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under various conditions and the changes in charac- 
teristics compared by the removal of small samples 
at selected intervals of time. The results indicated 
that during the initial stages of autoxidation of A '~. ~2 
methyl linoleate at 30~ all of the oxygen could be 
demonstrated as peroxide oxygen. On the other hand, 
11o peroxide oxygen was former until the A ~~ ~2 methyl 
linoleate had been oxidized for more than 100 hours. 
Furthermore,  it was suggested that oxygen at room 
temperature was as effective in rearranging the 
(?ll :Cll ('II~ CIt :CII system as alkali hydroxide and 
high temperature. 
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Report of the Spectroscopy Committee 
November 15, 1948 

A T file speeial meeting of the Spe(,.troscopy Com- 
mittee, hehl in Chicago during the ]947 Fall 
Meeting of the American Oil Chemists '  Society, 

the spectrophotometric method for the analysis of fats 
alld oils was discussed in detail. A few minor revi- 
sions were made. I t  was decided to analyze four oil 
samples (linseed, soybean, cottonseed, and lard) by 
the revised method before submitting it to the l;ni- 
form Methods Committee for action by the Society. 
In order to limit the. amount of work necessary a 
simplified set of calculations was attached, in which 
tile background corrections were eliminated. The cal- 
culations are as follows: 

Absorption coefficient is defined as k ---- D/be where 
l) is the observed spectral density of a solution of 
thickness b cm. (compared with solvent of the same 
thickness) and of concentration of c grams per liter, 
the COllcentratioll of e is equal to W/v, where W is 
the weight of sample in grams, and v is the total 
volume of solution in liters (0A the initial volume 
nsed times dilution factor) ,  hi  the equations which 
follow subscripts 2'~3, 268, etc., refer to wave length. 

k ~ absorption coefficient before isomerization. 
k' =-- absorption coefiicient of isomerized materials. 
C~ ~ (k_,.~:~) 0.8403 = c~. conjugated diene. 
X ~-  % arachidonie acid ~ (k'~,~) 4.424. 
Y = % linolenic acid = (k'~,~ - -  0.534 X) 1.880. 
Z ~-  % linoleic acid ---- (k'~:~.~ - -  k~:~:: - -  0.593 X - -  

0.60 Y) 1.124. 

Eight  collaborators analyzed the four  oils following 
the details of the method as closely as it was possible, 
in tlle individual laboratories. The variations were 
minor. The data obtained are shown in Tables I and 
lI. 

An examination of the data in Table I shows that  
exceptionally good cheeks were obtained by all col- 
laborators, except No. 8, which appears to be low in 
all eases for linoleic acid. This would appear to be a 
consistent error which is occurring in the laboratory 
of that collaborator rather than a fault  in the method 
of analysis itself. The percentages of arachidonie acid 
found iLv the short calculations are without question 
in error, since it is very doubtful if arachidonic acid 
occurs in soybean, linseed, or cottonseed oil. In Table 

Col labora to r  

1 . . . . . . . . .  ; . i .  L T : L . ~ . . . . . . . 7  . . . . .  

T A B I , E  I 

Soybean  Oil 

% % 
Oonj. Acid 
l ) ; ene  Arach .  

.19 . ~  

.20 .18 
.19 .16 

.19 

.22 

.27 

.22 

4 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ~ .20 
5 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ; .19 
6 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  20  
7 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ' .20 
8 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  20  
Ave rage  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  20  

2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

4 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
5 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  , 
6 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
7 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
8 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Average  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  [ 

L inseed  Oil 

.26 .42 

.27 .35 

.25 1 . 2 1 "  

.26 .41 

.25 .50 

.26 .49 

.26 

.28 .~i~ 

.26 .41 

Cot tonseed Oil 

1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  14 .13 
2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  15 
3 .......................................... 14 09 
4 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  16 .05 
5 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  15 .09 

.13 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  P .16 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  15 : 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  15 .20 

