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T I I E  conventional method for  the determinat ion 
of free glycerol in soap is a tedious and time-con- 
suming procedure (2). I t  is al together to() slow 

for p lant  control purposes. A mult ipl ic i ty  of opera- 
tions is involved, including acidification and splitting, 
solidification and separation of the fa t  acids, precipi- 
tation of salt and water-sohlblc acids and, finally, oxi- 
dation of the glycerol with potassium dichromate. 
The last step alone requires three hours. Si lverman 
has suggested an improvement  by  utilizing a eerate 
oxidation which reduces the oxidation period to 12 
to 15 minutes (6). l Iowever,  t ime and tempera ture  
are critical and must  be accurate ly  controlled in this 
method. 

Obviously the determinat ion of glycerol in soap 
could be simplified if it were unnecessary to remove 
the fa t  acids or if they could he removed by  extrac- 
tion with an organic solvent. Since fat  acids, salt, 
soap builders, and certain fa t  solvents do not inter- 
ferc w i t h  the reaction between periodic acid and  
glycerol, an investigation was made to see if an im- 
proved  method might  be evolved. The reaction be- 
tween glycerol and periodic acid is rapid  and proceeds 
at room tempera tu re  without secondary reactions. 
Also, periodic acid reacts only with compounds hav- 
ing two or more adjacent  hydroxyl  groups. 

The use of periodic acid in glycerol analysis has 
been reported in several previous papers  (1, 3, 4, 5). 
The equation for the reaction of periodic acid with 
glycerol is given below: 

(?aH~ ( O I I ) a  + 2 H : , I O ~  --> 2 I I C I I O  + ] I C O O I I  + 2 I l I O ~  + 5 H ~ O  

The glycerol can be determined a f te r  react ing with 
periodic acid in ei ther of two ways:  I. f rom iodi- 
metric t i t rat ions of the periodic acid reagent before 
and af ter  reaetion with tile glycerol, or 2. by  an 
acidimelric t i t ra t ion of the ferrule acid which is 
formed b y  reaetion of periodic acid with glycerol. 
The fo rmer  is a very  sat isfactory procedure, pro- 
viding there is nothing present  other than glycerol 
to reaet with tile periodic acid. When substances such 
as propylene glycol are present,  the acidimetrie t i t ra-  
tion of formic acid sholtld be used because such sub- 
stances do not interfere with this test. 

:Experimental  
Known quantit ies of glycerol were added to pure  

sodium palmitate  p repa red  f rom distilled fa t  acids 
which were free f rom any consti tuent tha t  reacts 
with periodic acid. The pur i ty  of glyeerol was estab- 
lished by  its speeifie g rav i ty  and confirmed by  the 
periodic ac.id method (3). Sodium pahnitate-glycerol 
mixtures  were p repared  containing known quantit ies 
of tile usual var ie ty  of soap builders.* 

The glycerol in these samples was then deternlined 
by  dissolving samples in water,  adding an excess of 
periodic acid, and t i t ra t ing  this excess iodimetrically. 
This method is designated hereaf te r  as the direct- 
iodimetric method. The results are tabulated in 
Table L 

I t  is obvious f rom these data that  the results were 
accurate  if the sample size did not exceed 0.5 gram. 

* A l k a l i n e  inorganic salts a d d e d  to s o a p  to  increase detergent a c t i o n .  

Ordinary  soap builders (lid not interfere.  Ilowever,  
the aeeuracy and precision were somewhat less than 
desired when the glycerol content was below 1%. 
Fur thermorc ,  it was known that  the, re was no inter- 
fering substance present, which would not normally 
be tile case when working with samples of unknown 
history and composition. 

TABLE I 

Analysis of known mixtnres by Direct Method 

(]rams of Glycerol Ghcerol 
S o a p ,  g.  Sa l t ,  g. Builders, g. Glycerol % % 

