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F 
AT PRODUCTS are sometimes desired which are 
more wscous, higher melting, or harder  than 
are products  general ly available. A potential ly 

useful series of compounds which might  meet these 
special requirements  can be p repared  by esterifying 
the diglyeerides of the fa t - forming acids with sue- 
cinie, adipie, and other short-chain dibasic acids. 

Pr ior  to our investigation of these compounds 
pract ical ly  no informat ion concerning their  proper-  
ties was available. Blake (1) in a pa ten t  concerned 
with surface-active agents claimed that  one of the 
products  he p repared  was bis(glyeerol  dioleate) real- 
ate. A number  of compounds of this type have been 
prepared  and examined in our laboratory,  and their  
propert ies  have been described (3, 10). One of the 
reports  (3) was concerned with the 1,3-diolein and 
1,3-distearin diesters of fumarie,  sueeinie, and adipic 
ae ids ;  and  the o t h e r  r e p o r t  (10) was  c o n c e r n e d  
largely with similar compounds made t~rom unsym- 
metrical  and diaeid diglycerides. 

Different systems of naming the compounds haw~ 
been used in the references cited. ]n the prefer red  
system of nomenclature the compound made by com- 
b i n i n g  two molecu les  of 1 , ' / - d i s t ea r in  and  one of 
suecinic aeid is called bis[1-(s tearoyloxymethyl) -2-  
(s tearoyloxy)e thyl ]  suecinate. In the present  report ,  
which will be eom'.erned only with the 1,3-distearin 
and 1,3-diolein diestcrs of short-chain dibasie acids, 
the above compound will be called disteariu sueeinate 
for the sake of brevi ty  and convenience. The other 
compounds to be discussed will be named accordingly. 

The eonlpo/mds which will be described probably 
are edible; however they have not yet  been proven to 
be edible, hence cannot be recommended for food use 
at this time. Some information on the physiological 
behavior of related cOmllounds has been obtained for 
us and will be published in another  report .  

The purpose of the present  repor t  is to describe 
some of the propert ies  deented most impor tan t  in 
determining potential  uses of the compounds. These 
propert ies  include viscosity, hardness,  thickening abil- 
i ty when mixed with a liquid oil, surface activity,  and 
permeabi l i ty  to moisture. 

Exper imenta l  
Materials. The 1,3-diolein and 1,3-distearin esters 

of sueeinie and adipie acids and the 1,3-diolein ester 
of fumar ie  acid employed in the current  experimental  
work were the same eontpounds used in a previously 
described series of experiments  (3).  in  the prepara-  
tion of each compound, highly purified stcaric acid or 
methyl  oleate was converted into a mixture  of mono-, 
di-, and tr iglyeerides;  and the 1,3-diglyeeride frac-  
tion was isolated and careful ly purified. The 1,3- 
diglyeeride was dissolved in ehh)roform and treated 

1 P r e s e n t e d  at  the 3 3 r d  Fall  Meet ing ,  A m e r i c a n  Oil Chemis t s '  Society, 
Los Angeles ,  Calif. ,  Sep tember  2 8 - 3 0 ,  1959. 

2 One  of the  l abora to r ies  of the  Sou the rn  Ut i l i za t ion  Resea rch  and  
D e v e l o p m e n t  Div is ion ,  A g r i c u l t u r a l  Resea rch  Service ,  U.  S. D e p a r t m e n t  
of Agr i cu l tu re .  
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with the acid chloride of the dibasic acid in the pres- 
ence of a slight excess of pyr idine or quinoline. When 
succinyl and fumary l  chlorides were used, quinoline 
and the acid chloride were added slowly and simul- 
taneously so tha t  the reaction mixture  contained just  
enough quinoline to react with the hydrogen chloride 
which was liberated. The reaction produc t  was p u r l  
fled by washing successively with dilute hydrochloric  
acid and water,  then repeatedly  crystal l izing f rom 
",t-hexane and f rom acetone. With  the diolein com- 
pounds, the impuri t ies  ra ther  than the compounds 
crystallized out of solntiol~. The melt ing points and 
other data  on the compomlds are, recorded in Table I. 

