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T A B L E  I V  

F a t t y  Acid Composi t ion of F a t  E x t r a c t e d  f r o m  Pota toes  a f t e r  F r y i n g  

F a t t y  acids  ! % )  I Oil ( b h r )  

N y r i s t i c  ................... ] .7 
P a l m i t i c  ................... 23.8 
Pa lmi to le ic  .............. I .8 
S t ea r i c  ..................... I 2.9 
Oleie ........................ ] 17.8 
Linole ic  ................... i 54.0 

T H E  J O U R N A L  O F  T H E  A M E R I C A N  0 I L  C H E M I S T S '  S O C I E T Y  V 0 L .  4 1  

T A B L E  V 

F a t t y  Acid Composi t ion of F a t  E x t r a c t e d  f r o m  Chicken  Be fo re  and  

L a r d  (10 h r )  
a f t e r  F r y i n g  

Oil ( l O h r )  Lar_d ( b h r )  

.8 I 1.4 
31.2 26.1 

1.8 1.8 
3.6 17.2 

21.0 44.7 
41.2 6 8 

Oil Oil L a r d  L a r d  
1.6 F a t t y  acids ( % )  (5 h r )  (10 h r )  (5 h r )  (10 h r )  R a w  

30.0 
2.6 Myris t ic  .9 .7 1.0 .8 .9 

t8 .9  Pa lmi t i c  ........ 26.0 25.4  25.2 25.8 25.4  
42.6 Palmitole ic  2.7 2.0 2.7 4.9 5.8 

4.8 Stear ic  5.6 5.0 15.1 12.2 8.8 
Oleic ......... 28.2 27.4 38.4 39.8 41.9 
Linoleic .... 36.0 38.7 16.6 15.4 17.3 

chicken is reported in Table V. Also, in the table 
is reported the fa t ty  acid composition of a chicken 
obtained from the same source which had been fed 
the same ration. The raw chicken was ground and 
dried at 100C for six hr. Fa t  extracted from the 
dry  material was used for fa t ty  acid analyses. 

These data show that  while the fa t ty  acid content 
of the fat  extracted from the chicken reflects the 
fat  it was cooked in, the f a t ty  acid composition also 
depends quite a bit on the chicken itself. There ap- 
pears to be little difference in the fa t ty  acid com- 
ponents of chicken cooked in cottonseed oil whether 
the fat  was used for five or ten hr. The same is t rue 
of chicken fried in lard. Thus, there is evidence that 
any catalytic activity of hematin compounds in the 
chicken was offset by  the deterrent  effect of fat, 
amino acids or some unidentified protective agent in 
the meat. 
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Abstract 
Aeetylation of complex organic mixtures and 

high tool wt alcohols is inconsistent by existing 
procedures because of sample insolubility. By  
choosing a suitable mixed paraffin-ethyl acetate 
solvent to br ing about nearly instantaneous solu- 
tion, and utilizing the known catalysis proper ty  
of perchloric acid, aeetylation is quanti tat ive in 
10 min or less at room temp. The effect of per- 
chlorie acid cohen on these high tool wt systems 
was studied, and from 0.05-0.45M consistent 
results were obtained without difficulty. 

Acetylation of polyethylene oxide (P.E.O.) ad- 
ducts of straight chain monohydric alcohols pro- 
ceeds normally and without degradation by the 
prescribed procedure. Extended reaction time re- 
suits in part ial  degradation of the polyether link- 
ages and amounts to nearly 8% af ter  30 rain. 

Introduct ion 

T H E  P U B L I S H E D  C L A S S I C A L  base catalyzed acetylation 
and phthalat ion procedures, including the AOCS 

procedure (1),  for  determining organic hydroxyl  
groups in alcohols are time consuming, oftentimes 
inconsistent, and not applicable to high tool wt alco- 
hols, aleohol-P.E.0, adducts and complex mixtures. 
Increased interest in high mol wt and complex organic 

in High Molecular 
Organic Mixtures 
Development Department, Ponca City, Oklahoma 

systems has necessitated development of a rapid and 
quantitat ive procedure applicable to these systems. 

