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SUMMARY 

Conditions were determined for the successful separation of free lower fatty 
acids by means of capillary gas chromatography. Base-line separation of all sixteen 
saturated C,--C, fatty acids has been achieved on a steel capillary column of 45 m 
length and 0.25 mm I.D. with nitrogen as the carrier gas. The best stationary phase 
is Ucon LB-550-X. with the addition of phosphoric acid, operated at 1250. 

INTltODUCTION 

It was just twenty years ago that the separation and analysis of C,-C,, fatty 
acids by gas-liquid chromatography (GLC) on a column packed with Cclite 545 
coated with a mixture of silicone oil DC 550 and stearic acid (g : I) was publishedl. This 
work not only laid the basis for lipid chemistry, but also changed the direction and 
speed of the development of separation methods, thus opening an area of unprece- 
dented research activity and fascinating possibilities that have moved forward the 
limits of human knowledge. 

Since that time, tile gas-liquid chromatography of fatty acids and glycerides 
has been used many times and there has, up to now, been nobody who has taken on 
the task of reviewing completely and critically the thousands of items of information 
available on the applications of GLC in the chemistry of fatty and otlier acids. Wllereas 
a fairly reliable scheme2 has been accepted for the separation of higher fatty acids 
in the form of their esters, the separation and analysis of the lower fatty acids still 
present certain difficulties. This fact is probably the reason why there have been 
ver;!’ few papers* - 1 a tliat attempt to solve the problem by capillary gas clrromato~raphy, 
th-! results being unsatisfactory. 

* L)crlicatccl to Dr. A. J. P, R~AIZTIN mtl Dr. A. T. JAMES on the occnsion of the moth an- 
nivcrsary of lhc pul~licntion of tlicir now clnssicnl pa~pcr 011 gas-liquid chromntoC:rnphy (of fatty 
acids). 
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With this short report concerning the above problem, we wish, above all, to 
pay honour to the inventors of GLC wit11 whom to iive in the same age ancl to meet 
with their ideas in everyday work is, in itself, a fortune, 

A Fractovap GI (Carlo Erba, Milan, Italy) gas chromatograph ecluipped with 
a flame-ionization detector was used for these studies. The recorder was a Leeds and 
Northrup Speedomax G with a full-scale deflection of I rnV, Nitrogen was used as 
the carrier gas. 

The columns, fabricated from stainless-steel tubing, were 45 m long and had 
an I.D. of 0~25 mm. The plug method? was used for coating the columns. A solution 
(0.4-0.6 ml) of the liquid phase (90 mg) and orthophosphoric acid (ro mg, 85 cs w/w) 
in acetone (1.0 ml) was forced through the tubing with the aid of nitrogen at a 
velocity of 0.8-1.2 cm/set. The columns were conditioned for G 11 at approx. 20” below 
the maximum acceptable temperature for each stationary phase. 

Trimer acid was a product of Emery Industries (Cincinnati, Ohio, U.S.A.), and 
tricresyl phosphate and Ucon LB-550-X were supplied by Carlo Erba. The majority 
of the model fatty acids were commercial products of 97-98 ‘:& purity (measured 
by GLC), 3-Methylpentanoic, 2-methylbutyric, 2,2-dimethylbutyric, 2-ethylbutyric 
and 2,3-dimethylbutyric acids were prepared by methods described elsewherefi. 

ItBSUI.‘I’S AND DISCUSSION 

The acids studied and their boiling points, retention ratios and KovBts retention 
indices (measured with a precision of f 2 index units on three stationary phases at 
two temperatures) are given in Table I. 

A mixture of 16 compounds has to be dealt with, of which many have boiling 
points very close to each other, such as 3-metllylbutyric and ( &)-2-methylbutyric 
acids; (&)-2,3-dimethylbutyric, 3,3-dimethylbutyric and 2-ethylbutyric acids; and 
(k)-2-methylpentanoic, ( A)-3-methylpentanoic and 4-methylpentanoic acids. 

Owing to the very similar physico-chemical properties of some isomers, the 
application of capillary columns is justifiable, although it was necessary’-’ to use 
several columns of different polarities to attain a complete’separation of some isomers 
of lower fatty acids in the- form of their methyl esters. We tried out the previously 
used stationary phases trimer acid4 and tricresyl phosphate”, but, instead of using 
dimethylnapl~tl~alenesulpllonic acid as an additive, orthophosphoric acid3 was em- 
ployed, which proved to be especially suitable for the separation of free fatty acids. 

For some pairs of acids, capillary chromatography on trimer acid cloes not give 
good separations. Thus, for instance, the minimum plate number (3zrerl.) necessary 
for a base-line separation of the pairs butyric acid-trimethylacetic acid and 3,3- 
dimethylbutyric acicl-( f)-2,3-dimethylbutyric acid is 152,000 and 123, ooo, respec- 
tively. 



The retention order of the acids corresponds mainly with the sequence of their 
boiling points, On the tricresyl phosphate column, the elution of the acids is similar, 
except .for trimethylacetic, z,z-dimethylbutyric and 3,3-dimethylbutyric acids. The 
rise in the relative volatility is due to the steric hindrance of the COOI-I group, which 
brings about a weakening of the hydrogen bond with the stationary phase. The 
shift of the retention of 3,3-dimethylbutyric acid up to the end of the group of 
branched-chain acids is caused by the contribution of the induction due to the three 
methyl groups at the end of the chain. 

The best separation was obtained on a polypropylene glycol, Ucon LB-550-X. 
The gzrcq. values necessary for a base-line separation of all the critical pairs of acicls 
at 125” were less than IOO,OOO theoretical plates. It can be seen from the data in 
Table I that a further increase in the temperature leads to poorer separations with 
most of the acids studied. 

Fig. I sliows a chromatogram of a. mixture of all the free saturated C,-C, 
fatty acids, obtained on a column with Ucon LB-550-X at 125”. 

Fig. I, Capillary gas chromatogram of free ssturatccl C,- C, fatty acids. Steel crcpillary column, 
45 m x 0.25 mm I.D.; IJcon LB-550-S + phosphoric ncicl, 125”. I = Acetic wicl: 2 = propionic 
a&cl; 3 = isobutyric acid; 4 = trimcthylacctic :wicl; 5 = butyric acid; 6 = 3-mcthylbutyric acid; 
7 = (f)-a-mcthylbutyric acid; 8 = wpcntanoic acid ; I) = 2,2-climcthylbutyric ncitl: 10 = t-J-)- 
2.3~tlimcthylbutyric acid; T I = z-cthylbutyric acid : 
(*)-3-mcthylpcntanoic ncid; 

12 -2 (&)-2-mcthylpcntarwic :wicl : 13 = 
14 = 4-mctliylpcntanoic acid ; 1.5 = 3,3-climcthyll~utyric acid; ancl 

IG = 9t-hcxnnoic acid. 

The occurrence of symmetrical peaks and the high efliciency (70,000 theoretical 
plates) makes it possible to analyze Iree fatty acids even at very different mutual 
t atios of the latter. The method was applied to the analysis of lower fatty acids in 
biological materials and in foodstuffs. . . 

J, Clrvomatogv., 68 (1972) 55-58 ” 


