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methyl esters. I t  was a dark brown viscous semi-solid 
with an iodine value of 98.29. 

The total composition of the oil is reported in Table 
II  as calculated from the above fractionation. 

S p e c t r o p h o t o m e t r i c  analysis of the pentane-ex- 
tracted oil previously mentioned in this paper showed 
0.14% of conjugated diene acids and 0.01% conju- 
gated triene acids. After alkali conjugation it was 
estimated that 1.0% linolenic acid was present. An- 
alysis of the individual fractions by thiocyanogen and 
iodine value did not indicate more than a trace of 
linolenic acid. It is possible that the conjugated triene 
acid was from a fat ty acid of different molecular 
weight than linolenie acid. We, therefore, have indi- 
cated linolenic acid as present but not in significant 
quantities. 

T A B L E  I I  

Composition of the Mixed Fatty Acids of Buttonweed Seed Oil 

Fatty Acid Weight Percent 

Myristic . . . . . . . . . . . . . . . . . .  , . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Palmitoleic . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Palmitic . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Linolenic . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Linoleic . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Oleie . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Stearic . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Boiling above  C~s fatty acids . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Residue . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

trace 
0 .6  

12 .2  
trace 

58 .0  
14 .1  
0 . 9  
9 .4  
4 .7  

1 0 0 . 0  

The outstanding fact from this analysis is the very 
high percentage of linoleic acid in the C1s fa t ty  acid 
group. The ease of separation of this fraction from 
the rest of the product makes this oil an unusually 
good source of linoleic acid. 
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Discussion 
The composition of the variety of b u t t o n w e e d  

(Abutilon) studied by the authors is considerably 
different from either cottonseed or soybean oil and 
disagrees with the work of Jolson in this respect. 

The importance of buttonweed seed oil appears to 
be primarily in its high linoleic acid content. This is 
particularly valuable because of the ease with which 
a high concentrate of linoleic acid may be obtained 
by simple fractionation. 

In view of the present shortage of oils the recovery 
of this oil from seeds which at the present time are 
either thrown away or sold as screenings to feed 
mills appears to have considerable promise. The most 
serious drawback is the relatively low oil content. 
However, this is largely offset by the low cost of 
the seed. 

S u m m a r y  
Buttonweed seeds (Abutilon theophrasti) contain 

15 to 17% oil. The oil contains about 58% linoleic 
acid which may be concentrated by simple fraction- 
alton into fractions containing as high as 83% of 
the acid. This suggests the possible use of the oil 
as a source of linoleic acid. The seed also has an 
appreciable sterol content. 
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Dilatometr ic  Invest igat ions  of Fats  
III .  The  Dens i ty ,  Expans ib i l i ty ,  and Melt ing Di lat ion 

of Some  S imple  Trig lycerides  and Other Fats  

A. E. B A I L E Y  and W. S. S I N G L E T O N  
Southern Regional Research Laboratory 1 

New Orleans, Louisiana 

p REVIOUS papers (2, 8) in this series have called 
attention to the usefulness and the convenience 
of dilatometry as a tool in phase investigations of 

fats. However, in general, dilatometric data can be 
interpreted quantitatively only if one knowns accu- 
rately the volume changes associated with phase trans- 
formations in the material examined, as well as the 
thermal expansibility of the material, in both solid 
and liquid states. 

There are data in the literature on the thermal 
expansibility of liquid commercial fats (9, 15) and 
also on Certain pure liquid triglycerides (7). IIow- 
ever, accurate information on the expansibility of fats 
in the solid state or on the volume changes accom- 
panying melting and polymorphic transformations is 
wholly lacking. The purpose of this investigation has 
been to supply such information. 

1 One  of  the  l a b o r a t o r i e s  of  the  B u r e a u  of  A g r i c u l t u r a l  and Industrial 
C h o m i s t r y ,  A g r i c u l t u r a l  R e s e a r c h  A d m i n i s t r a t i o n ,  U .  S.  D e p a r t m e n t  
of A g r i c u l t u r e .  

