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TABLE VII 
Crystallization of Lipid Glyeerides of ~. ~nthelm{atiec~ Seed Oil at 

--600 for Removal of Uns~ponifiable Nateriai  

Quantity Oxirane FFA as Iodine Unsaponi- 
epoxy- I value fiable 

oxygen oleie (Wijs) material 

i g % % % Oil ..................... 1698 3.85 0.86 104,1 6.67 
Precipitate ........ 1511 4.39 0.52 87.8 1.20 
Filtrate ............. 188 0.29 I 2.4 190.0 53.0 

of flaking dry  seed at room temp, followed by rapid 
handling in the extraction steps, was not satisfactory 
from the standpoint of producing an oil with a low 
free fa t ty  acid content. Even when the flaked seed 
was allowed to fall directly from the rollers of the 
mill into the solvent this was not successful in hold- 
ing down Iipolysis. 

The process of autoclaving the seed to inhibit lipoly- 
sis prior to flaking also was a successful procedure in 
oil production as i l lustrated by the fractional extrac- 
tion data obtained. The slight variation in the free 
fa t ty  acid content and oxirane oxygen composition 
of the 10 extraets may have been due to selective 
extraction of the epoxy fa t ty  components. When the 
seed was autoclaved no haste was necessary in carry- 
ing out extraction operations. 

In situations where trivernolin was the desired 
end-product (Tables V and VI)  the rapid technique 
offered several advantages over the autoclaved seed 
t reatment:  the yield of good-quality tr ivernolin was 

higher;  less coloring material was extracted;  and it 
was not necessary to concn the solvent before crystal- 
lization in order to obtain the product  in good yield. 
The solubility of tr ivernolin has previously been re- 
ported (4) as ca. 5 g/gal  at -20C.  

No plastic formulation data are available on the 
evaluation of Vernonia oil where the major  portion of 
the unsaponifiable material has been removed. As 
this process appreciably elevated the oxirane oxygen 
percentage, reduced the I.V., and removed color and 
odor, it may have resulted in an improved product  
for the purpose stated. 

Since the quant i ty  of oil extracted by Waring  
Blendor technique, 27.9%, is in close agreement with 
the analytical figure of 27.2% obtained by tedious, 
exhaustive Soxhlet extraction (I) the former method 
is now recommended for estimation of the quanti ty 
of oil in Vernonia seed. Additional experiments have 
confirmed the uti l i ty of this procedure. 
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Abstract 

The refractive indices of methyl oleate, lino- 
leate, linolenate, erueate, and the saturated fa t ty  
acid methyl esters from acetate to nonadecanoate 
have been measured at 20C and 40C for the Nap, 
Ha, H~, and H~ lines. The values for the satu- 
rated series have been correlated with the Smit- 
tenberg relation. Molar refractions have been 
computed and checked for additivity. The limit- 
ing refractive indices obtained from the Smitten- 
berg relation are compared to those obtained from 
the molar refraction. 

Introduction 

T I-IE REFRACTIVE INDEX, which may be determined 
with relative ease, is an important  aid for identi- 

fication and for a test of pur i ty  of organic compounds. 
For  constitutive studies, however, it is in the molar 
refraction, whieh is directly related to s tructural  and 
physical properties of the molecule, that  the value 
of the refractive index is most apparent.  For  our 
investigations on the relationships betwee~t various 
physical and chemical properties of fa t ty  oils and 
their derivatives (13,37) these two physical proper- 
ties are, therefore, eminently suited to occupy a 
central place in our considerations. Pure  model conl- 

1Present  address: California Research Gorp., Richmond, Calif. 

