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Abstract 
Viscosity studies of thiolaurates, thiomyris- 

rates, thiopalmitates and thiostearates of the nor- 
mal C6, C7, C~4, C16, C18; C6, C8, C10, Cll, Cla, C14, 
C 1 5 ,  C 1 6 ,  C 1 8 ;  C 9 ,  C l O ,  C l l ,  C 1 2 ,  C 1 3 ,  C 1 4 ,  C 1 6 ,  C 1 7 ,  

Cls and C4, C9, C10, Cll, C19, C14, C16 and C18, 
respectively, were made. In addition, n-propyl  
and n-heptyl thioaeetates as well as n&eptyl  thio- 
hexanoate were studied. Viscosities of thiol esters 
increase with increasing chain length. These in- 
creases are not linear. Fo r  each compound, the 
viscosity decreases with increasing temp. Activa- 
tion energies for viscous flow were calculated. 
The activation energies increase as the chains in- 
crease. These increases are not linear. 

Experimental 

T HE SYNTRESIS and the purification of all of the 
thiol esters with the exception of n-propyl  and n- 

heptyl  thioaeetates and n-hexyl thiomyristates were 
described elsewhere (1-3).  

The above mentioned thiol esters were prepared by 
refluxing 0.1 mole of the appropriate  freshly distilled 
aeyl chloride with 0.1 mole of the appropriate  alkane 
thiol for  six hr  in the presence of 250 ml of d ry  ben- 
zene and 10 ml of d ry  pyridine. The reaction mixtures 
were then washed with water and dried over anhy- 
drous sodium sulfate. Benzene was then removed from 
each reaction mixture by distillation and the crude 
thiol esters were ehromatographed with Florisil and 
eluted with petroleum ether;  af ter  removal of the 
petroleum ether by distillation, the esters, with the 
exception of n-propyl  thioaeetate were fraetionated 
under  diminished pressure. The n-propyl  thioaeetate 
was fractionated at atmospheric pressure. The yields, 
analyses and physical data for  these new thiol esters 
are summarized in Table I. 

The viscosity measurements were made with Can- 
non-Fenske type viscometers by  the method proposed 
by ASTM in "Standards on Petroleum Products  and 
Lubr i can t s "  (4). 

The measurements were made at 60, 75 and 90C, 
and wherever possible at 30 and 45C. The viscosities 
in centipoises of all of the compounds at various tem- 
peratures were calculated; these values are sum- 
marized in Table II.  

Results and Discussion 
Viscosity vs. Chain Length. Given in Table I I  are 

the viscosity and other per t inent  data for  34 thiol 
esters. The number of carbon atoms in the thiol ester 
chain ranged from 5-'36. A plot (Fig. 1) of log vis- 
cosity vs. the number of carbon atoms at the four  temp 
studied shows a sharp increase in viscosity for  the 
shorter members of the series. The viscosity increases 
on the average 1.43 fold/carbon atom at 60C from a 

chain with 5 carbon atoms to a chain with 12 carbon 
atoms. In the chains containing between 20 and 27 
carbon atoms the average rate of increase in viscosity/ 
carbon atom is 1.24 fold or 87% of that  observed in 
the 5-12 carbon chains at 90C. In the chains contain- 
ing between 5-12 carbon atoms, the rate of increase 
of viscosity is 1.36 fold/  carbon atom and 1.22 fold/  
carbon atom in the chains containing 20-27 carbon 
atoms. There is a slight decrease in rates of viscous 
flow/carbon atom with an increase in temp. 