Samples  
Samples of trilaurin, trimyristin, tripalmitin, tri- 

stearin, triolein, and trielaidin were prepared from 
purified fat ty acid chlorides, as described previously 
(1). Neutralization values of the saturated fat ty 
acids and iodine and thiocyanogen values of the un- 
saturated acids agreed with theoretical values for 
pure materials within experimental errors of the 
methods. Previous experience had shown that the 
method of esterification employed, using acid chlorides 
in 10% excess over the glycerol, produces a material 
containing less mono- or diglycerides than can be de- 
tected by chemical methods. 

The samples of partially hydrogenated and highly 
hydrogenated cottonseed oil, which had iodine values 
of 59.5 and 0.85, respectively, were the same as those 
employed in previous calorimetric investigations (10, 
12). The lard used was a commercial sample of 
prime steam lard which bad an iodine value of 66.6. 
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Densities 
The densities and specific volumes of the different 

samples, as determined for the liquid state, and as 
calculated from the dilatometric results for the solid 
state at ca. - - 3 8  ° C. are shown in Table 2. It was 
known from previous calorimetric examination of the 
samples that the tristearin, tripalmitin, trimyristin, 
trilaurin, highly hydrogenated cottonseed oil, and 
partially hydrogenated cottonseed oil are completely 
solid at - - 3 8  ° C. and it seems very improbable that 
the trielaidin, triolein, or lard could have contained 
any liquid material at this temperature. 
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The densities of the simple saturated triglycerides 
in the liquid state at 80 ° C. and in the most stable 
solid form at - - 3 8  ° C. are shown graphically as a 
function of chain length of the fatty acids in Figure 3. 

Expansibil i ty in the Solid State 
It was not possible to obtain reliable values for the 

expansibility of all the samples in the solid state, due 
to the unfortunate circumstance that the method is 
limited to temperatures above the freezing point of 
mercury ( - -38 .9  ° C.). Some fats do not remain com- 
pletely solid at temperatures sufficiently far above this 
point for accurate measurements  of thermal expan- 
sion to be made. However, in the samples• of trilaurin, 
trimyristin, tripalmitin, tristearin, and highly  hydro- 
genated cottonseed oil in the highest melting Form I 
the solid range was sufficiently wide (ca.  18 ° C.) to 
permit what may be considered reasonably accurate 
determinations. The solid range of tristearin in Forms 
II or III was less, hence the expansibilities for  these 
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1.051"06 ~ 58°C" 

L04 
0.90 J 

0.89 

0.88 

0.87 

0.86 

t t 1 I 

I I I I I0 12 14 16 18 20 

NUMBER OF C ATOMS 
Fie.  3. Dens i ty  of  s imple  sa turated  tr ig lycer ides  in the  l iquid 

and in the most  s table  sol id form,  as a func t ion  of  chain l ength  
of the f a t t y  acids. Circles represent data  obtained in this  work;  
the crosses represent data  of  Jog lekar  and Watson  ( 7 ) .  

TABLE 2 

Densities and Specific Volumes of the Fat Samples ill the Liquid and Solid States 

Sample 

Trilaurin . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
l'rimyristin., 
Tripalmitin . . . . . . . . . . . . . . . . . . . . . . . . . . .  
rristearin . . . . . . . . . . .  
rristearin ......... 
rristearin . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
rrielaidin . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
rriolein . . . . . . . . . . . . . . . . . . . . .  
Highly hydrogenate<l cottonseed oil . . . . . . . . . .  
Partially hydrogenated cottonseed oil a ..... 
Lard a . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  , 

Form 

I 
I 
I 
I 

I I  
I l l  

l 
[ 

i 

Temp. 

5 5 . 0  
7 3 . 9  
7 5 . 2  
8 0 . 7  

5 5 . 0  
2 5 . 0  
7 3 . 9  
5 5 . 0  
5 5 . 0  

Liquid State 

Density 

0 . 8 9 8 6  
0 . 8 7 6 7  
0 . 8 7 0 6  
0 . 8 6 2 5  

0 , 8 8 7 2  
o . 9 0 7 8  
0 . 8 6 9 4  
(} .8867 
0 . 8 8 8 5  

Sp.  Vo l .  