Mehlenbacher (7) presents an excellent review of 
the per t inent  l i terature through 1952. Siggia et al. 
(8) use pyromellitic dianhydride to esterify alcohols, 
while Sully (11) employs stearie anhydride and 
elevated temp. Bur ton  and Prai l l  (2,3) described a 
reaction mechanism for perehloric acid catalyzed 
acetylation which was later used by Fr i tz  and Sehenk 
(6),  who extended it to include the pyr idinium acetyl- 
inium ion suggested by Gold and Jefferson (5).  Fr i tz  
and Schenk (6) also mention p-toluene sulfonic acid 
as a mild catalyst for  aeetylation. Stetzler and Smul- 
]in (10) use it and elevated temp to aeetylate poly- 
propylene oxide adducts of Sorbitol. They, Fr i tz  and 
Schenk (6) and Critehfield (4),  observed that per- 
ehloric acid degrades propylene oxide linkages on 
polyhydric alcohols. Work in this laboratory shows 
that  degradation of alcohol-propylene oxide adducts 
does indeed occur as described, but  for straight chain 
aliphatic alcohol-P.E.0, products  no degradation oc- 
curs in the recommended reaction time. In  fact, sig- 
nificant degradation occurs only af ter  three times the 
prescribed reaction time. 

Classical base catalyzed acetylation or phthalation 
of high tool wt and complex organic systems often 
requires four or more hr. A reaction time longer than 
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six hr was necessary for many P .E.0 .  alcohol adducts, 
and in several cases acetylation was still incomplete. 

The present work demonstrates that  choosing a 
suitable paraffin-ethyl acetate solvent to ensure rapid 
sample solution of the complex systems studied and 
utilizing the known catalysis proper ty  of pcrchloric 
acid, acetylation proceeds at room temp normally and 
without degradation in 10 rain or less. By extending 
the acetylation reaction time to 15 rain, degradation 
of ether linkages of aliphatic P .E .0 .  alcoholates be- 
gins and af ter  30 min still is only 5-8%. 

Reagents and Solutions 
2M Acetic Anhydride in Ethyl Acetate. Add 5.2 g 

(3.0 ml) 72% perchloric acid to 150 ml ACS grade 
ethyl acetate in a clean 250-ml glass-stoppered flask. 
Pipet  8 ml ACS grade acetic anhydride into the flask 
and allow it to stand at room temp for at least 30 
rain. Cool the contents of the flask to 5C and add 
42 ml cold acetic anhydride.  Keep the flask at 5C 
for an hour, then allow the reagent to come to room 
temp. Some yellow color will develop, but  the color 
and anhydr ide  content of the reagent remain at  satis- 
fac tory  levels for  at least two weeks at room temp. 

Acetylating Reagent. Mix 4 parts perchloric acid 
catalyzed 2M acetic anhydride in ethyl acetate with 
I par t  n-hexane. 

0.0531 Sodium Hydroxide. To 364 g aqueous 50% 
( W / W )  sodium hydroxide (Carbonate free) add 75 
ml distilled water and dilute to 9 liters with Formula  
30 alcohol. Standardize against potassium acid 
phthalate. 

Mixed Indicator. Mix one par t  0.1% aqueous ortho 
cresol red with 3 parts  0.1% aqueous thymol blue, 
each neutralized with sodium hydroxide. 

Ethyl Acetate. ACS grade or better. 
Potassium Acid Phthalate. Pr imary  standard grade. 
n-Hexane. 95 mole per cent minimum. 
Formula 30 Alcohol. 95% ethanol, 5% methanol. 
Pyridine. ACS grade or better. 
Alcohol Samples. All pure alcohol samples used 

in this work were prepared in our Distillation Labora- 
tory, fu r the r  purified by our Separations Analysis 
Group, and are --+99.9% pure, as determined by GLC. 

Poly.ethylene Oxide-Alcohol Adducts. These samples 
were prepared and purified in our Petrochemical Re- 
search Laboratory.  

