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conditions of the separat ion on the column. F u r t h e r  
research will be necessary to explain this phenomenon. 

Conclusions 
The data presented indicate that  fract ional  crystal-  

lization in a thermal  gradient  has definite possibilities 
as a tool in the separat ion of glycerides and other lip- 
ides. Even though the results were not as good as 
theoretically possible in some cases, the results indi- 
cated that  the separat ion was as good as the actual  
solubilities under  the conditions of the separat ion 
would allow. 

In  the present  appara tus  the separat ion is speeded 
by the use of gradient  elution. This same effect could 
be achieved by raising the t empera ture  o~ the bo.ttom 
and top of the column at  the same rate. By  doing 
this, one solvent could be used, and the monitor ing of 
the eluate as it came off the bottom of the column by 
some physical method might  become more feasible. 

This appara tus  should be helpful  in m a n y  separa- 
tions of interest  to lipide chemists. I t  should be of use 
in any  o~ the separat ions where solvent crystallization 
has proved effective. For  example, it might  be used to 
s tudy the glyeeride s t ructure  of na tura l  fats. I t  might  
be used to, separate sa tura ted  and unsatura ted  f a t t y  
acids or acids differing considerably in chain length. 

I t  appears  promising for  the separation of waxes, 
phosphatides, and other complex lipides. I t  should be 
useful  in separa t ing branched- and normal-chain f a t t y  
acids and in the separat ion of cis and trans isomers. 
I t  is our hope that  we may  explore some of these ap- 
plieatio,ns in the future.  

Summary 
An appa ra tus  designed to separate  mater ia ls  by  

automatic  recrystall ization in a thermal  gradient  has 
been tested for its abili ty to separate model glyceride 
mixtures.  The theory of the separat ion has been dis- 
cussed. The appa ra tus  was able to separate  the model 
mixtures  efficiently; the separat ion was limited only 
by the actual relative solubilities of the components 
and the format ion of eutectie mixtures.  This appa-  
ra tus  should be useful in the separat ion of m a n y  lip- 
ide mixtures  where crystall ization is an appropr ia te  
technique. 
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A Uniform Basis for Reporting Analytical Data on 
Fatty Materials 1 
JOHN S. SHOWELL, Eastern Regional Research Laboratory, 2 Philadelphia, Pennsylvania 

T ttE CI-IEMISTRu Of the f a t ty  acids and their  deriva- 
tives is one of the oldest b r anches  of organic 
chemistry, dat ing f rom Chevreul. The develop- 

ment  of the field required some means of measur ing 
pu r i ty  and ident i ty  of pure  compounds and of ana- 
lyzing complex natura l  and industr ial  mixtures.  The 
gradual  evolution led to a var ie ty  of methods for  
analysis of the type and quant i ty  of funct ional  

1 Presented a t  t h e  spring meeting, American 0il 0hemists' Society, 
New Orleans, La., April 20-22, 1959. 

"' Eastern Utilization Research and Development Division, Agricultural 
Research Service, United States Department of Agriculture. 

groups. In  so doing, certain a rb i t r a ry  units for  
these measurements  were introduced and their  use 
was perpetuated.  Thus there are in existence the 
iodine number,  saponification number,  acetyl  value, 
acid number,  and so on (1).  There is no doubt of 
their  usefulness, but  the existence of a var ie ty  of 
definitions and of the a rb i t r a ry  units  (grams of I2/  
100 grams of sample, mill igrams of K O H / g r a m  of 
sample . . .) makes intercomparison difficult and their  
use a needless burden to the nlemory. In  short, their  
use is a measure of historical impotence. Even the 
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use of pe rcen t age  i t se l f  i n t roduces  u n c e r t a i n t y .  T h u s  
the  use of the  t e r m  pe rcen t age  of h y d r o x y l  should  
mean  the pe r cen t age  b y  we igh t  of the  h y d r o x y l  g r o u p  
and  not the  weight  of oxygel~ of the  h y d r o x y l  g r o u p ;  
however  both uses a p p e a r  in the l i t e r a t u r e .  