Average  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  15 I .12 

L a r d  

cA Acid  
IAno- 
lenie  

- - 8 . 1 7  
8 .20  
7 .87  
8 . 3 6  
8 .42  
9 .15  
8 .93  
8 .06  
8 . 4 0  

48 .5  
48 .0  
4 4 . 9  
4 8 . 0  
4 9 . 5  
53 .2  
5 0 . 4  
4 4 . 8  
4 8 . 4  

.15 

.29 

.13 

.16 

.15 

.12 
.26 
.14 
.18 

% 
Acid 

l , inole ic  

53.2  
53 .0  
53 .8  
55 .4  
53.7  
55.8  
55 .2  
49 .7  
53.7  

16.1 
16.8  
17.2  
18.0  
16 .0  
17 .4  
17 .6  
15.0 
16.8  

51.1  
51 .0  
49 .5  
52 .0  
51.5  
54 .4  
52 .3  
45 .9  
51 .0  

1 . . . . . . . . . . . . . . . . . .  ." . . . . . . . . . . . . . . . . . . . . . .  ! .23 
2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  : .23 
4 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  23 
4 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  25 
5 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  23 

7~::::::::::::: .26 i : : : : : : : : : : : : :2 : : :  24 
8 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ' .25 
Average  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  24  

* Not in a v e r a g e .  

I .52 .77 
i .51 .71 

.55 .69 

.40 .78 

.51 .73 

.50 .81 

.52 .82 

.41 .94 

.49 .78 

12.1  
12.2  
12.2  
11.0  
12.2  
12:.2 
13.2  
10.8  
12.0 

I I  is shown a comparison of the average results in 
Table I, with the same samples analyzed in one of 
the laboratories using the long calculations.  It should 
also be noted that the long calculations show a higher 
percentage of linoleic acid and a somewhat  lower per- 
centage of l inolenic acid. While  it cannot  be stated 
with certainty  that the differences in l inolenic and 
linoleic acid are significant, the l o w e r  v a l u e s  for 
arachidonic obtained by the hmg calculations are 
certainly more correct. Itence, in the method which 
becomes a part of this report, the long calculations 
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are included. F o r  many  purposes,  the short calcu- 
lations may be used with sufficient accuracy. 

Although the oils analyzed by  the Committee dur- 
ing 1948 were not the same oils as those in the October 
20, 1947 report  of the Committee, comparison of the 
data show tllat almost identical results were obtained 
on the four  oils. 

T A B L E  I I  

Shor t  Calcula t ion 

Con- Arachi -  Lino- 
Sample  j u g a t e d  donic I lenic 

, D i e n e  A ~ d  C2 A~id 

Soybean Oil .................................... .20 ~-- ~ - 
Cot tonseed Oil . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  15 .12 .18 I 
L i n s e e d  Oil . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  26 ~ .41 48.4 I 
L a r d  ............................................... t .24 i .49 .78 ! 

% 
Linoleic  

Acid 
Z 

53.7 
51.0 
16.8 
12.0 

L o n g  Calcula t ion  

Soybean Oil . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  55 " .05 7.5 
Cottonseed Oil . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  11 .00 47]00 
Linseed  Oil . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  24 .04 
L a r d  ............................................... I .20 .38 .51 

55.4 
52.8 
17.4 
12.8 

The Committee is well satisfied that  a method has 
been set up which enables various laboratories to 
check the analysis of fats  and oils. Accordingly, the 
method of analysis is included in this repor t  and 
recommended to the Uniform Methods Committee for 
adoption. The Committee feels that  the next step is 
to investigate the accuracy of some of the constants 
involved in the calculations, together with reasons 
for  the differences between the spectrophotometric 
method and the thiocyanogen method of analysis. 

B .  W .  BEADLE R . T .  MILN'E~ 
B .  F .  D~L 'BE~T B . T .  O 'CONNOIr 
R .  H .  F ~ O I ; S O ~ r  R . C .  S~I , t ,M~. t r  c h a i r m a n  

Detailed Method for the Spectrophotometric 
Analysis of Fats and Oils 

Outline of Method 
The method is based Oil the measurement  of the 

ul traviolet  absorpt ion of an oil or fa t  sample, both 
before and a f te r  conjugation of the poly-unsaturated 
consti tuents in the sample. The conjugated constitu- 
ents are determined by measur ing the absorption in 
purified iso-octane. The non-conjugated poly-unsatu- 
rate(| consti tuents are conjugated by  heating in a 
glycol-KOII  medium. The sample is protected f rom 
oxidation dur ing the isomerization period by blanket- 
ing with nitrogen. The poly-unsatura ted  constituents 
are calculated f rom the absorption,  a f ter  isomeriza- 
tion, using constants obtained by isomerization of 
pure  acids and their  mixtures. Reference is nlade to 
various articles which have appeared  in the seielltifie 
l i terature  (see footnotes).  