1 . 1 1 2 8  
1 . 1 4 0 6  
1 . 1 4 8 a  
1 . 1 5 9 4  

1 . 1 2 7 1  
1 . 1 0 1 6  
1 _ 1 5 0 2  
1 . 1 2 7 8  
1 . 1 2 5 5  

Temp. 

- - 3 8 . 6  
- - 3 8 . 4  
- - 3 8 . 2  
- - 3 8 . 6  
- - 3 8 . 0  
- - 3 8 . 0  
- - 3 8 . 0  
- - 3 8 . 7  
- - 3 8 . 2  
- - 3 8 . 6  
- - 3 8 . 6  

Solid State 

Density 

1 . 0 5 7  
1 . 0 5 0  
1 . 0 4 7  
1 . 0 4 3  
1 . 0 1 7  
] . 0 1 4  
1 . 0 1 7  
1 . 0 1 2  
1 . 0 2 2  
1.000 
1 . 0 0 5  

Sp. Vol. 

0 . 9 4 6  
0 . 9 5 3  
0 . 9 5 5  
0 . 9 5 9  
0 . 9 8 3  
0 . 9 8 7  
0 . 9 8 3  
0 . 9 8 8  
0 . 9 7 8  
1 . 0 0 0  
0 . 9 9 5  

a Tempered at 2 9  ° C. 
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T A B L E  3 
E x p a n s i b i l i t y  of the Different Fats in the Sol id  S ta te  

Sample  F o r m  

Trilaurin . . . . . . . . . . . . . . .  I 

T r i m y r i s t i n  ............ I 

T r i p a l m i t i n  ... . . . . . . . . .  I 

Tristearin . . . . . . . . . . . . . .  I 

T r i s t e a r i n  .... I I  

' r r l s t ea  t i n  .. . . . . . . . . . . . .  i l I  

T~ ie la idin  .. . . . . . . . . . .  . .  I 

T, ' iolein .. . . . . . . . . . . . . . . . .  I 

H igh ly  
hydrogenated 
t~ottonseed oil .. . . . . . . .  I 

P a r t i a l l y  
hydrogenated 
cottonseed oil a ..... 

La rd  = . . . . . . . . . . . . . . . . . .  

T e m p e r a t u r e  
Range, ° O .  

- - 3 8  t o - - 2 4  
- - 3 8  t o - - 2 3  

- - 3 8  t o - - 2 2  
- - 3 8  t o - - 2 1  

~--38 t o - - 2 8  
- - 3 8  to - - 1 8  

- - 3 8  t o - - 2 8  
- - 3 5  to - - 2 0  

- - 3 8  t o - - 3 3  
- - 3 8  t o  - - 3 3  ~ 

- - 3 8  t o - - 3 2  
- - 3 8  to - - 3 3  

- - 3 3  to - - 2 2  

- - 3 8  to - - 3 3  
- - 3 8  t o - - 3 3  

- - 3 8  to - - 2 0  
m 3 8  to - - 2 0  

- - 3 8  t o - - 3 3  
- - 3 8  to - - 3 3  

- - 3 8  t o - - 3 3  

Expansion, 
m t . / g . / ° C .  

0 . 0 0 0 1 8 2  
0 . 0 0 0 1 9 3  

0 . 0 0 0 2 1 0  
0 . 0 0 0 2 1 3  

0 . 0 6 0 2 2 3  
0 . 0 0 0 2 1 9  

0 . 0 0 0 2 2 7  
0.000230 

0.000298 
0.000277 

0.000311 
0.000324 

0 . 0 0 0 1 8  

< 0 . 0 0 0 3 8  
< 0 . 0 0 0 3 8  

0 . 0 0 0 2 8 2  
0 . 0 0 0 3 0 0  

< 0 . 0 0 0 3 9  
< 0 . 0 0 0 3 8  

< 0 . 0 0 0 3 8  

Average 
Expansion 

0 . 0 0 0 1 9  

0 . 0 0 0 2 1  

0 . 0 0 0 2 2  

0 . 0 0 0 2 3  

0 . 0 0 0 2 9  

0 . 0 0 0 3 2  

0 . 0 0 0 1 8  

< 0 . 0 0 0 3 8  

0 . 0 0 0 2 9  

< 0 . 0 0 0 3 9  

< 0 . 0 0 0 3 8  

• Sample  tempered at 25 ° O. 