in  a l l  the  chemical  a n a l y t i c a l  p rocedu re s  used 
the re  a re  on ly  two e x p e r i m e n t a l  quant i t i es ,  moles of 
r e a g e n t  consumed a n d  the  we igh t  of sample .  This  
suggests  t ha t  a more  p r o p e r  un i t  of measu re  wou ld  
be moles  of r e a g e n t / g r a m  of sample .  F o l l o w i n g  this ,  
i t  is sugges ted  t ha t  a number ,  expressed  in  mi l l imoles  
p e r  g ram,  be i n t r o d u e e d  which  is the  r ec ip roca l  of the  
mo lecu la r  we igh t  and  t h a t  i t  be ca l led  the  specific 
mo lecu la r  cons t an t  N. Since  the  specific mo lecu la r  
cons t an t  (N)  equals  the  r ec ip roca l  of the  mo lecu la r  
weight ,  i ts  ca lcu la t ion  is t r iv ia l ,  and  no a r b i t r a r y  defi- 
n i t ion  or  conven t iona l  n m n b e r s  need  be memor ized .  
The  specific molecu la r  cons t an t  (N)  wilt  r ange  f rom 
a r o u n d  two to a r o u n d  20 a n d  is i nve r se ly  p r o p o r -  
t ional  to the  mo lecu l a r  weight .  The  word  specific is 
i n t r o d u c e d  to ind ica t e  p e r  g r a m  as is done in the rmo-  
dynanf ies ,  (e.g. ,  specific hea t  capac i ty ,  spec.ifie eel -  
rune . . .) and  the ba r  over  N fol lows t h e r m o d y n a m i c  
p rac t i ce  fo r  d e s i g n a t i n g  specific. The specific molecu-  
l a r  cons t an t  (N)  is expressed  in mi l l imoles  p e r  g r a m  
for  convenience  in  h a n d l i n g  and  i n t e r p r e t i n g  d a t a  
and  for  ease of r e m e m b e r i n g .  

The  resu l t s  of the  va r ious  ana ly t i ca l  p r o c e d u r e s  
would  be r e p o r t e d  as specific n u m b e r s  (m m o l e s / g . ) .  
Thus,  by  fo l lowing  this  nomenc la tu re ,  the  specific 
iod ine  n u m b e r  (NI) ,  specific saponi f ica t ion  n u m b e r  
( N s ) ,  specific h y d r o x y l  n m n b e r  (No~) ,  specific ac id  

n u m b e r  (Nx) ,  etc., wou ld  r ep lace  the  u sua l  conven- 
t iona l  numbers .  A l l  the  specific n u m b e r s  for  a p u r e  
p o l y f u n e t i o n a l  c o m p o u n d  become iden t i ca l  when on ly  
one f u n c t i o n a l  g r o u p  of each t y p e  is p resen t .  F u r -  
ther ,  i f  more  t h a n  one of a p a r t i c u l a r  f u n c t i o n a l  
g r o u p  is p resen t ,  then  i ts  specific n u m b e r  wil l  be an  
i n t e g r a l  m u l t i p l e  of the  specific mo lecu l a r  cons tan t .  

The equa t ions  for  o b t a i n i n g  the  specific numbe r s  
a re  given below, a long  wi th  f o r m u l a s  for  couve r t ing  
the  conven t iona l  n u m b e r s :  

N~ = specific number in millimoIes of reagent per gr~m of 
sample 

N~ = conventional number 
w = weight of sample in grams 

n =  normality of reagent used for functional group in 
equivalents per liter 

A v = volume of reagent for functional group in milliliters 
corrected for any blal~k 

E q u a t i o n s  

Specific iodine number (2) 

NI = 1/2 21 A v 1NI 
w 25.4 

Specific saponification number (3) 
- -  n A v N s  

w 56.1 

Specific acid number (4) 
i~ A v NA 

w 56.1 

Specific hydrogen number (5) 
v o i0 a 

~ : u -  (v" is volume of hydrogen ab- 
22.4 w Nu sorbed, corrected to STP) 

Specific hydroxyl number (6, 7) 

No,~ - n z~ v No~ (conversion of hydroxyl vMue) 
w 56.1 

Xo,~- n A v _ Nou (conversion of percentage of 
w 1.7 hydroxyl) 

Specific acetyl number (6) 
~ =  n A v  NA~ 

w 56.1 

Specific peroxide number (8) 
n A v Noo 

w 1.60 

Specific carbonyl oxygen (9) 

n A v Nee 

w J .60 

Specific oxiranc oxygen (10) 
n A v  No 

w 1.60 

R e p r e s e n t a t i v e  specific mo lecu l a r  cons tan t s  and  the 
c o r r e s p o n d i n g  conven t iona l  n u m b e r s  for  a v a r i e t y  of 
p u r e  compounds  a r e  t a b u l a t e d  in  Tab le  [. The ut i l -  
i t y  of the specific m o l e c u l a r  cons t an t  is seen for  r ic in-  
oleic ac id  where  t he re  a re  th ree  conven t iona l  n u m b e r s  
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(NI = 85.1, NoH = 188, NA = 188) while the specific 
nmnbers  equal the specific molecular constant (N = 
N~ = Non = NA = 3.35). As is seen in Table I for 
oleie acid, linoleic acid, and linolenie acid, the s.pe- 
cifie iodiue number  (NIl is in the rat io of 1, 2, and 3, 
respectively, to the corresponding specific molecular 
constant (N) for each compound. '~ 

When a complex mixture  is being examined, the 
use of specific nmnbers  will permit  a nmre rapid  
in terpreta t ion and indicate in a more direct fashion 
the nature  of the mixture.  This is par t i cu la r ly  t rue 
when the data  are used in conjunction with modern  
instrumentat ion,  inf rared  and ultraviolet  speetropho- 
tometers, vapor  phase chromatography,  etc. 

