  be employed:  

Weightof \ F (  / m l . N / 2 0 N a O H \ " ]  
anhydrous ~ ml. N/20 NaOH 1 X neutral salt | |  

L X 0.022 ~ correction per ] 1  X 100 s o d ~ l ~ s o a p / - -  ) -F- 
�9 \ m l .  N/20 NaOH/ . . ]  

Weight  of sample 

---- % T.F.A. & U. 

Determination of Unsaponifiable 
To the anhydrous  sodium soap plus unsaponiflable 

contained in the 10-ml. Er lenmeyer  flask add  3 ml. 
of a 1:1 mixture  of H~O and absolute ethyl alcohol. 
W a r m  on the steam ba th  to complete solution. Trans-  
fer  the solution with the aid of 2 to 3 ml. of hot 1:1 
water-absolute ethyl alcohol, to a 10-ml. glass stop- 
pered mixing cylinder. 

Ex t r ac t  six times with 2-ml. volumes of petroleum 
ether. Siphon each extract  into a 25-ml. suction flask. 
The appara tus  employed in this procedure is the same 
as tha t  employed for  the extract ion of total  f a t t y  
acids plus unsaponifiable (see F igure  2). 

Transfer  the combined petroleum ether extracts  
(in several addit ions) to a 10-ml. Er lenmeyer  flask. 
Evapora te  on a steam ba th  in a current  of filtered, 
dry  air  to constant weight. Allow to cool in a desic- 
cator and weigh against  a ta red  flask. Re-dry for  an 
addit ional 15-minute period under  the same condi- 
tions, cool and weigh. Repeat  to constant weight. A 
blank should be run  on the same volume of petroleum 
ether as employed in the determination.  

To the residue add 5 ml. of neutra l  alcohol, warm 
on the steam bath,  add one drop of phenolphthalein 
indicator  and t i t ra te  with N/100 NaOH to a fa int  
pink color. Calculate the t i t ra t ion to grams of oleic 
acid and subtrac t  f rom the weight of unsaponifiable 
matter .  

Determination of Glycerol 
Reagents Required 

N/5 K.~Cr~O~ dissolved in colorless, concentrated HNO3. 
Diphenyl Benzidine. 1% solution in concentrated H:SO4 

(2i). 
0.005 N K4Fe(CN)6. This salt may be employed as a pri- 

mary standard (22) or standardized against glycerol. 

Procedure 
The method employed for  the determinat ion is 

essentially that  described by  Raveux (14). 
The extracted solution f rom the determinat ion of 

anhydrous  soda soap plus unsaponifiable freed of 
ethyl ether by  twice evaporat ing to half  volume 
should be t r ans fe r red  quant i ta t ively  to a 10-ml. volu- 
metric  flask and the solution brought  to the mark  with 
water  at room temperature .  

Accurate ly  pipet  3 ml. of the solution and t rans fe r  
to a 1 x 6 test tube or 25-ml. Kjc ldahl  flask. Add  2 
ml. of N/5  K2Cr207 dissolved in colorless nitric acid 
and  1 ml. of colorless, concentrated nitric acid. 

Hea t  in a boiling water  ba th  for  20 minutes. Re- 
move f rom the ba th  and allow to cool to room tem- 
perature .  Add  about  30 ml. of H20 and 0.3 ml. of 
diphenyl  benzidine indicator  solution. Ti t ra te  the 
excess K2Cr20~ solution with 0.005 N K~Fe(CN)6 
solution unt i l  the red-violet color of the solution 
assumes a clear yellow green. 

Two ml. of the N/5  K~Cr~07 solution require ap- 
proximate ly  80 ml. of 0.005 N K~Fe(CN)6 solution. 
For  this reason the 2 ml. of N/5  K2Cr~O ~ solution 
must  be measured accurately.  Use of  an ord inary  
volumetric pipet  will not prove sat is factory and it  is 
recommended that  the 2 ml. be measured by  means 
of a Schollander micrometer  bure t  (23) or weight 
buret .  

The K~Fe(CN)~ solution deteriorates on standing 
and should be s tandardized daily or as often as used. 

