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method for the determination of dienoic conjugated 
acids, alpha-eleostearic acid, beta-eleostearic acid, lin- 
oleic acid, oleic acid, and total saturated fatty acids. 

Comparisons of the results obtained with similar 
values, calculated from the known composition of the 
mixtures, prove that the proposed method gives rea- 
sonable results. Standard deviations between deter- 
mined and calculated results vary from 0.36 for diene 
conjugated acids to 1.40 for oleic acid. 

The method has been applied to the analysis of 
foreign and domestic tung oils. 
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On the Glyceride Composition of Animal Fats 
O. T. QUIMBY, R. L. WlLLE, and E. S. LUTTON, Chemical Division, 
Procter and Gamble Company, Cincinnati, Ohio 

W HILE the glyceride composition of natural fats 
has received considerable attention, there are 
few cases where the composition is well-estab- 

lished, and general principles are not broadly or 
closely applicable. For many vegetable fats, espe- 
cially seed fats, Hilditch and associates (1) have es- 
tablished an approximately "even distribution" of 
fatty acids in the glycerides, but  there are m a n y  
departures from perfect correspondence to the rule. 
For example, in a detailed study of corn oil Doer- 
sehuk and Daubert (2)  observed a "partial  random 
distribution." 

There is less information on glycerides of animal 
fats than on those of vegetable origin. Evidence has 
been presented by Hilditch (3) that the glycerides of 
lard are largely 2-palmityl glycerides (and therefore 
non-random), but Norris and Mattil (4) ,  in a study 
which included lard and tallow, concluded that "the  
results further substantiate the hypothesis that ani- 
mal fats, in contradistinction to seed fats, are essen- 
tially randomly distributed." Kartha (5) has noted, 
on the basis of his own and others' results, that the 
t r i s a t u r a t e d  in animal fats is measurably less and 
the disaturated is measurably more than the "chance 
values. ' ' 

The present authors propose to show that certain 
animal fats are quite non-random in their glyceride 
structure just as vegetable seed fats have been shown 
to be. The study involves a reexamination of lard, 
beef tallow, and mutton tallow by fractional crystal- 
lization and examination of fractions and produet~ 
of their complete hydrogenation by familiar thermal 
techniques as well as by x-ray diffraction. 

Experimental 
A 50-lb. sample of edible lard (unhydrogenated) 

was obtained from E. Kahn's Sons (Cincinnati, 0.) .  
Approximately 10 lbs. of beef tallow were obtained 
from beef suet by dry rendering followed by a Super- 
filtrol bleach. Ten lbs. of mutton tallow were obtained 
from Swift  and Company, Chicago, Ill. The original 
fats were analyzed and their methyl esters fraction- 
ated in a Podbielniak still. Data appear in Tables 
I and II .  

TABLE I 

Distillation Analysis of Methy! Esters 

' Beef :Mutton 
! Lard Tallow tallow 

2 5  5 6 6  
% 27.9 30 24.4 
% 69.5 65 69.0 

After analysis the fats were subjected to fractional 
solvent crystallization. In the case of the lard and 
mutton tallow a preliminary rough fractionation was 
followed by more careful detailed fractionation to 
obtain nearly representative Ss, S2U, and SU2 (and 
Ua) fractions. Two fractionations were performed for 
lard: one as a pilot run, therefore more detailed; the 

TABLE I I  

Composition of Major Fractions 

I SzU 

I.V. 
% Oleie 
% Linoleic 
% Linolenic 
% Arachidonic 
% Conjugated 

% Saturated 

I.V. 
% Oleie 
% Linoleie 
% binalenic 
% Arachidonie 
% Conjugated 

% Saturated 

I.V. 
% Oleie 
% Linoleic 
% Linolenic 
% Arachidonic 
% Conjugated 

% Saturated 

Original 

64.4 
45.6 a 
10.6 

3.2 
0.3 
0.2 

37.8 

37.4 
35.8 

1.8 
0,22 
6.09 
6.54 

57.1 

42.6 
40.8 

1.6 
1.l 
0.34 
1.5 

50.2 

S:~ Compos- SUn "U,~" 
ite Pure  

From lard (large scale fractionation ) 