materials are less certain. Previous calorimetric ex- 
amination of the part ial ly hydrogenated cottonseed 
oil (12) revealed that  melting began at  about  - -38  ° 
C., hence only a maximum value could be obtained 
for  this fat. The rate of dilation of the lard and of 
the triolein immediately above - -38  ° C. was almost 
exactly equal to that  of the part ia l ly  hydrogenated 
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m o s t  s t a b l e  s o l i d  f o r m .  ( D u p l i c a t e  r u n s . )  

cottonseed oil. I t  appears probable, therefore,  that  
the dilation recorded in this range is somewhat greater  
than that  representing t rue  thermal  expansion in the 
solid state but  that  each of these fats is ent i re ly  or 
almost entirely solid at - -38  ° C. 

I t  was not practicable to make measurements of 
dilations below - -38  ° C. by  using a liquid other  than 
mercury  in a volumetric dilatometer, since the solid 
expansibil i ty measurements require the detection of 
volume changes of the order  of 0,0001 ml. per gram of 
sample, and this is beyond the sensitivity of a volu- 
metric instrument.  

The data on expansibil i ty Of the solid materials arc 
summarized in Table 3. Detailed data obtained in 
duplicate experiments on the series of simple satu- 
rated triglycerides are shown in Figure  4. 

Expansibility in the Liquid State 
The results of duplicate measurements of the ex- 

pansibil i ty 6f the different samples in the liquid state 
are given in Table 4. 

T A B L E  4 
E x p a n s i b i l i t y  of the D i f f e r e n t  F a t s  i n  the L i q u i d  S ta t e  

Temperature Expansion Average 
Sample Range ,  °C. m l . / g . / ° C .  E x p a n s i o n  

lXrilaurin . . . . . . . . . . . . . .  i ...... 

rrimyristin . . . . . . . . . . . . . . . . . .  

P r i p a l m i t i n  . . . . . . . . . . . . . . . . . .  

rristearin . . . . . . . . . . . . . . . . . . . .  

r r i e l a i d i n  . . . . . . . . . . . . . . . . . . . .  

r r i o l e i n  . . . . . . . . . . . . . . . . . . . . . . . .  

H igh ly  
hydrogenated 
~ottonseed oil .. . . . . . . . . . . . .  

P a r t i a l l y  
~ydrngena ted  
:ottonseed oil  . . . . . . . . . . . . . .  

Lard . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

47  to 60  
47  to 64  

57 to 66  
58 to 67  

6@ to 76  
66 to 80  

73 to 80  
73 to 78 

55 to 62 
44  to 52 

18 to 27  
7 to 25  

74 to 78  
74  to 78  

45 to 59  
45  to 59  

45  to 59 

0 . 0 0 0 9 0 3  
0 . 0 0 0 8 9 0  

0 , 0 0 0 9 2 0  
0 . 0 0 0 9 0 5  

0 . 0 0 0 9 0 9  
0 . 0 0 0 9 2 8  

0 . 0 0 0 9 2 5  
0 . 0 0 0 9 1 8  

0 . 0 0 0 8 7 7  
0 . 0 0 0 8 7 2  

0 . 0 0 0 8 1 2  
0 . 0 0 0 8 2 3  

0 , 0 0 0 9 1 4  
0 , 0 0 0 9 0 7  

0 . 0 0 0 8 0 6  
0 . 0 0 0 8 7 2  

0 , 0 0 0 8 7 0  

0 . 0 0 0 9 0  

0 . 0 0 0 9 1  

0 . 0 0 0 9 2  

0 . 0 0 0 9 2  

0 . 0 0 0 8 7  

0 . 0 0 0 8 2  

0 . 0 0 0 9 1  

0 . 0 0 0 8 7  

0 . 0 0 0 8 7  

Melting Dilations 
The dilatometric data between ca .  - -38  ° C. and 

temperatures  abbve the melting points of the differ- 
ent fats, together with the calculated melting dila- 
tions, are given in Table 5. A value of 0.00030 ml. /  
g. /°C, for  expansibil i ty of the solids was taken arbi- 
t rar i ly  for  calculations of the approximate melting 
dilation of triolein, lard, and par t ia l ly  hydrogenated 
cottonseed oil. 