Apparatus 
Ultraviolet Photoelectric Spectrophotometer 

Beckman (8) Model DU (or other suitable spectre- 
photometer)  equipped with absorption cell compart-  
ment  assembly for  cells up to 10 cm. long. Adjus t  

1. Mitchell, Kraybi l l ,  and  Seheile, Ind .  E n g .  Chem. (Anal .  E d . )  75, t 
( 1 9 4 3 ) .  

2. Beadle  and  Kraybi l l ,  J .  Am. Chem.  Soc. 66, 1232 ( 1 9 4 4 ) .  
3. Brad ley  and  R icha rdson ,  Ind .  E n g .  Chem.  34, 237 ( 1 9 4 3 ) .  
4. Kass ,  Chap.  12, " P r o t e c t i v e  a n d  Deco ra t i ve  Coa t ings , "  edi ted by 

J .  J .  Matliello, Wiley & Sons, New York  ( 1 9 4 4 ) ,  Col 4. 
5. B r i ce  and  Swain ,  J .O.S .A. ,  Vol. 35, No. 8, 532, 544, Aug.,  1946. 
6. Brice ,  Swain ,  Schaeffer ,  and  Ault, Oil and  Soap, Col. X X I I ,  No. 9, 

219-224,  Sept. ,  1945. 
7. Beadle,  B. W.,  Appl ied Ul t rav io le t  Spec t ropho tomet ry  of F a t s  and 

Oils, Oil a n d  Soap,  Vol, X X I I I ,  No. 5, p. 140 ( 1 9 ~ 6 ) .  

the focus  of the hydrogen lamp so that,  with the slit 
open to maxinmm width (2.0) and with the sensi- 
t ivi ty  knob at the counter-clockwise limit, and with 
no absorption cell in the beam, the meter  balances at 
the lowest possible wave length (usually 211 m~. or 
lower).  Thereaf ter  leave the sensitivity knob at about  
3 couuter-clockwise turns  and use the slit width ad- 
jus tment  for balancing the instrument .  

Extra Hydrogen Lamp (9) 

Absorption Cells (10) 

The demountable type with an outside diameter of 
28 mnl. is preferable.  Each should consist of Pyrex  
glass cell body of outside diameter  of approximately  
22 ram. with centered ground glass stopper, threaded 
metal  jackets or ends with threaded metal cans, pol- 
ished crystalline quartz  windows, and cork gaskets; 
bodies to be ill matched pairs of lengths 1.000, 2.500, 
and 5.000 era., • 0.005 cm. Non-demountable cells 
may be used if more expedient. Matched cells shouhl 
show the same optical density to 0.01 unit  when filled 
with a solvent such as water  or iso-octane. 

Constant Temperature Bath 
Although there are many  types of isomerizatiou 

baths that may be used, two are described below. 
Regardless of the type used, ni t rogen blanketing 
must  be provided. 

1. Rubber Reserve Model 
Constant t empera ture  bath  (11) operated at 

180~ • 0.5~ ; Pyrex  glass j a r  12" in diameter  
and 12" high, mounted in all insulated 16" x 16" 
x 16" wooden box, the lat ter  fitted with a transite 
cover drilled to hold accessories and six reaction 

tubes;  stainless steel immersion heater, 500 wat t ;  
12" mercury  thermo-regulator  and control box;  
motor s t i r rer ;  s tandardized thermometer  reading 
in tenths of a degree to 200~ and bath wax 
(12). A picture of this set-up is attached. 

