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af ter  storage, as was concluded also f rom a s tudy of 
the spectra  of t rea ted  and control crude oils. 

Bleaching removes all t races of carotenoids, and 
there is no significant difference in the spectra of the 
t reated and the control screw-pressed cottonseed oils 
a f ter  alkali-refining and bleaching (Fig. 4). 

In  this s tudy the carotenoids o f  the cottonseed oils 
have not been identified, but  the p-aminobenzoic acid 
removes interfer ing pigments  to s~eh an extent tha t  
the t reated oils should serve as an excellent source of 
mater ial  for fu r the r  studies on these yellow pigments  
normal ly  found in crude cottonseed oils. Pre l iminary  
experiments  with the objective of separat ing and iden- 
t i fy ing the earotenoids of such a t reated cottonseed 
oil have been a l ready initiated in this laboratory.  

Discussion 
The use of p-aminobenzoie acid to precipitate gossy- 

pol f rom freshly p repared  crude cottonseed oils pre- 
vents color reversion on storage of these oils under  
conditions which promote color reversion. The fact  
tha t  gossypol was precipi tated by  the reagent  was 
proved by  the recovery of a gossypol derivative, di- 
p-earboxyani]inogossypol,  f rom the precipta~e and by  
spectrophotometrie data. Other materials  of unknown 
nature  are co-precipitated by  this t reatment ,  but  their  
role in color reversion has not been established. These 
findings establish the principle of the  cause and pre- 
vention of color reversion in crude cottonseed oil. 

This work suggests an effective approach to the in- 
hibition of color reversion during the storage of crude 
cottonseed oil. In  order to be pract ical  however the 
reagents used to precipi tate  the gossypol must  be eco- 
nomical or the gossypo] derivative must  have sufficient 
value of its own to pay  for  the extra cost of t reatment .  

Summary 
Trea tment  of f reshly prepared  crude cottonseed oils 

with p-aminobenzoic acid and subsequent removal of 

the di-p-carboxyanilinogossypol formed makes it  pos- 
sible to store the oils at  a relatively high tempera ture  
(37,38°C.) and for  an extended period of time (30 
days) without incurr ing any  adverse changes in the 
refining and bleaching propert ies  of the oils. In  ad- 
dition, a considerable decrease in the refining loss of 
the crude oil is obtained, and the stabil i ty of the 
bleached oil is not affected b y  the t reatment .  

Spectrophotometric  studies made dur ing all phases 
of the chemical t rea tment  and during the refining and 
bleaching procedures show that  the p-aminobenzoic 
acid removes almost completely the gossypol-like pig- 
ments which are present  in the crude oils and yields 
oils having the characteristic carotenoid spectrum. 
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Analysis of Butylated Hydroxyanisole in 
Paper and Paperboard 
JAMES J. AUSTIN, Eastman Chemical Products Inc., 1 Kingsport, Tennessee 

T H E  use of buty la ted  hydroxyanisole ( B H A )  in 
paper  and paperboard  used for  packaging fa ts  
and oils, and in foods containing fats and oils has 

made a method of analysis necessary. This discussion 
includes qualitative and quant i ta t ive methods for  
B H A  in paper  and paperboard.  A new method for  
the rap id  quanti tat ive determination of B H A  in pa- 
per  is given, which makes an analysis possible in 25 
minutes. 

Dur ing  the past  few years a number  of antioxi- 
dants  have been proposed for use in paper  for  food 
packaging. Among these are gum guaiae, resoreinol, 
lecithin, soya bean flour, and oat flour. Beniz (1) 
has now reported the use of bu ty la ted  hydroxyanisoIe 
ill paper.  Before any chemical can be accepted for  
use in pape r  in eonta'ct with foods however, accurate 
methods of analysis must  be available. 

Sales represent,alive for Tennessee Eas tman  Company, Division of 
Eastman Kodak C o m p a n y .  