Present Present Fonnd 

0 . 5 0 0  . . . . . . . . . . . . . . . .  i o . n o  0 . 0 0  0 . 0 2  
0 . 5 0 0  . . . . . . . .  I o.c~2Ol 4 . 0 2  4 . 0 0  
1 . 0 0 0  . . . . . . . .  0 . (}205 2 . 0 5  1 . 5 7  
2 . 0 0 0  . . . . . . . .  I L 0 2 1 o  1 . 0 5  0 . 5 7  
0 . 5 0 0  . . . . . . . . . . . . . . . .  4.02 3.98 
0.500 . . . . . . . . . . . . . . . .  2.04 2.07 
0.5n0 . . . . . . . .  1.04 1 .o7  
0 . 5 0 0  . . . . . . . . . . . . . .  0 . 2 1  0 . 2 3  
0.500 "('L5 ~ . . . . . . . .  4 . 1 9  4 . 1 5  
0 . 5 0 0  . . . . . . . .  1 .n ~ 4 . 0 2  3 . 8 5  
0 . 5 0 0  1 .6  ~ . . . . . . . .  0 . 0 0  0 . 0 7  
0 . 5 0 0  1.6 2 ' . . . . . . . .  0 . 0 0  0 . 0 5  
0,5(}0 0 , 0 5  . . . . . . . . . . . . . . . . ,  0 . 0 0  0 . 0 2  
0 . 5 0 ~  O. lO . . . . . . . .  I . . . . . . . .  0 . 0 0  0 . 0 2  
1}.51)0 a . . . . . . . . . . . . . . . .  [ 0 . 0 0  0 , 0 7  

z E q u a l  q u a n t i t i e s  of  e a c h  N a : S i O a  ; X a z B d ) v  ; N a a t ) ( ) t  ; NagCOa ; N M ) l l .  
2 E q u a l  q u a n t i t i e s  of  e a c h  X a : S  O,~; Na_ ,Bd)7 ;  N a a P O 4 ;  Nal lCO.~ .  
a 0 . 0 2  ~. g e l a t i n .  

The procedure utilizing the aeidimetrie t i trat ion 
of the formic acid produced by  the reaction between 
glycerol and periodic aeM (4) was triett next because 
it is more specific for  determining glycerol. To apply  
this proeedure it was necessary to split  the soap and 
to remove tile fa t  acids. A simple and rapid separa- 
tion was effeeted by  adding 200 nd. of chloroform 
and 200 ml. of dihtted sulfuric acid (25 rot. cone. 
II.~S()~ per  l i ter) to the sample and then shaking until  
all tile soap was split, the fa t  acid separated, and the 
aqueous layer  was clear. Tile fa t  aeMs went into the 
chloroform and tile glycerol into the aqueous a d d  
layer. Aliquots of the acid layer  were used for  
determination of the glycerol by  both ihe aeidimetric 
and iodimetrie t:)rocedures. Results of the tests on 
known mixtures  of sodium l)ahnitate, glycerol, and 
builders are given in Table I I. 

T A B L E  I I  

A n a l y s e s  of  K n o w n  3 I i x t , u r e s  by  E x t r a c t i o n  ~ l e t h o d  

3 7 6  

S o a p  in  B u i l d e r  i n  
a l i q u o t  a l i q u o t  

t e s t ed ,  g. t c s t ~ ,  g. 

1 0  . . . . . . . .  
1 0  . . . . . . . .  
10  . . . . . . . .  

1010 "3"/ '"  

10 3 ' 
5 1 .5  2 
5 . . . . . . . .  s 

P r e s e n t  

0.00 
0.07 
0.13 
1.31 
o.13 
1.31 
2.61 
2.61 

Glyc  n'ol,  % 

F o u n d  by  P o n n d  by 
a c i d i m e t r i e  iod imet . r i c  

t i t r a t i o n  t i t . f a l l e n  

0 .0O 0 . 0 0  
0 . 0 5  0 . 0 7  
0 . 1 1  0 . 1 3  
1 .31  
005 "ii:iii 
0 . 6 1  1 . 2 8  
2 . 6 5  2 . 0 3  
2 . 7  . . . . . . . .  

' 1 g. e a c h  of  N a a P t ) , ;  Na.:S Oa; Na.2B40~. 
2 0 . 5  g. eac..h of  N a a P O , ;  N a e S i O a ;  Na2B,OT.  
3 0 . 5  g'. N a C I .  

These data show tha t  builders can interfere with 
the acidimetrie procedure because of their buffer 
action ill the t i trat ion.  IIowcver,  accurate results 
were obtained when the port ion tested contained less 
than 1.5 grams of builders. The builders did not 
interfere with the iodimetric method. These two pro- 
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eedures are designated hereafter in this paper as 
the extraction-acidimetric and extraction-iodimetric 
methods. 