8. Nat ional  Technica l  Labs . ,  S. P a s a d e n a ,  Calif . ,  Cat.  No. 2500 DU,  
wi th  accessor ies  No. 2501 a n d  Cell C o m p a r t m e n t  Assembly  No. 2510. 

9. Nat ional  Technical  Labs. ,  H y d r o g e n  D i s c h a r g e  L a m p  No. 2230 in 
L a m p  H o u s i n g  No. 2240.  

10. Avai ' .able f rom A m e r i c a n  I n s t r u m e n t  Co., S i lver  Spr ing ,  Md., 
f r o m  Nat ' l  Tech. Labs .  and  f r o m  F i sche r  & P o r t e r  Co., Hatboro,  Pa .  

11. A m e r i c a n  I n s t r u m e n t  Co. No. 4-01E c o n s t a n t  t~emperature assem- 
b ly  with  12" m e r c u r y  t he rmo- regu l a to r  No. 4-202 is sat i s factory  w h e n  
moun ted  in an  insu la ted  box wi th  wooden cross  pieces  in the bottom 2"  
h igh  to hold the g lass  j a r .  

12. :Fisher Scientif ic  Co., P i t t s b u r g h ,  Pa . ,  No. 15-532 is sa t i s fac tory .  



T~IE J()r:RNAL o~, T~LE AML~:CA,'," Om C I I E M I S T S '  S O C I L ' T Y ,  AUGUST, 1949 401 

2. Alternate Set-up Showing Nitrogen Blanketing 
A cylindrical bath 12" in diameter, 12" high, 

of stainless steel, is equipped with an Aminco 
mercury thermoreglflator, No. 4--202, with No. 
4 210 protective case; supersensitive mercury  
relay, A m i n c o  No. 4 - -291  and Aminco motor 
stirrer. The bath is heated to just  below 180~ 
with a Mekcr burner,  with the burner  so regu- 
lated, the additional and controlled heat is pro- 
vided by a 250-watt bayonet  heater. The bath 
is equipt)ed with a samI)le rack with about 2{) 
holes. Usually a nlaximum of 8 samples are ha~.~- 
died at one time. The balance of the holes aid 
in securing good circulalion. 'Pile assembled bath 
with sample tubes irl place is illustrated in tile 
photograph. 

Sample Tubes 
These are 10" x 1" dianleter Pyrex  test tubes. They 

are provided with a special distr ibuting head shown 
in the attached photograph. The nitrogen is passed 
into a manifold which is also shown in the photo- 
graph. From the manifold, gas may be passed to any 
number  of isomerization tubes. The gas passes from 
one of the manifold outlets through a rubber  tube 
colmeetion to the top of the gas distr ibuting head. 
The rubber  tubing is constricted at the point where 
it leaves the gas manifold by a small piece of capillary 
tubing which serves to insure a uniform flow of gas 
to each of the dis tr ibut ing heads. In the distr ibuting 
head, the nitrogen enters at the top of the test tube, 
flows downward through the space above the sample, 
and leaves the test tube through the 7-mm. tubing, 
which forms the center par t  of the gas distr ibuting 
head. This 7-mm. tubing is open at the bottom and 
has two small holes approximately 1" and 11fz" f rom 
the bottom. The lower end of the 7-mm. tube is open 
to allow any glycol which passes into the tube to con- 
dense and re turn  back to the reaction mixture. A uni- 
form flow of gas to each of the tubes is obtained by 
maintaining a constant pressure of nitrogen to the 
manifold. 

Furn~ce and Nitrogen Purification 
Nitrogen used for purification must be low in oxy- 

gen. Nitrogen in cylinders containing less than 0.01% 
02 may be used directly without fu r the r  purification. 
i f  purification is necessary, the apparatus,  which is 

described below, has been found to be satisfactory. 
Electric Multiple Unit Furnace,  12" long, made by 

l lev i -Duty  Electric Co., Milwaukee, Wis., 110 (or 200) 
volt is suitable. The temperature  is controlled by a 
Variac, Type 200 G3I made by General Radio, Cam- 
bridge, Mass. Sett ing 88 has been found to give satis- 
factory temperature  (about  300~ Any other fur- 
nace that will give controlled temperatures  around 
300~ would be satisfactory. 