The use of 2,2'-bipyridine and ferr ic  chloride has 
been widely accepted (5) as entirely sat isfactory for  
the analysis of buty la ted  hydroxyanisole in fats  and 
oils when other phenolic antioxidants are not present. 
Since this method was a l ready available (2), the only 
problem involved in tile analysis of B H A  in paper  
and papcrboard  was to remove the B H A  from these 
materials  and get it into an alcoholic solution. 

Quantitative Analysis of BHA in Paper 
L o n g  M e t h o d  

When B H A  is applied to paper  and paperboard  by 
the usual techniques, it is dispersed in extremely fine 
particles over a vast surface area, which means that  
any method of removing B H A  from these materials 
must  involve int imate contact of a suitable solvent 
for  B H A  with all the fibers of the paper  and paper-  
board. I t  appeared that  a soxhlet extraction would 
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be most suitable for this purpose. I t  had been re- 
ported (5) tha t  72% alcohol was entirely sat isfactory 
for  removing B H A  from fats and oils. In  our labora- 
tories we have generally favored the use of 80% 
alcohol due to its slightly greater  solubility for 
BHA,  and our s tandard curves were based on this 
percentage. 

In  order to determine whether B H A  could be re- 
moved by  this technique, 15 g. of unt rea ted  parch- 
ment  paper  were cut into strips approximate ly  1/4 x 2 
in. long and packed in a 33 x 94-ram. fiber thimble. 
Into  this thimble was placed an accurately weighed 
quant i ty  of BHA.  Soxhlet extractions were run for  
varying lengths of time, and it was found that  the 
B H A  could be recovered quantitat ively.  

Our next experiment  was to take a paper  which 
had beets t reated with B t I A  in the labora tory  and ex- 
t ract  it for  10 hours. Duplicate analyses of 0.0138 
and 0.0140% B H A  were obtained. Six samples of 
this same paper  were extracted for vary ing  lengths 
of time with 150 ee. port ions of 80% ethyl  alsohol. 
On cooling, the alcoholic extracts  were filtered and 
diluted to 200 cc. The results are shown in Table I. 

TABLE I 

Effect of Extraction Time on BHA Analysis 

Hours Extracted [ Percentage BHA 

2 . . . . . . . .  ..............,. ............................... [, 0.0107 
a ......................................................................... 1/ o.o119 
6 .......................................................................... / 0.0S20 
8 .......................................................................... 0.0135 

S0 . . . . . . . . . . . . . . . . . . .  0.0150 
12 ...................... :...:::::::::::::::::::::::::::::::::i:::::::::::::: o.o142 

From these data it is seen that  an extraction time of 
10 hours is satisfactory. 

Before the analysis itself can be carried out, it is 
necessary to prepare  the following reagents :  

E t h y l  a l coho l  

2 , 2 ' - B i p y r i d i n e  

F 'e r r ic  C h l o r i d e  
(hexahydrate) 

1 0 0 %  a b s o l u t e  e t h y l  a l coho l  a n d  8 0 %  
e t h y l  a l coho l  d i l u t e d  w i t h  d i s t i l l e d  
w a t e r  

0 . 1 %  in a b s o l u t e  e t h y l  a l coho l  

0 . 0832% s o l u t i o n  in  a b s o l u t e  e t h y l  
a l coho l  

I t  is necessary next to p repare  a s tandard  curve. We 
nsed the same curve for B H A  in paper  and paper-  
board as we used for  B H A  in fa ts  and oils: This 
curve is set up so tha t  the concentration of B H A  
extracted f rom 7.5 g .  of sample and diluted to 100 cc. 
can be read directly as percentage B H A  from the 
s tandard  curve. In  this curve percentage t ransmit-  
tance v e r s u s  percentage B H A  is plotted on semi-log 
pape r  and a s t raight  line is obtained. ( I t  should be 
noted also that  optical density can be plotted v e r s u s  
concentration on regular  g raph  paper  to give a 
s t raight  line.) Most common spectrophotometers re- 
quire 10 to 20 ee. of solution for  an analysis plus a 
suitable blank. Over the range of 10 to 50 micro- 
grams of B H A  in 10 ee. of solution, the color formed 
between B H A  and the color-developing reagents 
obeys Beer ' s  Law. I t  is therefore a simple mat te r  to 
make up suitable solutions of B H A  in 80% ethyl 
alcohol. 