3.1 b 35.8 i 38.4 
25.4 I 24.5 

6.3 5.2 
0.25 : 0.15 
0.18 0.11 
0.13 0.11 

63.3 i 65.5 

62.2 
53.3 

6.9 
0,31 
0.20 
0.16 

34.7 

From beef tallow 

2.5 30.0 
29.2 

0.86 
0.1c) 
0.00 
6.38 

64.6 

59.8 
55.2 

3.4 
0.71 
0.11 
0.94 

35.3 

From mutton tallow 

8.5 33.5 
32.5 

0.63 
0.51 
0.03 
0.93 

61.0 

59.3 
50.8 

1.7 
1.8 
0.48 
2.3 

38.6 

79.2 
62.0 

2.9 
2.6 
1.2 
3.7 

23.2 

a95.6% basis for total fatty acids. 
bFrom original fractionation. 
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o the r  to p r e p a r e  s u b s t a n t i a l  a m o u n t s  of m a t e r i a l  fo r  
f u r t h e r  e x p e r i m e n t a t i o n .  (See F i g u r e s  1-3) .  

Original Praetionation 

2 kg. Lard F A ,  314 ~'., crop .~,~.~ C, I\' 36 
81. Acetone ------460OF[ ~-B,  320 g., crop 36.2 ~ IV 42 

40~ [C, 520 g., crop 18.3 ~ IV 61 
/ 

20~ / [D, 307 g., cmp 10.8 ~ IV 74 

6ZF L d, 509 g., IV 92 
Isolation of S a 

276 g. A [-A', 41 g'., crop 64.5 ~ IV 3.1 
1 

1380 cc Acetone 90~ t a '  

Isolation of S2U Fractions 

High Melting 

From a', (a'-I)-164 g., cmp 40.9, IV 31 
From B, (B-1)-104 g., crop 40.3, IV 27 

Low Melting 

From a', B, and C, (a'BC-I)-177 g., crop approx. 32 ~ 
IV approx. 30 

Isolation of SU2 Fraction 

High Melting 

From a', B, and C, (a'BC-II)-317 g., crop 15.8 ~ IV 57 
From D, (D-1)-157 g., crop 12.5, IV 66 

Low Melting 

From a', B, C, and D, (a'BOD-I)-225 g., cmp approx. 0 ~ 
IV 58-7O. 

Fro. 1. Detailed fractionation of lard (adjusted to give 
100% yield). 

The  bee f  t a l l ow  was f r a c t i o n a t e d  v e r y  m u c h  accord-  
i n g  to c lass ica l  m e t h o d s  of  f r a c t i o n a l  c r y s t a l l i z a t i o n  
as i n d i c a t e d  i n  F i g .  4 fo r  the  e a r l y  s t ages  of  the  oper -  
a t ion .  The  p r o c e d u r e  was  c a r r i e d  on  to  sor t  o u t  t he  
v a r i o u s  de s i r ed  f r a c t i o n s ,  $8, etc., u n t i l  60 c ry s t a l l i -  
z a t i ons  i n  a l l  h a d  b e e n  p e r f o r m e d ,  r e p r e s e n t i n g  a 
m a x i m u m  of 22 s tages  of f r a c t i o n a t i o n .  I n  the  course  
of  t h i s  s e p a r a t i o n  s amp l e s  were  t es ted  a g a i n s t  the  
c u r v e  of F i g u r e  5 for  I .  V. v s .  r e f r a c t i v e  i n d e x ,  t he  
c u r v e  h a v i n g  b e e n  e s t a b l i s h e d  w i t h  d a t a  f r o m  a few 
f r a c t i o n s  w h i c h  covered  the  whole  r a n g e .  

The  f ina l  i so l a t ed  f r a c t i o n s  r e p r e s e n t i n g  $3, S2U, 
SU~, a n d  U~ were  a n a l y z e d .  The  f ina l  g l y c e r i d e  com- 
pos i t i ons  t h a t  a p p e a r  i n  T a b l e  i I I  were  c a l c u l a t e d  
f r o m  the  f r a c t i o n s  w i t h  the  a s s u m p t i o n s  : 1) t h a t  o n l y  
t w o  " n e i g h b o r i n g "  t y p e s  of g lyce r ides ,  e . g . ,  $3 a n d  
S,2U, a p p e a r e d  in  one f r a c t i o n ,  a n d  2) t h a t  the  u n -  
s a t u r a t e d  ac ids  were  r e p r e s e n t a t i v e  of t h e  u n s a t u r a t e d  