The l ' y rex  eonlbustion tube is of special design. I t  
contains a copper gauze coil to remove any oxygen 
present ill cylinder nitrogen which is used to blanket 
the samples while in the isomerization bath. After  
use, the coil is reduced to metallic copper by  cylinder 
hydrogen. The excess gas is conducted from the muf- 
fle tube through a by-pass. 

The purified nitrogen passes from the fnrnace 
through a train of two wash bottles, the first contain- 
ing glass beads only and the second containing cort- 
centrated sulfuric acid and glass beads. F rom wash 
bottles, the nitrogen passes to the distr ibuting mani- 
fold. The rate of flow is controlled by a manometer,  
which eotltains H20, methyl orange, and a trace of 
I I~SO~. 

Reagents and Materials, Suitable Grades 
and Suppliers 

a) Ethylene glycol, Eastman No. 133. 
b) Methanol, absolute synthetic (13). 
c) Ethanol,  (pur i fy ,  if necessary, following pro- 

cedure for  methanol) .  

13. 3~fet.hanol suitable for use without  purification has been obtained 
from E. I .  du l~ont de Nemours and Co., Wilmington, Del., and from 
n.  R. Elk & Co., Inc., Garfield, N. J.  The spectral density of a 1-cm. 
layer, compared with distilled water, should be less than 0.4 set at  
220 m]z. 
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d) Iso-octane (2,2,4-trimethyl pentane), Nat'l Bu- 
reau of Standards certified grade (14). 

e) Hexane (must be purified). 
f) Cyclohexane (Phillips, Dew, du Pont). 
g) l~otassium hydroxide, A.C.S. standard (15). 
h) Silica gel, 40 to 60 mesh (16). 
i) Column for purifying solvents. 
j) Test tubes, Pyrex, 6 x 1" or 10 x 1", for reaction 

vessels. 
k) Pyrex glass cups (17) 1 ml., 10 x 14 ram., as 

sample containers, for weighing out samples 
and dropping into reaction vessel. 

1) Glass stoppered 100-ml. volumetric flask. 

Purification of Reagents 
If the alcohol has an optical density of less than 

0.4 at 220 m~., it need not be purified. 

a) PURI~'YING ABSOLUTE METHANOL 
Apparatus 

3-liter flask. Standard taper connections. 
Erlenmcyer flask. 
Glass stopper and reflux tube for 3-liter flask. 
Funnel. 
Condenser--ground glass connections. 
Trap--ground glass connections. 
Filter paper. 
Metal pot. 
Meker burner. 

Material 
Absolute methanol--order in ~ew drums or in 

glass bottles. 
85% C. P. KOH. 
Zn dust. 

Method 
Place 2,000 nil. of methanol in the flask. Add 

one heaping teaspoonful of 85% KOIt and 
one heaping teaspoonful of Zn dust. Place 
glass stopper in one outlet of flask and reflux 
tube in other. Place on the steam bath--allow 
to remain for 3 hours. 

Remove from steam bath and distill in hot water 
bath. Catch distillate in flask. Store in stop- 
pered glass bottle. 

Cheek transmission of methanol against distilled 
water through range of wave lengths used on 
conjugated and non-conjugated analysis. (See 
reference 13 under "Reagents"  for limits.) 

b )  PURIFYING I S O - O C T A N E  

Apparatus 
Glass filter tube approximately 32" x 13/~" or 

other suitable size.* 
Cork stopper covered with aluminum foil. 
Erlcnmeyer flask. 

Material 
Silica gel, ])arisen Chemical Co., Code 11-08. 
Glass wool. 
Iso-octane. 