Test l'roc('dures. In  m a k i . g  the solubility determi- 
nations, sealed glass tubes or ampules (10 • 60mm.)  
containing known c()ucentrations ()l~ b inary  mixtures  
of cottonseed oil and hard fa t  ((listearin adipate,  tri- 
stearin, or hydrogenated c(~ttons(~e(I oil) were tumbled 
e~nt over cud in a water  bath, and the d isappearance  
of the solid phase for  ea(dl mixture  was observed visu- 
ally us the t(m~peratul'(, of ~he t/a~h was increased in 
a st(,pwise fashion (9). 

l lar(luess was lneasure(I t)y a recently de, vised pro- 
cedurc (S). A steel sl)herc, :~/~ in. in diameter,  was 
pressed onto the surfa('e of lhe l('st st)e(dlnen f(/r a 
Ileriod of one mirmle wilh sufllci(,nt force t(/ ohtain a 
slight ilupressi(m. From th(' area of the iml)r('.~sioll 
and the for{!e, the har(hwss in(lex was calculate(1 in 
terms of kih)grams per S(lllal'(, cen~inleter. Consist- 
eney was measured with ~ microl)(,netrometer (if the 
fal l ing needle type. The ius i rument  and techni(lu(, 
used were th(/se des('rihe({ in tm etlrlier repor t  from 
this laboraiory  (2). 

b~at leakage tests were mad(' tly a previously de- 
scribed techl~i(tue (4), whi('h ('(msisled of pnt t in~ a 
().5-cm. cube of the test Sl/('('im('n on one end of a s t r ip  
of filter paper  measur ing 0.4 ~4 4.0 tin., plae, ing the 
entire asselnbly in a ('()nslanl i( ' lnl/erature (/ve~, ,:-m(t 
measuring af ter  (tifferenl inl(,l'vals of t ime the length 
of the filter paper  w(,tte(I t)y the fal. 

I 'ermeatl i l i ty was nl(msure(l hy a m()dificati(m (7) (If 
the s tandard  eu I) method. The I)el 'll, 'ability constant, 
P, was calculated by using the eqlmti()n, I '  = W X / A t p ,  
where W was the weight of water, in grams, diffusing 
through the fa t  film of thickness X, in centimeters, 
and area A, in square centimeters, dur ing  lhe t ime t, 
in seconds, when the vapor  pressure, difference p, was 
measured in mill imeters of llmrcllry. 

Other data were obtained by conventional proee- 
dures. Thus surface and interracial tensions were 
determined with an interracial  tensiometer of the 
ring type, and viscosities were determined with the 
aid of Ostwald-Carmon-Penske microviseometers.  

Results and Discussion 

Solubilitg. A hard t'at to he used in thickening an 
oil should, of course, be T'elativ(qy insoluble in the 
oil. Because a componmt like (listearin adipate  melts 
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TABLE I 

Dig lyee r ide  E s t e r s  Used  in Tes t s  

g e l .  :~7 

Compound  

E x a c t  n a m e  Shor t  n a m e  

Diole in  f u m a r a t e  
Diole in  suee ina t e  
Diolein  ad ipa t e  

I ) i s t ea r in  suec ina t e  
D i s t e a r i n  a d i p a t e  

bis  ( 1- (o teoyloxymethyl)  -2- (oleoyloxy) ethyl]  f u m a r a t e  
bis  [ 1- ( oleoyloxymethyl  ) -2- (oleoyloxy) ethyl ] su eein ate 
l)is ] 1- (o leoyloxymethyl)  -2- (oleoyloxy) ethyl ] ad ipa t e  

his [ 1- ( s t ea roy loxymethy l )  -2- ( s t ea roy loxy)  ethyl]  suec ina t e  
his[ 1 - ( s t e a r o y l o x y m ( t h y l ) - 2 - ( s t e a r o y l o x y ) e t h y l  ] a d ipa t e  

!Vielting l~efraet ive  Dens i ty ,  g . /ml ,  a t  
point ,  index,  

~ nSS/D 30~ 50~ 

...... 1 .44900 0 .9458 0 .9346  

...... 1 .44709 0 .9384 0.9281 

...... 1 .44671 0 .9397 0 .9310 

94 .6~  123~ 
89.8 1.43861 0.8682 0.8583 
82.1 1 .43844 0 .8910 0.8731 

at a t empera tu re  well above that  of or(limtry fats  and 
probably  possesses a heat of fusion similar to that  of 
such fats, it should be more iusolubh' in oils than  arc 
o rd inary  hard  fats. This ant icipat ion is 1)orne out by 
the plotted data iu Flour(, 1. 
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TEMPERATURE, ~ 
F r o .  1. S o l u b i l i t y  i n  c o t t o n s e e d  o i l :  A ,  h y d r o g e n a t e d  c o t t o n -  

s e e d  o i l ,  i o d i n e  v a l u e  2 9 . 3 ;  B, h y d r o g e n a t e d  c o t t o n s e e d  oi l ,  
i o d i n e  v a l u e  1 . 1 . ;  C, t r i s t e a r i n ;  a n d  D ,  d i s t e a r i n  a d i p a t e .  

