
Note 

The purpose of this note is twofold: (a) to report how the well-known ferri- 
oxdate species Fe(GO&- may disturb the isotachophoretic determination of oxalate 
EY bei.~~s formed th@ugh interzxtkm between the sample and the syringe needfe during 
tijectian; aszd (b) to demoustite how this disturbiig efkt is eliminated by the 
addition of ethyIexdiaminete~cetic acid @DTA)_ 

The compkxation was obxned in a project already d-i in some de’Lail’_ 
Mhturcs of oxalic, _&ox+ and glycollic acids were ax+zed at pH 330 in m 
LKB 2127 Tachophor (LKB, Bromma, Sweden) equipped with a 2km capillary 
tube- Tke samples were injected from a 1-1~1 syringe (type B phmger in needle syringe, 
Scientific GLass Enginee&g, North Meltiurne, Amtralia) via the scptumkss syringe 
injector described previousIyl, with the exception of some early runs in which the 
usual s~q%um techxzique was 4_ The separations were monitored with a thermo- 
mtu-ic detector ad a IN-absorption detector (254 nm)_ 

RESLZTS AND DESCUSSION 

Edence of cm&xxztz~on 

Normally, the isotachopherograms were as in Fig_ 1, small amounts of W- 
absorbing impurities being sandwiched between the leading, sample and terminating 
ions- Sometimes, however, the isctachopherogram showed an additional zone, more 
or less broad, of a strongly W-absorb&g anion, movikg in front of the oxalate ion; 
an exampie is given in Fig. 2a’_ 

9t was observed that, whenever this zone appeared, its length gradually 
decreased in subsequent ruas with the same sampIe until, fbxally, only a peak remained. 
Concurrently, the length of the o&ate zone increased correspondingly (see Figs-2a-c). 
These observations indicated that the strongly absorbing zone contained o&ate. It 
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F=_ I_ Nmmal appearawe of isotachophemgram o&a&xi during analysis of a sampIe of oxalic, 
giyoxyk and giycollic acids at 20”. Leading eJectrotyte: 10 mM HQ f &xIanine to pH 3.30; 0.3 % 
of hydroxypropyl methyl celI&se; terminating ektrolyte, 5 m&f acetic acid. Current: !30 PA. T = 
temperature; A = W absorption (254mn); c=time. 1 =cb!oride; 2=ox&ue (32mM); 3= 
gIyoxy&te (50 miW); 4 = glyco!kte (58 mM); 5 = acetate. 

was further observed tit., if the sample (after suitable dilution) was loaded into the 
injection port by suction tbrougb the septumless syringe injector described previously’, 
the absorbing zone was directly reduazd to the very smalz peak also present in a 
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“bIanl?_ Obviously, this zone contained some species formed from osdate by inter- 
action with the syringe medk% 

This species was fstqecd to be ferrioxelate for the following reasons: (i) ali 
steel surfaces in contact with air, even those of stainless steel, are covered by a more 
ar less thick layer of Fe,O, and FeOOH ; (ii) ferric ions have a high &i&y for oxalate 
ions; (iiii the resuhing comples, Fe(GO&-, is known to have high molar absorptivity 
in the W region; and (iv) although brriky, the ion Fe(GO& would be expected to 
have a mobility not much lower than that of Cl-. [Cf. the ion Fen-, which is 
even faster than Cl- at concentrations less than c(z- 5 mM (ref. 3)]. 

The suspicion was confbmcd when ferric nitrate was added to a samp!e of 
oxalic acid. The resuiting isotachopheroo_@am (see Fig. 3a) essentially agreed with 
that of Fig. 2a. If more ferric nitrate was added, the length of zone 2 increased corre- 
!qorxiingly, whereas the length of zone 3 decreased (not shown in the figure). J3y 
contrast+, no such effect was observed when ferrous nitrate was added. 
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Fii 3. I&~ti~ and elimination of the cospk.. formed betwen o_xalate ions from the sampk 
and fxric ions from the syringe needle_ Sampfa: (a) 25 m&f oxalic acid i- 4m.M Fc(NQ&; @I 
2!5mMox2licacidf4m.WFc(K033 i_ 1OmM Nz: ED-I-A; (c) ~OKUMN~:EDTA;(~)~XII.MN~~ 
~~Ai-9~~~~~~~pkYoisrnat:1pLl=~o~d~~~~nin(c)o~~];1’=~tc;2= 
f&a&ate axq~kx; 3 = oxzxkte; 5 = f&-EDTA compkx; 6 = acetate. 

There are at least three mef.h& of eliminating such disturbing complexation: 
(1) the sample can be introduced into the capillary via a sample tzps, which can be 
Ioadcxi by suction; (2) the septumkss syringe injector’ can be used, together with a 
syringe equipped wi*& a FIFE (or glass) cannula (e.g., the Ultra Micro Sampler 
from Oxford Laboratories, Athy, Eire) ; (3) the ferrioxalate complex can be decomposed 
by means of competitive binding. 

In practice, the Iast-m+xtioned method seems to be the most attmctiv% as it 
kqires no additional equipment. The formation of the f&ox&&e compiex is Simpiy 
and ef%ctively prevented by adding to the sampIe an 0.2 M solution of NazEDTA to 
give a fina! concentration of cc. 10 mM. This is evident from Fig. 3b. The broad 
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square peak (2) in the W detector trace in Fig. 3a has decreased to a spike, whaeas 
the iow-absorption zone characteristic of ox&& has Increased c4Xrespondingly’_ 

The isotachopherctgram in Fig. 3b also shows two new zones. As expected, 
these zones proved to contain pure EDTA and the ferric-EDTA complex, respec- 
tively (cf- the traces b-d in Fig. 3)_ According to the literature4, EDTA has the follotv- 
ing pK values: 20, 2.7, 6.2 and 10.3. Moreover, it is known to form 1 :l complexes 
with ferric ions. This mean.5 that, in the Z&I& experiment, the average negative 
charge of the free EDTA shoald be close to 2, and the complex ion shouid have the 
formula Fe(ED_F.A)-_ The order of the zones in Fig. 3b thus seems reasonable. 

As regards Fig_ 3c, it is interesting to note the presence of peak 5. On the one 
hand, it offers indirect evidence for the supposed interaction of ox&ate ions with the 
syringe n&e; on the other, it emphasizes the inherent risk of contamination when 
strong complexing agents are injected through a metal needle (eventually, the accom- 
panying gradual corrosion of the needle may also be of importance). 

Further, it should be noted that the ferric-EDTA complex and the excess of 
EDTA may disturb the isotachophon&c pattern if oxalic acid and other acids are to 
be. determined simultaneously. In the system shown in Fig_ I, the EDTA moves 
behveen the oxalic and glyoxylic acids and causes no problems. In contrast, the 
ferric-EDTA complex moves ahead of the glycolk acid and shows a tailing into the 
zone of the latter_ This tailing might be eliminated if the kqth of the capillary was 
increased, but this possibility was not examined, as it was more convenient to make 
two runs with a given sample, if nea%ary. In the first nm, no EDTA was added; if 
the ferrioxalate zoue appeared, EDNA was added and a second run was performed. 
The amount of each acid could thereby be evaluated from at least one of the runs. 
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‘The EDTA rue&xl has the fi~&er advantage of king &ectve Z&O when tire sample itself 
coontains ftioxaMe_ For iastaxe. this may bz the case with urine fmzn a sick pecan. 