The melting dilations of tr istearin in Forms I I  and 
I I I  were calculated at 64.5 ° and 54.5 ° C., respec- 
tively, since these melting points were found for the 
respective forms by  rapid heating of the samples in 
capil lary tubes (1).  

In  Figure  5 are shown melting dilations for  the 
series of simple saturated triglyeerides as a function 
of the chain length of the component f a t t y  acids. 

Polymorphic Transformations in Tristearin 
The upper  portions of comparative dilatometrie 

curves for  t r is tearin in the three different poly- 
morphic forms are reproduced in Figure  6. These 
curves were constructed from closely agreeing meas- 
urements made on duplicate samples of material. 
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F i r e  5. M e l t i n g  d i l a t i o n  o f  s i m p l e  s a t u r a t e d  t r i g l y c e r i d e s  i n  
t h e  m o s t  s t a b l e  so l id  f o r m ,  a s  a f u n c t i o n  o f  c h a i n  l e n g t h  o f  t h e  
f a t t y  a c i d s .  

I n  addit ion to the melt ing dilations for  the dif- 
ferent  crystal  forms which are recorded in Table 5, 
the following Volume changes (contractions) were cal- 
culated for  transi t ions f rom one fo rm to another  • 

Form I I I  to Form I I  at 54.5 ° C ......................... 0.0061 m l . / g .  
F o r m  I I I  to  :Fo rm I a t  54.5 ° O ......................... 0 .0354 m l . / g .  
F o r m  I I  t o  F o r m  I a t  64.5 ° C ......................... 0 .0299 m l . / g .  

The dilatometric curves show tha t  t rans format ion  
of Fo rm I I I  began at  a t empera tu re  considerably 
short of the melt ing point  of this form, with rap id  
t ransformat ion  occurring at  about  48 ° C. Surpris-  
ingly, rapid  t ransformat ion  of F o r m  I I  began a t  the 
even lower t empera tu re  of about  44 ° C. In  nei ther  
Fo rm i I  nor  F o r m  I I I  did t ransformat ion  take place 
un i formly ;  there are two well-defined plateaus in the 
port ion of the F o r m  I I I  curve preceding rap id  t rans-  
format ion  and one  similar  p la teau in the Fo rm I I  
curve. There is also a slight i r regular i ty  in each 
curve in the range 52°-62°C. 

The course of t rans format ion  of Forms  I I  and I I I  
was followed by  taking x-ray  diffraction photographs  
(1) of the original Samples of Forms  I I  and I I I  and 
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FIG. 6. D i l a t o m e t r i c  c u r v e s  s h o w i n g  t h e  m e l t i n g  d i l a t i o n  o f  
t r i s t e a r l n  i n  d i f f e r e n t  p o l y m o r p h i ¢  f o r m s .  

of portions of the samples taken at intervals  along the 
di latometrie  curves. The x- ray  photographs  revealed 
that  at  points represent ing incomplete t ransformat ion  
the mater ia l  consisted in each case Of the original 
fo rm mixed with F o r m  I. Fo rm I I  was not detected 
in incompletely t r ans formed  F o r m  I I I .  I t  appears,  
therefore,  to be  impossible to p repa re  t r i s tear in  in 
F o r m  I I  by  heat t rea tment  of F o r m  I I I ,  as such treat-  
ment  causes the mater ia l  to pass direct ly f rom F o r m  
I I I  to F o r m  I. 

D i s c u s s i o n  o f  R e s u l t s  

While the present  data  are not complete with re- 
spect to all types  of tr iglycerides and tr iglyceride 

T A B L E  5 
Over-All Volume Change Between c a .  - - 3 8  ° C. and a Temperature  Above the Melting Point, and Melting Dilation of the D i f f e r e n t  F a t s  

Sample 

~r i laur in  .......................................................... 

r r imyr i s t in  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Tripalmitin ............................ 

Tr is tear in  .................................................. 

Tris tearin. .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Tris tear in  ..................... ~ .............. 

Trielaidin .......................................................... 

Triolein .................. 