Viscosity data reported in the l i terature for the a]i- 
phatie oxygen (5,6) and for hydrocarbons (7) of 
comparable chain lengths in the same temp range show 
the same genera] type of viscosity-chain length curves 
as the thiol esters. In most cases, the viscosities of 
thiol esters are greater  than of the corresponding oxy- 
gen esters, which in turn  are greater  than of the cor- 
responding hydrocarbons. This is not surprising, since 
the intermolecular forces which are holding the mole- 
Gules together (resisting molecular motion) are great- 
est for  the thiol esters. The contribution to inter- 
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the chain on the viscosity at a par t icular  temp can be 
seen by the examination of the data (Table I I )  ob- 
tained for  18 compounds containing an equal num- 
ber of carbon atoms. These data show the compounds 
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with greatest symmetry about the --C group have 
\ 

S -  
the lowest viscosities. This symmetry effect is ob- 
served for all thiol esters except those containing 28 
and 30 carbon atoms. 

Viscosity-Temperature. For  each compound, the 
viscosity decreases as the temp increases. Numerous 
equations relating viscosity and temp can be found 
in the l i terature (8). Most of these equations are ex- 
ponential. One such equation was proposed by 
E y r i n g :  , / =  A~"'~/RT. A plot of the logari thm of 
viscosity vs. the reciprocal of the absolute temp should 

T A B L E  I 

P h y s i c a l  P r o p e r t i e s  of S h o r t - O h a l n  Thiol  E s t e r s  

iV!ol w t  

n - p r o p y l  t h ioace t a t e  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 1 8 . 2 0  
n -hep ty l  t h ioace t a t e  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  174 .30  
n-hexyl thiohexanoate . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2 1 6 . 3 9  

• ~ Mola r  refract D e n s i t y  e~ % S 
bp  P r e s s  25C nD c ~ n d  ca~'c" f o u n d  

139-4TC T --0195~;--~.4-7~78 ~ ~ ~ 7 . 1 T k  27.60 
114(]  2 m m  I-Ig 0 . 9 1 2 3  1 . 4 6 3 8  51 .87  52 .71  18 .37  ] 1 8 . 2 ]  

] 117(]  I 3 m m  I~Ig I 0 . 8 9 6 2  I 1 A 6 4 5  ] 65 ,65  ] 66 .68  14 .80  I 14 ,84  
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F I G .  1 .  A c t i v a t i o n  e n e r g y  f o r  v i s c o u s  f l o w  o f  t h i o l  e s t e r s .  

yield a straight line if the equation is a valid repre- 
sentation of the data. This treatment of the thiol 
ester data showed that Eyring's  equation represents 
adequately that data for only n-propyl thioacetate, n- 
undecyl thiomyristate, n-octadecyl thiomyristate, n- 
nonyl thiopalmitate and n-hexyl thiolaurate. For the 
remaining compounds it was observed that all of the 
points do not fall on straight lines. In all of the 
cases, except one, the viscosity shows an abnormal in- 
crease with increasing temp. 

Deviations in the neighborhood of freezing points 
would not be entirely unexpected because of a change 
in liquid structure. As a compound cools, its molar 
volume contracts and consequently, the number of 
holes in the liquid decreases. The decrease in the num- 
ber of holes results in an increase in viscosity; how- 
ever, this is not the sole factor influencing viscosity. 
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Fro. 2. Yiscosity--Chaln length relationship of thiol esters 
a t ;  w t r i o u s  t emp .  

Another factor involves the forces which control the 
orientation of the molecules in the solid state. If these 
forces become substantial while the material is still 
in  the liquid phase, the structure of the liquid will 
change. Usually these forces remain inoperative until  
the liquid solidifies. For thiol esters, there is an ap- 
parent alteration of liquid structures slightly above 
their freezing points. 