pounds, such as the fa t ty  acid methyl esters, may be 
used as basis for obtaining the accurate data requisite 
to the computation of reliable molar refract ivi ty  incre- 
ments. There is already an abundance of data avail- 
able on n~ ~ the refractive index of the NaD line at 
20C, of fa t ty  acid methyl esters. In 1954 Hammond 
and Lundberg published a paper on the molar re- 
fraction, molar volume, and refractive index of fa t ty  
acid esters and related compounds in the liquid state 
(15), which presented a comprehensive review of the 
subject as of that date. A noticeable drawback was 
that the cited data, which have been obtained from 
several sources, vary  widely for some compounds. An 
additional deficiency is the searcity of data at wave- 
lengths and temp other than n~ ~ 

For  these reasons we have prepared some fa t ty  
acid methyl e~ters in high pur i ty  and measured the 
refractive index for the Nap line (X = 5892.6 i )  and 
for the red (tI~, A -- 6562.8 A), green (Its, X = 4861.3 
A), and violet (H~, A = 4340 A) hydrogen lines at 
20C and 40C. 

The investigated compounds were the saturated 
fa t ty  acid methyl esters from acetate to nonadec- 
anoate, methyl oleate, linoleate, linolenate, and 
erueate. The preparation,  puri ty,  and the density 
of these compounds have already been deeribed in a 
previous communication (13). 
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T A B L E  I 

R e f r a c t i v e  I n d e x  of S a t u r a t e d  F a t t y  Acid 5{ethyl Es te rs ,  20C 

Compound 

Acetate ........................................ 

Propionate .................................. 

Measured va]ues 

Ha NaD I-IB H7  

1 . 3 5 9 6 6  1 . 3 6 1 3 9  1 . 3 6 5 7 3  1 . 3 6 9 1 5  

B u t y r a t e  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

V a l e r a t e  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Caproa te  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

O e n a n t h a t e  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Capry la t e  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

P e l a r g o n a t e  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Cap ra t e  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

U n d e c a n o a t e  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
L a u r a t e  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

T r i d e c a n o a t e  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
M y r i s t a t e  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

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

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

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

1 . 4 0 3 3 0  " 1 . 4 0 5 3 5  1 . 4 1 0 3 0  1 . 4 1 4 2 9  

1 . 4 0 9 7 0  1 . 4 1 1 7 8  1 . 4 1 6 8 1  ] . 4 2 0 8 4  

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

1 . 4 1 9 5 8  1 .42173  1 . 4 2 6 9 0  1 . 4 3 1 0 7  

1 . 4 2 3 5 0  1 . 4 2 5 6 9  1 . 4 3 0 9 3  1 . 4 3 5 1 9  

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

1 . 4 3 2 4 7  1 . 4 3 4 7 0  ] . 4 4 0 1 2  1 . 4 4 4 5 1  
1 . 4 3 4 8 0  1 . 4 3 7 0 1  1 . 4 4 2 4 8  1 . 4 4 6 3 3  

L i t e r a t u r e  va lues  

Ha Nap H~ H7 

1 . 3 6 0 1 5  1 . 3 6 1 9 3  1 . 3 6 6 2 9  1 . 3 6 9 3 0  
1 . 3 5 9 6 3  1 . 3 6 1 3 3  1 . 3 6 5 7 2  1 . 3 6 8 4 0  
1 .3600  1 .3615  1 .3661  
1 .3606  1 . 3 6 6 7  1 .3693  

1 . 3 6 1 4  
1 .3619  
1 .3615  
1 . 3 6 1 4 3  

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

1 . 3 7 6 4 3  
1 . 3 7 7 2 4  

1 . 3 8 3 5 7  1 . 3 3 7 2 9  1 . 3 9 1 9 3  1 . 3 9 5 2 3  
1 .3854  1 . 3 8 7 3  1 .3919  1 . 3 9 5 4  
1 . 3 8 6 9 3  1 . 3 9 3 5 9  1 . 3 9 7 4 2  
1 .39493  1 . 3 9 6 9 9  1 . 4 0 1 6 7  1 . 4 0 5 0 5  

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

1 . 4 0 5 3 6  
1 . 4 0 5 2 8  
1 .4052  

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

1 .4113  
1 . 4 1 1 8 0  

1 . 4 1 4 3 6  1 . 4 1 6 9 6  1 . 4 2 2 0 3  1 . 4 2 5 7 4  
1 .4170  
1 . 4 1 7 1 5  
1 . 4 1 7 0 8  

