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rain. hydrolysis times. There was no change in the 
composition of the liberated fa t ty  acids over this time- 
interval. Hydrolysis  of a sample of symmetrical oleo- 
distearin prepared synthetically showed less than 1% 
oleie acid in the liberated fa t ty  acids. The hydrolysis 
appeared therefore to be completely selective for  the 
1 and 3 positions under  the conditions used. 

The compositions of the original fats were also ob- 
tained by gas-phase chromatography. The fats were 
converted to their methyl  esters by refluxing 100 mg. 
of fa t  in 10 ml. of methanol containing 1 rag. of 
sodium methoxide for one hour. A few drops of acetic 
acid were added to destroy the catalyst and the sol- 
vent evaporated to give the esters which were injected 
into the chromatographic unit. 

Summary 
A theory has been presented for the formation of 

fats which gives the amounts of the various glyceride 
types equivalent to a random or modified restricted 
random distribution and at the same time gives a 

predominance of specific positional isomers. The basis 
of the theory is a random attachment of the fa t ty  acids 
at each stage of glyeeride synthesis with an intra- 
molecular rearrangement  to a prefer red  form at the 
1,2-diglyeeride level of fa t  formation. The theory 
gives a good correlation of much of the data avail- 
able on glyceride s t ructure  at the present time. 

Like all previous theories, the present proposal is 
based on the analysis of the final products  of fa t  
synthesis without any definite knowledge of the 
mechanism of the synthesis. Much more work is re- 
quired on the glyeeride s t ructure  of fats and the 
mechanism of their biosynthesis before the distri- 
bution pat tern  of the f a t ty  acids in natural  fats 
can be definitely established. 
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New Fat Products Glyceride Esters of Adipic Acid 1 
TRUMAN L. WARD, AUDREY T. GROS, and R. O. FEUGE, Southern Regional Research Laboratory, 2 
New Orleans, Louisiana 

M ANY practical applications as lubricants and 
coatings for the food industry  have been 
visualized for highly viscous edible oils. A 

previous publication (6) has shown that  the aeyla- 
tion of symmetrical diglyeerides of edible fat-fbrming 
acids with dibasic acids like fumarie, suceinie, and 
adipic produces compounds which possess a high 
viscosity and other unusual properties. S t ruc tura l ly  
these compounds are essentially two diglyeeride mol- 
ecules joined by simple ester linkages to a molecule 
of short-chain dibasic acid. 

1 Presented at the 49th Annual Meeting of the American Oil Chemists' 
Society, Zlemphis, Tenn., April 21-23, 1958. 

2 One of the laboratories of the Southern Utilization Research and 
D e v e l o p m e n t  Division, Agricultural Research Service, U. S. Depart- 
merit of Agriculture. 

These esters might be expected to be edible and 
digestible since fumarie and succinic acids occur as 
lnetabolites in the Krebs cycle for the metabolism 
of fats. Recently Horn  and co-workers (9) have 
provided evidence, based oll the acute and chronic 
administration of adipie acid to laboratory animals, 
that  adipic acid is physiologically comparable to 
citric and tar tar ic  acids and can be added to food 
products with safety. While available information 
indicates that  the glyeeride esters of adipie acid as 
well as those of fumaric and succinie acids are edible, 
recommendations as to whether or not these com- 
pounds can be used as foods must await the outcome 
of tests now under  way. 



668 THE JOURNAL OF THE AMERICAN OIL CHEMISTS' SOCIETY VOL. 36 

Compounds of the type under  discussion have 
been described only twice heretofore, in our earlier 
work (6) and in a very brief mention by Blake of 
his(glycerol dioleate) malate (3). Several esters of 
short-chain dibasic acids, other than but  somewhat 
related to the glyceride esters with which we are 
concerned, have been shown to be suitable for use 
as lubricants and coatings. Roberts (12) describes 
the preparat ion of a related compound suitable for 
use as a demulsifying agent. 

The present investigation was concerned pr imari ly  
with extending the information available on diglye- 
eride esters of dibasic adds, par t icular ly  as to the 
manner in which symmetry and types of f a t ty  acids 
affect the physical properties. In  this investigation 
adipic acid was the only dibasic acid used. 

Experimental 
Materials and Methods of Preparation. The glyc- 

erol employed in the preparat ion of the distearins 
was U.S.P. grade. In the preparat ion of 1,2-O-isopro- 
pylideneglyeerol (acetoneglyeerol),  the glycerol was 
first dehydrated by distillation under  reduced pres- 
sure, and a middle fraction was collected. 