Highly hydrogenated cottonseed oil 

Part ial ly hydrogenated cottonseed oil b ....... i 

La rd  b. 

Form I Range, °C. 

I - - 3 8 . 6  to 46.5 
- - 3 8 . 6  to 46.5 

I - - 3 8 . 6  to 64.0 
- - 3 8 . 2  to 63.0 

I - - 3 8 . 2  to 74.0 
- - 3 8 . 2  to 74.0 

I - - 3 8 . 6  to 77.6 
- - 3 8 . 2  t(~ 78.0 

I I  - - 3 8 . 0  to 74.5 
- - 3 8 . 0  to 74.5 

I I I  - - 3 8 . 0  to 74.5 
- - 3 8 , 0  to 74,5 

I - - 3 8 . 0  to 42.0 

I - - 3 8 . 7  to 5.0 
- - 3 8 . 0  to 6.8 

I - - 3 8 . 2  to 74.0 
- - 3 8 . 2  to 74.0 

I 
i - - 3 8 . 6  to 59.0 

Total, 
ml./g. 

0.1585 
0.1595 

0.1796 
0.1774 

0.1924 
0.1923 

0.1976 
0.1973 

0.1709 
0.1701 

0.1670 
0.1674 

0.1326 

0.0974 
0.0967 

0.1716 
0.1721 

0.1314 

Dilation 

i - - ~ 8 . 6  to 59.0 

a Tempera ture  at which melting dilation was calculated--point  of 
melting f o r  al l  o t h e r  samples. 

b Sample was tempered at  29 ° C. 

0.1340 

half-fusion for lard and partially 

Average 
M~ting  M e l t i n g  

0.1423 
0.1433 0.1428 

0.1529 
0.1517 0.1523 

0.1619 
0.1618 0.1619 

0.1674 
0.1668 0.1671 

0.1320 
0.1312 0.1316 

0.1190 
0.1194 0.1192 

0.1182 0.118 

0.0840 
0.0815 0.083 

0.1319 
0.1324 0,1322 

0.0760 0.076 

0.0732 0.07~ 

hydrogenated cottonseed o i l ;  

Temp. 
oC.a 

46.5 

56.6 

65.5 

72.5 

64.5 

54.5 

42.0 

4.6 

62.5 

13.8 

3.5 

) o i n t  o f  f i n a l  
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Fro. 7. Calculated dilatometric curves of pure simple satu- 
rated triglycerides and highly hydrogenated cottonseed oil 
showing expansibility and melting dilation in relation to ~bso- 
lute temperature. 

mixtures, they nevertheless suggest certain generali- 
zations applicable to this class of materials. 

The calculated dilatometric curves of pure com- 
pounds in the homologous series represented by tri- 
laurin, trimyristin, tripalmitin, and tristearin, in 
terms of specific volume vs .  absolute temperature, are 
represented in Figure 7. It  may be seen that the 
specific volume decreases as the molecular weight 
decreases, in both solid and liquid states, but that 
the expansibility of the fats in the solid state in- 
creases with increased molecular weight so that the 
curves projected linearly to absolute zero tend to 
converge at a specific volume of ca.  0.905 ml. per 
gram. A similar tendency in the dilatometric curves 
of the even-numbered n-paraffin hydrocarbons has 
been mentioned by Seyer, Patterson, and Keays (13). 
It  is to be noted, however, that the hydrocarbons 
differ from triglycerides in having an inverse rela- 
tionship between specific volume and chain length so 
that their expansibility decreases as the molecular 
weight increases. 

The highly hydrogenated sample of cottonseed oil, 
consisting essentially of mixed glycerides of stearic 
and palmitic acids, had a melting dilation less than 
that of either tristearin or palmitin, but a higher 
expansibility in the solid state so that its solid line 
intersects the specific volume axis near the same point 
as the solid lines of tristearin, tripalmitin, etc. Other 
triglycerides , including the two unstable forms of 
tristearin, appear to fall into the pattern indicated 
in Figure 6, hence it appears probable that this 
pattern defines in a general way interrelationships 
amongst the various properties of melting point, 
density, expansibility of the solid, and melting dila- 
tion. Obviously the melting dilation will generally be 
lower, the lower the melting point of the material. 