1 .4195  1 .4216  1 .4269  
1 . 4 2 1 7 9  

1 . 4 2 3 4 3  1 . 4 2 5 5 6  1 . 4 3 0 7 8  1 . 4 3 4 5 6  
1 .4237  1 .4259  1 . 4 3 1 0  

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

1 . 4 2 9 7 1  1 . 4 3 1 3 3  ] . 4 3 7 2 0  1 . 4 4 1 1 4  
1 . 4 3 2 0 7  
1 . 4 3 1 7 1  
1 . 4 3 1 8  
1 .4320  
1 . 4 3 4 7 0  
1 . 4 3 7 0 2  
1 . 4 3 6 8 3  
1 .4370  
1 .4368  
1 .4369  
] . 4 3 9 0  
1 .43909  

Ref  

( 4 4 )  
( 4 0 )  
( 1 6 )  
( 9 )  
( 1 4 )  
( 1 7 )  
( 1 1 )  
( 2 4 )  
( 3 4 )  
( 4 1 )  
( 4 4 )  
( 4 8 )  
( 2 3 )  
( 4 4 )  
( 3 4 )  
( 2 1 )  
( 4 4 )  
( 1 )  
( 4 4 )  
( 3 9 )  
( 1 )  
( 3 1 )  
( 3 )  
( 4 4 )  
( 3 9 )  
( 2 9 )  
( 1 )  
( 4 4 )  
( 3 )  
( 1 )  
( 3 i )  
( 2 )  
( 1 )  
( 4 4 )  
( 2 6 )  
( 3 )  
( 2 5 )  
( 1 )  
( 1 )  
( 4 4 )  
( 1 )  
( 2 5 )  
( 3 )  
( 2 2 )  
( 1 )  
( 1 )  
( 2 5 )  
( 3 )  
( 2 2 )  
( 4 6 )  
( 3 2 )  
( 1 )  

P e n t a d e c a n o a t e  . . . . . . . . . . . . . . . . . . . . . . . . . .  1 . 4 3 6 9 0  1 . 4 3 9 1 4  1 . 4 4 4 6 4  1 . 4 4 9 0 2  

TABLE II 
R e f r a c t i v e  I n d e x  of S a t u r a t e d  F a t t y  Acid ~[ethyl E s t e r s ;  40C 

M e a s u r e d  va lues  L i t e r a t u r e  va lues  
Compound Ref  

H~ Nap H~ H~t t t a  NaD I~ B I~ 7 

Aceta te  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 . 3 4 9 4 3  1 . 3 5 1 1 6  1 . 3 5 5 3 2  1 . 3 5 8 5 9  
P r o p i o n a t e  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 . 3 6 4 9 9  1 . 3 6 6 3 1  1 . 3 7 1 1 9  1 . 3 7 4 6 7  
B u t y r a t e  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 . 3 7 5 9 9  1 . 3 7 7 8 6  1 . 3 8 2 3 9  1 . 3 8 5 9 7  
V a l e r a t e  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 . 3 8 6 2 1  1 . 3 3 8 1 4  1 . 3 9 2 8 4  1 . 3 9 6 6 3  
Caproa te  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 . 3 9 4 3 2  1 . 3 9 6 3 1  1 . 4 0 1 1 5  1 . 4 0 5 0 4  
O e n a n t h a t e  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 . 4 0 0 9 9  1 . 4 0 3 0 1  1 . 4 0 7 9 6  1 . 4 1 1 3 9  
Capry la te  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 . 4 0 6 5 0  1 . 4 0 8 5 7  1 . 4 1 3 5 8  1 . 4 1 7 6 2  
P e l a r g o n a t e  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 . 4 1 1 2 3  1 . 4 1 3 3 6  1 . 4 1 8 4 2  1 . 4 2 2 5 6  
Cap ra t e  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 . 4 1 5 3 1  1 . 4 1 7 4 1  1 . 4 2 2 5 6  1 .42669  
U n d e c a n o a t e  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 . 4 1 8 8 1  1 . 4 2 0 9 5  1 . 4 2 6 1 6  1 . 4 3 0 3 4  
L a u r a t e  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  I 1 . 4 2 1 8 6  1 . 4 2 4 0 1  1 . 4 2 9 2 4  1 . 4 3 3 4 6  