17.5 kg'. I,ard I - A ,  5710 g., crop 55.3~ IV 33.5 
511. Acetone 

F B  8290 g., crop 24.5 ~ IV 60.7 
/ 

0~ t-'~500," IV 910 

Isolation of ' ' Pure S2U' ' 

From 2650 g. A, 610 g. " P u r e  SeU,"  crop 41.5, IV 33.4 

Isolation of Technical S2U 

:Prom A, 2900 g. Technical S~U, crop approx. 40 ~ IV approx. 36 

Isolation of Technical SU: 

From B, 4090 g. Technical SU2, crop 18 ~ IV 62.2�9 

Fro. 2. Large scale fraetionation of lard (adjusted to give 
100% yield). 

Original Fractionatiou 

1. kg'. Mutton 
Tallow, 
IV 42.6 f-A, 169 g, emp 58.2~ IV 14.5 

/ 

70~  r B, 162 g., crop 51.2 ~ IV 24.3 
/ 

50~ pC, 211 g., crop 32 ~ IV 36.0 
" 1  

: ] 0 ~  148 g., crop 26.0 ~ IV 42.7 

- -5~ 310 g., crop 11.0 ~ IV 75 
Isolation of S~ 
From A and B, (AB-I)-189 g., emp approx. 59 ~ IV approx. 8.5 

Isolation of S._.U 
From C ~nd D, (CD-I)-300 g., IV 33.5 

Isolatio~ SU2 

From d and D, (dD-I)-235 g., IV approx. 59.3 

Isolation U3 
From d, (d-I)-81 g., IV 79.2. 

Fro. 3. Fractionation of mutton tallow (adjusted to give 
100% yield). 

/ \ / \ / \ 

/ 2 0 : 1 , 2 9  ~  / 4:1 I 0  ~  I 5 : 1 ,  0 " ~  
/ ~ / ! \ i 

FIG. 4. Tallow recrystallization. 
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FIG. 5. Relationship of iodine value to refractive index for 
beef tallow glycerides. 
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T A B L E  I I I  

Glycer ide  Composition of La rd ,  Beef  Tallow, 
and. Mut ton  Tallow 

I L a r d  I Beef tal low 

I QwL Li~ (6) I QWL Li, (6) 
Sa ........................... 2.4 1.9 17.9 14.7 
S .U .. . . . . . . . . . . . . . . . . . . . . .  28.0 25.7 40.9 45.9 
SU~ ........................ 40.1 54.4 41.2 37.1 
Us ........................... 29.5 18.0 < 1% 2.2 

Mut ton  tal low 

Q W L  Lit.  (7 )  
(Eng l i sh )  

14.8 26 
42.6 30-52 
37.9 0-44 

4.7 

acids of the whole sample. Detailed analyses and cal- 
culations are not shown bu t  are available from the au- 
thors. ( In  the lard case, the glyceride composition was 
obtained from the small detailed fractions. Similar 
results were obtained with the larger  fractionation.) 

F rom each fat,  the fractions were appropr ia te ly  
grouped as $3, S2U, SU2 (and U3) and analyzed as 
shown in Table II .  These samples were then hydro-  
genated to approximately 0 I. V. and subjected to 
thermal and diffraction study. The melting point and 
diffraction techniques have been described elsewhere 
(8).  Cooling curves were obtained by  following the 
temperature  on a thermometer  inserted in a 75-g. 
sample of fat,  melted and cooled without stirring 
in air a t  80~ See Table IV and Figures  6-8.) 

T A B L E  I V  

Properties of Corn *letely H y d r o g e n a t e d  Fractions 

F r o m  
origins 

I . V .  0.1 
a m . p . ~  50.8 
C . M . P . ~  ,63.6 

S .V.  197.8 
I . V .  0.5 
a m . p , ~  49.6 
C . M . P . ~  65.6 

S .V.  
I . V .  
a m . p . ~  
C . M . P . ~  

197.8 
0.5 

�9 49.6 
63.7 

198.4 
2,5 

49.2 
61.7 

199.3 
0.2 

48.3 
61.7 

F r o m  S2U 
F r o m  la rd  

Pech- I 
nical I " P u r e "  

50,2 0.1 50.6 (51.8 a ) 
66,8 66.6 (67.9 a ) 

F r o m  beef tal low 

197.3 
0.4 

50.2 
66.1 

F r o m  m u t t o n  ta l low 

198.5 
0.2 

49.7 
64.2 

P u r e  glyeer ldes  (8 )  

P S S  ] S P S  

F r o m  
SU2 

51.1 
64.5 

196.3 
0.7 

50.4 
66.0 

198.5 
0.7 

49.0 
63.4 

From 
Us 

197.2 
2.6 

47.5 
63.2 

a m . p . ~  50,6 t 51.8 
O . M . p . ~  65.2 I 68.5 

nOn crysta l l izat ion f rom solvent  wi th  slight f rac t iona t ion .  

