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SUMMARY 
Apparatus and technique for the detailed analysis of natural mixtures of fatty acids by a 

combination of thin-layer chromatography (TLC), gas-liquid chromatography (GLC), and 
reductive ozonolysis are described. 

The fatty acids, as methyl esters, are separated on the basis of differences in unsaturation 
and chain length by the application of TLC using chromatoplates coated with silver 
nitrate-silica gel followed by GLC. Each group of fatty acid esters is analyzed by re- 
ductive ozonolysis by an ultramicromethod. 

The general procedure is demonstrated with pure methyl esters and mixtures thereof, and 
it is applied to the analysis of the fatty acids of the liver phospholipids of rats fed a fat-free 
diet. The detection of endogenous 4,7,10,13-eicosatetraenoic acid of the palmitoleic acid 
family is reported. 

Identification of peaks on a gas-liquid chroma- 
tographic chart is generally made on the basis of their 
carbon numbers (1) or from direct reference to known 
standards. The limitations of this method are well 
recognized, especially for the minor components of blie 
mixture, but further identification is frequently im- 
possible because of the small amounts of the com- 
ponents. The problem is further compounded by tech- 
nical difficulties in the recovery of minute amounts of 
substances from the effluent gas of a fractionation by 
gas-liquid chromatography (GLC) in sufficient amounts 
and purity for further analysis. A confirmatory 
analysis of peaks on a GLC chart and spots on a thin- 
layer chromatography (TLC) plate, for which the above 
comments also generally apply, is especially important 
because the analysis is based on separations by virtue 
of a difference in general physical properties. Thus, 
a spot or a peak does not necessarily represent a single 
compound. 

* Supported in part by PHS Research Grant A-4942 from the 

t Present address: University of Pttrana, Curitiba, Brazil. 
National Institutes of Health, U.S. Public Health Service. 

As a contribution toward solution of these problems, 
an ultramicro -ozonolysis technique is described for the 
identification of unsaturated fatty acids. Its use is 
demonstrated 011 standard and natural mixtures of 
fatty acids (as their methyl esters) isolated by GLC 
and TLC. 

EXPERIMENTAL METHODS 

Muterials. Highly purified methyl linoleate and 
oleate were obtained from The Hormel Foundation, 
Austin, Minn. Methyl linolenate and methyl arachi- 
donate of > 99% purity were prepared as described by 
Privett and Nickell (2). 

Methyl decanoate was obtained from Matheson 
Company, Inc., Sorwood, Ohio, and purified by frac- 
tional distillation. Those fractions that appeared to be 
pure by GLC analysis were combined. The combined 
product was stirred vigorously under high vacuum a t  
room temperature until the condensate of evaporated 
methyl decanoate collected in a trap in dry ice was free 
of short-chain impurities. Usually, it was necessary 
to treat the freshly distilled methyl decanoate for about 
24 hr to remove the last traces of short-chain impurities. 
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Methylene chloride, 1;isher Reagent, was used as a 
solvent for catalytic reduction without further purifica- 
tion. 

First, it was sat- 
urated with ozone a t  about -20'; then it was shaken 
with small amounts of concentrated sulfuric acid in a 
separatory funnel until the acid layer remained clear. 
Finally, it was washed with distilled water, dried, and 
distilled. 

Fatty acids of rat liver phospholipids were obtained 
from a group of animals fed a fat-free diet for six months. 
The fat was extracted by macerating the pooled livers 
in a Serval1 Omni-Mixer under nitrogen three times 
with 200 in1 of chloroform-methanol 2 : 1 (v/v). The 
phospholipids were separated and purified by three 
successive acetone precipitations and fatty acid 
esters were prepared by heating the lipid in reflux- 
ing, dry 1 IY HCI-methanol for 2 hr. The com- 
position of the methyl esters was as follows: 16:O 
= 18.47;: 1A:l = 8.0'%; 18:O = 23.4%; 18:l = 