The 1-monostearin employed was prepared by re- 
peated crystallization, first from hexane and then 
from acetone, of a molecularly distilled 1-monostearin 
prepared from a commercial stearic acid, Hyst rene  
S-97, which originally had a pur i ty  of about 97%. 
By  the periodic acid oxidation method of analysis 
(8) the final product  contained better than 99% of 
1-monostearin and had a hydroxyl  value of 312.5 
(theoretical value, 314.7). The lat ter  value was de- 
termined by the method of West et al. (14) except 
that  an acetic anhydride to pyridine ratio of 1:3 
instead of 1:7 was used. 

The 1,3-diaeetin used in the prepara t ions  was ob- 
tained as Eastman grade from the Eastman Organic 
Chemicals Depar tment  of Eastman Kodak Company. 

The 1-aeeto-3-stearin and 1-butyro-3-stearin used 
were prepared by the direct esterifieation in chloro- 
form and pyridine solution of Lmonostearin with 
aeetyl and bu tyry l  chlorides, employing a modifi- 
cation of the procedure of Malkin et aI. (10). The 
1-aeeto-3-stearin contained 0.60% monoglyceride and 
had a hydroxyl  value of 143.8 (theoretical value, 
140.0). The 1-butyro-3-stearin contained 0.43% mono- 
glyceride and had a hydroxyl  value of 122.8 (theo- 
retical value, 130.6). 

The 1,3-distearin was prepared from purified stearic 
acid obtained by repeated crystallization of Hyst rene  
S-97 from acetone. The stearie acid was converted 
into a mixture  of mono-, di-, and tr istearin by reaction 
with glycerol in the presence of stannous chloride 
dihydrate  under  conditions which favored the forma- 
tion of distearin (5). Af ter  purification by fractional 
crystallization from solvents, the 1,3-distearin con- 
tained 0.0% of monoglyceride and had a hydroxyl  
value of 85.0 (theoretical value, 89.7). 

The 1,3-diolein was obtained by repeated crystal- 
lization from acetone of a product  containing 85% 
diolein, which was obtained in tu rn  as a fract ion 
during the molecular distillation of a mixture of 
mono-, di-, and trioleins. The purified 1,3-diolein 
possessed the theoretical iodine value (81.75), corn 
rained 0.48% monoglyeeride, and had a hydroxyl  
value of 91.7 (theoretical value, 90.3). 

The aeetyl chloride was Baker ' s  Analyzed grade, ob- 
tained from the J. T. Baker Chemical Company, and 
was used without fur ther  purification. The bu tyry l  
and adipyl chlorides were Eastman grade, obtained 
from the Eastman Organic Chemicals Department,  
Eastman Kodak Company. They too were used with- 
out fu r ther  purification. 

The method of Youngs et al. (15) was used in the 
preparat ion of the stearoyl chloride. Pure  stearic 
acid was dissolved in commercial pentane and allowed 
to react with phosphorus pentaehloride. The reaction 
product  was purified by washing the hydrocarbon 
solution with ice water. Af ter  dry ing  the solution, 
the commercial pentane was removed by distillation 
and str ipping with an inert  gas. A reduced molyb- 
date colorimetric test for phosphorus revealed that  
the stearoyl chloride contained only 0.05% phos- 
phorus. By infrared spectrophotometrie analysis of 
a carbon tetraehloride solution, the quant i ty  of ste- 
aric acid in the stearoyl chloride was estimated to be 
approximately 1 to 2%. 

Olcoyl chloride was prepared by reacting' oleic acid, 
obtained by the saponification and subsequent acidu- 
lation and purification of methyl  oleate derived from 
pecan oil, with oxalyl chloride or phosphorus penta- 
chloride. The oleoyl chloride obtained with the last- 
mentioned reagent contained 0.26% phosphorus. 

The various solvents and other reagents employed 
in the preparations were given a special purification 
whenever this was deemed necessary. The pyridine 
was refluxed and then distilled over porous barium 
oxide to remove all traces of moisture. The chloro- 
form was washed to remove the ethanol which had 
been added as a preservative, dried over Drierite, 
decanted, and distilled. 

The preparat ion of the 1,3-mono-aeid- and the 
1,3-diacid-diglyeeride esters of adipie acid simply 
involved reaction of the proper  diglyceride with 
adipyl chloride in the presence of solvents under  
conditions which assured complete esterifieation of 
the free hydroxyl  group and minim.ized the forma- 
tion of by-products (6). The esters were purified by 
repeated crystallization from commercial hexane and 
acetone except in the case of bis [1- (acetoxymethyl)  -2- 
(acetoxy) ethyl] adipate, 

'o' 
~C-O-C-(C~)h-C.-O-C~ 

 3c-c-o-c  F c-o-F-c  3. 
o o 

The latter product  was purified simply by washing 
a chloroform solution with water. 