At 55~ the distearin adipate  is soluble in cotton- 
seed oil to the extent of less than 0.1% while tri- 
s tearin and hydrogenated  cottonseed oil of iodine 
value 1.1 are soluble to the extent  of about  2 and 
10%, respectively. Even at  70~ the solubili ty of 
the dis tearin adipate  in cottonseed oil is only about 
5%. Obv ious ly  c o m p o u n d s  l ike  d i s t e a r i n  a d i p a t e  
should be good stiffening agents  f rom the s tandpoint  
of solubili ty characteristics. 

The solubility of the 1,3-diolein esters of the short- 
chain dibasic acids lies at the other extreme of the 
range of solubilities of o rd inary  fats  and oils. The 
diolein compounds are miscible with the na tu ra l  oils 
in all propor t ions  and appa ren t ly  cannot be crystal-  
lized out of solution with a na tu ra l  oil. Appa ren t l y  
the diolein compounds cannot even be crystall ized f rom 
solvents by  cooling with d r y  ice. The compounds them- 

solves merely become more viscous on being cooled at 
a mo(h,ratc rate. When stored at --20~ some ap- 
pear(,d to change par t ly  to a crystalline form while 
olhers appeared to be highly viscous liquids, cven a f te r  
several weeks at - 2 0 ~  Thus compounds like dioleiu 
hunara te  and diolein succinate should bc nscful in 
solubilizing lhe oleoyl group for utilization at  low 
temperatures .  

Hardiness a ,d  Consiste',ey. Distearin succinalc and 
distcarin adipatc form glossy, white solids when their  
melts are rap id ly  cooled. Like rap id ly  solidified tri- 
stearin, these solids also are quite brittle. They dif- 
fer f rom trist , ,arin and other t r i sa tura tcd  fats in being 
much harder.  The average hardness index obtained 
for each compouml when the rap id ly  solidified test  
Sl)Ccimcus w(,re t(,mpered at 40~ for  20 hrs. pr ior  to 
testing are re, corded in Table I[ .  Data  for several 
c o n H u o n  f a t s  a n ( 1  w a x e s  a r e  a l s o  r e c o r d c ( l .  

T A B L Z  I I  
l : [a rdness  D a t a  

| ' roduc t  

D i s t e a r i n  suee ina t e  ....................................... 
D i s t e a r i n  ad ipa t e  .......................................... 
C a r n a u b a  w a x  ............................................... 
Rosin  (8)  ...................................................... 
T r i s t e a r i n  (8)  .............................................. 
Hydroff .  cot tonseed oil ( I .V .  1.0) (8)  . . . . . . . . .  
B e e s w a x  (8)  ................................................. 
Cocoa bu t l e r  ( a g e d )  (8)  ............................... 

T e s t  
t empera tu  re 

28 
28 
28 
30 
30 
30 
30 
25 

I I a r d n c s s  
index 

297 
397 
429 
860 
170 
140 
17 
15 

The distearin adipate  was pract ical ly  as hard  as 
the carnauba wax, and the distearin suceinate was 
approx imate ly  twice as hard  as the highly hydrogen-  
ated cottonseed oil. 

The distearin esters were more effective than either 
highly hydrogenated  cottonseed oil or t r is tear in  in 
their  abil i ty to fo rm hard  mixtures  when mixed in 
large proport ions with cottonseed oil. Some of the 
hardness indices obtained with such mixtures  are re- 
corded in F igure  2. 

