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insolubility in  water and  in alcohol, which makes be used as a standard,  but  the potassium salt seems 
the  t i tration tedious. As an  improvement on this, preferable. 
i t  seemed t h a t  a n  analogous compound might be LABORATORY OF THE DODGE & OLCOTT CO. 
more convenient as regards solubility, and the acid BAYONNE, N. J. 

phthalates appeared worthy of examination. _ _  
The acid phthalate of potassium has not apparently 

been described. It is readily obtained by  half-neu- 
tralization of a solution of phthalic anhydride and 
crystallizes nicely in hexagonal plates. 
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ACID POTASSIUM PHTHALATE 

PREPARATION-50 g. resublimed phthalic anhy- 
dride are dissolved in about 2 0 0  cc. of water. The  
solution is exactly neutralized with a solution of about 
60  g. of pure potassium hydroxide in an  equal afnount 
of water; 50 g. more of anhydride are then added, 
and  the heating continued until all crystals are dis- 
solved. The  solution is now made up t o  about 550 g. 
with water, filtered hot,  if necessary, and let cool, 
with continuous agitation t o  promote the formation 
of small crystals. When cold, the latter are filtered 
by  suction or centrifuge. The  yield is about 125 g. 
The product is recrystallized from 300 cc. of hot water 
and dried a t  110'. 

The salt is anhydrous KHCsH404 with mol. wt. 
204. It is soluble in I O  t o  11 parts of water a t  ordi- 
nary temperatures, and in about 400 parts alcohol. 

This compound seems t o  approximate the ideal 
substance, as shown by  the following facts: 

I-AS regards purity, the sublimed anhydride is an  
admirable raw material and not expensive. Recrys- 
tallization of the salt is hardly necessary as the im- 
purities derived from the alkali used should be minimal. 

a-The salt is stable, anhydrous, not hygroscopic. 
3-The solubility in water is sufficient. 
4-The molecular weight is higher t han  tha t  of any 

5-It behaves like a monobasic acid, and can be 

6-It is colorless. 
7-The writer has found i t  to  work well in practice. 

The acid phthalate of sodium was obtained by  
Wislicenus' as a by-product, and described as glassy, 
prismatic crystals, containing 2H20. Salzer,2 how- 
ever, reports the salt as anhydrous. It is easily pre- 
pared in the manner described for the potassium 
salt, substituting sodium hydroxide or carbonate. I n  
all cases, however, the writer found the fine trans- 
parent prisms to  contain l/zHzO. The salt is soluble 
in about g parts water a t  2 5 O  and analyzed for mois- 
ture  as follows: 

compound so far proposed, except picric acid. 

t i t ra ted with all desirable sharpness. 

Wt. of salt TREATMENT Time Loss IN WEIGHT 
Chams Hrs. Gram Per cent -~ ~~ 

5 (air dry) Desiccator 115 0 . 0 0 5 5  0 . 1 1  
Heated a t  50" C. 24 0.0070 0 . 1 4  
Heated at 100-1 10' C. 12 0 .2410  4 . 8 2  

1.97 (air-dry) Heated a t  110" C. 12 0.0950 4 . 8 2  
Moisture calculated for NaHC8HAOa,1/*HsO. , , , . . , . . , . . . . . . . . . 4 . 5 7  

The salt is thus fairly stable up  t o  50'; a t  I O O - - ~ I O ~  

the  crystals lose 1/2H20 and become opaque, but  re- 
ta in  their prismatic form. This anhydrous salt may 

1 Ann.,  942, 89. 
1 Ber., 80, 1496. 

The recent paper by Holland' upon "The Deter- 
mination of the Acetyl Number of Oils, Fats ,  Etc.," 
recalls former discussions by Lewkowitsch, Benedikt 
and others regarding the value of the acetyl figure 
in the analysis of fa t ty  acids. As the author has 
recently studied the determination of the acetyl num- 
ber and other chemical constants in the insoluble 
acids of several decomposed but ter  fats, a few obser- 
vations upon certain analytical data  may possibly be 
of interest. 