The m i x i n g  shou ld  be c a r r i e d  ou t  in  v e r y  d i m  l i g h t ,  p r e f e r -  
a b l y  less  t h a n  1 f o o t  candle .  F o r  t he  b l a n k s  use  4 co. of  8 0 %  
e t h y l  a lcohol  p l u s  8 co. of  the  2 , 2 ' - b i p y r i d i n e  r e a g e n t  a n d  8 co. 
of  f e r r i c  c h l o r i d e  r e a g e n t .  F o r  the  d i f f e r e n t  c o n c e n t r a t i o n s  of  
B H A  use  4 ec. of each s a m p l e  a n d  8 co. of  each  of t he  ~olor  
de~,e l0ping r e a g e n t s .  The  s a m p l e s  s h o u l d  be  mixer t  in  e i t h e r  
g l a s s - s t o p p e r e d  f l asks  or s m a l l  g l a s s - s t o p p e r e d  bo t t l e s .  Once  
t h e y  a re  m i x e d ,  t h e y  shou ld  be p l a c e d  i m m e d i a t e l y  in  the  d a r k .  

A l l  m i x i n g  a n d  a g i n g  shou ld  be  done  in  a n  a i r - c o n d i t i o n e d  
l a b o r a t o r y  a t  7 2 ° F .  

Several researchers have repor ted an aging time of 
30 minutes to be adequate. Our tests showed that  for 
the blanks the color was slightly more stable between 
40-50 minutes af ter  mixing. For  samples containing 
B H A  anywhere between 20 minutes and 2 hours is 
satisfactory. Fo r  simplicity in running  the samples 
an aging time of approximate ly  40 minutes is used 
for  all samples. At  the end of 40 minutes aging in 
the dark, the samples are run  on a speetrophotometer  
at  a wavelength of 522  millimierons, and either the 
per  cent t ransmit tance  or the optical density is re- 
corded, depending on which s tandard  curve is b e i n g  
used. Then the concentration of B H A  in the solu- 
tions, and hence in the original samples, is calculated. 

Due to the influence of unknown materials  or dyes 
present  in pract ical ly all papers  and paperboards ,  it 
~s necessary that  papers  not t reated with B I t A  be ex- 
t racted and analyzed along with the t reated ones. The 
values of apparen t  B t l A  should be subtracted f rom 
the values obtained for  tile t reated papers.  Only in 
this way can an accurate analysis of the actual  B H A  
added be obtained. We have found a number  of pa- 
pers and paperboards  which give quite high apparen t  
B H A  values even though they have not been treated. 
In  part icular ,  many  paperboards  made with re- 
claimed stock contain impuri t ies  which make the an- 
alyses for per  cent B H A  quite difficult. When such 
difficulties are encountered, it is preferable  to dilute 

t h e  alcoholic extracts to obtain a readable range .  
Vegetable parchment  pape r  is perhaps  easiest to an- 
alyze since it is made entirely f rom virgin pulp. Glas- 
sine paper  general ly gives a slight amount  of t rouble 

d u e  to the dyes present  in the paper.  
Since 2,6-diehloroquinoneehloroimide is quite spe- 

cific for  BHA,  it may be used in an al ternate  method 
to minimize interference. Speetrophotometer  read- 
ings are made at  610 millimierons. However  we have 
found some unt rea ted  papers  and paperboards  whose 
extracts  react with this reagent.  

Since we have not been able to t reat  papers  with an 
accurately known quant i ty  of B H A  under  conditions 
resembling commercial operations, the accuracy  of 
the method is not known. However  the precision of 
this method is quite high (Table I I ) .  F rom Table I I  
it is seen tha t  the results could be reported as 

0o555% + 0 0002  ( 0.0007 
- \ V ~ - / "  

TABLE I I  

:Results of Analyses on On8 Sample of B/-IA-Treated 
Vegetable Parchment  Paper  

Analysis No. Percentage BHA Deviation from 
the Mean 

1 a 0.0560 0.0005 
2 0.0570 0.0015 
3 0,0554 0.0001 
4 0,0552 0.0003 
5 0.0542 0.0013 
6 0.0538 0.0017 
7 0.0554 0.0001 
8 0.0552 0.0003 

Average 
Mean 0.0555 MeanDeviafion 0.0007 

a Analysis No. 1 was run 6 weeks before th~ other samples. All 
other analyses were run  at the same time. 