The consistency of cottonseed oil mixtures  contain- 
ing small proport ions of the distearin esters and highly 
hydrogenated  cottonseed oil appa ren t ly  does not fol- 
low the order indicated for hardness in F igure  2. 
When the consistency was measured with a fa l l ing 
needle type of mieropenetrometer ,  a cottonseed oil 
mix ture  containing 5% of distearin suecinate was 
softer  than a 5% mixture  of highly hydrogenated  
cottonseed oil in cottonseed oil. A t  room tempera tu re  
the micropeuetra t ion reading for  the fo rmer  was 218 
ram./10 and tha t  for  the lat ter  was 153 ram./10. Both 
mixtures  were p repared  by first mel t ing all of the 
components and then rap id ly  cooling the solution. As 
the contents of solid mater ial  were increased, the 
mieropenet ra t ion  values for the two. mixtures  became 
more near ly  alike unti l  at  a solids content of about  
12% they were equal. As the solids content increased 
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FIG. 2. Hardness curves fez" 1:1 mixtures by weight of cot- 

tonseed oil with A, dlstearin adipate; B, tristearin; and C, 
hydrogenated cottonseed oil, iodine value 1.0. 

above 12%, the mixture containing the distearin suc- 
cinate became progressively stiffer than that  contain- 
ing the hydrogenated cottonseed oil. 

The relatively greater firmness of the hydrogenated 
eottonsced oil-cottonseed oil mixture at a low con- 
tent of solids probably can be at tr ibuted to the fact 
that  hy{lr(~genated cottonseed .oil crystallizes out of a 
cottonseed oil solution in the form of very minute and 
imperfect crystals while other hard fats having a 
composition quite different from that  of hydrogen- 
ated cottonseed oil tend to form fewer, larger, and 
more isolated crystal masses and to produce a leas 
rigid mixture (5). 

Fat Leakage. The crystal habits of the distearin 
esters of the short-chain dibasic acids are such that 
the compounds should be suitable for use in fa t  prod- 
ucts to retard fat  leakage or bleeding. The distearin 
esters tend to crystallize out of solution as long, 
needle-like crystals. The tendency is par t icular ly  pro- 
nouneed when the compounds have not been purified 
to a high degree. Some of the compounds have been 
obtained as masses of asbestos-like fibers. The extent 
to which fat  leakage can be retarded by their use is 
indicated by the curves in Figure  3. I n  obtaining 
these curves the several mixtures were heated until 
liquid, then rapidly chilled. Cubes were cut from 
these masses and were held for 20 hrs. at 5~ before 
the bleeding tests were made. The samples were tested 
simultaneously, using strips of filter paper  cut from 
the same sheet. 

Viscosity. At room temperature the diolein esters 
of the dibasic acids are more viscous than is cotton- 
seed oil, a relationship which should be expected from 
the difference in molecular size. However they are not 
as viscous as castor oil. Thus, at 26~ the viscosities 
of castor oil, diolein adipate, diolein fumarate,  and 
cottonseed oil were found to be 560, 196, 155, and 69 

eentistokes, respectively (Figure  4). The distearin 
esters possess viscosities similar to those of the diolein 
esters (3). As tile temperature increases, the viscosity 
of the diolein esters decreases in about the same man- 
ner as that of cottonseed oil while the viscosity of 
castor oil decreases at a proport ionately faster  rate. 
At  100~ tile diolein adipate and the castor oil pos- 
sess approximately the same viscosity. 

Surface and Interfacial Tensions. Several random 
tests confirmed the fact  that  the compounds under  
investigation resembled ordinary fats and oils with 
regard to surface and interracial tensions. Diolein 
succinate had a surface tension of 25.35 dynes cm. -1 
at 70.2~ and distearin suecinate had a surface ten- 
sion of 28.01 dynes era. -1 at 94.6~ The interracial 
tension against water for diolein suceinate was found 
to be 21.88 dynes era. -1 at 70.2~ and that  for diste- 
arin suecinate was 25.37 dynes cm. -1 at 94.6~ 

Melting and Smoke Points. An earlier investiga- 
tion (3) showed that distearin fumarate,  suceinate, 
and adipate can exist in at least two polymorphie 
forms. There is some evidence that  each compound 
can exist in at  least one additional form. The transi- 
tion from one polymorph to the next apparent ly  takes 
place without visible melting occurring. So fa r  only 
one melting-point has been found for  each compound. 

Smoke points for two compounds were determined 
and found to be in the range usually associated with 
fats and oils. Spe(:ifically the following smoke points 
were found : 

Distearin a(lipat(~ ..................... 224 ~ C. 
Diolein adipatc ......................... 231~ 
Cottonseed oil ........................... 234 ~ C. 
Paraffin oil ................................ 785~ 