The temp at which this liquid transition occurs can 
be determined approximately. Assuming that the vis- 
cosity increases linearly for each liquid structure (but 
not at the same rate), one can project the curve for 
each structure to a common point from which the temp 
can be determined for the liquid transition. Table 
III gives the melting points and liquid transition temp 
in degrees Kelvin, for n-heptyl thiolaurate, n-octyl 
thiomyristate, n-decyl thiomyristate, decyl thiopal- 
mitate and n-butyl  thiostearate. The ratios of transi- 
tion temp to melting point temp for the above men- 
tioned compounds are 1.09, 1.08, 1.07, 107 and 1.13, 
respectively. Thus, there is an abnormal increase in 
viscosity of thiol esters at a temp approx 10% higher 

T A B L E  I I  

Viscos i ty  in centipoise 

Compound 

n*propyl th ioacetate  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
n-hepty l th ioacetate  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
n-hexy l th lohexanoate  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

n-hexyl th io laurate  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
n-hepty l th io laurate  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
n*tetradecyl thiolaurate . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
n-hexadecy l th io laurate  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
n-octadecy l th io laurate  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

n-hexyl thiomyristate  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
n-octyl thiomyristate  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
n-decyl thiomyristate  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
n-undecyl  thiomyristate  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
n-tridecyl thiomyristate  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
n-tetradecTI thiomyristate  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
n-pentadecyl  thiomyristate  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
n-hexadecyl  thiomyristate  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

n-octadecyl  thiomyristate  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

n - n o n y l  t h i o p a h n i t a t e  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
n-decyl thiopahnitate . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
n-undecyl  thiopalmitate . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
n-dodecyI thiopalmitate  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
n-tridecyl thiopalmitate . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
n-tetradecyl  thiopalrnitate . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
n-hexadecyl  thiopalraitate . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
n-heptadecyl  thiopalmitate . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
n-octadecyl thiopalmitate  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

n-buty l th ios tearate  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

n-nonyl thiostearate  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
n-decy l th ios tearate  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
n-undecy l th ios tearate  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

n-dodecy l th ios tearate  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

n-te tradecy l th ios tearate  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
n-hexadecy l th ios tearate  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
n-octadecy l th ios tearate  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

No.  of 
carbon 
atoms 

5 
9 

12 

18  
1 9  
2 6  
2 8  
3 0  

2O 
2 2  
2 4  
2 5  
2 7  
2 8  
2 9  
3 0  
3 2  

2 5  
2 6  
2 7  
2 8  
2 9  
3 0  
32  
3 3  
3 4  

2 2  
2 7  
2 8  
2 9  
3 0  
3 2  
3 4  
3 6  

( C )  
mp 

4 5 . 0  
4 9 . 5  
5 4 . 0  

3 8 . 0  
4 5 . 5  
5 4 . 0  
5 0 . 0  
5 7 . 0  
5 3 . 5  
5 7 . 5  

4 4 . 5  
4 3 . 5  
5 1 . 0  
4 8 . 5  
5 6 . 0  
5 4 , 5  
5 8 . 5  
6 4 . 5  
6 2 . 5  

5 0 . 5  
5 0 . 0  
5 5 . 5  
5 4 . 5  
5 8 . 5  
6 5 . 0  
6 5 . 5  

3 0 C  

0 . 7 8 8 9  
1 . 7 9 2  

7 . 3 4 5  

4 5 C  

0 . 6 6 6 9  
1 . 4 1 1  
1 . 9 9 6  

4 . 5 6 0  
5 . 1 4 3  

5 . 8 1 3  
7 . 2 0 5  
8 . 8 0  

1 0 . 7 2  

7 . 6 7  

6 0 C  

0 . 5 7 2 9  
1 . 1 5 1  
1 . 6 0 0  

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

1 0 . 5 3  

4 . 7 5 4  
5 . 1 9 3  
6 . 2 4 9  
6 . 8 2 5  

8 . 7 5  
9 . 3 4  

1 0 . 1  
1 1 . 9 4  

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

1 0 . 1  
1 1 . 6 1  

5 . 5 3 1  
8 . 2 2  
8 . 8 4  
9 . 5 9 2  

1 1 . 8 2  

7 5 C  

0 . 5 0 3 0  
0 . 9 7 3 1  
1 . 3 2 8  

2 . 6 9 1  
2 . 9 7 6  
5 . 4 7 7  
6 . 3 5 3  

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

6 . 3 6 1  

6 . 3 8  

5 . 0 6 3  
5 . 4 8 9  
5 . 8 9 2  
6 . 5 9 7  
6 . 8 4 4  
7 . 3 0  
8 . 3 0  
8 . 9 3  
9 . 6 2  