A group of commercial soaps and soap products 
were analyzed by the methods discussed. These soaps 
were made from different typcs of soapstoek, and 
some Co,ltained large anlounts of builders. The re- 
sults obtained by the extraction-acidimetric and ex- 
traction-iodimctric mcthods are snmmarized in Table 
I H  : 

Sample  ] Extraet ion-  
Acidime~.ric 

- ( ta l low) .......................................... i -- Method 
Soap Chips 0.76 
Toilet Soap .......................................................... [ 0.38 
Soap Powder  (grcase base) ............................... [ 0.00 
Soap Flakes (taUow and  g~'ease base) .............. 0.38 
Soap Powder  (Vegt. Oil Fools  base) ............... 0.18 
Soap Flakes  (Red ( i l  Base) ............................ ; 0.00 
Soap Flakes ( u n k n o w n  base) ........................... I 0.59 
Sodium Oleale (Merck & Co.) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Sod ium Pa lmi t a t e  (Dis t  lied fa t ty  ac ds)  . . . . . . . . . . . . . . . . . .  

T A B L E  I I [  

Analys ,~ of Soap Products  by Ex t rac t ion  Methods 

I Glycerol, % 
( S a m p l e )  Bas is  

Extrac t ion-  
]od imet r ic  

Method 

0.77 
0.94 
0.02 
0.45 
0.21 
0.02 
0.64 
0.91 
0.00 

The results by  both methods are in good agree- 
ment,  but  it must  be remembered tha t  al though the 
aeidimetric method is more specific, it is not reliable 
when tile porl ion tested contains more than 1.5 grams 
of builders. Thc iodimetrie procedure is preferable  
because it is accurate,  rapid, simple, and- not affected 
by the presence of builders. 

The soap products  mentioned above were fu r the r  
tested by lhe dircet-iodimetric method and the results 
compared with those obtained by  the extraction-iodi- 
metric method;  see Table I V :  

T A B L E  [V 

Comparison of &nalyses by Direc t - Iodimet r ic  Method and 
Ext  faction- I odimet t ic  Method 

Sample  

Direct- 
: Iodimetr ic  

Method 
Glycerol, % 

Soap Chips ( ta l low) .................. 
Toilet  Soap .................................. 
Soap Powder  (grease base) ....... 
Soap Flakes ( tal low and  

grease base) ............................ 
Soap Powder  (Vegetable  

Oil Fools  base) ....................... 
Soap F lakes  (Red Oil Base)  ..... 
Soap F lakes  ( u n k n o w n  base).. .  
Sodium Oleate 

(Merck & Oo.) ....................... 
Sodium Pa lmi ta to  (Dis- 

t i l led fa t ty  ac ids)  .................... 

0.85 
1.03 
0.10 

0.87 

0.50 
0.92 
0.73 

1.14 

0.03 

Ext rac t ion-  
]od imet r ic  

:V[ethod 
Glycerol, % 

0.77 
0.94 
0.02 

0.45 

0.21 
0.02 
0.64 

0.91 

0.00 

Per iod ic  Acid 
r educ ing  
mate r ia l  
in  CHC18 

phase, 
calculated 

as 
Glycerol,  % 

0.08 
(I.1 I) 
O.10 

0.09 

0.56 
0.27 
0.32 

0.17 

O.Ol 

Results obtained by  the direct-iodimetric method 
were consistently lligher than those obtained by  the 
extraction-iodimetric procedure;  however, the differ- 
ences were snmll in most cases so tha t  the direct  
method may be employed for  p lant  control purposes 
when the composition of the soap and the deviations 
are known. These differences between the two meth- 
ods are due to the presence of f a t t y  products  which 
react with periodic acid and are calculated as glycerol 
in the direct procedure  but  which are separated f rom 
the glycerol in the extraction method. An indication 
of the amount  of these reactive f a t t y  products  was 
obtained by  testing the chloroform solution f rom the 
extraction method. The behavior  of thcsc constitu- 

cnts was quite var iable  iu products  made f rom Red 
Oil and low grade greases. 

Some of the samples tested were not readily split 
with sulfuric acid sohttion. An acetic acid solution 
(1 pa r t  glacial acetic acid and 9 par t s  distilled water)  
was found to be more effective and rapid  and had no 
effect on the final results by  the iodimetric method. 
Sulfuric  acid is p re fe r red  when the glycerol is to be 
determined acidimetrically.  

METHODS 

E x t r a c t i o n - I o d i m e t r i c  T i t r a t i o n  M e t h o d  

~ E A G E N T S  : 

Periodic Acid Solution: Dissolve 5.4 g. of periodic 
acid in 100 ml. of distilled H20 and then add 1,900 
ml. glacial acetic acid and mix thoroughly.  Store in 
a dark  glass-stoppered bottle or store in the dark in 
a clear glass-stoppered bottle. 