I 
T r l d e c a n o a t e  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  I 1 . 4 2 4 4 7  1 . 4 2 6 6 5  1 . 4 3 1 9 2  1 . 4 3 6 1 5  
5{yr is ta te  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  I 1 . 4 2 6 8 4  1 . 4 2 9 0 5  1 . 4 3 4 3 6  1 . 4 3 8 6 7  
P e n t a d e c a n o a t e  . . . . . . . . . . . . . . . . . . . . . . . . . .  1 . 4 2 9 9 2  1 . 4 3 1 2 2  1 . 4 3 6 5 9  1 . 4 4 0 9 2  
P a h n i t a t e  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 . 4 3 0 9 4  1 . 4 3 3 1 8  1 . 4 3 8 5 6  1 .44286  

I - Ieptadecanoate  . . . . . . . . . . . . . . . . . . . . . . . . . .  1 . 4 3 2 6 9  1 . 4 3 4 9 2  1 . 4 4 0 3 3  1 . 4 4 4 6 0  
S t ea r a t e  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 . 4 3 4 2 6  1 . 4 3 6 5 1  1 . 4 4 1 9 5  1 . 4 4 6 3 2  

N o n a d e c a n e a t e  . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 . 4 3 5 7 0  

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

] . 4 1 7 4  

1 .4239  
1 . 4 2 3 8  

] . 4 2 9 0  

1 .4330  
1 . 4 3 3 1 4  

1 . 4 3 6 4 9  
1 .4365  
1 .437o  

( 4 0 )  
( 4 1 )  

( 2 5 )  

( 2 5 )  
( 2 7 )  

( 2 5 )  

( 2 5 )  
( 7 )  

( 7 )  
( 2 5 )  
( 2 8 )  

1 . 4 3 7 9 6  1 . 4 4 3 4 2  ] . 44786  

TABLE III 

Refractive Index of Some Unsaturated Fatty Acid ~[ethyl Esters 

~Ieasured  va lues  L i t e r a t u r e  

Compound 20C 40C 20C I 40C Ref  

01eate . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

L ino lea te  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

L ino lena te  . . . . . . . . . . . . . . . . . . . . . . . . . .  

E r u c a t e  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Ha NaD H~ H7 Ha 

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

NaD I-I~ i{7 

1 . 4 4 2 0 3  1 . 4 4 4 5 0  1 . 4 5 0 5 2  1 . 4 5 5 4 9  1 . 4 5 1 9 5  
1 .4522  
1 . 4 5 2 1 4  

1 .4521  
1 .4523  
1 .4612  
1 .4613  
1 .4616  
1 .4709  
1 .4711  
1 .4558  
1 . 4 5 5 5 8  

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

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

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

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

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

1 . 4 4 5 8 l  ] . 4 4 8 2 8  ] . 4 5 4 3 5  1 . 4 5 9 4 0  

Nap  

1 .4443  

1 . 4 4 4 6 0  
1 .4445  

1 . 4 4 8 1 2  

( 2 5 )  
( 4 5 )  
( 7 )  
( 2 8 )  
( 1 9 )  
( 2 0 )  
( 3 0 )  