For  the preparat ion of bis(2,2-dimethyl-l,3-dioxo- 
lan-4-ylmethyl) adipate, 

HoC-0-C-(C~)j.-C.-0-C~ 
I o o I 

sO-CH HC-O\ 
(CH3)2C,,0 Cl�89 i -C(CH~)2 

- ~2c-o" ~ ' 

the 1,2-O-isopropylideneglyeerol was prepared by the 
classical method of Fischer and Pfiihler (7). Specifi- 
cally, 200.0 g, (2.18 moles) of anhydrous glycerol were 
allowed to react with 950 g. (16.36 moles) of an- 
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Compound 

Bis  (2,3-dihydroxypropyl)  adipate  ...................................................... 
Bis  (2,2-dhneth~l- 1,3-dioxolan-4-ylm ethyl ) adipate  ............................. 
Bis  [ 1- (acetoxylnethyl) -2- (acetoxy) ethyl 1 adipate  ............................. 
Bis [ 1- (aeetoxymethyl)  -2- (stearoyloxy) ethyl] adipate  ....................... 
Bis  [ 1- (hutyroxymcthyI)-2-  (stea:~oylexy) ethyi ] adipate  ..................... 
Bis[  1- (hydroxymethyl) -2-(s tearoyloxy)  ethyl] adipate  ...................... 
Bis  (2,3-distearoyloxypropyl)  adipate  ................................................. 
Bis  [ 1- (s tearoyloxymethyl)  -2- (stearoyloxy) ethyl] adipate  a ................ 
Bis  [ 1- (oleoyloxymethyl) -2- (stearoyloxy) ethyl] adipate  ..................... 
Bis  [ 1- (oleoyloxymethyl)-2- (oleoyloxy) ethyl 1 adipate  a ...................... 

Number -aver age 
molecular  weight  a _ 

Foond h:eo2t i 

Content  of carbon ~nd 
hydrogen,  % 

Yound Theoret ical  

~I } ~ { o n o -  
_ Y' .  glyceride Acid 
aro  xyt content  value 

/ v a m e  % ' 

754.0 I 98.3 r I 0.75 
1.26 b 0.1 0.12 
0.34 b 0.0 0.72 
6.23 0.3 0,42 
3.96 0.1 0.00 

1138.12 . . . . . . . . . . . .  
3.77 0.2 0.21 
0.07 b 0.5 1.65 
0.0 ...... 
0.07 h ...... 0.56 

306 
433 
478 
920 
930 

1383 
1245 
1350 
1318 

294 
374 
462 
911 
939 
827 

1360 
1860 
1356 
1352 

C 

57.77 
52.36 
68,88 
69.29 
69.78 
74.04 
74.34 
73.98 
74.18 

H 

8.01 
6.62 

10.44 
10.42 
10.69 
11.63 
11.74 
11.08 
11.25 

C 

57.74 
51.94 
68,53 
69.04 
69.69 
74.17 
74.17 
74.39 
74.61 

t t  

8.08 
6.54 

10.40 
10.52 
10.97 
11.71 
11.71 
11.45 
11.63 

Zlel t ing po :,o 

Bis(2 ,3-d ihydroxypropyl )  adipate  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  j No crystals at  - 7 0  
Bis (2,2-dimethyl-l ,3-dioxolan-4-vhnett tyl)  adipate  ............................. [ 56.0 
Bis  [ 1- (acetoxymethyl)  -2- (aceto.~y) ethyl ] adipate  .............................. [ No crystals at  - 7 0  
Bis  [ 1- (acetoxymethyI)-2 - (stearoytoxy) ethyl ] adipate  ...................... I 43.0 
Bis  [ 1 - (butyroxymethvl )  -2- (s tearoyloxv)  ethyl ] adipate  ..................... I 71�9 
Bis  [ 1- (hydroxymethyl)  -2- (stearoyloxy) ethyl J adipate  ...................... [ 75.9 
Bis  (2,3-distearoyloxypropyl)  adipate  ................................................. I 75.2 
Bis  [ 1- (stearoyloxymethyt)  -2- (s tearovloxy)  ethyl] ad ipa te  d ................. / 82.1 
Bis  [ 1 - ( oleoyloxymethyl ) -2 - ( sieur oyl.~)xy) ethyI ] ~,dipa.te .................... ] 20.8 
Bis  [ 1 - (~ ethyl) -2- (oleoyloxy) ethyl ] adipate, a ...................... I No crystals at  - 7 0  

Kinemat ic  viscosity,  
eentistokes at  

37 .8~ 98.9~ 

311.0 --63~-----1 
7.70 

205:0 29.9 
25.4 
29.3 
18.6 
16.5 
18,9 

i~:~  17.6 
92.0 15.0 

Density, g . /ml ,  at  

30.0~ 

~ . 3 4 5 0  - -  

1.~bib 

ZZ:: 