25.0%; 18:2 = 1.6%; 20:3 = 20.670; 20:4 = 3.0%. 
The ozonization was carried 

out essentially as previously described (3) but on a 
smaller scale. A 3-ml pentane solution of ozone was 
prepared in the reaction flask (A, Fig. 1) immersed in a 
dry ice bath (-65 to -7.5') by bubbling oxygen con- 
taining about 3% ozone from a Bonner generator (4) 
a t  about 100 ml/min through it for about 5 min. The 
solution turned a blue color and iodimetric analysis 
indicated that the concentration of ozone was about 
0.03 N in solutions prepared in this manner. The 
sample (1G100 pg) was dissolved in about 100 pl of 
pentane aiid added to the pentane solution of ozone in 
the reaction flask (A, 1Gg. 1). (This flask was later 
used as thc reaction flask for catalytic reduction.) 
Ozonization is virtually instantaneous under these 
conditionb. Thus, the solvent was evaporated im- 
mediately under reduced pressure as the solutioii 
n armed up to about 0' to remove the excess ozone and 
dissolved oxygen. The final traces of solvent were 
removed by means of a mechanical pump. 

Catalytic reduction of ozonides was carried out with 
the apparatus shown in l'ig. 1; flask A contains the 
ozonides. Irsually two samples were reduced, one in 
methylene chloride for the analysis of the long-chain 
fragments and the other in methyl decanoate for the 
analysis of the short-chain fragments. 

About 0.5 ml of solvent and 10 
mg of Lindlar catalyst (5) are added to the reaction 
flask Vig. 1) in a bath a t  0'. When methylene 
chloride is used as the solvent, the system is flushed 
with nitrogen and then filled with hydrogen. About 20 
min is allowcd for completion of the reaction, during 

Pentaiie was purified as follows. 

Reductt%e Oaonol?jsis. 

Geneml Procedure. 

f C 

Vac. pump 

19 cm 

1 
7 

FIG. 1. Apparatus for reductive ozonolysis. A, reaction flask; 
B, U-tube trap; C,  collection bulb. 

which the solution is stirred vigorously with a magnetic 
stirrer. After the reduction is complete, the catalyst is 
removed by filtration and washed with about 1 ml of 
fresh solvent. The solution is reduced to a volume of 
about 100 p1 by blowing a stream of nitrogen over it, 
and analyzed by GLC as described below. 

A somewhat different procedure is used for reductions 
in methyl decanoate. After the system (l:ig. 1) is 
flushed with nitrogen, it is evacuated for about 5 min 
by means of a mechanical pump and then filled with 
hydrogen. Twenty minutes is allowed for completion 
of the reduction. Then a Dewar flask containing liquid 
nitrogen is raised around the U tube (B, Fig. 1) and the 
reaction flask (A, Fig. 1) is cooled in a dry ice bath for 
several minutes to solidify the sample. The system is 
then evacuated with a mechanical pump, the stopcock 
(D, Fig. 1) is closed, and the reaction flask is allowed to 
warm up to room temperature by removing the dry ice 
bath. As the reaction flask warms up, some methyl 
decanoate evaporates. About 50 p1 of methyl dec- 
anoate is allowed to condense in a near arm of the U 
tube; then the liquid nitrogen is lowered until only 
bulb C is immersed in it. The IT tube (€3, Fig. 1) is 
gently warmed with an infrared lamp to melt the 
methyl decanoate, which then runs down the U tube 
and is collected with the aldehyde fragments of the 
reduction in bulb C. Bulb C is sealed off a t  the coii- 
striction and usually kept in dry ice until the sample 
can be analyzed. The analysis should be performed 
without undue delay, however, because even a t  low 

 by guest, on June 20, 2012
w

w
w

.jlr.org
D

ow
nloaded from

 

http://www.jlr.org/


2 G% PRIVII:TT, 13l)iISl<, : lSD RO3ItISI'S 

temperatures free aldehydes are not stable for long 
periods. 

The GLC aiialysis of the fragments was performed 
with a flame ionization iiist,riuncntj (,\lode1 609, 1: & 31 
Scientific Corp., ,lvoiidale, Pa.) on both nonpolar col- 
limns (2000/, silicone on chromosorh W) and polar 
coliimiis (1.i70 ethylene glycol siicciiiate polyester 
on chromosorh 0'). The silicone phase used in these 
colamiis consisted of the residue from the molecular 
distillation of Ilow Corning Silicone Fluid 200 (vis- 
cosity 10 cs) ((5). LI complete aiialysis can usually be 
obtained on tlie silicone column ; the polyester colrimn 
is iiwd mainly to distinguish simple aldehydes froin 
ester aldehyde fragments wlicii their identification is 
quest iollal,le. l:re(l,lelltly, a colnplete allalJ,sis call 
be made i i i  either methylciie chloride or methyl de- 
caiioate, dependiiig on the chain lrngtli of the frag- 
Inelits. ~t is advisab1e to identify all fragments, llo,\.- 
ever. The sensitivity and mi example of the results 
that may be expected from the method are illustrated 
by the GLC analysis of the fragments from methyl 
liiiolcate shown in Fig. 2 .  The GI,C aiialysis is iisiially 
carried out a t  200' as \\.ell as 12.7' because the long- 
chain aldesters have a tciideiicy to tail and give 
skewed peaks with tlie silicoiie phase at  low tmiprra- 
tnres. 