Determination of Free Alkali or Free Fat ty  Acid 
and Unsaponified Material 

A special a r rangement  of appara tus  is required, for  
the determinat ion of free alkali or free f a t t y  acid and 
unsaponified mater ia l  due to the avidi ty  with which 
atmospheric CO2 dissolves in alcohol. 

The appa ra tus  required for  the determinat ion is 
shown in F igure  3. 

' ' ' I t 5 c,~ 

FIG. 3. Apparatus required for the senti-micro determination 
of free alkali or free fatty acid and unsaponified material. 
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The determination is initiated by weighing 30 to 
50 rag. of sample into the 10-ml. Erlenmeyer flask 
(F).  Attach the flask to the reflux condenser (D) 
and introduce CO,_ free air through the air line (A). 
The pressure column (B) maintains a slight excess 
of air in the system when outlet (E) is closed. Allow 
the air to flow for about a minute to displace all CO, 
from the flask and then, while continuing the air flow: 
add 2 to 3 ml. of neutralized alcohol from a separa- 
tory funnel to the sample in the flask. This is readily 
accomplished by inserting the drawn-out tip of a 
separatory funnel into the outlet (E) of the flask. 
The alcohol is previously neutralized while hot, trans- 
ferred to the separatory funnel and permitted to cool 
to room temperature before use. In place of a stopper 
the separatory funnel should be provided with a soda- 
lime tube to prevent absorption of CO~ by the alcohol 
while cooling to room temperature. 

Dissolve the alcohol soluble constituents of the sam- 
ple by warming the contents of the flask to refluxing 
over a micro burner. A rubber policeman is employed 
to close the opening (E) of the flask during the reflux- 
ing operation. The air line (A) need not be turned 
off during the operation as any excess pressure is 
released through (B). 

When as much of the sample as will dissolve in 
alcohol is in solution, remove the micro burner and 
rubber policeman. Insert the tip of a micro buret 
through the flask opening (E) and titrate with either 
N,/250 HC1 or N,/250 KOH depending upon whether 
the sample reacts acid or alkaline to phenolphthalein 
indicator. During the titration operation stirring is 
accomplished by a stream of CO., free air supplied 
from the line (C). Usually sufficient phenolphthalein 
indicator is present in the neutralized alcohol to per- 
mit obtaining a satisfactory endpoint. Calculate the 
titration to either free fat ty acids as per cent Na~O 
or free caustic alkali as per cent Na20, depending 
upon whether the solution is acid or alkaline to phen- 
olphthalein indicator. 

Filter the titrated solution through a Gooch cruci- 
ble into a 25-ml. filter flask using a minimum volume 
of the neutralized alcohol to accomplish the operation. 
Transfer the filtered solution to a 25-ml. Erlenmeyer 
flask. Add N,/250 KOH drop by drop to the phenol- 
phthalein endpoint. Disregard the volume of N,/250 
KOH required. Add 1 ml. of N/50 alcoholic KOH r 
the contents of the flask and reflux on a hot plate for 
10 minutes. The volume of N/50 alcoholic KOH must 
be measured accurately; preferably by use of a Schol- 
lander micrometer buret (23) or similar device. Back 
titrate with N/250 HC1. A blank should be run simul- 
taneously with the sample. Calculate the difference 
in buret readings between the blank and sample to 
obtain unsaponified material as per cent Na20. 

Values obtained by employing the above procedure 
and the usual macro method are compared in Table II. 
Additional examples are given in Tables I I I  and IV. 

Determination of Sodium Carbonate 
The apparatus employed for the determination of 

the carbonate content of the sample is that described 
by Wyatt  (15). I t  is recommended that the weighed 
sample (in a porcelain boat) be placed in the dry 
alkalimeter and air aspirated through the apparatus 
for 30 minutes. Weigh the C02 absorption tube. Re- 
place the absorption tube and add the specified vol- 
ume of 2 N HC1 to decompose the carbonate. The 

TABLE II 

Comparison of Values for Free Alkali or Free Fatty Acid and 
Unsaponitled Material Obtained by the Semi-Micro 

and Macro Procedures 

Sample 

Free Caustic Unsaponified 
Free Fatty Acid Alkali Material 

% Na._,O % Na20 % Na.~O 

Macro Semi- Semi- Semi- 
Macro Micro Macro Micro Micro 

Sprayed-Soap A 0.02 0.01 0.08 0.08 
Sprayed Soap B 0.01 0.02 0.03 0.04 
Flake Soap C i . . . . . . . . . . . .  0.01 0.02 0.04 0.03 
Flake SoapD I 0.02 . 0.03 . . . . . . .  0.02 0.02 

remainder of the procedure is carried out as de- 
scribed by Wyatt  (15). 