0.9235 
0,9435 

50.0~ 

1.3326 

1.2797 
1.0085 

0.9108 
0.9354 

�9 98.9~ 
% ~ 7 5 - -  - -  

1 .0702 
1.2438 
0.9522 
0.9030 
1.0066 
0.8787 
0.8882 
0.8778 
0.9148 

Refrac t ive  
index 
N 9 5 / ] )  

1.44831 
1.43938 
1.43400 
1.43649 
1.43571 
1.48175 
1.43685 
1.43844 
1.44492 
1.44754 

Menzies-Wright  ebullioscopie procedure  and appara tus  (10) .  b 5[iero method, r Calculated by a s suming  the molecular  weight  of the  mono- 
glyceride to be equal to half  the molecular  weight  of ti le indica ted  compoun l ,  d l~eference 6. e Corrected mel t ing  point ,  capi l lary  tube  nlethod. 

hydrous acetone containing 1% (by weight) of hy- 
drogen chloride, which served as a catalyst. Water  
formed by the reaction was absorbed by anhydrous 
sodium sulfate. At the end of the reaction the excess 
hydrogen chloride gas was removed with lead car- 
bonate. The acetone was removed, and the product  
was distilled at 82.5~ and a pressure of 11 ram. 
of mercury.  To a mixture  os 132.2 g. (1.00 mote) 
of 1,2-O-isopropylideneglyeerol and 87.0 g. (1.10 
nloles) of d ry  pyridine in dry  chloroform there were 
added, while the mixture  was cooling in an ice bath, 
82.4 g. (0.45 mole) of adipyl chloride. After  stand- 
ing at room temperature  for  two days, the mixture  
was diluted with ethyl ether, then washed with a 
0.25 N hydrochloric acid solution, and finally washed 
with water. The solvents were removed by distillation, 
which was followed by str ipping at about 100 ~ C. with 
nitrogen gas below atmospheric pressure. Fu r th e r  
purification consisted of repeated crystallizations from 
comnlercial hexane and acetone. 

To convert bis(2,2-dimethyl-l,3-dioxolan-4-ylmethyl) 
adipate to bis(2,3-dihydroxypropyl)  adipate, 

�89 (cs2)4-c-o-cs2 

HO -CH HC -OH 
J 

, 

the 1,2-O-isopropylideneglycerol complex was broken 
by hydrolysis in a 10% solution of acetic acid (2). 
The hydrolysis was continued with constant st irr ing 
for  4 hrs. at 60~ Subsequently the volatile com- 
ponents of the mixture  were removed by warming 
and str ipping with nitrogen gas while under  reduced 
pressure. 

To prepare  bis(2,3-distearoyloxypropyl)  adipate, 
40.0 g�9 (0.136 mole) of b is (2 ,3-d ihydroxypropyl )  
adipate were acylated with 164.8 g. (0.544 mote) of 
stearoyl chloride under  the same conditions as de- 
scribed previously. The ester was purified by repeated 
solvent crystallization from commercial hexane and 
acetone. 

A method similar to that  outlined by Verkade 
and van der Lee (13) for the preparat ion of un- 
symmetrical diglyeerides, which involves t r i tylat ion 
and subsequent reductive detr i tylat ion of the 1,2- 
diacyl-3-tr i tyl  glycerol, was used to prepare  the 
diacid digtyeeride-eontaining adipates. First,  bis[1- 
(hydroxymethyl)-2-  (stearoyloxy) ethyl] adipate, 

HO-~.~ 2 :~12~-OH 
~c-o-c-(c~,..,)4-c-o-cH 

o Q 
cH3(c ,  e )16- -o-c 2 E2c -o -c  - (c )16c  3 , 

0 0 

was prepared by the reaction of 100.0 g. (0.279 mole) 
of l-monostearin and 80.0 g. (0.289 mole) of tri- 
phenylchloromethane in a pyridine solution for 3 hrs. 
on a steam bath�9 The reaction mixture was diluted 
with ethyl ether and washed in the same manner  as 
were the other products. Af ter  several crystalliza- 
tions from 96% ethanol the product  melted at 66.5- 
67.0~ A quinoline solution of 1-stearoyl-3-tritylglyc- 
erol was acylated with adipyl chloride in the man- 
ner described previously. The resulting ester was 
purified by solvent crystallization from acetone and 
detr i tylated by hydrogenolysis in glacial acetic acid 
solution. A palladium-on-carbon catalyst and a reac- 
tion time of 6.5 hrs. at 45 to 50~ were used�9 Work 
at this laboratory on reductive detr i tylat ion in glacial 
acetic acid solution has shown that  no rearrangement  
occurs under  these conditions. The resulting bis[1- 
(hydro xymethyl)-2-(s tearoyloxy)ethyl]  adipate was 
purified by low-temperature crystallization from a so- 
lution in commercial hexane. 