( 3 6 , 4 3 )  
( 2 5 )  
( 4 3 )  
( 2 5 )  
( 4 2 )  
( 7 )  

a C o n t a i n s  2 7 . 5 %  t r a n s  double bonds.  
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:Experimental 
Measurements of the refract ive index were carried 

out on a Pulfr ieh refraetometer .  Distilled water  was 
used as the calibrating agent and the valnes presented 
by Tilton and Taylor  (38) accepted as standards.  
Purified benzene was used as a secondary cheek for 
which the values of Barbaudy  (4) and of Campbell  
and Miller (6) were applied. Temp readings were 
carried out with a calibrated thermometer  and the 
obtained values corrected for the pro t rud ing  mercury  
thread. In  general, three readings were made of each 
point. More readings were usually necessary for the 
Hv line. Due to the very weak character  of the band, 
readings could not be effected with a high degree of 
precision, and in comparison to the other measure- 
merits the accuracy of the H~. values is, therefore, 
much lower. 

The obtained values show in Tables I, I I ,  and I I I ,  
and compared with some values f rom the l i terature.  
Large differences are sometimes noted, lit many  
cases, however, it is generally possible to doubt the 
pur i ty  of these compounds. Values which deviate 
significantly f rom the average values have been de- 
leted. 

A good concurrence is generally observed with data 
with a high degree of reliability, e.g'., with the values 
of Adriaanse (1), whose compounds are purer  than 
99.6% as derived f rom melting graphs. 

The Smittenberg Relations. The relation was first 
proposed by Smit tenberg and Mulder (35) 

y = y~ + A / ( B  + n) [1] 

and can be applied to the eight series obtained for 
the sa turated f a t ty  acid methyl  esters. In  this rela- 
tion: 

y = physical constant, in this par t icular  ease the 
refract ive index, 

y~ = the l imiting value of this physical constant, 
n = the number  of C-atoms in the fa t ty  acid chain, 

A and B are constants. 

y~, A, and B have been calculated assuming two 
alternatives:  

1) All measured terms are taken into consideration. 
2) The lower members are neglected and only those 

terms f rom methyl  caproate and higher are con- 
sidered. For  the Nap-series at 200 the values 
of A and B have also been calculated assum- 
ing .~o nD,~ to be 1.4752, the l imiting value of the 
hydrocarbons (35). The obtained values are 
presented in Table IV. 

Assuming the Smit tenberg relation to be essentially 
correct, an estimate of the contribution of error f rom 
the measurements  and f rom the impurit ies in the 
samples may be obtained f rom the variance estimate 

r = ~2/( m _  3) [2] 

= s tandard  deviation, 
3 = difference between measured and computed 

values, 
m = number  of terms considered. 

The data obtained from this relation can be ap- 
plied to an analysis of variance for the resolution of 
errors. 

To compare the relative merits of the obtained 
numerical  values it will be necessary to apply  the 
Variance Ratio Test to any two al ternative type 
relations. Reference is made to the previous com- 
mmfication where the density has been subjected to 

T I ~  J O U R N A L  OF T I l E  A M E R I C A N  O I L  C I l E M I S T S '  S O C I E T Y  V O L .  4 1  

T A B L E  I V  

Numerica l  Values for the Smi t tenberg  Relat io~ for Sa tu ra ted  
Fat t  Acid Methyl Esters  

Te'F__ 
20C 

40C 

20C 

40C 

20C 

n Line  

~ 2  I~a 
Nan 
Ha 
Hv 

~ 2  H~ 
NaD 
Hs 
Hv 

~ 6  tIa  
NaD 
Hz 

~ 6  Ha 
Nap 
HB 
H,, 

~ 5  NaD 

y~ A B 

1.47701 - -0 .78793 4.6948 
1.47941 - -0 .790531  4.6783 
1.48572 - -0 .80742 4.7089 
1.49058 - -0 .81600 4.6970 
1.46910 - -0 .78185 4.4874 
1.47163 - -0 .78852 4.4999 
1.47762 - -0 .80114  4.5052 
1.48237 - -0 .80937  4.4923 
1.47472 - -0 .72332 4.1238 
1.47706 - -0 .72436  4.0969 
1.48348 - -0 .74438 4.1662 
1.48799 - -0 .74259 4.0645 
1.46721 - -0 .72159 3.8979 
1.46977 - -0 .72922 3.9252 
1.47579 - -0 .74318 3.9550 
1.48057 - -0 .75210 3.9560 
1.4752 - -0 .67417 3.6358 