A serious difficulty, which often confronts the 
chemist in the  analysis of fatty-acid mixtures, is the 
unstable character of the hydroxy-fatty acids. The 
latter,  from their chemical behavior may be divided 
into two general classes: ( I )  the lactone-forming and 
( 2 )  the  non-lactone-forming hydroxy acids. 

Lactone-forming hydroxy acids (more especially the 
y acids) show a pronounced tendency, after being lib- 
erated,  to  form inner anhydrides. Thus y-hydroxy- 
stearic acid, after separation from its salts or esters, 
passes immediately into stearo-lactone. 

C14H29 Cl4H29 
I I 
1 
I 
I 

H C - - l  
I I 
I 

CHz 1 
I 

HCOH 

C H2 

CH2 

CHz 0 + HzO - - 

oc-- OC-OH 
Hydroxy-stearic acid Stearo-lactone 
The non-lactone-forming hydroxy acids, on the 

other hand, do not possess the property of yielding 
inner anhydrides. The hydroxyl group of this class 
of fa t ty  acids remains unchanged and, in distinction 
from the hydroxyl group of the lactone-forming acids, 
is free t o  react with acetic anhydride during acetyla- 
tion. 

This difference in properties of the two classes of 
hydroxy-fatty acids has frequently been disregarded 
by chemists in their treatment of the subject. It is 
evident, however, tha t  this factor must play a t  times 
an important par t  in the analysis of complex fa t ty  
acid mixtures. 
I N F L U E N C E  O F  HYDROXY-FATTY ACIDS A N D  LACTONES 

ON DETERMINATIONS OF T H E  ACID, SAPONI-  

FICATION A N D  E T H E R  N U M B E R S  

The insoluble acids prepared from the ordinary 
normal animal fats show usually but  little difference 
between the acid and saponification numbers, the  
ether number in such cases being practically zero. 

1 THIS JOURNAL, 6 (1914). 482. 
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I n  the case, however, of oxidized and decomposed 
fats, which contain hydroxy compounds, the  forma- 
tion of lactones in the mixture of fa t ty  acids causes a 
depression in the acid number and an  increase in the  
saponification and ether numbers. This can best be 
understood by taking a specific example. 

Hydroxy-stearic acid, C17H340HCOOH, of molecular 
weight 300 .288  requires for neutralization and saponi- 
fication 56.108 molecular parts of KOH. The milli- 
grams of KOH necessary t o  neutralize and saponify 
I g. of hydroxy-stearic acid are then 56108  + 300 .288  = 
186 .85 ,  the  acid and saponification number. 

If we take a mixture consisting of one molecular 
part of hydroxy-stearic acid and one molecular part 
of stearo-lactone the reaction upon neutralization with 
KOH would be 

Hydroxy-stearic acid Stearo-lactone 

Potassium hydroxy-stearate Stearo-lactone 

I n  otfier words 582. j 6 0  molecular parts of the mixture 
would require for neutralization 56 .108  molecular 
parts of KOH. The acid number of the  mixture is 
then 56108 f 582 .560  = 9 6 . 3 1 .  

If we saponify the same mixture with KOH, the 
formula for the  reaction would be 

Hydroxy-stearic acid Stearo-lactone 

Ci7HuOHCOOH + C17H3rCOz + KOH 

= Ci7H340HCOOK + Ci7H34C02 + H20 

C17H340HCOOH + C17H34C02 + zKOH 

- - 2Ci7H340HCOOK + HzO 
Potassium hydroxy-stearate 

That  is, j 82 .560  molecular parts of mixture would 
require for saponification I 1 2 . 2 1 6  molecular parts of 
KOH. The saponification number of the mixture is 
then 1 1 2 2 1 6  f 5 8 2 . j 6 0  = 192 .62 .  

It is thus seen tha t  if one-half of a sample of hydroxy- 
stearic acid should undergo lactonization the  acid 
number would be depressed from 186 .85  t o  96 .31  and 
the saponification number increased from 186.85 t o  
192 .62 .  The original ether number of zero would 
become 192 .62  - 9 6 . 3 1  = 9 6 . 3 1 .  