Quantitative Analysis of BHA i~ Paper 
R a p i d  T e s t  M e t h o d  

I t  has long been known (3) that  2,6-dichloroqui- 
nonechloroimide (2,6-D) reacts with phenols. The 
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color reaction is sensitive to pH, giving maximum 
color at pH 9.4, and the color formed is stable for at 
least five hours. Maximum color intensity is formed 
within 15 minutes after adding the reagents. This 
would obviously be a great improvement over the pre- 
vious method if a way could be found to remove B H A  
quickly from paper and paperboard. To avoid con- 
fusion it will be stated now that no success was ob- 
tained with paperboard. Hence the following discus- 
sion is for papers such as vegetable parchment and 
glassine only. Since this method is new and different 
from the previous one, it is reported in some detail. 

known volume. Take  an  a l iquot  of the ex t rac t s  and  d i lu te  i t  
to 48 ce. wi th  80% e thyl  alcohol. Add 8 ee. of the  2,6-D re- 
agen t  a,nd 8 ee. of the borax reagen t .  Le t  s t and  10 to 15 
minutes  and  compare  i t  wi th  the color s tandards .  1~ may  be 
necessary  to d i lu te  t w o  or more a l iquots  to ob ta in  a solut ion 
wi th in  the range  of the s t andards .  A typ ica l  compar ison  of 
the a n a l y t i c a l  resu l t s  ob ta ined  us ing  the two methods  is as  
fol lows : 

Comparison of Rapid Test Method with Long Test Method 

Percentage BI~A Percentage BHA 
Number R.apid Test ~¢iethod Long Test Method 

1 ........................................ 0.050 0.053 
2 ........................................ 0.090 0.09,9 

R e a g e n t s  

2,6-Diehloroquinoneehloroimide [ 2 , 6 - D ] -  0.01% solut ion in  
abso lu te  e thy l  alcohol. This  r e agen t  mus t  be f resh ly  p repared  
for  op t imum results .  

Borax  b u f f e r - - 2 . 0 %  aqueous solut ion of NaeB40~ • 10H_~O. 
E t h y l  a l c o h o l - - 1 0 0 %  absolu te  and  80% by  v o h m e  wi th  dis- 

t i l l ed  water .  
E q u i p m e n t  

E i g h t e e n  50-ee. color compar i son  tubes  wi th  a su i t ab le  rack 
The rack  should be equipped wi th  a f luorescent l i g h t  and the 
tubes  viewed a g a i n s t  a whi te  background.  

Six 250-cc. E r l e n m e y e r  flasks, p r e f e r a b l y  wide-mouth,  and  
equipped w i t h  g round  glass  s toppers .  

Ba lance  sens i t ive  to 0.10 g. or less. 

P r o c e d u r e s  

Make up a standard solution of BHA in 80% alco- 
hol at a concentration of 10 micrograms per ec. Next 
prepare a set of 10 solutions as shown in Table III. 

The 50-ec. color comparison tubes should be filled 
with the solutions and viewed horizontally since the 
colors are too intense for vertical viewing. Since these 
blue indophenol solutions are not stable beyond five 
hours, it is necessary to prepare permanent standards 

TABLE 11I 

Preparation o.f Standard Sohttlons 

Number 

1 ............................ 
2 ............................ 
3 ............................ 
4 . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

5 . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

6 . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

7 . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

8 . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

9 .......................... 
10 .......................... 

BHA Standard 
Solution, co. 

2.5 
5.0 
7.5 

10.0 
12.5 
1 5 . 0  
17.5 
20.0 
22.5 
25.0 

80% Alcohol a 
ce. 