Recommended Procedure 
Accurately weigh 0.2-0.5 g of sample into a 250-ml 

glass-stoppered flask containing exactly 5.0 ml acetyl- 
ating reagent. Solid samples are melted and weighed 
rapidly  by difference. Allow the reaction to proceed 
at room temp for 5 rain for alcohols up to eicosanol 
including P.E.O.-alcohol adducts, and 10 rain for  alco- 
hols above eicosanol and complex mixtures. Add 2 ml 
water, swirl the mixture, and let stand 2 rain, then 
add 10 ml 3:1 pyridine-water  solution and allow the 
flask to stand for 5 rain. Ti trate  with 0.50M sodium 
hydroxide using the mixed indicator. The end point 
is a mat ter  of choice as long as the same end point is 
taken for both the blank and the sample titrations. A 
reproducible end point occurs when the color change 
is from yellow to violet or when the color changes to 
a deep pure blue. The t i trations also can be done 
potentiometrically with a recorder readout  or plotted 
or the end point taken at an apparent  p i t  of 9.8. 
Run a reagent blank in the same manner  as described 
for a sample using 5.0 ml acetylating reagent but  
none of the sample. The difference bet~veen the blank 
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and sample t i trations is used to calculate the  percent- 
age of organic hydroxyl  groups in the sample. 
CAUTION Organic solvents containing perchlorie 
acid have been widely used. No hazard exists under  
the conditions described in the above procedure. Solu- 
tions containing perchloric acid should not be heated, 
however, and should be disposed of immediately af ter  
the determination is completed. 

Discussion 

Preparat ion of 2M acetic anhydride in ethyl acetate 
occasionally resulted in a temporar i ly  dark brown 
solution. Upon standing for ca. 12 hr it turned a 
light lemon yellow and was stable. The reason for the 
dark color is not known but  it is probably due to 
an intermediate formation of some quinoidal type 
colored molecules which, upon standing, form a more 
stable configuration. 

Solutions of acetic anhydride are much less stable 
in the 4:1 ethyl acetate-hexane solvent than in pure 
ethyl acetate. The mixed reagent is stable only 2 or 3 
days compared to 2-3 weeks for pure ethyl acetate 
reagent. To simplify manipulation as much as pos- 
sible, a stock solution of perchloric acid and acetic 
anhydride added to ethyl acetate was prepared as de- 
scribed above and the mixed acetylating reagent was 
then prepared as needed. I n  this manner  the stability 
was not impaired and the perchloric acid conch could 
be changed to any desired level. 

Addition of n-hexane to ethyl acetate mixture  lowers 
the perchloric acid concn. Since various ratios of 
hexane-ethyl acetate were investigated to establish a 
general solvent system, it became desirable in view 
of other work (6) to see if different perchloric acid 
conch also affected these high tool wt systems. The 
work done in this laboratory shows that  f o r  these sys- 
tems perchloric acid concn up to 0.45M has no dis- 
cernible effect on acetylation results. 

Several additional solvents have been described as 
siutable for  acetylation of hydroxyl  groups (6) bu t  
none of these were as applicable to our complex sys- 
tems or as stable as the mixed solvent described above. 
Pyr id ine  has been used extensively for base catalyzed 
and moderately used for acid catalyzed acetylation. I t  
offered no advantage over the mixed solvent used and, 
in fact, was much less stable. 

Solution of the solid samples used in this work 
was quite slow, thus necessitating a longer acetylation 
time. Nearly instantaneous solution and rapid acetyla- 
tion are attained, however, by inverse addition of the 

T A B L E  I 

Sample 

Octanol 
Decanol  
Tridecanol 
~Iexadecanol 
Eicosanol  
Polyethoxylate-A a 
Polyethoxylate-B a 
P olyethoxylate-C a 
Polyethoxylate-D a 
Polyetho:rylate-E a 
Complex mixture-1 b 
Complex mixture-2 b 
Complex mixture-3 b 
Complex mixture-4  b 