4 0  

3 5  

A -  ~ _ _  

0 I 0 0  2 0 0  3 0 0  4 0 0  5 0 0  600  

T IME, .  MIN. 
FIG. 3. Fat leakage rate at 40~ for cottonseed oil mixtures 

contain A, 16% tristearin; B, 16% hydrogenated cottonseed 
oil, iodine value 1.0; C, 32% tristearin; D, 16% distearin adi- 
pate; and E, 32% distearin adipate. Percentages calculated 
on a total weight basis. 
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l'crmeability. The rate at which water wtpor passes 
through distearin succinate, distearin adipat(,, ('arna- 
uba wax, and highly hydrogenated cottonseed oil was 
dcterlnbted in tests conducted sinnfltaneously. The 
films used were formed, solidified, and heat-treated 
under similar conditions, that  is, each compound or 
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TEMPERATURE, ~ C, 
Vi,~cosi ty- temper: l~urc curves o f  ,,l, castor  o i l ;  ]~, 

dioh ' in  : . I l l ) a t e ;  C, d ioh ' in  f u m a r a f e ;  a ] . l  1), cottons(~ed oil. 

product  was heated well above :its melting pt)illt, 
poured into a mohl, and quickly stfiidii-ied with the 
aid of a brass block which previously had been chilled 
to about - 16~  All samples were warmed to and 
stored at room ten|perature before testing. The per- 
meability data obtaim,d, together with data obtained 
in a p r ev ious  i n v e s t i g a t i o n  (6), are r eco rded  iu 
Table I I I .  

By way of orientation, freshly solidified paraffin 
probably is the most impermeable of all organic corn- 

TABLE I l I  

Permeability to Water  Vapor 

Film 1 Permeabil- 
Product  / thickness, / ity constant 

mm, X I012 

D - -  istearin succinate .......................... I " ~ 82.5 
Distearin adipate ............................. [ 2.81 / 37.9 
Carnauba wax .................................. i 2.15 / 2.2 
I-Iydrog. cottonseed oil (I.V. 1.0 ),..-./ 3.20 ~ 2.06 
Cocoa butter (6) .............................. [ 2.92 | 81.6 
Cocoa butter (6) .... . . . . . . . . . . . . . . . . . . . . . . .  / 2.14 / 60.5 

Moisture 
transferred,  

mg . /h r . /  sq* Sill. 
0.0265 
0.0130 
0.0010 
0.0018 
0.0263 
0.0269 

Tests made at room temperature with a relative humidity of 100% 
on one side of the film and 0% on the other. 

pounds. The part icular  sample tested was found 1o 
have a permeability constant of zero, but other sam- 
ples have been found to have permeability constants 
of about 0.2 • 10 -~2. 

The data obtained indicate that  the distearin esters 
are about as impermeable to water vapor as is cocoa 
butter but not as impermeable as is carnauba wax. 
Actually the distearin esters when tasted under other 
conditions may be even more intpermeable than rep- 
resented in Table l l I .  As with many pure con]lmlmds, 
hairline cracks tended to develop ill the films of dish'- 
arin suecinate al|d distearin adipate. While lhe films 
which were tested (lid not have visible cracks, tilt; ]ms- 
sibility of some very minute cracks cannot be exclmh,d. 
An earlier investigation (6) has shown that lhe ther- 
nlal history of a film of fat, has a very nlark',,(I off(,(,l 
on its permeability, and it might be possibh, 1() th,viso 
conditions of solidification which would result in less 
permeable films. 

Summary 
l)iglyeerides of the fat-forming acids yield, ou 

osterifleation with sl.lceinie, adipie, and other short- 
chain dibasic acids, a potentially useflfl sm'ies ot' 
c.ompounds ranging from hard, high-mel~ing waxes 
~o viscous oils which will not (,rystallize. A number 
of the properties of these compounds were dete,'minod 
in earlier investigations. 

In the present investigation additional properlies 
of the 1,3-diolein and 1,3-distearin esters tff ,~ln.~dnie 
and adipie acids were determined. Surface aml inter- 
facial tensions were measured and found ~o he simihlr 
to those of cottonseed oil. The smoke points also wen'  
fmmd to be similar to that of cottonseed oil. The 
ability of the compounds to thicken coltonseed oil xva~ 
measured and found to be somewhat better than 1hat 
of highly hydrogenated cottonseed oil at levels above 
about 12%, and the mixtures were relatively resislant 
to fat  leakage. In  hardness the distearin esters of sUc- 
('inic and adipie acid were comparable to carnauba 
wax and were over twice as hard as highly hydrogen- 
ated cottonseed oil. Permeabili ty to water vapor was 
found to be greater than that  of highly hydrogenated 
cottonseed oil and carnauba wax and about equal to 
that o.f cocoa butter. 
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