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CHROM. 7495 

Note 

An application of the @and exchange method to the separation of some 

aliphatic carboxylic acids 

The ligand exchange method is g-cncrally used in the chromato~raphic separa- 
tions of compounds of the samr’ series but \vith di!&rent coordinating powrrsl_ This 

technique has been applied mainly in the analysis of mnincs and other nitrogm- 
containing ligands, but in few orhcr casts. In order to invcstipc the eschttn~e ability 
and sclcctivity of the conjugated bases of aliphtic carbosylic acids. \vve have examined 
a mistwe containing glycolic, oxalic. mtdonic and succinic acids. The choice was made 
taking into account that there must be XII apprcciablc di&-ence arno~~y the formation 
Cc)llSt;lIlfS of the co~qdescs that tbc cwbosylnte Ii,& l vnds Lx-m with the m&ii ion l&d 
on the s.schtnqx_ This condition is rc:dized for the rlbovc acids b_v usins ;I chelating 
sschangcr column rreatcd \vith Ni( NHj),,?+ _ 

ESPERI,\lENT.-\L 

All chcmicnls nwt’ ~in~ilytical-~rride products. A carion eschangcr of the polv- 
styrcnc-iminodiacetic acid type (Chclcs 100, 100-200 mesl~) wtls wed ( Bio-Rad Labs.. 
Richmond_ Calif__ U.S.A.). Spectral mc:tsurements \\-crc performed on a Becknxm 

DK-?A spcctr~~photoInrtcr \vith quartz cells ( 1 _OO-cm p:uh length) and pH mcasurc- 
ments \vere nlzldc on a Radiomcrcr pH&l- 23 instrument quipped with estcrnal glass 

and saturatrd culomcl slcctrodcs. 

A 10-g amount of the cschanger \V;IS lvashcd \vith several portions of 2 :\I 

sodium chloride solution until free from iron(ll1). then \vith drionized \vater. A 1 :I 
xnmonki solution of [Ni( i\! H,),]CI, con~plcs prcparcd accordins fo the literatur& xvas 
added: the dark green suspension W;IS stirred for about 10 h, adding the nickel( I I) 
complex continuously until no colour variation could be detcctcd. Then the sschangrr 
was placed in a chromatogrtlphic column (3 cm high and 0-S cm I.D.). which ~1s 
loaded until the packed resin w’;ls 15 cm high. The system \vas stabilized by \v:lsbins 
it successively wi-ith ammonia solutions of lob3 and 10m5 :\I concentration until the 
elutlte was free from nickel(ll), checking by the usual method with dimethylglyosime. 

Glycolic, oxalic, malonic and succinic acids \vcre determined by the methods 
rcportcd in the literature3; it was necessary to perform the clUilIltif:lti\re tinrilysis ilfteI- 
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the colour development by an indirect colorimctric method in whic!l the sample solu- 
tion \vas compared with standard solutions_ The initial concentration of the acids was 
IO-’ AI in deionized water and 1 ml of each solution was employed_ Standard com- 
parison samples contained 0.01 - 10-5-O_5- 10-j mole of the acid under examination_ 
The flowrate was 0.5 ml/min. Elution curves were obtained from the absorbance of 
the acid in 1 ml of successive Z-ml fractions of cluate. The same amount of exh acid 
solution was examined separately in preIiminary tests. 

RESULTS AND DISCUSSION 

Preliqinary tests showed that the acids wre not retained on the exchanger 
that had not been treated with the nickel( II)-ammonia complex In order to establish 
the most suitable ammonia concentration for performing the reparation_ \ve checked 
various solutions from 1 to IO-’ Jf, owins to the selectivity of the cluting solution_ 
which varies \vith its concentration”. 

We found that the best separation ofthe mixture of the four acids WLLS achieved 
using 10-j M ammonia solution as eluent, which \ve have also used for the column 
pre-treatment. Prolonged washin g \vith water does not displace the acids rctaincd on 
the nickel(Il)-ammonia column_ 

A typic4 elution curve is sho\vn in Fig. 1. 

The successful separation of the mixture of the four carbosylic acids by ligmnd 
exchange may be interpreted on the basis of their diflkrent formation constants with 
nickel( Ii) at ;I complesation ratio of 1 :l (Table I)_ Even if one takes into xcount that 
the central metai ion is bound to the donor groups of the eschangcr and hcncc the 
actual formation constants can be afketed. it is reasonable to consider that the four 
compIeses undergo such an effect to the same extent. The 10s ,?I values follow the 
order expected on the basis of the chelation ring stabilization- Considering the acidity 
constants of the four acids (see Table I, pK,, and pQ. chelation probably does not 
occur with glycolic acid owing to the low coordination ability of the hydrosyl group, 
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TABLE I 

plc, VALUES OF THE ACIDS AND FORMATION CONSTANTS OF NICKEL(II) COivi- 
PLEXES 

Acid 

Oxalic 1.24 4.14 5.7’- 
iMalonic 7.7 I 5.36 4.1” 
Succinic 4.19 5.46 x4-- 
Cil_vcoIic 3-71 - 1.7”’ 

- Front ret 5_ 
-- Potentionwtric values ;u 1.5’ reported by Sillcn and hlartcll”. 

-.- From ref. 7. 

\vbich is further dccrcascd by deprotonation of the carbosylic group. Conseqwntly. 
glvcolic acid is the least retained nfthe four acids on the eschanger. In particular. this 
ett-wt has permitted the separation of = _ 4vcolic and succinic acids. \vhich is not rcadi!y 
acbievcd by conventionr~l ion-cschangc elworn:~togr~~ph~_ 
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