Determination of Total Alkali 
Accurately weigh between 20 and 30 mg. of sample 

into a small platinum dish (capacity 10 ml.). Thor- 
oughly char the sample over a micro burner flame. 
Momentarily fuse the alkali salts. Allow the dish and 
contents to cool. Add 2 to 3 ml. of hot water and 
place on the steam bath until solution is complete. 
Transfer the solution to a 25-ml. Erlenmeyer flask 
with the aid of a small volume of hot water, add two 
drops of methyl orange indicator solution and titrate 
with N/50 HC1. Calculate the total alkali as Na20. 
Save the titrated solution for the determination of 
SiO2. 

The amount of alkali found must be corrected for 
untitrated Na20 if phosphates are present. It  is 
necessary to add one-third of the per cent Na20 pres- 
ent in the form of Na~Po,-II20 or,/and one-half of the 
per cent Na20 present ill the form of Na4P207. Data 
for additional phosphates frequently encountered in 
soap ananlysis can be determined from the general 
rule that at methyl orange neutrality one Na for each 
P remains untitrated. 

Determination of SiO 2 
Transfer the titrated solution from the determina- 

tion of total alkali to a small platinum dish (10-ml. 
capacity). Add five drops of concentrated H2SO4 
and evaporate to copious white fumes. Cool. Add 
1 ml. of water and five drops of concentrated H2SO4. 
Rotate the dish with tilting until all portions of the 
residue have been thoroughly wetted. Again evapo- 
rate over a burner to copious white fumes. Add 2-3 
ml. of water, heat and filter through a No. 40 What- 
man filter (35-mm. diameter). Wash the filter thor- 
oughly with hot water. Transfer the paper and 
residue to a small platinum crucible (5-ml. capacity) 
and ignite over a burner or in a muffle. Allow to 
cool ill a desiccator and weigh. 

Determination of Total P~05 
Accurately weigh 20-30 mg. of the sample into a 

5-ml. beaker. Add 2 ml. of tI20. Heat on the steam 
bath to complete solution. Add one drop of methyl 
orange indicator solution and two drops of 1:1 HC1. 
Continue to warm on the steam bath until the fat ty 
acids form a clear layer. 

Filter through a No. 40 Whatman paper (35-mm. 
diameter) into a platinum dish (10-ml. capacity). 
Add 10 drops of concentrated H2SQ and evaporate 
over a burner to copious white fumes. Do not aUow 
to go to dryness. Cool. Add 1 ml. of water and five 
drops of concentrated II._,SOv Rotate the dish with 
tilting until all particles of the residue have been 
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TABLE IV 
Com par i son  of Ana ly t ica l  Resu l t s  Obta ined  in the  Ana lys i s  of B a r  Soaps  by  Mac ro  a n d  Semi-Micro  P r o c e d u r e s  

Cons t i tuen t  

Mois tu re  
Tota l  F a t t y  Acids  
T. F.  A. & U.  
F r e e  F a t t y  Acids  as  % Na,,O 
Unsapon i f i ed  as  % NaeO 
Unsaponi f i ab le  
Ros in  
T i t e r  ~ C. 1 
I o d i n e  Va lue  
Acid  Va lue  % K O H  
Saponi f ica t ion  V a l u e  % K O H  
A n h y d r o u s  Na  Soap 
Glycerol  
Tota l  Alkal i  as  % Na20  (Cor rec ted)  
F r e e  Caus t i c  Alkal i  as  % Na~O 
Combined  Alkal i  as  % NaeO 
Alcohol Inso lub le  

W a t e r  Inso lub le  
Total  Alkal i  of F i l le r  as  % N a e 0  
Na2COs 
SiO~ 
Na20  Combined  w i t h  SlOe 
l~ae.O : Si02 R a t i o  
NaCl  