The occurrence of fa t ty  acids which show a higher 
saponification than  neutralization value has been 
frequently reported. Tortelli and Pergamil give a 
long list of fa t ty  acids from various sources which 
show striking differences of this kind, these differences 
being usually found t o  increase with the age of the 
sample. Obviously with these differences in the acid 
and saponification numbers similar differences will be 
produced in the calculations of the mean molecular 
weights of the  fat ty  acids. 

Lewkowitsch2 has also determined the acid and 
saponification numbers of mixed fat ty  acids and his 
results in general confirm the figures of Tortelli and 
Pergami. The general explanation of the differences, 
according t o  Lewkowitsch, is the occurrence of hy- 
droxylated fa t ty  acids which subsequently undergo 
dehydration with formation of lactones. 

A few of the results obtained by Tortelli and Pergami 
1 L’Orosi. 1401, 1 ;  Lewkowitsch, “Oils, Fats and Waxes,” 4th Ed., 

2 Lewkowitsch, “Oils, Fats and Waxes,” 4th Ed., Vol. 1, p. 421. 
Vol. 1, pp. 419-421. 

and by Lewkowitsch are given in Columns I to  V of 
Table I. Two determinations made by  the author 
upon the insoluble acids of decomposed butter fa t  
are also included for comparison. 

TABLE I 
I I1 I11 IV V Mol. wt. 

Mol. Mol. original 
wt. wt. lactone- 

Source of Acid from Sapon. from Diff. free 

TORTELLI AND PERGAMI 
insoluble fatty acids No. I No. I11 11-IV acids 

Linseed oil-3 yrs. 191.5 292 .8  205 .4  273 .2  19 .6  274 .4  
Cottonseed oil-21/2 yrs. 194.3 288.7 204 .5  274 .3  14 .4  275 .3  
Cherry kernel oil 191.3 293 .2  213 .7  262.5 31 .7  264 .4  
Olive oil-3 yrs. 194.5 288 .4  200 .9  279.1 9 . 3  279 .9  

LEWKOWITSCH 
Tung oil 181.3 309.5 198.7 282 .3  27 .2  284 .0  
Peach kernel oil 196.8 285 .0  205 .0  273 .6  11 .4  274 .4  
Olive oil 200 .9  279.2 200 .9  279 .2  0 . 0  279.2 
Lard 196.0 286.2 ’ 205.1 273.5 12 .7  274 .4  

BROWNE 
Butter fat-17 yrs. 211 .3  265 .5  219 .6  255.5 10 .0  256.3 
Butter fat-17 yrs. 209 .4  267.9 218 .0  257 .3  10 .6  258.1 

CALCULATION OF THE MEAN MOLECULAR WEIGHT O F  

INSOLUBLE FATTY ACIDS 

The customary method of calculating the mean 
molecular weight of insoluble fa t ty  acids by dividing 
56108  by the acid number has caused many erroneous 
reports of this constant t o  appear in the literature. 
I n  the case of fa t ty  acids which contain lactones the 
calculation of the  mean molecular weight from the 
saponification number of the insoluble acids is much 
more accurate but  is still incorrect since the weight 
of fa t ty  acids taken for analysis has not been corrected 
for the loss in water which has resulted from formation 
of lactones. The correction for this loss in weight 
can be made as follows: 

The ratio between the weight of water lost by forma- 
tion of lactones and the  weight of KOH required to  
saponify lactones is represented by 

H2O 1 8 . 0 1 6  
KOH 56.108 

0 . 3 2 1  I .  ___ - - - =  

Let a be the acid number and s the  saponification 
of a mixture of fa t ty  acids; then the grams of KOH 
required to  saponify the lactones in I g. of fa t ty  acids 
equal 0.001 (s L a )  and the weight of water lost by 
dehydration is 0 .0003211  (s - a) .  The saponifica- 
tion number of the fat ty  acids before lactone formation 

would then be - which divided 

into 56108  would give the mean molecular weight ( m )  or  

S 

I + 0 .0003211  (s - a)  