To p r e p a r e  b i s [1 - (o l eoy loxymethy l ) -2 - ( s t ea roy l -  
oxy)ethyl]  adipate, a portion of the b is [ l - (hydroxy-  
methyl)-2-(s tearoy]oxy)ethyl]  adipate was acylated 
with o]eoyl chloride in the presence of quinoline under  
the usual conditions for acylation described above. 

Analysis. The purities of the glyceride esters were 
determined by chemical analyses, including elemental 
carbon and hydrogen analyses, and number-average 
of molecular weights. The values obtained are re- 
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corded in Table I. The viscosities were measured with 
Ostwald-Cannon-Fenske viscometers or microviseom- 
eters, as described by Cannon and Fenske (4). Tem- 
peratures were selected to correspond with those for 
which viscosities of various vegetable oils have been 
reported. The densities of the products were deter- 
mined by the pyenometer method. The refractive in- 
dices were determined with an Abb5 refractometer 
at 95~ in order to compare these values with values 
reported previously for distearin and diolein esters 
of adipie acid (6). 

Results and Discussion 
The melting points, viseosities, densities, and re- 

fractive indices determined for the adipic acid esters 
are recorded in Table I. The melting points listed 
are those for the highest melting polymorph ob- 
tained by tempering' the sample or crystallizing it 
from solvent. No significant premelting was observed 
with any of the compounds. There is evidence that 
one or more additional melting points exist for each 
compound, but these have not yet been determined 
accurately. The highest melting point, 82.1~ for 
bis [1- (stearoyloxymethyl)-2- (stearoyloxy) ethyl] adi- 
pate, is above that of tristearin, 72.5~ and 1,3-di- 
stearin, 78~ The melting point of this ester is close 
to that for carnauba wax, m.p. about 83.5~ The 
melting points of all of the other adipic acid esters 
are below the melting points of the corresponding 
glyeerides. For instance, the melting point of bis- 
[ 1- (aeetoxymethyl) -2- (stearoyloxy) ethyl] adipate is 
43.0~ while that of 1-aceto-3-stearin is 47.5~ 
Some melting points of the adipic acid esters are far 
below the melting points of the glycerides. An ex- 
ample of this is bis[1-(oleoyloxymethyl)-2-(oleoyl- 
oxy)ethyl] adipate, which did not crystallize even at 
-70~ and 1,3-diolein, which melts at 25~ In 
addi t ion  to. the bis [1-(oleoyloxymethyl)-2- (o]eoyl- 
oxy) ethyl] adipate, bis (2,3-dihydroxypropyl) adipate 
and bis [1- (acetoxymethyl) -2- (aeetoxy) ethyl] adipate 
did not appear to crystallize when stored at -70~ 
for a long time. Crystallization could not be induced 
by scratching the side of the containers in which these 
esters were stored. On being cooled, the products be- 
came increasingly viscous and eventually vitreous in 
nature. 

The effect of the constituents in the glyceride moi- 
ety can be determined by an examination of the melt- 
ing points of the compounds. On comparison of the 
values for bis[1-(stearoyloxymethyl)-2-(stearoyloxy) 
ethyl] adipate,  bis [1- (hydroxym ethyl) -2- (stearoyl- 
oxy)ethyl]  adipate,  and bis(2,3-dihydroxypropyl)  
adipate, it is observed that free hydroxyl groups lower 
the melting point; the effect is additive. The effect 
of length of fat ty acid in the glyeeride moiety is illus- 
trated by a comparison of the series bis[1-stearoyl- 
oxymethyl) -2- (stearoyloxy) ethyl ] adipate; bis [ 1- (bu- 
tyroxymethyl)-2-(stearoyloxy) ethyl] adipate ; bis- [1- 
aeetoxymethyl) -2- (stearoyloxy) ethyl] adipate  ; and 
bis [1- (aeetoxymethyl)-2- (aeetoxy) ethyl] adipate. De- 
creasing the chain lengths of the fat ty acid groups 
decreases the melting points. The unsymmetrical bis- 
(2,3-distearoyloxypropyl) adipate has a lower melting 
point than has the symmetrical bis[1-(stearoyloxy- 
methyl) -2- (stearoyloxy) ethyl] adipate. Also the melt- 
ing point is lowered as the degree of unsaturation 
of the glyeeride increases. These observations are in 
agreement with the effects normally encountered on 

comparison of melting points of ordinary glycerides. 
When crystallized from solvents, the solid esters 

tend to form long needle-like crystals. As reported 
previously (6), this tendency appears to be enhanced 
by the presence of impurities. In this property the 
esters differ considerably from ordinary glycerides, 
such as tristearin. 