ysis of methyl esters was carried out with ai1 1: & )I 
Scientific Corp. Jlodel 500 instrument equipped with a 
thermal conductivity detector and a l / , - i i i  x 8-ft cohiiiiii 
packed with 15% ethylene glycol siicciiiate polyester 
phase on chromosorb IV at 1 9 0 O .  The collection of 
methyl esters was carried out by huhhliiig the efiiueiit 
gas from a splitter (F & J I  Scientific Corp.) attached to  
tlie end of tlie column in front of the detector through 
ahout .i in1 of chloroform ill test tubes. Tlie splitter 
paswd 15% of the gas through the detector for simul- 
taneoiis analysis. The tubes and port needles of the 
splitter were changed manually as each fraction emerged 
from the colnmn. The capillary outlet tube of tlie 
original splitter was replaced with an '/a in. o.d. copper 
tube of the same leiigtli to permit an unrestrictcd flow of 
gas, and it was maiiitained a t  2.iOo, GOo above the teni- 
perature of the coliimii, to eliminate condcnsatioii in  it. 
Ry mealis of this tcchiiique, recoveries of the order of 
!Myo of the split sample were obtained on as little as 1 
mg of sample. The recovery of material was checked 
with methyl linoleate by comparing the GLC aiialysis of 
equivalent aliquots of the sample before and after 
collection. 

'I'hin-l,a!jcr ChromnloJgraph!j. Tlie isolation of fatty 
acids as their methyl esters was carried out using silver 
nitrate-coated plates, a technique shown by Morris 

' 

- - I ,  L -  

- < -  

.- - __ 

E 

i 

RETENTION TIME - 
FIG. 2. .\n:ilysis of nic~tliyl linolc.:ltc. by rcdrwt ivca ozonolysis. 
(hs-iiquid c.lirc,ni:itiiFTrsI,li?. of :tltlc4iytlic fr:tgnirnts on :I 12 ft 

in  methyl dccmoatc.: 11, 200' in rnc.tIiyi(.ne c*hIorid(.. .\ :tnd 
.if, R :rnd I<', :ind C n n t l  C' c.:irrit-tl out on 100, 50, :ind 25 pg, 
rc.spcvd ivc4y. 

x I/I in-c.O~rlll ln [,f 20c ~ silic.one oll ~ ~ l r O l , l e l s O r ~ ,  1~ :tt 1, 1 y 5 ~  

f?US-I,i//!bid ChT(JmU/(JgrUph!J. l'hr iSolatiol1 alld all:ll- 

F I G .  3. 'I ~ ' , 1 1 , 1 1 1 ~ 1 1 1  o f  ,I st 1 1 1 l l  I l l 1  1 1 1 1 \ 1 1 1 1 l '  I D 1  

prcy~:~r:rtivi* IIIIIII(IW. 011 :I 20 \ ?(I-(  1 1 1  ( l i r ~ ~ t i i : i t ~ i ~ i l , i t c ~  I I \  ig\( )l- 

liniil(.n:itc.; I ) ,  r iwt l i?- l  :ir:ic.liid(iri:itc,. 

Ill( I l l \  < . l l  I. 1111 

TLC. .\, l l l l ~ t l l \  I I~lc?tto;  I%.  n l l ~ t l l \  I l l l l ~ l l c ~ : i t l ~ :  (<, lllc~~llvl 

(7) aid  de \'rips (8, !)) to be risefd for the separxtioii of 
fatty acid esters. 