A s  
Recd.  
B a s i s  

6.45 
80.30 
83.14 

0.01 
0.04 
2.84 
Nil  

39.4 ~ 
44.5 
21.65 
21.96 
87.16 

0.59 
10.34 

Nil  

Nil  
0.37 
0.71 

9.63 
1.85 

. . . . . .  3 

6.71 

52 
0.69 

98.81 
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Cons t i tuen t  

Mois ture  
Petal F a t t y  Acids  
P. F.  A. & U.  
~'ree F a t t y  Acids  as  % Na.z0 
Unsaponi f ied  as  % Na20  
Unsaponif iablo  
[~osin 
l i t e r  ~ 1 
Iod ine  Va lue  
Acid Va lue  % K O H  
Saponif ica t ion  Va lue  % K O H  
A n h y d r o u s  Na  Soap 
Glycerol 
t o t a l  Alkal i  as  % Na20  (Cor rec t ed )  
~'ree Caus t i c  Alkal i  as  % Na_~O 
Oombined Alkal i  as  % Na~O 
Alcohol Inso lub le  
W a t e r  Inso luble  

B a r  Soap No. 4 B a r  Soap No. 5 

Macro  Semi-Micro  Mac ro  

As  As As 
D r y  Recd.  :Dry Recd.  D r y  Recd.  

B a s i s  B a s i s  B a s i s  B a s i s  B a s i s  B a s i s  
I 

8.19 I .  7.15 !l 7.82 
89.96 82.58 89.52 i 83.1o II 89.62 82.58 

90.63 Nil 8"1.19 Nil 9o.31 Nil I[ Ni183"83 . 90.41 Nil 83.30 

0.05 0.05 0.06 0.06 II 
i, 

0 6 6  0 6 1  0 7 9  I 0 7 ~  
Nil Nil  Nil  Nil 

39.0 ~ 42.0 ~ 
49.6 47.0 
20.80 20.89 
20.95 20.92 

97.35 89.36 96.71 89.77 
0.50 0.46 0.43 0.40 

10.67 9.79 10.92 / 10.14 
0.01 0.01 Nil  I Nil  

10.41 
0.92 
O.O7 Nil [ Nil 

Total Alkal i  of F i l le r  as % NaeO 0.24 
Na2COa 0.10 
Si02 0.37 
Nae0  Combined  w i t h  SiC2 0.19 
Nae0  : Si02 Ra t io  
NaC1 

I 

Semi-Micro  

A s  
D r y  Recd.  

B a s i s  B a s i s  

5.64 
88.72 83.70 
89.83 84.75 

9.56 I 10.32 9.58 
0.84 I 1.14 1.06 
0.06 I ...... a I ...... 3 
0.22 I 0.60 0.56 
0.09 I ...... 3 ...... 3 
0.34 I 0.51 0.47 
0.17 I 0.60 0,56 

1 : 2 . 0 0  
0.62 0.57 0.65 0.60 

99.86 99.85 I 99.69 99.68 
J 

Nil Nil Nil  
0.07 0.06 0.07 0.07 
0.78 0.72 1.11 1.05 
Nil Nit Nil  Nil 

40.0 ~ 42.6 ~ 
l 46.7 45.6 

90.76 20.84 
20.90 20.93 

96.97 89.35 95.98 90.55 
0.38 0.35 0.43 0.41 

10.59 9.76 10.90 10.28 
Nil Nil Nil Nil 

i0.35 9.54 10.22 9.64 
1.28 1.18 1.72 1.62 

_ _  N i l [  N i l  Nil Nil 
II 0.23 0.22 0.68 0.64 
I 0.02 0.02 Nil Nil 

0.51 0.48 0.77 0.7"1 
0.22 t 0.21 0.68 I 0.64 

1 : 2.29 1 : .1 .14 
0.61 0.58 0.69 I 0.65 

99.49 99.53 99.66 [ 99.67 

1 V a l u e s  on the  semi-micro  bas i s  a r e  me l t ing  points .  
2 W a t e r  insoluble  m a t e r i a l  ident i f ied  as  Ti02.  
s Not  de t e rmined .  

thoroughly wetted. Evapora te  over a bu rne r  to copi- 
ous white fumes. Add 2-3 ml. of H20, heat and filter 
through a No. 40 W h a t m a n  filter (35-ram. diameter) .  
Wash the filter thoroughly with hot water.  The resi- 
due may, if  desired, be ignited, cooled, and  weighed 
as Si02. 