0 .000278 
0 .000286 
0.000269 
0 .000266 
0.000363 
0.000363 
0 .000370 
0 .000385 
0.000025 
0.000021 
0 .000034 
0 .000060 
0.000030 
0.000025 
0.000029 
0.000042 
0.000081 

this test. I t  will be also apparen t  that  for the refrac-  
tive index significant deviations are observed if the 
lower menlbers of the honlologous series are included 
in the calculations. Geelen (12) described the relation 
of Smit tenberg as a t ransformat ion  of the function 

y = y~ + A / n  + B / n  2 + C/n  3 + D / n  4 + [3] 

in which the four th  and consecutive terms are neg- 
lected. I t  will be apparen t  that  for the higher homo- 
logs this assumption is generally quite permissible, 
but that  for the first members of the series appreciable 
deviations may occur. This phenomenon has been 
observed in the densities and in other physical con- 
stants under  investigation. 

The Molar Refractiom The molar refract ion ac- 
cording to Lorentz-Lorenz, 

R1 n ~--- ( n  2 - -  1 ) M / ( n  2 + 2)d [4] 

has been computed for the investigated compounds. 
In  this equation n is the refract ive index, M the 
molecular weight, and d the density. CH2 increments 
have been computed as differences between consecu- 
tive members of the sa turated series. Except  for the 
lower members, where (as a lready noted by E y k m a n  
in 1895) appreciable deviations occur, this value is 
constant for the whole investigated range. 

A closer look at the increments, however, indicates 
the existence of a slight t rend of R~s  decreasing with 
increasing chain length. The inconsistency of R~.~, 
the CH2 increment,  has been noted before. Weber  
et al. (33) demonstrated that  R ~  is not completely 
independent  of the molecular weight. Although the 
noted deviations are still within the limits of experi- 
mental  error it seems advisable tha t  for  precise de- 
terminations one should avail oneself of the more 
general relation 

Rm = A + n R ~  f ( n )  [5] 

Assuming that  CH2 increment to be constant 
(which will only introduce a small error)  use can 
be made of the relation 

Rm = A + n R ~  [6] 

to correlate the values of the molar refraction. 
F rom the observed data the eight regression equa- 

tions have been computed. To obviate the effect of 
the p r imary  terms only methyl  caproate and the 
higher terms are taken into consideration. Numeri-  
cal values for  the regression equations show in Table 
V. The product  moment  correlation coefficient is 
pract ical ly 1 for  all observed series. Rr is, therefore, 
the statistical average of the computed CH2 incre- 
ments. Some comparat ive data are presented in Table 
VI.  Due to the abundance of available values a ra ther  
random selection has been made. 
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T A B L E  V 

N u m e r i c a l  Yalues  in Reg re s s ion  E q u a t i o n s  for S a t u r a t e d  
F a t t y  Acid ~'Iethyl Es t e r s  

Temp 

20C 

40C 

Line  

I2s 
NaD 
I-Is 
Hv  

NaD 
H~ 
I'iv 

8.228 
8.267 
8.345 
8.413 

8.278 
8.311 
8.398 
8.468 

RCH2 

4.6203 
4.6407 
4.6920 
4.7324 

4.6262 
4.6473 
4.6977 
4.7380 

0.0040 
0 .0046 
0.0040 
0.0070 

0.0108 
0.0100 
0.0097 
0.0088 

Assmning a linear behaviour in the investigated 
range the tempera ture  dependence of the CH2 incre- 
ment may be assessed f rom 

H~ : Rc.s = 4.614 + 0.0003 t [7] 
Nap : R.c.~ = 4.634 + 0.00033 t [8] 