111 this study, plates were prepared by spreading a fin(. 
slurry of silver nitrate, Silica Gel C; (according to Stahl, 
Hrinkmaii Iiic., Great Seck, S. Y.), and water iii a 
ratio of 1 :1: 10, respectively, with an applicator madc 
out of phiglass,  i i i  layers of ahout 0.3 miii. The plates 
were heated in ail oven for 2 hr at 110' and stored in thc 
dark iuitil used. T3cfore being used, each plate was 
tleveloped with diethyl ether to move much of the 
rontaminaiit organic matter in the adsorbent layer to 
the top of the plate. The separatioii of a standard mis- 
trire of methyl esters and a typical applicatioii for 
preparative purposes is demonstrated in Fig. 3. 'l'he 
solvent used for this fractioiiatioii consisted of 20yc 
diethyl ether in petroleum ether. 
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7 .  I lie spots oii this plntc \vere tlctcctctl by spraying the 
plate with 2,i-dicIilorofluorcscciii, and t l ir i i  vic~vctl and 
photograplitd oiiclcr t i l t  mvio1t.t light. .I standard mis- 
tiire of rnrtliyl esters may 1)c cliromatograplied in a 
markcd4T area of the plate as shown i i i  lig. 3 to scrvc 
us a r(*ferciicc for the srparatioii. 

The spots w r e  scraped from the plat(% in a 1)aiicl of 
atlsorlwiit and cstructcd with freshly tlistillcd diethyl 
cather. JIost of the spray rwg~iit  romaiiid on tlie 
aclsorlw~llt. A s  mrlcll as loo mg of metllyl esters may lw 
cliromatogr:~plic~l o i i  a 20 s 20 cm plate with little ovcr- 
lapping. 'I'lic results i i i  Icig. 3 slio\v that tlic method 
wparatcs tlie fatty acids, 11s their mctliyl esters, iiito 
elasscs I xw~d on tlic dc~groe o f  uiiwturat ion. 

21 nnlysis of the I'ntty :It ids (!f Ir'nt I i w r  I'honpholipids. 
'The methyl esters w r e  first fractioiiatcvl hy silvw 
nitrate T1,C into classrs 1)ascd oii tlic iiumlwr of doublc 
h i i d s  as shown i n  lcig. -I. Each class of cstcrs was 
recovered and furtlicr pnrificd hy rcelironiatograpliy on 
ntldit ioiinl plates. 'I'hc iiioiiociioic fraction consisted o f  
:i misturcb o f  I f i  mid 18 eliniii-length wtcrs ant1 \vas 
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b'ii;. 3. Striic*trtr:il :in:ilysis of tl iv ?O::%, Is: 1, 16: 1 f:itty :ii.icls 
isol:itc.c.l friiiii t l i v  ~ ) l i i ~ ~ ~ ) l i o l i ~ ) i ~ l s  of n i t  1ivc.r. h,l%,C: 12 f t  x 
I/ ,  in-c.oliiiiin of 3)' f silivcinc. on c.ltroriiosorl) \V lit I?>0: s i i l v t ~ n t ,  

rnc*tIiyI tli*c.:ino:itc-. 1 .\, I I%, I ( ' :  s:iiitt' c.tiliiiiin r ~ t  2f()Oo: s i i l v c ~ ~ i t ,  

iti~*tIiyl~~iii* i4iIoriilv. 
8):d 11: I, ~ i i : i l ~ i n : i l ~ l ~ ~ l i y ~ l ~ ~ ;  2, Iii~~itr~lclc~liydi~. I A: I ,  I i i -ptd-  
clc~liydi~; 2, riic-thy1 ~ i ~ ~ n t : i n o : i t ~ ~ - ~ - : i l ;  3, pc+irgonyl : I I I I ~ ~ ~ ~ I I ~ ~ ;  

18: f 1%: 1, I i c ~ ~ i t : i l c l c ~ l i ~ t l c . .  113: I ,  Iic~~it:iltlc~Ii~dc.: 2, pi*l:irKonyl 
:iltlc4iytlc~; 3, iiii~tIiy1 iioiiriii(i:iti,-!~-:il; 4,  iwtliyl ~inil(,i.:iii(i:it(.- 

11-:11. 
16: 1 C: 1, Iic~~it:i lclc~liytli~.  IC: I, I i i ~ ~ i t : i l c l i ~ l i y t l ~ ~ ;  2, p i h r p m y l  
: t l ~ l ~ ~ l i ~ ~ l ~ ~ :  :%, 1 1 1 1 . t 1 i ~ l  I I I ~ ~ ~ ~ : I I I O : I ~ I ~ - ~ - : I ~ :  

I, rlll.111yI l l l ~ ~ ~ t : l l l ~ l ~ l t l ~ - ~ - : l l .  