57.5 
55.0 
52.5 
50.0 
47.5 
45.0 
42.5 
40.0 
37.5 
35.0 

Concentration of 
BHA, micrograms 

per cc. 

0.3125 
0.6250 
0.9375 
1.2500 
1.5625 
1.8750 
2.1875 
2.5OOO 
2.8125 
3.1250 

a Next add 10 cc. of 2,6-D reagent and 10 ee, of borax solution to 
each sa~mple. 

from suitable dyes. In order to duplicate the actual 
colors obtained, it is necessary to use either a blue and 
a purple or a blue and a red. The particular dyes 
used are not important so long as excellent color com- 
parisons can be obtained. 

Many experiments were tried to develop a rapid 
method for the removal of B H A  from paper .  Analy- 
ses in all cases were compared with those obtained, 
using the long method previously given. The follow- 
ing m e t h o d  was f o u n d  a d e q u a t e  fo r  our  needs :  

Weigh 5 g. of B H A  t r ea t ed  paper  to the neares t  0.1 g. Cut 
l,he pape r  in to  smal l  pieces ( I~ x 1/~ in.)  and  pu t  i t  in to  a 
g lass-s toppered  250-cc. wide-mouth  Er l enmeyer  flask. Add 50 
cc. of absolu te  e thyl  .alcohol and  shake well for  a t  leas t  five 
minutes.  Decan t  the alcohol in to  a g r a d u a t e d  cyl inder  or vol- 
umetr le  flask. E x t r a c t  the pape r  a second t ime wi th  50 ee. of 
100% absolute  e thyl  alcohol and  combine the alcoholic ex~ 
t rac ts .  De te rmine  the  volume of the  ex t rac t s  or d i lu te  to a 

The ca lcu la t ions  of B H A  presen t  in  paper  are  as fo l lows:  

cone. f rom std. sea le~x ee. 
ce. of ex t r ac t  

p repa red  solut ion X X 100 
ec. of a l iquot  1 

- -  = % BHA 
weigh t  of pape r  

Fo r  example :  
F ive  g. of pape r  are ex t rac ted  and  the ex t rac t s  d i lu ted  to 

100 cc. Ten cc. are  d i lu ted  to 48 co. wi th  80% alcohol, and 8 
ec. of each r e a g e n t  are  added. A f t e r  15 minutes  a color r a t i n g  
of 6 is obta ined.  The ca lcu la t ions  are  as fo l lows:  

1.8750 X 10 -e X 64 X 100/10 X 100 
= 0.024% B H A  

5 

From these d~ ta  i t  is ,~pparent t h a t  n.n experienced opera tor  
can run an a c c u r a t e  B H A  ana lys i s  on paper  in app rox ima te ly  
25 minntes.  

Qualitative Test for BHA in Paper 

A r a p i d  q u a l i t a t i v e  tes t  for  B H A  in p a p e r  is f re-  
quen t ly  ve ry  usefu l  to p a p e r  m a n u f a c t u r e r s  a n d  con- 
ver te rs .  The tes t  (tan be r u n  as fo l lows :  

Weigh  a p p r o x i m a t e l y  5 g. of paper  and  cut i t  in to  smal l  
pieces (1~ x 1/.2 in . ) .  P u t  the paper  in a 250-ce. wide-mouth,  
glass~stoppered,  E r l enmeye r  flask. Add  50 ee. of 100% ethyl  
alcohol and shake fo r  5 minutes .  Decan t  5 ee. of the alcoholic 
ex t r ac t  into a tes t  tube. Add 3 ee. of a 2% solut ion of borax 
[Na,~B~O~ • 10H,_.O] in d is t i l l ed  water .  The pt{  of the resu l t ing  
solut ion should be very  near  9.4. N e x t  add 1 ee. of a 0.01% 
solut ion of 2 ,6-diehloroquinoneehloroimidc in 100% absolute  
e thyl  alcohol. The fo rma t ion  of a blue color w i th in  15 minutes  
ind ica tes  the presence of BHA.  A p ink  to l igh t  brown color 
ind ica tes  a nega t ive  test .  U n t r e a t e d  papers  should be run 
along" wi th  t r e a t ed  ones. 