H~ : g~.~ = 4.686 + 0.0003 t [9] 
Hv : Ro.~ = 4.727 + 0.0'0028 t [10] 

where t is the tempera ture  in degrees C. 
U~saturation. An estimate of the increment of the 

double bond, Rr, may  be obtained f rom the molar 
refract ions of the unsa tura ted  compounds in our in- 
vestigations and f rom methyl  stearate and behenate. 
Molar refract ions of these sa turated esters can be 
obtained f rom the regression equations, numerical  
values for which are presented in Table V. Rr \\'as 
computed as the difference between the molar refrac- 
tions of stearate and oleate, oleate and linoleate, and 
behenate and erueate. Due to the high percentage of 
trans double bonds in methyl  linolenate the differeuee 
between this compound and methyl  linoleate may not 
be applied for computing Re. This value is also 
significantly different in comparison to the other 
observed Rr values. 

As already noted previously (13,15) it seems that  
the increment  of the first double bond is not equal 
to the contribution of additional non-conjugated dou- 
ble bonds in the same chain. 

The averaged values and some comparat ive data 
show in Table VII .  Due to the small number  and due 
to the low precision of these measurements  no values 
are suggested for It~/. 

Limit i~g Value of the Refractive Index. The molar 
refract ion of the members of a homologous series may 
be represented by the relation: 

R,a = n + nRc,~ [1111 

The tool wt may be represented by a relation identi- 
cal to this, i.e., 

M = C + 14.026 n [12] 

The specific refract ion may be obtained by com- 
bing these two relations, i.e., 

rsp = Rm/M = (A + n R r  + 14.026 n) [13] 

F rom this relation the l imit ing value of the specific 
refract ion is obtained as 

lim rsp ---- Rc.~/14.026 = (n~ - 1 ) / ( n ~  + 2)d~ [14] 
n - ~  

T A B L E  I V  

CI-I2 I n c r e m e n t s  at  2OC 

RCH~ 
A u t h o r  - -  Y e a r  Ref  

E isen lohr  ..................... ] 4 .598 I 4 .618 ] 4.668 ] 4.710 ] 1910 I ( 8 )  
Fajans and Knorr ........ 1 I 4.64 1 l 1 1926 I (10) 
W i b a u t  and  L a n g e d i j k  I I 4.639 I / I 1940 I (47)  
Vogel ........................... 1 4,624 I 4 ,648 t 4,695 I 4.735 [ 1946 I (18 ,44 )  
T e l s e t a l  ...................... I I 4.643 I I I 1958 I (37 )  
A d r i a a n s e  .................... I 4.641 / I I 1960 I ( 1) 

T A B L E  V I I  
I n c r e m e n t  of the Double  Bond  at 20C 

. . . . . . .  Re f  Au tho r  Ha  NaD t{~ H v  Y e a r  

E isen lohr  ........................... I 0.498 I 0.467 I 0.406 I 0.351 I 1910 I ( 8 )  
F a j a n s & K n o r r .  ................ I [ 0.47 [ [ I 1926 I (10 )  
Vop;eh._.,_._ 0 607 0 481 0 413 0 360 1948 ( 4 4 )  
H a m m o n d &  "I~und"m:b "g.....I 10 .30  I I I 1954 I (15 )  
Tels et al ............................ 0.24 1958 (37)  
This  work  .......................... J 0.40 J 0.35 , 0.27 , 

The l imiting values of the density of the saturated 
fatty  acid methyl  esters, i.e., 0.85407 at 20C and 
0.84225 at 40C, have already been reported previously 
(13) .  Substi tut ion of these values in equation 14 
yields the l imiting refract ive index. 

20C 40C 
H~ 1.47460 1.46764 
Nap 1.47704 1.47010 
H~ 1.48323 1.47607 
H~ 1.48810 1.48085 

Comparison of these values with the data obtained 
Iron1 the Smit tenberg relation (Table IV)  indicates 
a large degree of agreement  although two different 
approaches have been applied. Especially the values 
at 20C demonstrate  a remarkable concurrence, but  
the excellent fit is probably  fortuitous. 
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