Sodium Trivsulfate Solution 0.1 N: Dissolve 24.8 g. 
of sodium thiosulfate in distilled I I20  and dilute to 1 
liter. Standardize  against  potassium dichromate. 
A.O.C.S. Method Cd 1-25. 

Potassium Iodine Solution: Dissolve 150 g. of X I  in 
distillcd H20  and dilute to 1 liter. 

Starch Indicator Solution: Make a homogeneous 
paste of 10 g. of soluble starch in cokt distilled II_.O 
and add 1 liter of boiling distilled ILO.  St ir  rap id ly  
and cool. 

Acetic Acid Solution: Add 100 ml. of glacial acetic 
acid to 900 ml. distilled tt.,O and mix thoroughly.  

Chloroform U.S.P.: Run a b lank test using 200 ml. 
of CIICI~ and 200 ml. of acetic acid solution in the 
same manner  as a sample. The t i t ra t ion of this test 
should agree with a blank test on 50 ml. distilled I I20 
within 0.5 ml. 0.1 N thiosulfate. I f  not, the CIICl~ 
nmst  not be used. 

P R O C E D U R E  : 

Weigh 20 ___ 0.05 gm. of the sample into a 500 ml. 
glass-stoppered flask. Add  200 ml. CIIC13 and 200 _+ 
2 ml. of acetic acid solution. Shake unti l  soap is 
split. Tim flask may  be warmed if  the soap does not 
readily react with the acid. I f  tile solution is alkaline 
due to large amounts  of builders,  add cone. 1t2S0 ~ 
in 0.5 ml. increments  unti l  the aqueous phase is acid 
to litmus. Allow to s tand unti l  the contents of the 
flask separate  into two phases and the acid layer  is 
pract ical ly  clear. 

Pipet te  50 ml. of the aqueous phase into a 400 ml. 
beaker  and add 50 ml. of the periodic acid reagent  
using a volumetric pipet te  and mix by  gentle shaking. 
Cover the beaker  with a watch glass and allow to 
s tand at room tempera tu re  for  30 minutes. P repare  
two blanks using 50 ml. of acetic acid solution in 
place of the aqueous phase and handle exactly as the 
sample. 

Add 20 ml. of the K I  solution, mix by  gentle shak- 
ing, and allow to stand at least one minute,  but  not 
more than five minutes. Add 100 ml. of distilled I I20  
and  t i t ra tc  with 0.1 N Na2S203. Ti t ra te  to the disap- 
pearance of the brown iodine color and then add 2 
ml. of the starch indicator  solution. Continue the 
t i t ra t ion to the disappearance of the blue lode-starch 
color. If the titration of thc sample is less than 0.8 
times the titration of the blank, repeat the determina- 
tion using a snlaller aliquot or a smaller sample. 
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CALCULATION : 

(B - -  S) X N X 2.302 
Free  glycerol, % = W 

B = Ti t ra t ion of b lank;  average of 2 
S ~ Ti t ra t ion of sample 
N = -  Normal i ty  of Na,,S203 
W = Weight  of sample represented by  aliquot 

tested. 
2.302 --~ Mol. wt. of glycerol (92.09) divided by  40. 

Calculate to the nearest  0.01%. 

Direct Iodimetric Method 
This is used for  routine testing where some accu- 

racy  can be sacrificed in the interest  of t ime and sim- 
plicity and where the periodic reducing constituents 
of the sanlple, other than glycerol, are not large 
enough to interfere with the results. 

PROCEDURE : 

Weigh 0.5 -4- 0.002 g. of the sample into a 400 ml. 
beaker,  i f  the glycerol content is above 4.0%, use 
0.25 _+ 0.001 g. sample. Add 100 ml. distilled H20 
and heat if necessary to effect solution. Cool to room 
tempera tu re  and pipet te  50 ml. of the periodic acid 
reagent  into the solution of the sample and rotate 
gently to mix thoroughly.  Cover the beaker  with a 
watch glass and allow to stand 30 minutes. P repa re  
two blanks using 100 ml. of distilled I I20  in place of 

the sample. Proceed as directed in the extraetiorr iodi- 
metric t i t ra t ion method beginning with " A d d  20 ml. 
K I  soln."  Calculate free glycerol to the nearest  0.1%. 