Due to the  p resence  of i m p u r i t i e s  in r ec l a imed  pa-  
pe r  th i s  tes t  is g e n e r a l l y  not  s a t i s f a c t o r y  fo r  p a p e r -  
board .  I t  has  been  used  wi th  good resu l t s  on glassine,  
vege tab le  p a r c h m e n t ,  sulfite, su l fa te ,  and  a few lami-  
na tes  such as foi l -sulf i te  a n d  fo i l -pa rchmen t .  The tes t  
wil l  g e n e r a l l y  no t  work  on w a x e d  p a p e r s  since alcohol  
does not  d issolve the  wax. 

Test to Determine Which Side of the Paper 
Is Treated with B H A  

F o r  food p a c k a g i n g  of ten  on ly  the  side of t i le p a p e r  
next  to the  food is t r e a t e d  wi th  B I I A .  Hence  a p rob-  
lem somet imes  ar ises  to de tec t  the  t r e a t e d  side at  the 
point of converting the paper into finished wrappers. 
A simple technique has been worked out which gives 
very reliable results. The operator should run tests 
on papers of known origin and treatment to familiar- 
ize himself with the colors produced. The test may 
be r u n  on most  p a p e r s  as fo l lows :  

Prepa re  two cyl inders  of the p a p e r  to be t es ted  wi th  op- 
posi te  sides inward.  The cyl inders  should be about  one inch 
in  d iamete r  and  two to three inches long. The paper  should 
overlap only enough to f a s t en  i t  together .  E i t h e r  s t r a i g h t  pins  

Convert to grams by multiplying by 10 -6 . 
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or paper  cl ips are sa t i s fac to ry .  Next  pour  about  175 cc. of 
80% alcohol into a 250-ec. beaker  and  add 10 ce. of the 2,6-D 
reagen t  solution.  S t i r  well. Then add 10 cc. of the borax  
solut ion and mix  well. Al low the solut ion to become quiet  and  
s tand  the  cy l inder  u p r i g h t  in the center  of the  beaker .  Note  
t h a t  the  cy l inder  should be placed in the. so lu t ion  wi th in  one 
minu te  or less  a f t e r  the  borax  has  been added.  L e t  the  p a p e r  
s t and  wi thou t  mix ing  and examine  i t  by v iewing  both vert i -  
cal ly  and  hor izonta l ly  a g a i n s t  whi te  backgrounds .  The pres- 
ence of a blue r ing  near  the paper  shows the B H A  is present .  
A more pos i t ive  tes t  is genera l ly  ob ta ined  i f  the t r ea t ed  side 
is inside the cyl inder ,  hence the p r e p a r a t i o n  of two cyl inders .  
] t  is a g a i n  most  des i rable  to run un t r ea t ed  paper  a long wi th  
the paper  in quest ion for  a compar ison  of the  results .  The 
cyl inder  should be viewed at  leas t  a t  5-, 10-, and  15-minute 
in te rva l s  and  more of ten  i f  desired. Once the blue color has 
formed,  i t  diffuses s lowly th roughou t  the solution. I t  is neces- 
sary  the re fo re '  to fol low the fo rma t ion  of the blue r ings.  I f  

both sides of the paper  are  t r ea ted ,  the tes t  wil l  i nd i ca t e  by 
the rates  of f o r m a t i o n  and in tens i t i e s  which side conta ins  "the 
h igher  concen t ra t ion  of BHA.  A g a i n  i f  the paper  does not  
con ta in  BHA,  a l i gh t  p ink  color wil l  form wi th in  the 1.5- 
minu te  tes t  period.  This t es t  has  been t r ied  on vege tab le  
parchment ,  su]fite, su l fa te ,  and  g lass ine  wi th  excel lent  resul ts .  
] t  wil l  not  work  however on waxed paper  or paperboard .  
Simple as this  so lu t ion  is, i t  solves a problem t h a t  is fre- 
quent ly  very baffling. 
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Molar Refraction, Molar Volume, and Refractive Index of Fatty 
Acid Esters and Related 'Compounds in the Liquid State 
EARL G. HAMMOND ~ and W. O. LUNDBERG, Department of Agricultural Biochemistry, 
Unive?sity of Minnesota, St. Paul, Minnesota 

T H E  use of refract ive index and molar  refract ion 
as aids in establishing the iden t i ty ,  pur i ty ,  or 
s t ructure of organic compounds is well known. 