The disatnrated portions of Table I I  were examined 
by  x-ray diffraction for comparison with data on the 
known disaturated compounds. (See Table V.) 

T A B L E  V 

Diffract ion D a t a  on SzU Portions 

Source  I Melted and  ch, illed I Solvent  crystall ized 

L a r d  
Beef ta l low 
Mut ton  tal low 

O P S ( 9 )  a-2 ( L . S . 4  
P O S  (9)  a-2 (L.S.  4 

a L. S . - - l o n g  spacing.  

allied I 

P a t t e r n  M.P.~ O, I 
I 

........ I 21.1 I 
a-2 (L.S.a  47.6 X)I  20.6 1 
a-2 (L.S,  48 ~ ) [ 2 1  1 

a-2 (L.S.  40.3 ~_ 25.3 [ 
a-2 (L.S.  47.8 ~. 18.2 

P a t t e r n  iM.P.~ 

fl'-3 (L.S,  6 7 h )  41.4 
~-3 (L.S.  64.4 .~)  35.6 
60~/v ~-2 (L.S .  42 h )  33-41 
4 0 %  ~-3 ( L . S . 6 5 X )  
~'-3 (L.S.  6 6 . 9 ~ )  40 
~-3 (L.S.  63.1 X) 38 

Norris and Mattil (4) had proposed a random in- 
teresterification technique to s tudy the glyceride ar- 
rangement  in a group of fats including lard and beef 

66 I 
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Fro. 6. Cooling curves of completely hydrogenated lard 
f r a c t i o n s .  

A - - I ~ r d  0 - - L a r d  SU~ 
B - - L a r d  S~U D - - P u r i f i e d  l a rd  S~U 

T A B L E  V l  

Calculated ( R a n d o m )  vs.  E x p e r i m e n t a l  Values  for  Sa a n d  S~U 

% s .  % ~ u  
F a t  Calc. Exp.  Calc. } Exp.  

[ L a r d  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  i 6.2 [ 2.4 I 28.3 28.0 
Beef  tal low . . . . . . . . . . . . . . . . . . . . . . . . . .  21.3 17.9 43.1 40.9 
Mut toa  tal low ..................... I 14.5 [ 14.8 [ 39.3 42.6 

tallow. They compared Sa contents before and af ter  
randomization. With a somewhat different .approach 
random rearrangement  was used here for  s tudying 
completely hydrogenated fractions of fats. The main 
basis for  comparison was the cooling curve technique. 
Randomization was accomplished by  t rea tment  with 
0.1% sodium methylate, added in xylene suspension, 
for  1~ hour at  70~ and subsequent neutralization 
with dilute acetic acid to kill the catalyst. 

Some have assumed, since the $8 content of animal 
depot fats is near  the value calculated f rom proba- 
bility, that  animal f a t  acids are randomly arranged 
in the glycerides. This is not the view of Hilditch 
who has said (10) " . . .  it was noticed that  the 
p r o p o r t i o n s  of ful ly  saturated glycerides in those 
animal fats which had been examined and which 
contained over 35% of saturated acids in their  total 
f a t t y  acids were not very  different f rom that  calcu- 
lated on the basis of ' r andom'  or ' indiscriminate '  
ra ther  than ' even '  distribution . . . .  The circum- 
stance that  some approach to ' indiscriminate '  distri- 
but ion of the saturated acids was apparent  in the' 
glycerides of animal depot (and) milk fats with more 
than about 35% of saturated acid in their  total fa t ty  
acids did not however commend itself as an adequate 
reason for assuming that,  in these fats, so fundamen- 
tally different a mode of assemblage of tr iglycerides 
takes place from that  which occurs in wide ranges of 
other natural  fats, both vegetable and animal. More- 
over it  soon became clear that  this apparen t  similarity 
to results based on 'p robabi l i ty '  consideration only 
held for  the saturated acids . . . [Hilditch] and his 
colleagues therefore put  forward  the hypothesis that,  
in the animal depot fats under  discussion, the final 
mixture of component glycerides is the consequence 
of a bio-hydrogenat ion process which has operated 
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]~IG. 7. Cooling curves of completely hydrogenated mut ton  
tallow fractions.  

