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particles of fat,  the greater  the surface area afforded 
for  contact with oxygen. 

F u r t h e r  studies are in progress to gain a bet ter  
insight into the reasons for  the differences between 
the oxidation rates of the various emulsions, also to 
evaluate the influence of pro- and antioxidants  on the 
ra te  of oxidation. 

Summary 
The rate of oxidation of various emulsions designed 

for  intravenous use was studied manometrical ly.  Soy- 
bean phosphatide dispersions rap id ly  absorbed oxygen 
at 38~ whereas when used in emulsions containing 
fa t  with or without addit ional stabilizing agents, l i t t le 
oxygen was absorbed even when such unsa tura ted  oils 
as linseed were used. On the other hand, emulsions 
of oils stabilized with gelatin took up oxygen rapidly,  
and the finer the size of the fa t  particles, the more 
rap id ly  was oxygen taken up. At  60~ all rates of 

oxidation were increased, but  the differences between 
prepara t ions  remained. The results are discussed. 
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Effect of Inert Atmosphere in the Determination of Free Fatty 
Acid or Free Caustic Alkali and Unsaponified ,Material in Soap 
E. W. BLANK and E. EMENDORFER, Colgate-Palmolive Company, Jersey City, New Jersey 

I 
T HAS long been recommended in the determina- 

tion of the free caustic alkali content of soap and 
soap products  that  exposure of the alcohol solu- 

t ion o f  the sample to atmospheric carbon dioxide 
should be avoided (2, 4, 5, 6). The precaut ion stems 
f rom the observation that  alcohol neutral ized to a 
phenolphthalein endpoint  (pink) decolorizes almost 
ins tant ly  when shaken or filtered in contact with the 
atmosphere due to the absorption of carbon dioxide. 
The absorption of carbon dioxide by  alcohol is ap- 
preciable, being approximate ly  2.5 times as great  in 
alcohol as in wa te r  under  comparable conditions of 
t empera tu re  and pressure (3). Based on this char- 
acteristic of neut ra l  alcohol, low results are to be an- 
t ic ipated in the determinat ion of free caustic alkali 
unless suitable precautions are taken to work in an 
inert  atmosphere. This is not a simple operation and 
is usual ly disregarded save for  the use of watch 
glasses to cover beakers and funnels. No estimate 
of the magni tude of error involved is to be found in 
the l i terature.  

Dur ing  the course of investigational work in this 
labora tory  an appara tus  of the dimensions and form 
shown in F igure  I was designed. I t  was subsequently 
conceived that  this appara tus  could be adapted  to the 
determinat ion of both free acid or free caustic alkali 
and unsaponified mater ial  in an inert  atmosphere.  

Experimental 
The appara tus  is employed in the following man- 

ner. Accura te ly  weigh about 5 g. of the soap sample 
into the 250-ml. double-necked flask. Pass a slow 
s t ream of ni t rogen through the flask via the small 
side neck. Add 100 ml. of hot, neutral ized alcohol 
(95% strength or bet ter) .  At tach the sintered glass 
filtering unit  and flask and, while continuing the flow 
of nitrogen, place the appara tus  on a hot plate. Swirl 
the contents of the flask occasionally to hasten solu- 
t ion of the sample. 

When  the sample is in solution, except for alcohol- 

insoluble salts, remove the flask f rom the hot plate. 
Slowly rotate the appara tus  to an inverted position 
so tha t  the alcohol solution in the lower flask filters 
through the sintered glass filter into the saponifica- 
tion flask without  coming in contact with the ni t rogen 
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FIG. I. Apparatus employed to provide an inert atmosphere 
in the determination of free fatty acid or free caustic alkali 
and unsaponified material in soap. 
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inlet in the side neck. Continue the flow of ni trogen 
throughout  this operation. Fi l t rat ion,  aided by the 
pressure of the nitrogen (caution: employ a pressure 
safety valve) usually requires 2 to 3 rain. or less. 
Disconnect the saponification flask and close loosely 
with a stopper bearing a Bunsen valve. By  repeating 
the operation the apparatus  can be washed with a 
small volume of alcohol, but  the drainage loss is neg- 
ligible in view of the total volume of solution and 
small t i tration. No change in the final result is usu- 
ally detectable by  washing the flask. Heat  the con- 
tents of the saponification flask to boiling, remove the 
stopper, add 4 drops of phenolphthalein indicator 
(1% in 95% alcohol), and t i t ra te  rapidly  with either 
N/10 HC1 or N/10 NaOH, depending upon the acid- 
i ty or basieity of the solution. Calculate, respectively, 
to free f a t ty  acid or free caustic alkali as percentage 
Na20. 

Add 5 ml. of N/2  alcoholic NaOH solution, at tach 
to a reflux condenser, and boil gently for 1 hr. Pass 
nitrogen slowly into the top of the condenser while 
refluxing. Disconnect the flask f rom the condenser 
and allow the solution to cool partially,  protecting 
the contents of the flask with an absorption tube filled 
with Caroxite. While still warm, back-titrate with 
N/5  HC1 and calculate to nnsaponified as percentage 
Na20. A blank should be run  with each set of samples. 