56108  + 1 8 . 0 1 6  ( s -  a) m = -  
S 

It was by this formula tha t  the molecular weights 
of the original lactone-free acids in Table I were cal- 
culated. While the values thus found do not greatly 
differ from those calculated from the saponification 
numbers there might arise instances where the errors 
by the  latter method would be of considerable im- 
portance. 
INFLUENCE O F  HYDROXYACIDS A N D  LACTONES O N  DE- 

TERMINATION OF THE ACETYL NUMBER 

It was one of the  services of Lewkowitsch to  call 
the attention of chemists t o  the necessity of determin- 
ing the  acetyl constant of fa t ty  acids by a direct 
estimation of the acetic acid. He showed tha t  the  
original method of Benedikt and Ulzer, by which the 
acetyl number was estimated by taking the difference 
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between the  acid and  saponification numbers of the 
acetylated fat ty  acids, usually gave too high results. 
This error was explained by  Lewkowitsch as being due 
t o  the  conversion of a par t  of t he  f a t ty  acids during 
acetylation into anhydrides of t h e  general formula 
(RC0)20:  the  latter by  not becoming completely 
hydrolyzed during the  subsequent washing cause a 
depression in the acetyl-acid number with a consequent 
increase in the  acetyl-ether number. As examples of 
the effects of anhydride formation Lewkowitsch’ states 
t ha t  he obtained the following acetyl values: palmitic 
acid 82.6, stearic acid 8 2 . 2 9 ,  capric acid 174.00, lauric 
acid 132.49. These high results, however, must have 
been due t o  some unusuhl condition of acetylation as no 
such values are obtained under the  conditions de- 
scribed by  Benekidt and  Ulzer for their method. 

The  errors of estimating the acetyl constant of f a t ty  
acids by  taking the difference between the  acid and  
saponification numbers of the acetylated acids were 
also recognized by  Benedikt and Ulzer.2 These 
authorities took the  view, however, t ha t ,  since f a t ty  
acids which contained no hydroxyl groups showed 
practically the  same acid number before and after 
acetylation, the formation of fa t ty  anhydrides of t he  
formula (RC0)zO was not the real cause of t he  error. 
Benedikt and Ulzer attributed the discrepancies rather 
t o  the formation during acetylation of inner anhydrides 

or lactones of t he  general formula R <Eo , which 

would cause a decrease in the acetyl-acid number and 
an  increase in the acetyl-ether number. Since, how- 
ever, this increase in the  acetyl-ether number is due 
primarily t o  hydroxy acids which have undergone 
lactonization, the acetyl-ether number would still re- 
main a fairly accurate measure of the hydroxy acids 
which were originally present. 

As for t he  lactones which might occur in t h e  mixed 
fat ty  acids and would also cause an  increase in the 
acetyl-ether number, Benedikt and  Ulzer3 subtract  
t he  ether number due t o  such lactones from the acetyl- 
ether number and  call the remainder the t rue acetyl 
number (Reine Acetylzahl). 

A clearer idea of t he  various questions involved 
may be secured if we take again the  previous example 
of an  equimolecular mixture of hydroxy-stearic acid 
and  stearo-lactone. The action of acetic anhydride 
upon such a mixture would be 

Ci7Ha40HCOOH + C17H34C02 + (CHaC0)ZO 
Hydroxy- Stearo- Acetic 
stearic acid lactone anhydride 

= Ci7Hs40CHsCOCOOH + Ci7Hs4C02 + CHsCOOH 
Acetoxy-stearic Stearo- Acetic acid 

When the  acetylated acids are neutralized with 
KOH,  as in the  determination of the acetyl acid 
number, t h e  reaction proceeds as follows: 

acid lactone 

* Lewkowitsch, J .  SOC. Chem. I n d .  (l890),  p. 660. 
2 Benedikt-Ulzer, “Analyse der Fette,” 3rd Ed. (1897). p. 179. 
* Benedikt and Ulzer, “Analyse der Fette,” 3rd Ed. (1897), p. 650. 