Method 
Place approximately 3]/~" of glass wool in filter 

tube above stop cock. Add about 12" of silica 
14. Rohm and l taas  Co., 222 W. Washington Sq., Philadelphia 5, 

Pa. ;  Phillips Petroleum. 
15. l~allinckrodt Chemical Works, A. i~. :Pellets No. 6984. 
16. Davison Chemical Co., Bal~more, Md. 
17. Fisher  "Pet t lcups"  are  satisfactory. 
* Se~ Graft, O'Connor, & Skau, Ind .  Eng. Chem., Anal Ed., 16, 556- 

557 (1944) .  

gel. Attach filter tube to ring stand to hold 
upright. Position Erlenmeycr flask under fil- 
ter tube. Pour iso-octane into tube slowly, 
filling approximately ~ full. Loosely place 
aluminum covered cork stopper in top of tube 
and wait for iso-octane to filter. 

A uniform rate of flow and column action may 
be obtained without trouble by using a col- 
umn nearly iilled with silica, and supplying 
the iso-octane to the column by means of an 
inverted volumetric flask (about 1 liter) in a 
ring stand. A constant head is thus main- 
tained without attention, by immersing the 
mouth of the flask in the iso-octane in the 
column. 

Cheek transmission of filtered iso-oetane against 
distilled water through range of wave lengths 
used on conjugated and non-conjugated an- 
alyses. The resultant curve should be smooth 
and the transmission above 85% at all points. 

Preparation of Glycol-KOH and Dry Glycol 

Prepare a solution of KOII in glycol.t This solu- 
tion should be 1.3 N with respect to KOIL 

a) Weigh approximately 750.0 grams of dry glycol 
into l-liter round bottom glass stoppered Pyrex 
flask. In place of the solid glass stopper, insert a 
glass stopper containing two glass openings, one 
of which reaches to the bottom of the flask and 
through which nitrogen may be passed. The 
other opening serves as an exit for the nitrogen. 
Connect to an oxygen-free nitrogen supply and 
bubble sufficient nitrogen through the glycol to 
exclude all air and to agitate the sample slightly. 

b) Raise a heated oil bath (100 to 150~ around 
the flask and apply heat. Raise the bath tem- 
perature to 190~ and hold at 190~ for 10 
minutes. Remove the bath and allow the tem- 
perature to drop to 150~ At 150~ add, with 
care, 60 grams of potassium hydroxide (85%), 
keeping the sample under nitrogen. Again raise 
the oil bath around the flask and reheat to 
190~ Hold at 190~ for 10 minutes. Remove 
the bath and allow to cool. Keep under nitrogen 
throughout the prcparatioit and during storage. 

c) Check the concentration of KOH in the cooled 
mix by dissolving a weighed sample in alcohol 
and titrating to phenolphthalein with standard 
HC1. 

(titration) X N X 5.61 
% KOI[ = 

wt. of sample 

d) Dry some straight glycol by the same procedure 
as for glycol-K01I above. 

If  the % KOH is not 6.5 to 6.6 in " c "  above, 
adjust to this concentration with the pure dried 
glycol. 

Sample Preparation 
Melt the sample carefully on the steam bath. Stir 

thoroughly to insure a representative sample. If  the 
sample is not clear, or if it contains water, it should 
be filtered. Weigh out in 1-ml. Pyrex glass cups, one 
sample of approximately 200 rag. in size, weighed to 
the nearest rag., and two samples of approximately 

]" Smaller amounts of glycol-KOn solution may be prepared where 
usage is low. 
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100 mg., weighed to the nearest 0.5 mg. The 200-mg. 
sample is for  analysis of conjugated constituents and 
the 100-mg. samples are for  analyses in duplicate on 
non-conjugated constituents. The 200-rag. s a m p l e  
may be weighed out on a watch glass if more con- 
venient. More than 200 mg. may be used if necessary 
to bring the density up to 0.2. 

Procedure 

Analysis for Conjugated Constituents 
a) Drop the Pyrex  cup containing the 200-rag. sam- 

ple into a beaker hohling about  75 ml. of puri- 
fied solvent.$ Dissolve the sample by  warming 
it, i f  necessary. Transfer  it quanti tat ively to a 
100-ml. glass stoppered volumetric flask and 
make it up to volume. I f  the sample is weighed 
on a watch glass, it should be t ransfer red  quan- 
t i tat ively to the 100-ml. volumetric flask with 
approximately 75 ml. of the purified solvent and 
made to volume. 

b) Measure spectral densities of the solutions, using 
matched cells in the Beckman spectrophotometer 
at 233, 262, 268, 274, 310, 316, and 322 m~. Use 
solvent only in the blank cell. S tar t  with the 
solution as prepared in the paragraph above, in 
a 5-cm. cell, adjust ing subsequent dilutions and 
cell lengths so that, whenever possible, observed 
densities lie between 0.2 and 0.8. Tabulate  wave 
lengths, densities, dilutions, ce l l  l e n g t h s ,  and 
weight of sample. 