Number  
of repli- I 
cate de- 

t e ~ n a -  

2 
7 
3 
2 
2 
2 
2 
2 
2 
3 
2 
2 

Per cent hydroxyl Relative 
standard 
deviation 

Range  Avg  Theory per__cent 

12 .97-13 .21  13.07 13.06 •  
10 .67 -10 .84  10.75 10.75 i •  

8 . 5 5 -  8.61 8.58 8.53 .......... 
7 . 0 0 -  7.10 7.06 7.02 •  
5 . 6 9 -  5.75 5.72 5.70 .......... 
6.13-- 6.15 6.14 . . . . . . . . . . . . . . . .  
5 . 4 6 -  5.54 5.50 . . . . . . . . . . . . . . . .  
6 .91 -  6.95 6.93 . . . . . . . . . . . . . . . .  
6 .46 -  6.53 6.50 . . . . . . . . . . . . . . . .  
5.87-- 5,93 5.90 . . . . . . . . . . . . . . . .  
5 . 7 3 -  5.78 5.76 . . . . . . . . . . . . . . . .  
4.84-- 5.06 4.98 . . . . . . . . . . . . . . . .  
3 .83 -  3.86 3.85 . . . . . . . . . . . . . . . .  
5.02-- 5.09 5.05 ...... I .......... 

a Dodecanol- tetradecanol  adducted  wi th  va r ious  molar  quant i t i es  of 
ethylene oxide. 

b Complex mixtures  1,2 and 4, approx composit ion includes 65 -75  ~v 
alcohols r a n g i n g  from C3o th rough  C aoOI-I, 2 5 - 3 5 %  paraffin,  olefin, ester, 
acid, ether and carbonyl  compounds.  Complex mix tu re  3, s imi la r  to 
above except i t  also contains  3 %  sodium borohydride.  
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T A B L E  I I  

Acety la t ion  at R o o m  T e m p e r a t u r e  of Complex  Dis t i l la t ion  R e s i d u e s  by 
Classical  and 0 . 1 5 M  Perch lor i e  Ac id  Catalyzed P r o c e d u r e s  

Sample  

Complex  mix ture -3  .............. 

Complex  mixture -1  .............. 

React ion  
t ime 
lllin 

1 0  
60 

240 
360 

5 
l 0  
60 

240 
360 

T H E  J O U R N A L  OF T H E  A M E R I C A N  O I L  C H E M I S T S '  S O C I E T Y  VOL. 41 

T A B L E  I V  

Effect  of Perch lor i c  A c i d  Concentra t ion  on Ace ty la t ion  of H y d r o x y l  
Groups  at R o o m  T e m p e r a t u r e  for 10 M i n u t e s  U s i n g  M i x e d  

Ac id  cata lys i s  B a s e  
cata lys i s  

72.4 
87.3 
91.6 

83.7 
98.7 
99.8 

Ethyl-  
acetate  Mixed 

se lvent  a ] so lvent  Classicall~ 

68.2 I / ~ - -  

93.6 100.2 

M i x t u r e  1 and  3 cortes  ~ond to the sanlples descr ibed  in Table  I. 
a I n c o m p l e t e  acety lat ion  is due  p r i m a r i l y  to s low and  incomple te  

solubi l i ty  of the complex  mix ture .  
b Reference 8 in b ib l iography.  

melted sample onto the acetylat ing reagent. All  other 
samples can be treated as desired since solution by 
either technique poses no problem. 

Nearly all the complex systems studied have quanti- 
tatively aeetylated in 5 min. Occasionally, a sample 
containing organic hydroxyl  groups included impuri- 
ties that seemed to retard aeetylation. However,  these 
completely reacted in i0  rain or less which is the sug- 
gested t ime outlined in the procedure for all of the 
complex systems. 

Results 

Data in Table I represent the results obtained for 
pure alcohols, various complex mixtures and P.E.O.- 
alcohol adducts. The method is a general one and the 
data show that with pure alcohols it is accurate to 
better than ~ 1 . 0 %  of the true value and with a rela- 
tive standard deviation of less than •  Al though 
the absolute purity of the P.E.O.-alcoholates and com- 
plex mixtures is not known, the precision and accuracy 
fo r  them should also be •  The results smn- 
mar ized  here for pure alcohols were obtained over a 
period of several weeks using several preparations of 
acetylating reagent and are, insofar as is possible, rep- 
resentative of actual practical laboratory conditions. 