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

9 , 5 7  
1 0 , 8 9  

9 0 C  

0 . 4 4 3 2  
0 . 8 2 6 6  
1 . 1 1  

2 . 1 5 0  
2 . 3 6 2  
4 . 2 1 6  

4 . 8 4 6  

2 . 9 2 3  
3 . 0 7 6  
3 . 5 9 5  
3 . 8 9 5  
4 . 5 1 0  
4 , 8 5 0  

6 . 3 7 7  

3 . 9 1 7  
4 . 2 2 1  
4 . 5 0 7  
5 . 0 0 4  
5 . 1 8 7  

7 . 1 5 8  

3 . 2 6 6  

5 . 2 5 1  

7 . 0 9  
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T A B L E  III 

T r a n s i t i o n  a n d  Mel t ing  P o i n t  T e m p  

F O U N T A I N E  E T  A L .  : V I S C O S I T Y  O F  L O N G - C H A I N  T H I O L  E S T E R S  

T A B L E  I V  

Ac t iva t i on  E n e r g i e s  for  Viscous  F low a n d  P r e e x p o n e n t i a l  F a c t o r  

mp K 

2 9 7  
309  
311 
3 1 6 . 5  
305  

T r a n s i t i o n  
tamp K 

3 0 8 . 6  
3 4 0 , 9  
333  
339  
341 .1  

n - h e p t y l t h i o l a u r a t e  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  " 
n - o e t y l t h i o m y r i s t a t e  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ] 
n-decyI t h iomyr i s t a t e  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 
n-deeyl t h iopa lmi t a t e  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ] 
n - b u t y l t h i o s t e a r a t e  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  I 

Compound  A E v i s  E ' v i s  

n-propyI t h ioaee t a t e  .. . . . . . . . . . . . . . . . .  
n-beptyl  t h ioace t a t e  .. . . . . . . . . . . . . . . . . .  
n-hexyl th iohexunoa te  ... . . . . . . . . . . .  
n-hexyl t b i o l a u r a t e  . . . . . . . . . . . . . . . . . . .  
n-heptyl  t h i o l a n r a t o  .. . . . . . . . . . . . . . . . . .  
n - te t radecy l  t h i o l a u r a t e  ............. 
n-hexadecyl  t h i e l a u r a t e  ............. 
n-hexyl  t h i o m y r i s t a t e  .. . . . . . . . . . . . . . .  
n-octyl t h iomyr i s t a t e  ................. 
n-decyl t h iomyr i s t a t e  .. . . . . . . . . . . . . . .  
n - te t radeey l  t h i o m y r i s t a t e  ......... 
nmony l  t h iopa lmi t a t e  .. . . . . . . . . . . . . . .  
n-decyl t h iopa lmi t a t e  .. . . . . . . . . . . . . . .  
n -nndecyl  t h i o p a l m i t a t e  ............ 
n-dodeeyl t h i o p a l m i t a t e  ............. 
n - t r idecyt  t h iopa lml t a t e  ........... 
n-octadecyl  t h i o p a l m i t a t e  ......... 
n -buty l  t h i o s t e a r a t e  . . . . . . . . . . . . . . . . . .  
n -undecyl  t h i o s t e a r a t e  . . . . . . . . . . . . .  
n-hexadecyl  t h i o s t e a r a t e  .......... 

