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INTRODUCTION 

In a programme of work on the effect of potassium nutrition on the organic 
acids of leaves, a knowledge of the sequence of elution of the common plant acids. 
proved valuable in identification of acids separated by partition chromatography. The 
sequence of elution of these and related acids (total 3g), by gradient elution chromato- 
graphy on silica gel, is presented together with a discussion on the effect of structural 
relationships on the sequence. 

Work on the partition chromatography of acids has been comprehensively re- 
viewed to 1956 by LEDERERAND LEDERER 1. Based on paper chromatographic data, 
WOWED demonstrated relationships between the K%I values of about IOO acids and 
certain features of their molecular structure, E.g., the number of carboxyl and other 
substituent groups, and indicated that this information should prove useful in 
identification of unknown compounds. 

ESFERIMENTAL 

Silica gel chromatography of the acids was carried out by the gradient elution 
method of WAGER AND ISHERWOOD~, - essentially as modified by BLUNXTONE AND 

DICKINSON*, In the present work, reservoir I contained initially ~z-butanol-chloro- 
form, 50 : 50 (v/v) (400 ml) and reservoir z contained chloroform (340 ml). The eluate 
was initially pure chloroform and its gz-butanol content was progressively increased to 
35 y0 (v/v). The acids (0.~5-1 mequiv. each) were chromatographed in groups of z-8 
components, chosen to minimise overlapping of peaks. The volume of the fraction 
collector (syphon device) was 2.6 ml. The volume of chloroform eluted from the column 
during acldition of the sample was IO ml (a 4 fractions) and this was combined with 
the first fraction for titration. The rate of transfer of mixed solvent from reservoir I to 
reservoir 2 was about 30 drops per min from a capillary tube of 2 mm I.D., 7 mm 
O.D., but maximum resolution in the early stages of a separation was obtained when 
this rate was halved. Two hundred fractions were collected during 8 h. 

The column was packed with Mallinckrodt silicic acid (zoo mesh powder, AR.). 
As preliminary treatment, it was washed several times by decantation with water to : 

remove the finer particles, washed once with 6 N hydrochloric acid and several times 
with distilled water to remove excess acid and finally washed with ethanol ancl with 
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acetone and dried overnight in an oven at 100~“. Chloroform (Hopkin & Williams Ltd., 
G.P.R. “A” grade) was treated with excess of anhydrous sodium carbonate to 
remove any traces of acid and filtered. Ethanol, z O/0 (v/v), present as a preservative 
was not removed before use. ut-Butanol (Hopkin & Williams Ltd., G.P.R. grade) 
was the other component of the solvent mixture. The acids were the purest samples 
available commercially in the U.K. 

Non-volatile acids were identified by thin.-layer chromatography on Silica Gel G 
(Merck) with n-butyl formate-go yO formic acid-water (7: z : I, v/v) as mobile phaseG 
and the observations were confirmed by spot test@. 

TABLE I 

SEQUENCE OF ELUTION OF ACIDS PROM SILICA GBL COLUMN 
The acids were clut;ecl with chloroform conlaining a progressively increasing proportion of n-butanol. 
The slakionary phase was 0.5 N sulphuric acid. Fraction volume: z.G ml. 

Acid Elution 
range 
(fraction 
nacmbers) 

Pcah 
maximum 
(fraction 
num fier) 

A cid Bhction Peak 
range maximum 
(fraction (fraction 
numbers) number) 

7a-UuLyric 
n-Valcric 
1sobut;yric 
Propionic 
Acetic 
Mesaconic 
Pyruvic 
Adipic 
Formic 
Glutaric 
CiLraconic 
Itaconic 
Malcic 
Fumaric 
Thymol blue 

incl icator 
Succinic 
Lactic 
a-Kctoglut;aric 
tvauts-Aconitic 
Malonic 

I-IO 

I- 9 
. ..I-12 

5-19 
22-29 
24-30 
28-38 
.@-35 
3 I-38 
32-37 
34-45 
39-47 
38-50 
35-52 
47-53 

;;I:; 
54-67. 
GG-72 
64-75 

2 
2 

; 
25 
27 
32 
32 
34 
34 
39 
42 
45 
45 
so 

GO 

GO” 

62 
69 
69 

5-Pyrrolidone-2-carboxylic 65- 80 
Glyoxylic 53- 81 
Diglycollic 64- 76 
Oxalacctic W- 79 
Oxalic 7G- 9s 
Tricarballylic so- 93 
Glycollic 84- 98 
Nitric 57-147 
cis-Aconitic 97-10s 

DL-Malic 103-120 
Citric 134-153 
DL-Glyccric 152-170 
DL-kocitric 176-195 
Sulphutic 

) 
178-192 
193-230 

Shilcimic I 75-2oG 
D ( -I_) -Tart;aric 200-233 
Phosphoric 

) 
> 239 

L-Glutamic 
Quinic > 252 
L-Aspartic 

69 
70 
70 

;s 
88 
92 
93 

Io3 
111 

I41 
IGO 
I83 
181 
I98 
198 
211 

0 From ref. 4, 

RESULTS 

The sequence of elution of 39 acids is given in Table I in terms of the first and 
last fraction numbers in which the acids appeared and the fraction number at peak 
maximum for each. These fraction numbers were used for the sake of simplicity but 
may be converted to the more fundamental effluent volumes (ml) by multiplying by 
the factor 2.6 and addition of the column “hold-up” volume (IO ml). In the gradient 

“” elution method, the rate of transfer of the mixed solvent from reservoir I to reservoir 2 

* A commercial product of conixolled particle size is now available as Mallinclcrodt silicic 
acid, SilichR CC-4, 100-200 mesh. 
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