Collect the filtrate in a 20-ml. beaker.  Evapora te  
to a volume of 3-4 ml. 

Add  one drop of methyl  orange indicator solution 
and add concentrated N H 4 0 H  drop by  drop unti l  the 

solution is slightly alkaline. W a r m  on the steam ba th  
for  one-half hour. 

F i l te r  through a No. 40 Wha tman  filter (35-ram. 
diameter)  and wash the precipi tate  thoroughly with 
hot water.  

To the filtrate add concentrated HC1 drop by  drop 
to slight excess. Add  5 ml. of magnesia mixture  
solution [this solution is p repared  according to the 
directions of the Bureau of Standards  (16). Dissolve 
50 grams of MgC12"6H20 and 100 grams of amino- 
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nium chloride (NH4C1) in 500 ml. of water, add a 
slight excess of NH4OH and allow to stand overnight. 
Fi l ter  off any precipitate that  forms, make the solu- 
tion slightly acid to litmus with concentrated HC1 
and dilute to a volume of 1,000 ml.] and mix well 
by  stirring. Chill the solution and add 1:1 NH4OII 
dropwise, slowly and with constant st irr ing unti l  the 
first white crystals appear. Continue st irr ing for  two 
minutes and then add an excess of 1 ml. 1:1 NH4OH. 
Allow to stand overnight. 

F i l te r  through a No. 40 Whatman paper  (70-mm. 
diameter).  Wash the precipitate thoroughly with 
1:10 NH4OH and finally with 1 ml. of slightly am- 
moniacal 5% ammonium ni t ra te  solution. 

Transfer  the paper  and precipitate to a previously 
ignited and weighed porcelain crucible. Dry  the cru- 
cible and contents in an oven and finally ignite in a 
muffle. Cool in a desiccator and weigh as Mg.,P.,OT. 

Determination of Fatty Acid Constants 

Preparation of Fatty Acids. Place approximately 
0.25 gram of soap in a 30-ml. beaker. Add about 10 
ml. of hot water. Place on the steam bath unti l  the 
sample is in solution. Add 2 to 3 drops of methyl 
orange indicator solution and sufficient 1:3 sulfuric 
acid, dropwise with constant stirring, to decompose 
the soap and liberate the f a t ty  acids. Add a drop of 
1:3 sulfuric acid in excess. Place on the steam bath 
unti l  the f a t ty  acids clear. Siphon off the acid water 
layer, add 10 ml. of hot water  and 2 to 3 drops of 
methyl orange indicator solution and warm on the 
steam bath unti l  the f a t ty  acids again clear. Siphon 
off the water layer. Repeat this operation unti l  the 
f a t ty  acids are free of mineral acid. Af ter  the last 
siphoning add 2 to 3 ml. of ethyl ether. Separate the 
aqueous and ether phases in a small separatory fun- 
nel. Add ca. 0.25 gram of anhydrous Na~SO4 to the 
ether phase and allow to stand unti l  the ether solu- 
tion is clear. Fi l ter  through a No. 40 Whatman paper  
(3.5 cm. diameter) and evaporate the ether solution 
on the steam bath under  a stream of dry, filtered air 
unti l  all odor of ethyl ether has disappeared. 

Determination of Melting Point of Fatty Acids 
The melting point of the fa t ty  acids is determined 

in the usual manner,  employing a glass capillary tube 
to contain the sample and a liquid (water)  bath as a 
heating medium. Af ter  the f a t ty  acids have been 
placed in the capil lary tube it should be allowed to 
remain in a ref r igera tor  for  at least 24 hours before 
determination of the melting point. 

A large number  of observations have shown that  
melting points obtained with a glass capillary average 
about 2.5 degrees greater  than the t i ter  point (20). 