Results 

The results obtained by prescribed use of the ap- 
paratus are presented in Table I and II.  

Discussion 

The first column in Table I presents the results 
obtained for free acid and unsaponified material on 
a lather shave cream employing ordinary  laboratory 
glassware and taking no precautions against carbon 
dioxide absorption beyond keeping the alcohol hot 
throughout  the durat ion of the determination and 
working as rapidly as possible. The alcoholic solu- 
tion of the sample did not require filtration af ter  
the t i t rat ion for free f a t ty  acid and prior to the 
saponification step since the amount  of alcohol-in- 
soluble mat ter  present was so small it could be disre- 
garded. The second column of Table I presents the 

T A B L E  I 

F r e e  Ac id i ty  and  Unsapon i f i ed  in L a t h e r  Shave  C r e a m  

I I1  
One  h o u r  saponif icat ion.  No pro- One  h o u r  saponification. 
tect ion a g a i n s t  a tmosphe r i c  CO2 N i t r o g e n  a tmosphe re  

Ac id i t y  as  Ac id i ty  as  Unsapon i f i ed  
Na~O N~.O as  Na20  

0 .36 
0.36 
0.38 
0.37 
0.38 
0.38 
0.39 
0 .37 
0 .37  
0 .37 

Unsapon i f i ed  
~s Na~O 

0.17 0.37 
0.18 0.38 
0.19 0.38 
0.18 0.37 
0.19 0.37 
0.18 0.37 
0.19 0.37 
0.17 0.38 
0.19 0.38 
0.18 0.37 

0.18 
0.19 
0.18 
0.19 
0.19 
0.19 
0.18 
0.19 
0.18 
0.18 

results obtained by working in a ni trogen atmosphere, 
using the apparatus  described previously. The acid- 
i ty  was found to be the same under  both conditions 
of determination. The unsaponified values demon- 
strate a greater scatter (non-significant statistically) 
when determined by the usual laboratory procedure. 

The results shown in Table I I  for free caustic alkali 
and unsaponified material in a sprayed, filled soap 

T A B L E  I1  

F r e e  Caus t ic  Alkal i  and  Unsapon i f i ed  Ma te r i a l  in a 
Sprayed ,  Fi l led Soap 

I I I  
One h o u r  saponif ica t ion.  No pro- One h o u r  saponif icat ion.  
tect ion a g a i n s t  a tmosphe r i c  COe Ni t rogen  a tmosphe re  

F r e e  caus t ic  Unsapon i f i ed  t~ree caus t ic  Unsapon i f i ed  
as NaeO as Na.,O as  NaeO as Na~O 

0.007 0.067 0.013 0.030 
0.010 0.061 0.017 0.048 
0.007 0.061 0.010 0.049 
0.010 0.085 0.017 0.042 
Nil  0.079 0.014 0.049 
Nil 0 .067 0.010 0.067 
Nil  0 .067 0.010 0.061 
Nil  0 .055 0 .007 0.061 

are of greater  value in demonstrating the differences 
resulting from working under  the usual laboratory 
conditions as contrasted with working in an inert  
atmosphere. Under the lat ter  conditions higher val- 
ues are obtained for the free caustic alkali content. 
Conversely the values for  unsaponified material  show 
a decrease. This is due to the fact that  if carbon 
dioxide is absorbed dur ing the saponification, only 
one-half of the sodium carbonate formed by carbona- 
tion is t i t ra ted dur ing the back-titration to phenol- 
phthalein indicator, thus yielding high results for the 
unsaponified determination. 

Work analogous to that  presented in Table II,  
employing spray-filled soaps containing free caustic 
alkali content of 0.01 to 0.06% free caustic and 
amounts of unsaponified material ranging as high 
as 0.16% gave similar results. 

I t  should be pointed out, as general information, 
that  if a soap contains a high concentration of free 
caustic alkali together with unsaponified material, ~he 
above method of determination is open to criticism 
on the grounds that  dur ing heating with alcohol the 
free alkali will saponify a chemically equ iva len t  
amount  of the unsaponified material. In  such a ease 
Devine's method is available (1). I t  has been the 
experience of this laboratory that  amounts of free 
caustic alkali of 0.1% Na~O or less do not react in 
this manner.  

Conclusions 

The conclusions to be drawn from this work can be 
summarized as follows: 

a) Values for free f a t ty  acid are not significantly 
affected by carbonation when run  under  the usual 
laboratory conditions. Under  similar conditions free 
caustic alkali values are low (statistically signifi- 
cant) and, conversely, unsaponified values arc high 
(statistically significant). 

b) The magnitude of the error incurred by working 
under  the usual laboratory conditions is so small as 
to be negligible unless extreme precision is required. 

c) Hot  alcohol apparent ly  provides its own pro- 
tective vapor barr ier  preventing carbon dioxide ab- 
sorption. This characteristic of alcohol can be fur ther  
enhanced by the judicious use of watch glasses to 
cover beakers and funnels during the determination. 
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