I, 1ii(btliyl II~III~I~IO:I~I~-!~-:I~. 

fiirtlier fractioii:itc*d hy ( ; I S '  i n t o  tlirsr compoiicwts. 
'I'Iic C: IK' aii:iIysis o f  tlic filial prcparat ions ~ l i o \ v c t l  

tliat the 1 6  c:irl)oii c4iaiii moiiociic fraction was !IS:; 
pure; t l i c  impurity i n  this preparation was iiwtliyl 
pnlmitatc. S o  impiirities could I)c tlc.tcvtctl in t l i r  I8 
c*arl)oii cliaiii i n o i i o ( w '  fract ioii hy ( ; LC. Tlic t l i c w  
frnctioii (1;ig. -I) coiisistcd of al)out 880/, iiietliyl octn- 
dccadiciioatc and 12% mct 1iy1 cicosntriciioatc. : t lie 
triene fract ioii n h i t  !I!)% methyl cicosatriciioatc. : :iiid 
tlic tctr:iciic fraction S i c / ,  mctliyl cicosatctraeiioatc' with 
:E& mctliyl (icosatriciioatc as ail impurity. 

Each fractioii was aiinlyzcd I)y retlnctivc ozoiiolysis 
as d~scrilwd :il)ovc. 'I'lic C; I,(: cliromatograms of tlic 
aiialysis o f  tlic frngmciits arc prcwiited i n  lig. 5 aiitl 6. 

1 he pcnks i i i  t l w  ciirves iii k'ig. 5 and (i ~vcrc  i t l w t i -  
f i d  by rcfcreiice comporiiitls a id hy grap1iic:il Iiw:lIis 
I~ascd on the log plot of tlic rctciitioii times. Sr~pplr- 
mentary aiinlyscs (not s h o w i )  ivcrc inn& on ai1 ctliylciic 
glycol sriceiiiatc coluniii to confirm the assigliliic~lit of 
peaks 4 mid .i iii 1;ig. (i 1.1 niid 113, respectively. t o  
pclargoiiyl alclchydc, wliich pairs with the Incbthyl 
pcntanoatc-.'i-aI (peak -I, Iig. (i 113) to cstn1)lisli tlw 

trirnoatc. l'his niialysis also slio\ved the al)sc~iicc~ of 
any methyl I!cwuioatc-(i-al, wliicli \vonld ariw with 

,. 

I;II;. .I. I ~ o l n t i ~ l i i  111 t l i f .  I . L I ~ \  :ii.i(I* t .I\ 1i i ( * t I i \  I ( - t i*r.)  1 1 1  1tw 
~ i l i ~ ~ s ~ ~ l ~ o l i ~ ~ i ~ l s  o f  r:it I i w r  fri i i i i  :IIIIIII:I~~ o n  :I F:it-frw t l i v t  In- 
.\gS( )r'Il,('. .\, s:ititr:itcd. I), iiioriiwiiias: (', dic*ncw; I ) ,  
tricwrs; IC, tvt r:iiwH. 

i(~cIitificntioli of tllp implIrity 8s inptIiy1 5,S.l I+iros~- 
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TABLE 1. IDENTIFICATION OF FATTY ACIDS OF RAT LIVER PHOSPHOLIPIDS BY REDUCTIVE OZONOLYSIS 

Chain Fatty Acid 
Fraction Length Component Aldester Aldehyde (As Methyl Ester) 

Monoene 16 Major Methyl nonanoate-9-a1 Heptaldehj de 9-Hexadecenoate (palmitaleate) 

Monoene 18 Major Methyl nonanoate-9-al Pelargonyl aldehyde Wktadecenoate (oleate) 

Diene* 18 Major Methyl octanoate-&a1 Heptaldehyde 8,ll-Ortadecadienoate 

Triene 20 Major Methyl pentanoated-a1 Pelargonyl aldehyde 5,8,1l-Eicosatrienoate 

Tetraene* 20 Major Methyl pentanoate-5-a1 Hexaldehyde 5,8,11,14-Eicosatetraenoate (arachidonate) 