The characteristic which distinguishes the glyceride 
esters of dibasic acids most markedly is viscosity. 
This characteristic is of great practical importance in 
their utilization in edible lubricants and coatings. 
The differences in the viscosities of the distearin and 
diolein esters of dibasic acids and the viscosities of 
coconut, cottonseed, and castor oils have been ob- 
served previously (6). In Table I are recorded the 
kinematic viscosities at one or two temperatures of a 
series of glyeeride esters of adipie acid. A compari- 
son of the values at 98.9~ reveals the following 
effects. The viscosity increases as the number of 
hydroxyl groups in the glyceride moiety increases. 
Lengthening of the fat ty acid groups decreases the 
viscosity. The symmetrical distearin ester is more 
viscous than is the unsymmetrical distearin ester. 
The greater the extent of unsaturation, the less vis- 
cous is the compound. These relationships are im- 
portant in " ta i lo r ing"  glyceride esters of dibasic 
acids to a desired viscosity. 

Examination of the values for density recorded 
in Table I reveals that the values for the glyceride 
esters of adipic acid do .not differ greatly from the 
values for cottonseed oil at the same temperature. As 
a further comparison, the density for tristearin at 
80~ is 0.8632 g./ml, and for triolein at 25~ is 
0.9078 g./ml. It was observed that the density in- 
creases as the number of hydroxyl groups in the 
glyeeride moiety increases. As the length of the fat ty 
acid groups increases, the density decreases. The 
symmetrical distearin ester is slightly more dense 
than is the unsymmetrical distearin ester. The greater 
the extent of unsaturation, the greater the density. 

The effects of various substituents on the refractive 
index have been investigated by Backer (1) and 
others, and their generalizations seem to be in agree- 
ment with the findings in the present investigation. 
tn fact, the values found in the present investigation 
differ little from those of ordinary glyeerides contain- 
ing fatty acid groups. For purposes of comparison, 
the refractive indices, 1195/D, for several of the or- 
dinary glyeerides are: tristearin, 1.433S; triolein, 
1.4415; Loleo-3-stearin, 1.4374. For the compounds 
listed in the table the refractive index tends to in- 
crease as the number of hydroxyl groups increases. 
The refractive index of bis[1-(hydroxymethyl)-2- 
(stearoyloxy)ethyl] adipate is the highest value re- 
corded in the table, 1.48175. It  might appear to be 
higher than expected; however the refractive indices 
of monogtycerides are known to be considerably 
higher than the refractive indices of the correspond- 
ing' simple triglycerides. The refractive indices in- 
crease with an increase in the length of the fat ty 
acid groups and an increase in the degree of unsatu- 
ration. In addition, the refractive index for the more 
symmetrical compound is larger than that for the 
unsymmetrical compound. 

Summary 
Six new glyceride esters of adipic acid were pre- 

pared, and their properties were determined. By the 
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u s e  o f  a c e t a l s  a n d  t r i t y l  g r o u p s  t h e  n u m b e r ,  t y p e ,  a n d  
p o s i t i o n s  o f  t h e  f a t t y  a c i d  g r o u p s  i n  t h e  g l y e e r 0 1  
m o i e t y  w e r e  v a r i e d  s y s t e m a t i c a l l y .  T h e  r e a c t i o n  p r o d -  
u c t s  w e r e  p u r i f i e d ,  t h e i r  p u r i t i e s  w e r e  e s t a b l i s h e d ,  
a n d  t h e i r  m e l t i n g  p o i n t s ,  v i s c o s i t i e s ,  d e n s i t i e s ,  a n d  
r e f r a c t i v e  i n d i c e s  w e r e  d e t e r m i n e d .  
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~NTEPttEL011VIETRIC DETEC'TI0~ 01 v LIPIDlgS IN ~ttRONAV.POGRAP]:IIC 
0OLUNN EFFLUENTS. A. C. Areas  ( N u t r i t i o n  Research  Dept . ,  
Medical  School, Dunedin ,  New Zea l and ) .  Anal. Chem. 31, 
1618-1620 (1959) .  A re la t ively  nonspeeifie me thod  of  r ough ly  
e s t ima t i ng  l ipides in d~romatograph ie  column effluents is  based  
on the  l i gh t - sca t t e r ing  power of the  suspens ion  f o r m e d  when 
the l ipide is p rec ip i t a t ed  f r o m  methano l i c  solut ion con ta in ing  
0 to 1 rag. per  ml. by  the  add i t ion  o f  water .  The me thod  is 
appl icable  only to subs t ances  soluble in pu re  me t hano l  and  
insoluble  in a m ix tu r e  of  I pa r t  of  me t hano l  with 2 pa r t s  of  
water ,  b u t  sugges t i ons  are  made  for  i t s  extension to other  
subs tances .  The smal les t  de tec table  concen t ra t ion  is  of  the  
order  of  2 to 20 7 per  ml., depend ing  on the  subs tance .  Appli-  
ca t ion  to c h r o m a t o g r a p h y  is i l lus t ra ted.  