Table Ill compares the similarities and differences 
in acetylation of organic hydroxyl  groups in complex 
systems by the perchloric acid catalyzed and classical 
(9) procedures. It shows that while ethyl acetate is 
an acceptable solvent for some systems (6) ,  it is total ly  
unsuitable for the type of samples analyzed in our 
work. i t  is quite likely, however, that quantitative 
results would be obtained in ethyl acetate solvent after 
an extended reaction time provided the sample was 
evenly dispersed during the acetylation reaction. The 
classical base catalyzed procedure is unsuitable in some 
cases even after an extended reaction time of 6 hr. The 
mixed solvent acetylating reagent was chosen for the 
100% reaction based on data in Table I. It readily 
dissolves complex mixtures as well as P.E.O. adducts 
and simple alcohols with quantitative acetylation in 
less than 10 minutes without  difficulty. 

T A B L E  I I I  

Effect  of 0 . 1 5 M  Perch lor i c  A c i d  on Ace ty la t ion  T i m e  of E t h y l e n e  Oxide  
A d d u c t i o n  P r o d u c t s  of N-Al iphat i c  Alcohols  

Samole 
Per  cent  reac t ion  a after  

5 Min 10 Min 15 Min J 30 M i n  

99.7 99.0 I 107.6 
99.2 100.1 102.1 107.3 
99.0 99.7 101.2 104.1 
99.7 99.7 100.4 105.2 
99.6 99.8 100.1 107.4 
99.3 99.7 100.3 106.6 

t ......................................... 
B ......................................... 
C .......................................... 
D ......................................... 
E ........................................ 
F .......................................... 

a B a s e d  on resu l t s  obta ined  u s i n g  9 - t o h e n e  su l fon ic  ac id  p r o c e d u r e  
(10) .  

Ethy l  Acetate  and  H e x a n e  So lvent  

P e r  cent  reacted  
Perch lor ic  

acid Complex  Complex  Poly-  
ethoxy-  E i c o s a n o l  concn  mixture -3  a mix ture -1  a 
late  A a 

0.0 M 25.1 24.8 49.5 75.8 
0.05M 99.7 100.2 99.8 99.9 
0.15M 99.8 99.7 100.9 99.9 
0.30M 100.1 99.9 99.8 100.0 
0.45M 100.2 101.1 100.4 100.2 

Approx compos i t ion  corresponds  to samples  descr ibed  in Table  I .  

Data in Table III  show the effect of reaction time 
of perchloric acid catalysis on the acetylation of 
P.E.O. adducts of n-aliphatic alcohols. The results for 
each sample show a definite degradation trend near a 
15-rain reaction time. Af ter  30 rain the degradation 
becomes quite significant and it is reasonable to assume 
that degradation would continue with an extended 
reaction. Since a normal  reaction time in this work is 
10 rain or less, little or no interference wil l  occur with 
these types of polyoxyethylates .  However,  results by 
previous workers (10) ,  and confirmed in this labora- 
tory, show that significant degradation does indeed 
occur in P.E.O. or P.P.O. adduets of polyhydrie  al- 
cohols. The method then is not a general procedure 
but is ful ly  applicable to the various P .E .0 .  adducts 
of aliphatic monohydric  alcohols, and is probably also 
applicable to the dihydric alcohol analogs. 

The results in Table IV  describe the effect of per- 
chloric acid conch on the acetylation of organic hy- 
droxyl groups. There is little to choose from above 
0.05M acid conch. Even for the P.E.O. sample, there 
was no significant effect. Eieosanol  was used as a 
control sample since the purity  of the other samples 
was unkown. This sample was extensively analyzed 
prior to the other samples shown in Table IV, and 
no significant effect due to perchloric acid, including 
erratic results and low anhydride conen, was observed. 
Since it is known (6) that erratic results and low an- 
hydride level result with a perchloric acid concentra- 
tion above ca. 025M, it can only be assumed that with 
high tool wt  samples the factors causing erratic results 
are no longer significant. Another  point worth consid- 
eration is that in the present work, there was no excess 
water in the acetylating reagent at high concn of per- 
ehloric acid (0.15M and higher) ,  thus the anhydride 
level was essentially the same for all the described 
work. 

Samples on which the described procedure has been 
used with excellent results, but which are not de- 
scribed in detail here, include hydrolysis  products 
from trialkyl a luminum and dialkyl alkoxy a luminum 
mixtures, distil lation overhead and residue samples, 
trace alcohol in non-alcoholic mixtures, paraffins and 
olefins, organic esters and acids, and dimerized, 
branched and tertiary alcohols. 
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