Minor Methyl heptanoate-7-a1 Pelargonyl aldehj de T-Hexadecenoate 

Minor Methyl undecanoate-11-a1 Heptaldehyde 1 1-Octadecenoate 

Minor Methyl nonanoate-9-al Hexaldehyde 9,12-Octadecadienoate (linoleate) 

Minor Methyl heptanoate-7-a1 Heptaldehyde 7,10, 13-Eicosatrienoate 

Minor Methvl butanoate-4-al Heptaldehvde 4, T ,lo, 13-Eicosatetraenoate 

* n'ote that fragments from the 20:3 in these preparations (Fig. 6) are not included but show that this compound is the 5,8,11 isomer. 

i.-. 
R E T E N T  

-~ ~ 

N T IME-  

FIG. 6. Structural analysis of the 18:2 and 20:4 fatty acids 
isolated from the phospholipids of rat liver. A and B: 12 ft x 
l / 4  in-column of 20% silicone on chromosorb U' a t  125'; solvent, 
methyl decanoate. 1A and 1B: same column a t  200"; solvent, 
methylene chloride. 
18:2 A: 1, malonaldehyde; 2, hexaldehyde; 3, heptaldehyde. 
1A: 1, hexaldehyde; 2, heptaldehyde; 3, methyl pentanoate-5- 
al; 4, pelargonyl aldehyde; 5, methyl octanoate-&a]; 6, methyl 
nonanoate-9-al. 
20:4 B: I ,  malonaldehyde; 2, hexaldehyde; 3, heptaldehyde; 
4, methyl butanoate-4-al. 1B: 1, hexaldehyde; 2, heptalde- 
hyde; 3, methyl butanoate-44; 1, methyl pentanoate-5-al; 
5,  pelargonyl aldehyde. 

pelargoiiyl aldehyde from methyl 6,S-octadecadienoate 
had it been present. 

The results of the GLC analysis of the fragment- 5 are 
summarized in Table 1. 

DISCUSSION 

Since reductive ozonolysis, as well as TLC and GLC, 
can be applied on a microgram scale, isolation analysis 

of fatty acids can be carried out on less than 1 mg of 
lipid. In  fact, we are routinely making analyses on the 
lipid from about 2 ml of blood in a bioassay of the 
interconversion of fatty acids of the rat in connection 
with studies on essential fatty acid (EFA) metabolism. 

Several positional isomers of monoenoic, dienoic, and 
trienoic fatty acids have been isolated from EFA- 
deficient rats via preparative GLC and liquid-liquid 
partition chromatography by Fulco and Mead (10). 
More recently, Schlenk, Sen, and Sand (ll), in studies 
on the interconversions of monoenoic acids, also dem- 
onstrated the formation of positional isomers of mono- 
enoic. and dienoic acids in the carcass fat of rats via 
preparative GLC in conjunction with structural anal- 
ysis. 

The presence of the 4,7,10,13-eicosatetraenoic acid 
isomer of arachidonic acid in EFA-deficient animals is 
not unexpected because it is a member of the palmitoleic 
family of acids (12). A complete report on the 
iiutritional aspects of these and related findings will he 
published separately. 

It should be mentioned that, during the course of the 
development of the procedure, each step was checked 
for possible alteration of polyunsaturated fatty acids 
that might lead to artifacts by tests with methyl ara- 
chidonate. 

The reductive ozonolysis technique of structural 
analysis described here is well suited to the identifica- 
tion of positional isomers because it is essentially free of 
side reactions (3). As such, even minor components 
may be analyzed with confidence. It is important, 
however, that all fragments of the analysis be identified 
and matched together to identify the parent compound. 
It is also important, especially for application on an 
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ISOLL4TIOX ASALTSIS OF FATTY ACIDS 265 

ultramicroscale (< 100 pg), that all solvents and rea- 
gents be of the utmost purity and that all glassware 
be thoroughly cleaned. 

Little attention was given to the analysis of malon- 
aldehyde in this study. However, should there be any 
question of the divinylmethane rhythm in the poly- 
unsaturated fatty acids, the dialdehyde fraction should 
be analyzed separately (3), 

No attempt was made in the present study to use the 
method for quantitative analysis, but it is evident 
that, with further refinement, it may be used for this 
purpose. 
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