In the sentence “Davon ist die constante Verseifungszahl in Abzug zu 
bringen” Verseifungszahl is  obviously a misprint for Aetherzahl. 

Ci7HsrOCH3COCOOH + Ci7H34C02 + KOH 
Acetoxy-stearic acid Stearo-lactone 

= C17H3aOCHsCOCOOK + C17HuC02 + H20 
Potassium acetoxy-stearate Stearo-lactone 

624.576 molecular parts of acetylated mixture require 
for neutralization 56.108 parts of KOH. The acetyl- 
acid number of the mixture would then be 56108 + 

I n  case the acetylated mixture be saponified with 
624. j76 = 89.83. 

an  excess of KOH the reaction would be 
C17H340CH3COCOOH + C17H34C02 + 3KOH 

Acetoxy-stearic acid Stearo-lactone 
= z C I ~ H ~ ~ O H C O O K  + CH3COOK + H20 

Potassium Potassium 
hydroxy-stearate acetate 

The  acetyl-saponification number of the acetylated 
mixture would then be 168324 f 624.576 = 269.50. 

The  acetyl-ether number (acetyl number of Bene- 
dikt and Ulzer) is then 269. jo- 89.83 = 179.67 .  

The acetyl number of Lewkowitsch, i. e., the mg. 
of KOH necessary t o ,  saponify the combined acetyl 
would be j6108 + 624.j76 = 89.83. 

The relationship of the theoretical constants for 
the non-acetylated and  acetylated mixture of hydroxy- 
stearic acid and stearo-lactone is shown in Table 11: 

TABLE I1 
Hydroxy-stearic acid Acid Sapon. Ether Acetyl Lactone 

and stearo-lactone No. No. No. hTo. No. 
Non-acetylated.. . , , , , . . , , . 96.31  192.62 96 .31  96 .31  
Acetylated. . . . . . . . . . . . . . . . 8 9 , 8 3  269.50 179.67  89 183 59 .83  

The acid number of t he  acetylated mixture is lower 
and  the  ether and saponification numbers are higher 
t han  the similar constants of t he  non-acetylated prod- 
uct. 

The lactone number, i. e., the mg. of K O H  necessary 
t o  saponify the lactones in I g. of acids is lower in the  
acetylated mixture. 

If we subtract t h e  ether number of the non-acetyl- 
ated from the  ether number of t he  acetylated mixture 
we obtain 83.36-the so-called “Reine Acetylzahl” 
of Benedikt and Ulzer; this value, owing t o  the non- 
correction for increase in weight of the fat ty  acids 
during acetylation, is less t han  89.83-the true acetyl 
number of Lewkowitsch. 

Theoretically, t he  increase in weight of f a t ty  acids 
during acetylation is expressed by  the  ratio of t he  acid 
number of t he  non-acetylated divided by  the  acid 
number of t he  acetylated acids. 

Let a be the  acid no. of t he  non-acetylated acid. 
Let a be t h e  acid no. of t he  acetylated acid. 
Let s be the  saponification no. of t he  non-acetylated 

Let u be the saponification no. of t he  acetylated acid. 
Let e be the  ether no. of the non-acetylated acid. 
Let E be the  ether no. of t he  acetylated acid. 
Let x be t h e  acetyl no. on basis of non-acetylated acid. 
Let E be the acetyl no. of the acetylated acid. 
The  ratio of KOH ,used in saponifying acetyl t o  the  

increase in weight of fa t ty  acids during acetylation is 
expressed by: 

acid. 