Several examples of convenienee of the new pro- 
cedures with mixtures  are given below: 

E x a m p l e  I 

M i x t u r e  o f  a l c o h o l  a n d  a c i d :  

Convent ional  numbers  

I o d i n e  n u m b e r  (N~)  = - 6 3 . 2  

H y d r o x y l  v a l u e  (NoH)  = 83.6  

A c i d  n u m b e r  (NA) 118 

Specific numbers  (mil l imoles per gram)  

Spec i f i c  i o d i n e  n u m b e r  (N~)  = 1 .49 

Spec i f i c  h y d r o x y l  n u m b e r  ( N o ~ )  = 1.49 

Specific a c i d  n u m b e r  ( N a )  = 2.1.1 

The ident i ty  of the specific iodine and hydroxyl  
numbers  suggests the possibility tha t  the unsatu- 
rated and the hydroxyl  functions may  be in the 
same molecule and tha t  the acid is saturated.  This 
information is readily available and not buried, as 
in the conventional numbers.  

E x a m p l e  I I  ( h y p o t h e t i c a l  ca se )  

U n k n o w n  e n z y m e  f l -mono-  m i x t u r e  o f  
t r i g l y c e r i d e  t r e a t m e n t  + g l y c e r i d e  + a c i d s  

Conventional  numbers  

N~ 59 .2  71.3 47.2  

N s  196  157  209  

NA 0 0 209 

Specific numbers  ( m i l l i m o l e s  p e r  g r a m )  

N~ 2.33 2 .81 1.86 

N-s 3 .49  2 .81 3.71. 

NYa 0 0 3 .71 

The ratio, of the Ns to N, in the star~cing material  
is 3 to 2, indicat ing that, since this is a triglyeeride, 
there are only 2 double bonds present.  The ratio of 
Ns to. NI in the monoglyceride is. 1, indicat ing that  
the beta-acyloxy group has one double bond and 
fu r the r  that  the molecular weight is 1 /Ns or 356. 
Sinee this. is a monoglyceride, the acid residue must  
be mo.nounsaturated C~s (monoglyceride - glycerol + 
w a t e r = 3 5 6 - 9 2 + 1 8 = 2 8 2 ) .  The ratio o fNA toN~ 
in the acid mixture  isolated is 2 and, since there were 
only 2 double bonds in the original tr iglyeeride and 
one remains in the monoglyceride, the acid mixture  has 
only one double bond. Combining this with the data 
for  the tri- and monoglyeerides leads to the conclu- 
sion that  the acids isolated have a to.tal carbon con- 
tent  of 34. None of this can be found using the 
conventional numbers  without tor tuous calculation. 

The following points are to be stressed. The defini- 
tion of the specific molecular constant provides a 
rational basis for  repo.rting data in te rms of the basic 
units, moles and grams. The specific numbers  pro- 
vide a more rapid  and less emnbersome method of 
correlat ing data. The mult ipl ic i ty  of conventional 
numbers  is replaced by a constant or an integral  
multiple of it, easily obtained f rom the molecular 
weight only. 

i t  is suggested that,  for an inter im period, both the 
conventional numbers  and the specific numbers be 
reported,  and then only the specific numbers.  
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The Measurement of the Hardness of Margarine and 
Fats with Cone Penetrometers 
A. J. HAIGHTON, Unilever Research Laboratory, Vlaardingen, The Netherlands 

T DRESE~TT the " h a r d n e s s "  of margarine,  fats, 
etc., is measured with various types  of instru- 
ments, but  the results obtained are not directly 

comparable. Consequently much time is wasted in 
correlating these data. In  spite of the differences be- 
tween the instruments  the measurements  made with 
them all depend on the same rheologically defined 
quantities, such as yield value, viscosity, mM elastic 
modules. In  order to overcome these difficulties, an 
a t tempt  was made to express the hardness unambigu- 
ously in one theologically defined quanti ty.  Fo r  this 

purpose the elastic modulus is unsuitable because it 
is not decisive for  the hardness. As the viscosity and 
the yield value are closely related, 1 either of these 
quantit ies is sufficient rheologiea]ly to define the sys- 
tem, but, because of its simplicity, the yield value was 
chosen. A reliable ins t rument  for the rapid  measure- 
ment  of this yield value is the cone penetrometer,  vari- 
ious types of which are deseribed in tile litera- 
ture (1-5) .  

1 I t  can he derived (Figure  1) that  the products  of P~ tan al : Pe 
tan aa----constant .  (The angle 1 8 0 - - a l  ~ represeut,~ the viscosity.) 