PAPER CHR0,MATOGRAPtty O,P THE SATUI~ATED FATTY ACIDS. 
M. A. B u c h a n a n  (The  Ins t .  of  P a p e r  Chemis t ry ,  Apple ton ,  
Wis . ) .  Anal. Chem. 31, 1616-1618 (1959) .  I n  a new pro- 
cedure fo r  the  paper  c h r o m a t o g r a p h y  of the  s a t u r a t e d  f a t t y  
acids, the  developer reacts  wi th  the  u n s a t u r a t e d  acids  to f o rm  
produc t s  which readi ly  s epa ra t e  f r o m  the  s a t u r a t e d  acids. 
H y d r o g e n  peroxide  and  fo rmic  acid a re  added  to the  usua l  
acetic acid-water  developers used  for  reverse-phase  chroma-  
t o g r a p h y  of the  f a t t y  acids.  The new procedure  pe rmi t s  the  
sepa ra t ion  of smal l  a m o u n t s  of s a t u r a t e d  acids  f r o m  l a rge  
a m o u n t s  of  the  u n s a t u r a t e d  acids,  and  is su i tab le  for  t en ta t ive  
ident i f icat ion of the  even-numbered  s t r a igh t - cha in  acids  f r om 
laur ie  acid to l ignoceric  acid. 

DESIGN CONSI~EI~ATIONS O.F A GAS CHI~OlYL&TO~RAPttY SYSTE3s 
EMPL(~YING I~IGtt EPI~ICIENCY GO.LAY COLU1V[NS. R. D. Condon 
(The  Pe rk in -E lmer  Corp., Norwalk,  COnn.). Anal. Chem. 31, 
1717-22 (1959) .  The app l ica t ion  of Golay" columns,  u s ing  
h igh ly  sensi t ive ion iza t ion  detectors,  to gas  c h r o m a t o g r a p h y  is 
described.  Samples  wi th  a wide boi l ing po in t  r ange ,  a s  well 
as those wi th  close r ange  boi l ing  points ,  can  be s epa ra t ed  in 
a re la t ively  shor t  t ime  wi th  h i gh  effieiencies. Samples  wi th  
low vapor  p res su res  can also be analyzed.  Low concent ra t ion  
ana lys i s  should  also beneRt  f rom these  disclosures.  Gas chroma-  
tog raphy  as an  ana ly t ica l  tool m a y  be ex tended  to new a reas  
no t  here tofore  possible  wi th  cu r r en t  i n s t r u m e n t a t i o n .  

DETERNINATI0,N OF I~YDtgOXYL NUfdBERS BY NE,AR-INF~AI%ED 
A~SORPTION. C. L.  Hi l ton  (Research  Center,  U. S. R ubbe r  Co., 
Wayne ,  N . J . ) .  Anal. Chem. 31, 1610-12 (1959) .  Dupl ica te  
ana lyses  by the  aee ty la t ion  procedure  for  hydroxyl  n u m b e r  
require  1.5 man -hou r s  and  3 hours  of  e lapsed  t ime.  A f a s t e r  
me thod  of  ana lys i s  wa,s desired.  Dupl ica te  de t e rmi na t i ons  o f  
hydroxyl  number s  of  cer ta in  po lyes te rs  a n d  polye thers  by  
nea r - in f r a r ed  absorp t ion  ana lys i s  in the  region f rom 2.0 to 
3.2 microns  can be accompl ished in 0.5 hour  u s i n g  a B e c k m a n  
Model DK-2  spec t rophotometer .  This  r epresen t s  a s a v i n g  of  
1 man -hou r  and  2.4 e lapsed hours  per  dupl ica te  de te rmina t ion .  
Resu l t s  with  samples  thus  f a r  ana lyzed  show an  average  dif- 
ference  of less t h a n  1.0% re la t ive  be tween the  chemical  and  
the  nea r - i n f r a r ed  methods .  