A'  

- - 1 . 6 1 9  2 1 0 3  
- - 1 . 7 7 1  - - 1 . 9 4 9  2 7 3 3  3 0 5 5  
- - 1 . 9 9  .... . . . . . . . .  2 9 7 0  ........ 
- - 1 . 9 0 5  3 7 1 8  
- - 1 . 9 4 0  - - 2 . 4 1 7  3 8 4 5  4 5 5 5  
- - 2 . 0 1 3  ............ 4 3 8 3  ........ 
- - 2 . 0 4  ............ 4 5 3 6  ........ 
- - 1 . 8 8 0  3 8 9 8  
- - 1 . 9 4 3  - - 2 . 3 0 1  4 0 4 0  4 5 9 9  
- - 2 . 8 6  - - 2 . 3 6  ........ ........ 
- - 2 . 0 5  ............ 4 5 4 3  ........ 
- - 1 , 9 9 4  4 2 9 9  ........ 
- - 2 . 0 2 2  - - 2 . 4 4 6  4 3 9 9  ........ 
- - 2 . 0 5  ............ 4 4 9 0  ........ 
- - 2 . 0 9  ............ 4 6 3 0  ........ 
- - 2 . 0 8  ............ 4 6 4 0  ........ 
- - 2 . 1 3  4 9 5 2  
- - 1 , 9 4  - - 2 . 0 1  4 0 8 0  4 5 9 0  
- - 2 . 0 5 4  .... . . . . . . . .  4 6 1 1  ........ 
- - 2 , 1 7  ...... 5 0 2 0  ........ 

than the melting point temp. This explains why n- 
propyl  thioacetate, n-undecyl thiomyristate,  n-octa- 
decyl thiomyristate,  n-nonyl thiopalmitate and n-hexyl 
thiolaurate are adequately represented by Eyr ing ' s  
equation. 

This phenomenon also occurs with water (9) and 
benzene (10). Rossini's viscosity data for  hydro- 
carbons, when treated in the same manner,  also shows 
this property.  Because of this non-uniform change 
in viscosity throughout  the entire liquid state, Eyr ing ' s  
equation is not valid for all temp. I t  does give 
satisfactory results when a different set of values for  
E~s and pre-exponential factors are used for each 
liquid structure. The values are given in Table IV. 
Because of this alteration of liquid structure,  the vis- 
cosity has been considered in two regions, one " n e a r "  
the melting point and the other " f a r "  from the melt- 
ing point, each of which displays a l inear relationship 
with reciprocal temp. (In this section is is not implied 
that  the l iquid s t ructure  will change precisely at one 
given temp. Because of mixing or ent ropy effects of 
two types of liquid structures co-existing at the same 
time, the transition may occur over a temp range of 
a few degrees or a few hundredths of a degree.) 

Activation Energy. In the calculation of activation 
energy fo r  viscous flow, the selected values were from 
those portions of the viscosity-temperature curves 
which showed one type of liquid structure. 

F igure  2 is a plot of activation energy, E~is, vs. the 
number of carbon atoms in the chain. Treating the 

The  p r i m e  va lues  r e f e r  to t h a t  l iqu id  s t r u c t u r e  " n e a r "  the  rap. 

data in this manner  shows that  the activation energy 
increases as the chain length increases; however, this 
is not a linear increase. 

A C K N O W L E D G M E N T  

Th i s  w o r k  suppor t ed  in  p a r t  by a Na t i ona l  Science F o u n d a t i o n  g r a n t  
for  u n d e r g r a d u a t e  r e sea rch .  

REFERENCES 

1. Sasin ,  G. S., R i c h a r d  S a s i n  a n d  Nicholas  Capron ,  J .  Org .  Chem. 
21, 852 ( 1 9 5 6 ) .  

2. Sas in ,  G. S., P .  R.  Schaeffer  a n d  R i c h a r d  Sas in ,  1bid. 22, 1 1 8 3  
( 1 9 5 7 ) .  

3. Sas in ,  R i c h a r d ,  W,  F .  Ashley, J .  W.  M a n n i n g ,  J r .  a n d  Albe r t  
Pao l in i ,  J r . ,  J A O C N  85 ,  192  ( 1 9 5 8 ) .  