C2H20 42.016 
KOH 56.108 
- = -  = 0.7488 
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If x be the true acetyl number on the basis of the 
non-acetylated acids, the  g. of KOH necessary to  
saponify the  acetyl after acetylating I g. of mixed acids 
would be 0.001~. The weight of the I g. of acids after 
acetylating would then be I + 0.0007488x. 
Then 

X 
= f  

I + 0.0007488x 

I 

I1 

E 
I - 0.0007488 t 

a n d x  = 

a 
I + 0.0007488 x 

= a  

Substituting I in 11 we obtain 

= - a-a I11 
0.0007488 a 

The small denominator in  Formula I11 causes a 
very great multiplication of any experimental errors. 
The following methods of calculation are less ob- 
jectionable. 

Theoretically, the lactone number of the acetylated 

acids equals -, then the acetyl number of the acetyl- 

ated acids is found by  the equation 

ea 
a 

e a  ,$ = e - -  
a 

IV 

Since e = s - a and E = u - a, we obtain by 
substituting these values for e and E in Equation IV 

v Sa! < = a - -  
a 

The determination of the acetyl number in the in- 
soluble acids of two decomposed butter fats was car- 
ried out by the author both according to  the original 
Benedikt-Ulzer method and the  improved method of 
Lewkowitsch. The determinations were all made upon 
the  same weighed sample of acetylated acids. 

After determinihg the  acetyl acid and acetyl- 
saponification numbers, the  calculated amount of 
standard acid was added t o  unite with all the  alkali 
combined as potassium soaps. The insoluble acids 
were filtered off and the  free acetic acid in  the  filtrate 
determined by titration. 

The insoluble acids from the determination of the  
acetyl numbers were washed with boiling water, dried, 
and the  acid and saponification numbers of the  de- 
acetylated product determined. A summary of the 
results is given in Table 111. 

TABLE 111-INSOLUBLE FATTY ACIDS FROM BUTTER FATS 

No.  No. No. No. No. No. 
Acid Sapon. Ether Acetyl Lactone 

1 Non-acetylated.. . . . . .. . . 211.32 219.59 8 .27  5 .27  
1 Acetylated.. . . . .  . .  . . .  . .  . 194.71 238 .88  44 .17  3j : i )4  7 .13  
1 De-acetylated . . . . . . .  . . . . . 201.52 209.13 7 .61  . . . 7.61 
2 Non-acetylated.. . . . . . . . . 209.45 218.02 8 .57  8 .57  
2 Acetylated.. . . . . . . . . , , . . 196.21 238.65 42 .44  35:?2 6 . 7 2  
2 De-acetylated , . _ . . . .  . , . . . 205.00 212.35 7 .35  , , . 7.35 

The same relationship is noted between the constants 
of'the non-acetylated and acetylated acids as between 
the  theoretical constants of Table 11. 

It will be instructive to  compare the acetyl numbers 
actually determined with the  numbers calculated by 
Formulas I11 and IV. 

The calculation from the acid numbers of the non- 
acetylated and acetylated acids, using Formula 111, 
gives for Sample I an  acetyl number of 105.00 and for 
Sample z an  acetyl number of 84.40. These calcu- 
lated values, which are several times those actually 
found, show a depression in  the acid number of the 
acetylated acids greater than  that ,  due to  the increase 
in  weight from acetylation, a depression of I in the 
acid number making a difference of about 7 in  the  acetyl 
number as thus calculated. 

This excessive depression of the  acid number of the 
acetylated acids, as already stated, was explained by  
Lewkowitsch as being due to  the  formation of fa t ty  
anhydrides, and by Benedikt and Ulzer as being due 
t o  the  formation of lactones. There is, however, one 
other possibility, and tha t  is the decomposition of 
some of the fat ty  acids during acetylation. Table I11 
shows tha t  the constants of the  de-acetylated acids 
are uniformly lower than  those of the acids before 
acetylating and this would indicate the formation of 
small amounts of decomposition products by the boil- 
ing acetic anhydride. The much darker color of the 
de-acetylated acids is an  additional indication of such 
decomposition. If the  formation of fa t ty  anhydrides 
or lactones were the sole cause of the  depression in the  
acetyl-acid number, the constants of the  de-acetylated 
and non-acetylated acids should agree. 