A--Mutton tallow C--Mutton tallow S~U 
B--Mutton tallow Sa D--Mutton :tallow SU2 

after the precursor fat ty acids (mainly palmitic and 
oleic) have been assembled . . . according to . . . the 
rule o f . . .  'evenly distributed' glyceride production." 

The evidence of this study is very much in line with 
the views of Hilditch with regard to non-randomness 
of distribution in animal fats whether or not this is 
associated with a bio-hydrogenation process. 

The comparison of cooling curves on randomized 
and original, completely hydrogenated fats is strong 
evidence that none of the three fats of study was 
originally randomly arranged. By the randomization 
they are brought close together in physical behavior 
as one would expect from the fatty acid composition, 
but the original cooling curves suggest two types of 
composition different from each other and from the 
random state. One is the lard type, the other is the 
tallow type associated with largely 2-palmityl and 
with 1-palmityl glyeerides respectively as other evi- 
dence suggests. In random distribution a 2-palmityl 
configuration is half as probable as a 1-palmityl con- 

o 58 
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FIG. 8. Cooling curves of completely hydrogenated  beef 
tallow fractions.  

A--Beef tallow C---Be~ tallow SuU 
B--Beef tallow Sa D--Beef tallow SUu 

figuration. Therefore the randomized hydrogenated 
fats should resemble hydrogenated tallow more than 
hydrogenated lard as, indeed, the cooling curves show, 
Moreover the randomized hydrogenated fats and hy- 
drogenated original tallow crystallize in bulk substan- 
tially without voids whereas the hydrogenated lard 
crystallizes with a remarkable swelling characteristic 
of strongly beta-tending fats, e.g., tristearin and 2- 
palmityldistearin. 

That a similar pattern of arrangement, with re- 
spect to palmityl position, exists for S~, S2U, and SU2 
glycerides of a given fat is strongly suggested by the 
similarity i n  cooling curves of the completely hydro- 
genated fractions of a given fat. The lard fractions 
Show the long "alpha hal t ,"  characteristic of 2-pal- 
mityldistearin (11) while the tallow fractions show 
quick rise from the minimum due presumably to the 
1-palmityldistearin content. 

Further' evidence of the 2-palmityl content of lard 
is given by the diffraction patterns of the hydrogen- 
ated fractions which, in the beta phase, show the close 
approach of the outer short spacing lines at approxi- 
mately 3.8 A which is characteristic of 2-palmityl- 
distearin. In contrast, two lines in this region, at 
about 3.85 and 3.6 A, appear distinctly for hydro- 
genated fractions from tallow. Moreover the disatu- 
rated fraction of lard, before hydrogenation, shows a 
diffraction pattern of a beta prime-3 type closely sim- 
ilar to the pattern of 2-palmityloleylstearin treated 
in similar fashion and quite different from patterns 
o f  tile 2-oleyl or 2-stearyl isomers, fat ty acid analysis 
calling for an approximate composition of ~ pal- 
mitic, ~ oleic, and l~ stearic. These conclusions are 
in line with those of Hilditch (3). 

6.~ 
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FIG. 9. Cooling curves of completely hydrogenated fats.  
Effect of rearrangement. 

A--Lard a--Randomized lard 
B--Beef tallow b--Randomized beef tallow 
C--Mutton tallow c--Randomized mutton tallow 

Similar evidence for the 1-palmityl arrangement of 
beef tallow comes from the close similarity in thermal 
data and in diffraction patterns of the hydrogenated 
fractions to 1-palmityl distearin. Moreover the disat- 
urated fraction gives a pattern corresponding only to 
2-oleylpalmitylstearin, among the 3 possible isomers. 

The mixture of fl-3 and fl-2 forms for mutton tal- 
low disaturated is also highly suggestive of 2-oleyl 
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a r rangement  since only such disaturated components 
give fl-3 in the pure  state (9) and since fl-2 has been 
observed for  nearly pure  2-oleyl samples (12) ;  in 
addit ion fl-2 has been observed for  50-50 b inary  mixes 
of disa turated glyceridcs (12) only when one com- 
ponent  was a 2-oleyl glyceride but  the other a 1-oleyl 
compound. 