Determination of the Iodine Number 

Accurately weigh 10 to 25 rag. of the prepared  fa t ty  
acids into a 25-ml. glass-stoppered Er lenmeyer  flask. 
Add 1 ml. of chloroform and tilt  the flask to br ing the 
chloroform into contact with the sample. Allow to 
stand a sufficient length of time for the sample to be 
completely dissolved. 

Add 2 ml. of Wijs iodine solution from a pipet. 
Stopper the flask and place in the dark for  exactly 
one-half hour. Add 5 mh of 2% potassium iodide 
solution and t i t rate with N/50 Na2S~O ~ solution using 
starch solution as indicator. The starch solution is 

prepared  as described by  Benedet t i -Piehler  (18). 
Run a blank simultaneously. 

Determination of the Acid Value 
Accurately weigh 20 to 30 mg. of the prepared 

fa t ty  acids into a 25-ml. Er lenmeyer  flask. Add 5 ml. 
of neutral  alcohol and 1 to 2 drops of phenolphtha- 
lein indicator solution. Warm on the steam bath to 
dissolve the sample. Ti trate  with N/20 NaOH to a 
pink endpoint  and calculate the acid value as milli- 
grams of K O H  per gram of sample. 

Determination of the Saponification Value 
The method of Ketehum (2) is followed without 

modification. 
Determination of Rosin 

Accurately weigh 20-30 mg. of sample into a 25- 
ml. Er lenmeycr  flask. Sinnhuber  and Ruggles have 
described a convenient method for the weighing of 
semi-micro oil samples (17). Add 2 ml. of naphtha- 
lene-B-sulfonic acid solution (40 grams/ l i ter  anhy- 
drous methyl alcohol) f rom a 5-ml. buret  calibrated 
in 0.02 ml. Attach a reflux condenser and boil the 
contents of the flask for 20 minutes. At the same 
time run a blank. At  the conclusion of the 20-minute 
boiling period cool the contents of both flasks. Add 
one drop of phenolphthalein indicator solution and 
t i t rate  with N/50 alcoholic K O H  to a permanent  pink 
endpoint  (30 seconds) using a chamber buret.  The 
chamber should be calibrated to hold 15 ml. The 
balance of the buret  should contain 10 ml. and be 
calibrated in 0.02 ml. Ti t ra te  the blank to the same 
endpoint. 

Results 
Table I I I  presents a comparison of analytical re- 

sults obtained in the analysis of sprayed soap prod- 
ucts by macro and semi-micro procedures. Table IV 
presents a comparison of analytical results obtained 
in the analysis of bar  soaps by  macro and semi-micro 
procedures. ]u  general the macro procedures were 
those of the Official A.O.C.S. Methods (9) or were 
closely similar. 

I t  is the usual practice in this laboratory to deter- 
mine the pyrophosphate content by  t i t rat ion af ter  
t reatment  with zinc sulfate. In addition the total 
P20~ content is determined. The difference between 
the total P~O~ content and the P~O~ equivalent to 
the determined value of pyrophosphate is calculated 
to Na~HPQ.  

In the examples shown in Table I I I  this was not 
done inasmuch as the semi-micro analytical scheme 
includes a total P. ,Q determination and does not dif- 
ferentiate between pyrophosphate and Na~HPQ.  The 
values on the macro scale therefore represent total 
P20~ calculated to pyrophosphate.  Normally the val- 
ues would be 0.2 to 0.4% less. 

Considering the fact that  sprayed products fre- 
quently show segregation of various constituents 
(par t icular ly  sodium chloride) the results obtained 
by the semi-micro procedure compare favorably with 
those obtained by  employing macro procedures. Some 
discrepancy is due to the unfor tunate  fact  that  a time 
period of 2 to 4 months elapsed between the analyses 
on the macro scale and the subsequent analyses on a 
senti-micro scale. I t  is known that  minor chemical 
changes occur in sprayed soaps upon storage. Simul- 
taneously there is increased mechanical segregation 
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of filler constituents due to dusting as a result  of the 
sample losing moisture. Such changes are reflected 
in the total  alkali and  filler alkali relationships. Val- 
ues for  pyrophaspha te  and sodium chloride also tend 
to become errat ic with elapse of time. The summa- 
tion of analytical  results for  the five complete an- 
alyses given in Table I I I  confirm these statements.  