If the calculation of the  acetyl number be based 
upon the acid numbers of the de-acetylated and acetyl- 
ated acids we obtain, using Formula 111, for Sample I 
an acetyl number of 45.06 and for Sample 2 an  acetyl 
number of 57 .26 .  The values thus calculated ap- 
proach much nearer those actually found; there still 
remains, however, a marked discrepancy which may 
be due to  the dehydration of a small amount of fa t ty  
acids during acetylation with formation of anhydrides 
or lactones. 

If the calculation of the acetyl number be based 
upon the ether or saponification numbers, using For- 
mulas IV or 1 7 ,  experimental errors are less magnified 
than by use of Formula I11 and a much closer agree- 
ment in the results is obtained. 

Lactone No. Acetyl No. - ----. 
1 2  1 2  

From ether no. of non-acetylated acids. ,  , , . . . . . . 7 .62  8 .03  36.55 34.41 
From ether no. of de-acetylated acids. .  . . . . . . . . . 7.36  7 .03  36.81 35.41 
Direct determination., . . . . , . . . . . . . . . . , . . . , . . . 7.13  6 . 7 2  37 .04  35 .72  

As was the  case with Formula 111, the calculations 
from the  constants of the  de-acetylated acids agree 
more closely with the  actual determinations than the 
calculations from the  constants of the non-acetylated 
acids. 

A comparison of the lactone numbers shows the 
determined values to  be lower than  those calculated, 
whereas if lactones or anhydrides were formed during 
acetylation the determined lactone values might be 
expected to  be higher. The contradiction may per- 
haps be due to  the fact t ha t  some of the  lactones in 
the fat ty  acids exist in an  unstable 6 or other form, 
and by the action of the  acetic anhydride become 
acetylated with the hydroxy acids; these decomposed 
lactones during the drying of the de-acetylated acids 
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might again be reformed in whole or in part. I n  con- 
firmation of this view i t  might be mentioned tha t  
Lewkowitsch’ obtained pronounced acetyl values with 
certain substances of a lactonic nature. The dis- 
crepancies, however, in view of t he  limitations which 
at tend an  indirect method of calculation, are not great 
enough t o  warrant making any sweeping conclusions. 
Further investigations upon the  fat ty  acids from other 
sources are needed before this and other doubtful 
points can be decided. Changes during acetylation 
through the partial destruction of f a t ty  acids, through 
t h e  formation of small amounts of f a t ty  anhydrides 
or lactones, and  through the slight acetylation of 
preexisting lactones, may, however, be considered as 
among the possible causes of disturbances in the  normal 
process of acetylation. 

Finally, i t  must be admitted tha t  there is much 
t ru th  in  the  argument that ,  since the lactones in a 
mixture of fa t ty  acids are derived from preexisting 
hydroxy acids, t he  acetyl number of Benedikt-Ulzer 
is a truer measure of t h e  original hydroxyl content of 
f a t ty  acids than  the  acetyl number of Lewkowitsch. 
Thus  7-hydroxy-stearic acid in the  glyceride molecule 
can be acetylated and  would show an acetyl number 
by t he  method of Lewkowitsch, whereas, the separated 
f a t ty  acids would show no acetyl number on account 
of t he  formation of stearo-lactone. 

The  acetyl value of a mixture of fa t ty  acids may be 
calculated back t o  the  condition preceding lactone 
formation in  the  following way: 

The  ratio between KOH used t o  saponify lactones 
and  the  increase in weight which the acids would 
undergo from acetylation of lactones is represented by  

C2H402 - 60.032 
KOH 56‘.108 

= 1.07 - _ -  

Let e and E be respectively the acetyl-ether and t rue 
acetyl numbers, then E - E = the  lactone number and 
0.001 ( E  - 5 )  = t he  g. of KOH required t o  saponify 
the  lactones in I g. of acetylated acids. 1.07 X 0.001 
(e - E )  = 0.00107 (e - E )  = the  increase in weight 
of I g. of acetylated acids if the lactones present were 
also acetylated. 