4.  ASTI~I, " S t a n d a r d s  on P e t r o l e u m  P r o d u c t s  and  L u b r i c a n t s "  D 4 4 5 -  
5 3 T  p a r t  6, p.  204 .  ( 1 9 5 8 ) .  

5. Shr ig ley ,  J .  W ,  0 .  W.  Bonhors t ,  C. C. L i ang ,  P .  M. Al thouse  a n d  
I t .  O. Tr iebold ,  J A O C S  82,  213  ( 1 9 5 5 ) .  

6. Gros, A., a n d  R. O. Feuge ,  Ibid. 80, 213  ( 1 9 5 2 ) .  
7. Rossini ,  F.  D.,  "Se lec ted  Va lues  of Phys i ca l  and  T h e r m o d y n a m i c  

P r o p e r t i e s  of H y d r o c a r b o n s  a n d  l~elated Compounds ."  F i t t s b u r g h ,  Pa . ,  
Ca rneg ie  P res s ,  1953 .  

8. ¥ a r s h n i ,  Y. P. ,  and  S. N. S r i v e s t a n a ,  J .  Phys .  Chem. 69, 706  
( 1 9 5 8 ) .  

9. Innes ,  K. K.,  Ibid. 60, 817  ( 1 9 5 6 ) .  
10. Hu ,  P .  M., a n d  R. W.  P a r s o n s ,  P r e c .  Phys .  Soc. of London  72 ,  

4 5 4  ( 1 9 5 8 ) .  

[ R e c e i v e d  J u n e  1 1 ,  1 9 6 4 - - A c c e p t e 4  S e p t e m b e r  1 0 ,  1 9 6 4 ]  

Worksoftening of Margarine and Shortening 
A. J. HAIGHTON,  Unilever Research Laboratory, Vlaardingen, The Netherlands 

Abstract 
Margarine and but ter  have a certain yield value 

whieh is mainly determined by the fact  that  the 
fat  crystals do not move in respect of each other 
but. are fixed in a tridimensional network. The 
permanent  network greatly contributes to the 
total hardness (60=80%). This contribution can 
be determined by kneading the sample isother- 
mally and by measuring the hardness before and 
af ter  kneading. The decrease in hardness is called 
the " s t r uc tu r a l  ha rdness"  and the relative de- 
crease the "worksof ten ing . "  These values give a 
certain impression of the plasticity of the produet  
at a certain hardness, while the Spreadabil i ty In- 
dex, which ean be calculated from the s tructural  
hardness and the worksoftening, is a good meas- 
ure for  spreadability. 

Introduction 

D IgTER~IINATIONS O f  the consistency of butter,  mar- 
garine and shortenings serve mostly to obtain a 

relative comparative value for hardness or spread- 
ability. I t  is almost impossible to calculate from these 
values quanti tat ive data for the internal  s t ructure  of 
the so mples. The hardness of the products  mentioned 

is, as will be known, for  the greater pa r t  caused by 
the presence of a network of fat  crystals. Hardness 
determinations before and after  isothermal kneading 
can give an impression of the nature and strength of 
the bonds in the crystal lattice. For  routine hardness 
determinations such as are carried out in margarine 
factories, simple apparatus  giving reproducible re- 
suits is required. 

Procedures and Data 
Network Structure of Crystals 

In a rapidly  cooled fat, most glyceride crystals are 
so small that  it is often difficult to perceive them 
microseopieally ( < 1 / , )  (1).  The number of crystals/  
cm 3 is so large that  their  mutual  distance is only slight 
(0.01 ~). For  this reason the mutual  at traction (Van 
der Waals London at tract ion) is so strong that  the 
crystals move rapidly towards each other and floc- 
culate. As a result  of this flocculation, long chains 
with many ramifications are formed. This phenomenon 
has been intensively studied in e.g. clay suspensions 
and pr in t ing inks (2,3). 

The at tractive forces keeping the network intact 
are weak and the network can be disturbed by slight 
stirring. Itowever, the old situation can be re-estab- 