Table I V  presents a comparison of analyt ical  re- 
sults obtained in the analysis of bar  soaps by  the 
s tandard  macro procedure and b y  the semi-micro 
procedure.  There is a reasonable agreement  of the 
values in most  cases. 

I t  will be noticed tha t  water  insoluble mater ia l  was 
not determined on a semi-micro scale. I t  was found 
that  the Tie2 present  invar iab ly  passed into the fil- 
t ra te  unless an inordinately thick asbestos mat  was 
provided in the Gooch crucible employed for  the 
filtration. In  the la t ter  case the t ime required for  
t he  fil tration rendered the determinat ion impractical .  
No f u r t he r  a t tempts  were made in regard  to devising 
a procedure for  this determinat ion inasmuch as a 
semi-micro colorimetric method has been devised for  
the determinat ion of TiO~. 

I t  will also be noted that  the Na~0 :Si0~ ratios on 
the macro and semi-micro basis do not agree very  
closely. I t  is perhaps  misleading and undoubtedly  
meaningless to a t t empt  to evaluate such a rat io when 
the amounts  of mater ia l  involved are of the order of 
0.2% and less. The ratios given in Table I I I ,  where 
the magni tude  of the quantit ies involved is greater ,  
show a sat isfactory agreement.  

The values for  moisture, obtained b y  the semi-micro 
method described in this pape r  (vacuum oven) have 
been compared with values obtained on a macro scale 
b y  xylol distillation. Both methods yield values tha t  
check within reasonable limits. On a macro scale the 
xylol distillation method yields values direct ly com- 
parable  with those obtained by  use of a vacuum oven. 
I t  will be noted upon comparing the values obtained 
b y  macro-methods with those obtained by  semi-micro 
methods (Tables I I I  and  IV)  tha t  there are a few 
instances where discrepancies exist. In  such cases the 
semi-micro values represent  the average of one or 
more determinat ions and p robab ly  are closer to the 
t rue  value than  the macro value. 

Discussion 
Afte r  acquiring experience with semi-micro meth- 

ods, i t  will be found quite feasible to combine various 
of the procedures in one with a consequent saving of 
sample. Such shortcuts are lef t  to the ingenui ty  of 
the analytical  chemist. 

I t  is possible to make a complete analysis of a 
sprayed  soap product  as outlined in F igure  1 on 
approx imate ly  0.53 g ram of sample. By saving the 
f a t t y  acids f rom the various determinations,  other 
than  those listed under  "De t e rm i na t i on  of F a t t y  
Acid Constants ,"  and employing the recovered f a t t y  
acids for  the determinat ion of the f a t t y  acid con- 
stants, a complete analysis of a sprayed  soap can be 
made on 0.25 gram or less of sample. Apprec iab ly  
less will be required for  the complete analysis of an 
unfilled soap. These estimates do not, of course, allow 
for  analyt ical  accidents or for checking purposes. 

There are several precautions to be observed in 
semi-micro soap analysis. Separate  policemen should 
be reserved for  use in acid or alkali solution. They 
should be new and made of firm (unt racked)  fresh 
rubber .  

An adjustable  s t ream of filtered, C0~ free air  
should be available at all times for  use in s t i r r ing 
solutions dur ing  t i tration.  

The precise determinat ion of free f a t t y  acid or free 
caustic alkali and  unsaponified mater ia l  on a macro 
scale is difficult. Unless one is experienced with the 
procedure and can proceed rap id ly  with the deter- 
minat ion atmospheric  C0~ is quite apt  to lead to 
discordant results. On a semi-micro scale the deter- 
minat ion is somewhat tedious but  due to precautions 
taken to prevent  free access of C02 the values can be 
considered to be more accurate, than  those obtained 
on a macro scale. 
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Summary 
A procedure for  the complete semi-micro analysis 

of soap has been developed. Semi-micro methods are 
valuable in research work and in legal cases where 
l imited quanti t ies of sample are available. I n  gen- 
eral, the analyt ical  results obtained on a semi-micro 
basis and on a macro basis are comparable.  Very  
little special appara tus  is required for  the semi-micro 
analysis of a soap, and most of the procedures em- 
ployed present  analogies with the usual methods of 
soap analysis. 
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