I t  will be seen from Figure 7 that the liquid line 
of any fat projected linearly according to the slope 
at the melting point does not intersect the solid line 
similarly projected at absolute zero, in accordance 
with the rule of Tammann (14), but at about 100 ° K. 
Therefore, calculations of the melting dilation from 
this rule and incomplete expansibility and specific 
volume data can be expected to be somewhat in error. 
Block (4) has previously reported that, while Tam- 

mann's rule predicts the melting dilation of many 
materials with accuracy, it gives a value about 20% 
too high for stearic acid. 

The data on the lard and on the two hydrogenated 
cottonseed oil samples indicate that the melting dila- 
tion of mixed glycerides is not additive on the basis 
of the component fat ty acids, but is less than that 
ealculated from data on simple triglycerides contain- 
ing the same fat ty acids. 

Within the limited range covered there is no great 
variation in expansibility in the liquid state accord- 
ing to chain length of the glycerides. Similarly, Seyer, 
e t  al .  (13) found the expansibility of liquid n-paraffin 
hydrocarbons to vary little with chain length. The 
expansibility of liquid glycerides decreases markedly 
with increase in unsaturation, however, and the dens- 
ity increases. 

A point of particular interest is the high degree o f  
correspondence between the present volume and dens- 
ity data and thermal data obtained on some of the 
same fats in a series of calorimetric investigations (1, 
3, 10, 11, !2 )  carried out in tbis laboratory. 

There i s  a striking similarity of form between the 
dilatometric curves of fats, which show the variation 
of volume with change in temperature, and calorimet- 
ric curves, in which the heat content is similarly rep- 
resented as a function of temperature. In such curves 
the melting dilation is comparable to the heat of 
fusion, whereas coefficients of expansion correspond to 
specific heats. Actually, in all of the fats examined so 
far  by both methods there has been a general corre- 
spondence between expansibilities and specific heats 
and a remarkably close correspondence, as indicated 
in Figure 8, between the heats of fusion and melting 
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Fie. 8. Melting dilation vs. heat of fusion of triglyeerides. 

dilations. This is, of course, not surprising when it is 
recalled that dilation of a material occurs through its 
molecules becoming separated to an increased degree 
and that the specific heat and the heat of fusion are in 
part  measures of the energy required to effect this 
separation. 

The fundamental thermodynamic equations which 
might be expected to shed light upon the relationships 
discussed above are complicated by factors which are 
unknown for triglycerides, or indeed, for any series 
of organic compounds. However, it is to be noted 
that in the Clapeyron equation concerning equilib- 
rium between phases a direct relationship is expressed 
between latent heat and change of volume with change 
of state and that the i~ule of Gruneisen expresses a 
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similar relationship between thermal expansion and 
specific heat. 

Summary 
1. Dilatometric curves between c a .  - -38 ° C. and 

temperatures representing the liquid state have been 
determined for a number of pure triglycerides and 
some commercial fats. 

2. From the dilatometric :data and density data on 
the liquid samples, determinations have been made of 
the density in both the liquid and the solid states; 
the expansibility of each state with increase in tem- 
perature, and the dilation accompanying melting of 
the Samples. From similar comparative data on the 
three polymorphic forms of tristearin determinations 
have been made of the volume changes accompanying 
transformation from one form to another. 

3. Certain relationships are pointed out among the 
various properties of melting point, density, expansi- 
bility, melting dilation, specific heat and heat of 
fusion, and the relation of these properties to chain 
length and degree of unsaturation in triglycerides is 
discussed. 
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T e n d e r n e s s  of Pas tr i e s  Made With  Different  
S o y  F l o u r s  

CLARA GABEL and GERTRUDE SUNDERLIN 

S T U D Y  to determine the shortening value of 
fat in different types of soy flour furnished 
evidence that the fat .in the flour is effective as 

a shortening agent in pastrie s made with soy flour. 
Three series of pastry mixes consisting of 12 vari- 

ants were set up to show variations in the tenderness 
in wafers when three types of soy flour containing 
different percentages of fat were used. In the first 
series the plastic fat used in the pastry formulas was 
constant, but the total fat  in the pastries varied be- 
cause of the different amounts of fat in the five flours 
used. In the second series the total fat  in the pastries 
was constant because the plastic fat  added was re- 
duced by the amount of fat present in the different 
flours. In the third series defatted flour was used, 
and the total fat  in the pastries was constant. In 
three of the mixes in this series soybean oil was sub- 
stituted for part of the plastic fat  in the formula. 
The amounts of oil replacing the fat in the formula 
were equivalent to the amounts present in soybean 
flours containing 5%, 15%, and 22% fat. 