Analysis for Non-conjugated Constituents 
a) Weigh out l l .0-gram portions of the KOII-gly- 

col solution into 10" x 1" Py rex  test tubes. Sus- 
pend the tubes at a constant depth of 41~ " in 
a constant temperature  bath operated at 180~ 
• 0.5~ Place the nitrogen protection covers 
in place and start  the ni trogen through the 
tubes. The flow of nitrogen should be con- 
trolled by a manometer. A minimum of 50 to 
100 ml. of N2 should be passed through each 
tube per minute. I f  blanks do not check, it 
may be necessary to increase the volume of N2 
used. 

b) Af ter  20 minutes of heating, remove the N2 
distr ibuting head and drop the Pyrex  vessel 
containing the weighed sample into a reaction 
tube. Then replace the N2 head. Remove the 
tube f rom the bath and swirl it vigorously, for  
a few seconds. Return  it to the bath. At  the 
end of one minute of heating in the bath, re- 
move and inspect the tube. I f  the solution is 
clear, re turn  the tube to the bath. I f  saponifi- 
cation or solution is not complete, again swirl 
the tube two or three times, and then re turn  
the tube to the bath. Keep the N 2 head in place 
at all times. 

c) At intervals of three minutes, introduce other 
samples in other tubes into the bath, repeating 
the same procedure. Drop an empty sample con- 
tainer  into the tube containing the potassium 
hydroxide-glycol " b l a n k . "  

d) Follow t h e  swirling steps carefully to assure 
complete saponifcat ion of fat  samples. 

Iso-octanO, hexane, cyclohexano. 

e) Exact ly  25 minutes a f te r  dropping the sample 
into the tube, remove sample tube from bath, 
wipe clean, and place in a 3,000-ml. beaker to 
cool. Continue to blow nitrogen over the sam- 
ple dur ing cooling. Add cold water  to the 
beaker to shorten the cooling period. When 
cool, wash the cover with approximately 20 ml. 
of purified methanol or ethanol. (The alcohol 
should be poured from a beaker. Do not use a 
wash bottle.) Catch the alcohol in the sample 
tube. Inser t  a long st i rr ing rod with curved 
end into the tube and work the sample cup up 
and down unti l  the KOII-glyeol and alcohol are 
completely mixed. Transfer  the contents quan- 
t i tat ively to 100-ml. glass stoppered vohlmetrie 
flask. Make to volume with purified alcohol and 
mix thoroughly.  

f)  Make spectral density measurements at wave 
lengths and under  the conditions specified in the 
analysis for  conjugated constituents. When fur- 
ther  dilutions of sample are required for making 
density measurements, be sure to make similar 
dilutions of the " b l a n k "  sohttion. Tabulate 
wave lengths, densities, dilutions, cell lengths, 
and weight of sample. 

Notes and Precautions 
Satisfactory results with this method of analysis 

require extreme attention to details. Par t icular  at- 
tension must be paid to the following : 

1. The concentrat ion of KOII  in the glycol isomeri- 
zation mixture.  

2. The isomerization t ime-- the  factors used in the 
calculation are based on an exact isomerization 
time of 25 minutes. 

3. Isomerization temperature.  
4. Pu r i t y  of reagents at the time of use--This  

applies to the glyeol-KOI[ mixture, as well as 
the solvents used in making the density meas- 
urements. 

Calculations 

Absorption coefficient is defined as k : I ) /be  where 
D is the observed spectral density of a solution of 
thickness b cm. (compared with solvent of the same 
thickness) and of concentration e grams per liter, 
the concentration e is equal to W/v, where W is the 
weight of sample in grains, and v is the total volume 
of solution in liters (0.1 the initial volume used times 
dilution factor) .  In  the equations which follow, sub- 
scripts 2, 3, and 4 refer  to the number  of double 
bonds;  subscripts 233, 268, etc., refer  to wave length. 