Measured values of these constants do not appear  to 
have been ful ly exploited for such purposes however 
in the chemistry of p u r e  fa t ty  acids and derivatives 
even though refract ive index has been widely used 
in the characterization of natural  fats  and oils. 

Recently in this laboratory a supposedly pure  methyl  
doeosahexaenoate, p repared  f rom hog' bra in  (1), was 
found to have a molar refraction higher than  the valne 
calculated f rom atomic constants. The refract ive in- 
dex and molar  refract ion were also higher than em- 
pirical values reported by  F a r m e r  and Vandenheuvel  
for  a methyl  doeosahexaenoate p repared  f rom cod 
liver oil (2). Moreover these authors also described 
a simple s t raight  line relationship between refract ive 

"index and unsatnrat ion for methyl  esters of long chain 
fa t ty  acids (3) tha t  was consistent with, and in pa r t  
dependent on their  observed refract ive index for the 
docosahexaenoate. 

A s tudy was therefore under taken of molar  refrac- 
tion, molar  volume, and refract ive index of methyl  
esters of f a t ty  acids as functions of two parameters ,  
carbon chain length and unsaturat ion,  with a view to 
developing equations that  would be useful in deter- 
mining identity, pur i ty ,  and structure. The develop- 
ment of such equations for  the methyl  esters of com- 
mon types of f a t ty  acids (excluding those with con- 
jugated double bond systems and those with double 
bonds in the trans configuration) is reported.  Similar 
principles and relationships appear  to hold for the 
l'atty acids themselves and other derivatives. 

General Relationships 
l\folar refraction, Rm, refract ive index, n, and molar  

voh,lme, V .... are related by  the well known equation 
of Lorenz (4) and Lorentz  (5 ) :  
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I t  is Mso well known that  Rm may  be calculated 
to a first approximation for any compound by  the 
smnmation of certain atomic " c o n s t a n t s . "  The "con-  
s t a n t "  for  any  par t icular  atomic component is snbjeet  
to second order variations, depending on the nature  of 
other components and molecular  structural  relation- 
ships. I t  is reasonable to expect however that  for  a 
family  of compounds which differ only in carbon 
chain length and unsaturat ion,  for example, methyl  
esters of normal  f a t ty  acids, a single set of constants 
could be found which would yield calculated molar 
refract ions in very close agreement  with observed 
values for  all members  of the family  of compounds. 
The equation could take the fo rm:  

Rm ~-- klC @ kfD @ k~ I I  

where C is the number  of carbon atoms in the  fa t ty  
acid chain (not including the carbon of the Mcoholic 
methyl  group) ,  D is tile number  of double bonds, and 
kl, k~, and k 3 axe constants. The relationship to which 
I I  reduces in the absence of double bonds has been 
found to hold for  sa turated f a t t y  acids at 80°C. by  
Dorinson et al. (6).  

I t  has also been found previously that  Vm is a 
linear funct ion of the carbon chain length for  satu- 
rated f a t t y  acids and esters ; fur ther ,  the introduction 
of an isolated double bond in members  of such a 
series of compounds has a un i form effect on molar  
volume (6, 7). I t  is to be ant icipated therefore that  
a general equation for  molar  volume and density such 
as follows might  be appl icable:  

Vm-- M =k4C+k~D+k~ III 
d 

where M is. the molecular weight, d is the density, and 
k~, k~, and k6are constants. 

Rm, which is considered to be a function of the vol- 
ume actually occupied by  the molecules of a tool of 
substance, is near ly  independent  of temperature .  This 
is not t rue of Vm, and the constants k~, k~, and k~ will 