The basic formula used was flour 100, fat 40, and 
water 60. Mixing, rolling, cutting, and baking con- 
ditions were controlled as closely as possible. One 
hundred wafers from 10 batches of each of 12 vari- 
ants were broken on the Bailey shortometer, and 
statistical measures of the breaking strength data 
were used. These data are given in Table 1 and in 
Figure 1. 

When like amounts of fat  were added in making 
pastries using extracted soy flours containing dif- 
ferent percentages of fati the mean breaking strength 

T A B L E  1 

The  M e a n  B r e a k i n g  S t r e n g t h s  of the  Soy F l o u r  P a s t r i e s  
a n d  S ta t i s t i ca l  Measu re s .  

Ser ies  I .  Added  f a t  cons tan t ;  " 
total f a t  v a r i e d  

A. D e f a t t e d  f lour  ...................... 
B.  E x t r a c t e d  flour, 5 %  f a t  ....... 
C. Expe l l e r  flour,  5 %  fa t .  ......... 
D. E x t r a c t e d  flour, 1 5 %  f a t  ..... 
E .  Ful l  f a t  flour, 2 2 %  fa t  ......... 

Ser ies  11. Total  f a t  cons t an t ;  
added  f a t  v a r i e d  

A. Dofa t t ed  f lour  ....................... 
F .  E x t r a c t e d  flour, 5 %  fat 
G. Expel le r  flour,  5 %  fa t .  ......... 
H .  E x t r a c t e d  flour,  1 5 %  f a t  ..... 
I .  Fu l l  f a t  f lour,  2 2 %  f a t  ......... 

Series  I I I .  Total  f a t  cons tan t ;  
p ropor t ion  of oil v a r i e d  

A. P l a s t i c  f a t  only . . . . . . . . . . . . . . . . . . . . .  
J .  Oil as in f lour w i t h  5 %  fat.. .  

K .  Oil as  in  f lour  w i t h  1 5 %  fat .  
L .  Oil as  in f lour  wi th  2 2 %  fat .  

M e a n  
b r e a k i n g  
s t r eng th  

ou~ce8 

14.6 
11.6 

2.9 
6.4 
6.6 

14.6 
15.4 

4.4 
13.7 
19.0 

14.6 
15.2 
14.3 
12.2 

S t and  
a r d  d~ 
viatiol 

3.8 
2.2 
0.35 
0.69 
1.07 

3.8 
3.6 
0 .64 
3.6 
3.5 

3.8 
2.9 
3.3 
2.9 

S t a n d a r d  
e r r o r  of 

m e a n  

1.2 
0.7 
O.i  
0.2 
0.3 

1.2 
1 . I  
0.2 
1.1 
1.1 

1.2 
0.9 
1.0 
0.9 

R a n g e  
for  100 
w a f e r s  

ou~.ce8 

7.5-34.0 
5.0-20.0 
1.5- 5.5 
4.0-11.5 
3.5-11.0 

7.5-34.0 
7.0-36.0 
2 . 5 - 8 . 0  
6.0-29.ff  
9.5-33.0 

7.5-34.0 
7.5-32.0 
7.0-28.0 
7.0-20.5 

of the pastries was greatest with the defatted flour, 
less with extracted flour containing 5% fat, and still 
less with extracted flour containing 15% fat. These 
differences were "significant" ones. The fat in the 
flour seemed to be responsible for the decreased 
breaking strength or increased tenderness of the 
pastries made of extracted flours containing 5% and 
15% fat. 

When varying amounts of plastic fat were used 
in t.he formulas for pastries with extracted soy flours 
of different amounts of fat  (0, 5%, 15%), adjust- 
ing the fat increments so that the total fat in the 