Conjugated Constituents 
1. Specific extinction coefficient at 233 m~. cor- 

rected for  COOR and C = C Groups;  P~ is the 
estimated proport ion of oleic acid. 

k 2 ~ k2a 3 - -  0.029 - -  0.052 P~ 
2. Specific extinction coefficient at 268 m~. cor- 

rected for  background absorption. 
ks = 2.8 [k~s~ -- % .(k~s~ + k2~,) ] 

3. Specific extinction coefficient at 316 m/~. cor- 
rected for  background absorption. 

k, = 2.5 [k3~ 6 -- 1A (k3,o + k3.,2) ] 
4. % Conjugated diene ~--- C2 = 0.87 k2. 
5. % Conjugated triene = Cs = 0.47 k s. 
6. % Conjugated tetraene = C~ = 0.49 k4. 
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If  ihe quant i t ies  within the brackets  are zero or 
negative,  no c h a r a c t e r i s t i c  absorp t ion  maxima are 
present  anti tilt, correspon(l ing emlstituent is reported 
as absent.  

No,n-conjugated Cons t i tuen ts  
7. Specific ext inct ion coefficient at  233 m~. cor- 

rected for  con juga ted  diene acids o r i g i n a l l y  
present ,  k._,aa and  k'2.~a are observed specific ex- 
t inct ion coefficients before and a f te r  isomeriza- 
t ion ((liene region) .  

k ' ,  -= k'.,:~::- k.,a, ~ 

8. Specific extinct ion eoeffieient at  268 m~. corrected 
for  baekg round  absorp t ion  ( t r iene region) .  

k':~ = 4.1 [k'._,,,~ - -  ~/~ (k'~,, ~- k'27+) ] 

9. Speciiic ext inct ion coefficient at  268 m~. eor- 
reete<t for  undes t royed  con juga ted  t r iene (the 
value k:, is taken f rmn  the con juga ted  analyses 

data,  equat ion 2). 
k" a = k'~ - -  k:~ 

10. Specific ext inct ion eoeffieient at 316 m~. c o l  
reeted for backg round  absorp t ion  ( t e t r a e n e  
region ). 

k ' ~ =  2.5 [k':,,~ - -  !/~ (k'31 o -~- k'a.,~) ] 

11. S1)eeifie ext inct ion coefficient at 316 m~. cor- 
rected for  undes t royed  con juga ted  t e t r a e n e  
(the value k 4 iS taken f rom equat ion 3). 

k"4 = k ' ,  - -  k t  

I2. % IAnoleie acid = X == 1.16 k',_, - - 1.33 k"~ q- 
0.09 k"~ 

13. % IAnolenie acid - -  Y - -  1.88 k" a - -  4.4:1 k" 4 

14. % Arach idonic  acid = Z - -  4.43 k"~ 

Total Composi t ion 

15. % ( !on juga ted  and non-con juga ted  poly-unsatu-  
ra ted acids are calculated as the above. 

16. % ()leic a d d  ~--- 
I . V .  o f  s a m l ~ h .  ~--- [ 1 . 8 1 1  ( C ~ - P X ) - I - 2 . 7 3 7 ( ( ~ - I - Y )  + 3 . 3 3 7 ( ( ; ~ - 1 - Z )  ] 

.899 

17. % S a t u r a t e d  acids = % total f a t t y  acid* - -  (% 
oleie --f- % con juga ted  -t- % uneon juga t e d  poly- 
u n s a t u r a t e d  acids) 

18. To calculate  to a f a t t y  acid basis, mul t ip ly  all 
values above b y  100, divided by  total  f a t ty  
acid.'** 

* 9 5 . 6  f o r  m o s t  n a t u r M l y  o c c u r r i n g  o i l s ,  
** 1 . 0 1 6  f o r  m o s t  n a t u r & l l y  o e c u r n n g  o i l s .  