:BUTTEtCP~_T OXIDATION. ]~VALUATION 0Y LEA'S ALDEHYDE DE- 
TERNINATI0,N METH00. A. T a m s m a  and  R. D. Powel l  (Da i ry  
I n d u s t r y  Section, Iowa  Agr .  Expt l .  Sta,,  Ames ,  I owa) .  J .  Agr .  
Food Chem. 7, 643-6 (1959) .  h e n ' s  m e t h o d  for  de te rmina t ion  
of  a ldehyde  in f a t s  in excellent  f o r  n-heptana l .  F o r  normal  
a ldehydes  with more  t h a n  seven carbon a toms,  recovery de- 
creased with i nc r ea s ing  chain  l eng th  and  l imi t ing  values  were 
reached with Co and  Clo a ldehydes .  For  " a l d e h y d e s "  f rom 
autoxid ized  mi lk  f a t  the  va lue  f o u n d  by  h e n ' s  me thod  is 
a rb i t r a ry ,  because these  carbonyl ie  compounds  do no t  behave  
like hep tana l .  Incomple te  recovery can be caused by  low solu- 
bi l i ty  in wa te r  a n d  low reac t iv i ty  wi th  bisulfite.  Too h igh  
recovery m a y  be obta ined  with u n s a t u r a t e d  earbonyI  com- 
pounds  as a resul t  of  reac t lmt  of  the  double bonds .  React ion 
products  and  yields were examined  by  isola t ion of  the  alde- 
hyde  by  solvent  ex t rac t ion  a f t e r  decomposi t ion  of the  bisulf i te  
complex. '~Mi lk - fa t  s l d e h y d e "  was of ketonic  charac te r ;  the  
yield was  about  one- th i rd  to  one- tenth  as compared  to syn-  
thet ic  a ldehyde.  
CONTINUOUS I~.ECTIFICATION O1~ SYNTItETIC :FATTY ACIDS. A. Ya.  
Kotdovkin.  Khim.  i Tekhnol. Topliv i Masel 4 ( 6 ) ,  67-9  (1959) .  
A cr i t ical  d iscuss ion of  the  pape r  by Lev in  (C. A. 52, 5856).  
(C. A. 53, 17573) 

IDENTIFICATION OP 0LE.UROPEIN IN OLIVE OIL AND ITS 2~PPLI- 
C~.TION IN ANALYSIS ~t0 ~{IXTURES 0:~ EDIBLE OILS. R. Diaz  
Blasco and  L. N. Pizzorno.  Anales direc, nael. qugm. (:Buenos 
Aires)  10(19) ,  13-6 (1957) .  Oleuropein,  a glucoside,  is  pres-  
ent  to the  ex ten t  of  1% in olives and  0.3% in  olive leaves. 
P r inc ipa l  me thod  of ana lys i s  is H o e p f n e r ' s  reac t ion  (C. A. 53, 
9112) which can  be used  in pape r  c h r o m a t o g r a p h y  a f t e r  
a scend ing  development  with 80 pa r t s  of  1 .25% sod ium chloride 
and  20 pa r t s  of  96% e thanol  for  8 hours .  Sens i t iv i ty  of  the  
tes t  allows ident i f ica t ion of 2 p a r t s  per  mi l l ion  or 10 micro- 
g r a m s  of oleuropein.  A me thod  for  detect ion of  adu l t e ra t ion  
wi th  olive oil based  upon  these  t e s t s  is  proposed.  As  ranc id i ty  
increases ,  oleuropein concen t ra t ion  decreases.  The  poss ibi l i ty  
t h a t  o leuropein  is a n a t u r a l  a n t i o x i d a n t  is be ing  inves t iga ted .  
(C. A. 53, 17539) 

SONE LI3IITATIONS TO' THE. KINETIC STUDIES ON AUTOXIDATION 
OP ~ATTY-ACID E:STF~S OP DIFFEP~ENT UNSATUI~ATION. l~. A. 
K h a n  ( E a s t  Regiona l  Labs . ,  Dacca,  I n d i a ) .  Pat~istan J. Sci. 
Research 10(4 ) ,  149-54 (1958) .  Reduc t ion  of the  oxygena ted  
p roduc t s  which are  f o r m e d  by  au tox ida t ion  of  methy l  oleate 
a t  24-6  ~ 45 ~ , and  350 .0 to 5% peroxide con ten t  yielded no 
polymer.  Reduct ion  of  the  oxygena ted  products  f o r m e d  by 
au tox ida t ion  of me thy l  oleate a t  60 ~ 75 ~ and  100 ~ fo r  3 
weeks, 3 days  and  30 hours ,  respect ively,  yield 60, 9, and  26% 
of polymers ,  respect ively.  Methy l  l inolcate  was  autoxidizefl  to 
5% peroxide con ten t  in the  dark  a t  0 ~. The peroxides  were 
concen t ra ted  by  eoun te rcu r ren t  ext ract ion.  Reduc t ion  gave  
monohydroxys t ea r l e  acids.  Ana lys i s  ind ica ted  the  product ion  
of a lmos t  100% methy l  cis, trans-conjugated-monohydroxy- 
l inoleate.  Thus  me thy l  l inoleate f o r m s  monomer i z  monohydro- 