Summary 
The-deterlnination of free glycerol in soap has been 

improved and shortened. 
1. When it is known tha t  there are no substances 

which interfere with periodic acid reaction, the direct- 
iodimetric method is applicable. However,  if the 
glycerol content is below 1%, the accuracy and pre- 
cision are only fair.  

2. The extraetion-iodimetric method is applicable 
when the sample contains no periodic acid reducing 
substance other than glycerol or when such substances 
are soluble in chloroform. 

3. The extraction-acidimetric method is preferable  
when the sample contains periodic acid reducing sub- 
stances other than glycerol and which are soluble in 
the aqueous acid solution along with the glycerol. 
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Oils and Fats M.M. PISKUR 

COMMERCIAL EXTRACTION OF SOYBEAN OIL USlX(] NOX- 

INFLAMMABLE SOI.VENTS. E .  G. I i o l l o w e l l .  Iowa State 
Coll. J. Sci. 23, 41-3(1948). A system for  extract ing 
oil f rom flakes moved eountereurrent  to triehloro- 
ethylene was put  into successful operat ion in a com- 
mercial plant.  S o y b e a n s  (moisture eontent up to 
14%) were cracked, rolled into flakes 0.01 in. thick, 
heated to 140-150 ~ and with a 20-min. e x t r a c t i o n  
time, reduced to 0.8% oil content. The oil was fa r  
above commercial  requirements.  Abont  0.05% of the 
beans were fines. Some corrosion occurred where sol- 
vent and water  condensed. The solvent loss was 8-10 
lb. per  ton of beans processed. ()ther materials  were 
tried. Milk-weed seeds were reduced f rom 23 to 5% 
oil in 15 minutes ;  cottonseed f rom 35 to 2% in 30 
minutes ;  oatmeal f rom 6.5 to 1%;  corn germs f rom 
50 to "~%. The cottonseed oil was not good. (Chem. 
Abs. 43, 1581.) 

]IYDROGENATED W I t A L E  OIL. ITS INDITSTRIAL EM- 

PLOYMENT. P. Merat.  Oleagineux 4, 203-12(1949). 
I~ECENT DEVELOPMENTS IN CONTINUOUS FAT-SPLIT- 

TING. J.  Seaman. Soap, Perfumery & Cosmetics 22, 
384-5, 395(1949). 

CHEMISTRY OF TI IE  OXIDATION oIe OLEFINIC FATS. 

K. Tiiufel and II .  Rothe. Angew. Chem. 6I, 84-9 
(1949). A review f rom 52 references. 

DEODORIZATION OF SIIARK-LIVER OIL. P .  K .  5Iathew, 
P. V. Nair, T. A. Ramakrishnan,  and 1I. Sreemulana- 
than. Nature 162, 494(1948). Shark-l iver oil can be 
deodorized by  steam t reatment ,  agitat ion with fer- 
ment ing milk or toddy, or by  catalytic hydrogenat ion 

with Ni catalyst.  The first of these methods gives 
only t empora ry  deodorization for  several days, while 
t reatment  by  the second gives an oil that  remains 
bland for  several months, with little change in physi- 
cal constants or vi tamin A potency. (Chem. Abs. 43, 
1531.) 

])ETERMINATION OF SAPONIFICATION NU.~IBER, ]) .  T.  

Englis and J.  E. Rcinsehreiber (Univ. Illinois, Ur- 
bana) .  Anal. Chem. 21, 602-5 (1949). The reaction 
of K( ) I t  with IIC1 in solutions of varied proportions 
of ethanol and water, and in the presence and ab- 
sence of soap, has been followed potentiometrically 
with special reference to its significance to the deter- 
mination of the saponification number  of oils and 
fats. In  the usual Saponification procedure the final 
ethanol content of the solution may be as low as 
35%, yet the hydrolysis of the soap does not inter- 
fore seriously with the end-point detection at  the 
proper  stage of the reaction. Tbe change in the p K  
value for  phenolphthalein with change in solvent 
composition does not de t rac t  f rom the use of this 
indicator for  the determination.  The directions in 
the official method are p roper ly  prescribed. A series 
of analyses showing the effect of absorption of CO~_ 
under ord inary  operat ing conditions was per formed 
and results are reported.  

SPOILAGE OF FATS A~'D OILS. I I .  E. Iselin. Mitt. 
Gebiete Lebensm. Hyg. 39, 310-36(1948). The proc- 
ess of spoilage of veal, mutton,  beef, and pork fa t  is 
discussed. The fats were exposed for 2 to 3 years to 
diffuse dayl ight  and the progress of oxidation was 