The  original acetyl number, calculated t o  the acetyl- 
ated hydroxy acids before lactone formation, then 

E - - 
1 + 0.00107 ( E  - E)’ 

I n  the author’s experience a combination of the 
Benedikt-Ulzer and  Lewkowitsch methods for de- 
termining the  acetyl number has been found t o  throw 
most light upon the  chemical changes which have 
taken place in insoluble fa t ty  acids as a result of oxida- 
tion. The determinations of acid, saponification, 
ether, acetyl and  lactone numbers can all be performed 
upon one weighed sample of acetylated acids and  the 
results enable the chemist t o  estimate the  relative 
distribution of t he  free and lactonized hydroxy acids. 
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Methods for the removal of unsaponifiable matter 
from fa t s  and  oils fall into two  division^:^ ( I )  Extrac- 
tion of the soap solution with solvents, and ( 2 )  the  
extraction of the dried soap with solvents. The 
method here proposed differs from both of these general 
processes in tha t  the fat ty  acids are removed from the 
unsaponified material b y  precipitation from ethereal 
solution. 

Stellwaag‘ in his work on the  unsaponifiable matter 
in concentrated feeding stuffs and  Fraps and  Rather5 
in their investigation on the  unsaponifiable matter in 
hays have shown the  need of a rapid and reasonably 
accurate method for t he  systematic removal of unsapon- 
ified matter in the determination of fats. 

PRECIPITATION METHOD 

The method used for t he  determination of unsaponi- 
fiable matter in ether extracts was adopted after con- 
siderable experimental work. The  data  on which i t  
is based will be published in another place.6 The  
process, designated as the Precipitation Method, is 
as follows: Add 2 0  cc. of approximately 2 N alcoholic 
sodium hydroxide t o  a known amount of the sample 
(about 0.4 g.), and boil under a reflux condenser for 
one hour. Evaporate nearly t o  dryness and add  3 .5  
cc. glacial acetic acid, or its equivalent in weaker acetic 
acid. Add 50 cc. of redistilled ether and warm t o  
dissolve the  extract. Add 2 5  cc. water and warm a 
minute more. Transfer t o  a 500 cc. pear-shaped sepa- 
ratory funnel with a short neck and  wash out the flask 
with 5 successive 2 0  cc. portions of ether, pouring 
the  washings in the funnel. Turn  the  funnel on its 
side and  shake gently. The two layers should now 
be clear and  the aqueous layer nearly colorless. Draw 
off the lower layer into a 500 cc. Erlenmeyer flask. 
Add t o  the ethereal solution IO cc. of warm I : 2 
aqueous sodium hydroxide solution, t u rn  the  funnel 
on i ts  side and shake gently. Allow the  precipitate 
t o  settle, add 2 j cc. warm water, hold funnel in vertical 
position and give rotary motion. Allow the two layers 
t o  separate, and  draw off the clear aqueous solution 
into the Erlenmeyer flask, leaving any  emulsion 
in the funnel. Repeat and  then shake gently as above 
with j successive 30 cc. portions of cold water, al- 
lowing a short time for t h e  two solutions t o  separate, 
and add the washings t o  the soap solution in the  
Erlenmeyer flask. Transfer t he  ethereal solution t o  
a tared 2 0 0  cc. flask, evaporate or distil off the ether, 
and  dry to  constant weight in a steam oven a t  100’ C. 

The  following correction for f a t ty  acids in unsaponi- 
fied should be used for material high in f a t ty  acids and  
low in unsaponified. Add 2 0  cc. of 0 .2  N hydrochloric 

1 Abstracted by the author from Texas Experiment Station, Bull. 169. 
2 Under the general direction of G. S. Fraps, Chemist. 
a Lewkowitsch, “Chemical Technology and Analysis of Oils, Fats and 

Waxes,” 5th Ed., Vol. I, p.  456-60. 
4 Landw. Versuch. Slat., 87, 148. 
6 Texas Exp, Sta.. Bull. 160. 
8 L O C .  cit. 