While agree ing  with the g e n e r a l  conc lus ion  of 
Ka r tha  (5) (hnd Hildi tch)  that  animal  fats  are not 
randomly arranged,  present  results as shown in Table 
VI  do not agree entirely with his conclusions that  in 
animal  fa ts  S a is less and S~U is more than  the corre- 
sponding "chance  va lue . "  

The nature  of the evidence presented is not such 
as to establish within extremely close limits the glyc- 
eride composition of the various fats, but  it does 
indicate : 

a) that  animal  fa ts  are non-random in their  f a t ty  
acid distribution. 

b)  that  tallows differ sharply  f rom lard  in fa t ty  
acid dis t r ibut ion;  the lat ter  definitely is com- 
posed largely of 2-palmityl  glyeerides, the for- 
mer p robab ly  of 1-palmityl glycerides. 

c) for  a given animal f a t  there" is considerable con- 
stancy of palmityl  position throughout  its $3, 
S.,U, and  SU2 glycerides. 

Summary 
In agreement  with comments of Hildi tch bu t  in 

contrast  with certain other statements in the litera- 

ture it  is concluded that  lard, beef tallow, and mut-  
ton tallow are non-random in distr ibution of f a t ty  
acid chains among their  glycerides. F rom thermal  
and x-ray diffraction techniques applied to $3, S:U, 
SU2, and U:~ fract ions of these fats  and to the various 
products  of complete hydrogenat ion it  is concluded 
tha t  lard is composed largely of 2-palmityl  g lycer ides  
as proposed b y  t t i ld i tch while the tallows are com- 
posed largely of 1-palmityl  glycerides. 
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Some Factors Influencing Foam Stability 
C. R. SPORCK, Division of Research and Development, Lever Brothers Company, 
Edgewater, N. J. 

I T is evident that  the foaming power of liquids 
does not depend on the surface tension alone. A 
liquid hydrocarbon of surface tension about  25 

dynes/era a t  25~ foams no more readily than  water  
of surface tension about  72 dynes/era at 25~ Gibbs 
(1) points out that  for  persistence a liquid film must  
have a means of wi ths tanding  shock, a sort of elastic- 
ity. Stated succinctly, for  stabil i ty a film must  have 
an elastic p roper ty  so tha t  if  the film is increased in 
area by  an external  agency, a force will arise in the 
film tending to oppose this increase of area  and if the 
film is decreased in area, a force will arise to resist 
the change. Only if this compensatory reaction can 
be elicited f rom the film, can the shocks to which by  
chance it  is subjected be prevented f rom destroying 
the film. This elasticity can be provided for liquid 
films between two gas masses only if the film contains 
at least two components (water  is conventionally con- 
sidered the first component) .  

Now there are two cases to be considered, A and B : 

A. The second of the two components may  be a com- 
ponent  of the surface alone, being insoluble in the 
bulk. 

B. This case may  arise in two ways :  
1. The second component may be a component of 

tile surface and the bulk phases, bu t  the bulk 
phase may  be not large enough to constitute a 

reservoir. Therefore it cannot fix the chemical 
potential  in the surface of component two as 
the surface phase changes its extent. 

2. The bulk  phase may  be large enough to act as a 
reservoir, bu t  the t ime required for  ad jus tment  
of the chemical potential  of component  two in 
the "surface a f te r  a disturbance may  be long 
compared to the durat ion of the disturbance. 

The physical picture implicit  in the above is clear. 
In  general, in two component  aqueous solutions, the 
surface tension decreases as the Gibbs surface excess 
increases and increases as the surface excess decreases. 
I f  the surface-active component  is confined to the sur- 
face alone, (Case A) a contraction or extension of 
total surface area causes an increase or decrease of 
surface concentration which causes a decrease or in- 
crease in surface tension. Hence we have a force 
which always resists a change in surface area whether  
this change is an increase or decrease. With  the sur- 
face-active component  confined to the surface and bulk 
liquid phases (Case B1) i.e., a compound of low vapor  
pressure, the situation is similar. I f  the ad jus tment  to 
equil ibrium is slow af te r  change in surface area as in 
Pa r t  2 of Case B abo~'e, the elasticity is even greater  
than the equil ibrium value. 

To il lustrate the importance of this last point  we 
may  most effectively use a three-component  system. 


