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ISOTACHOPHORETIC ANALYSIS OF THE ANIONIC PRODUCTS FORMED 
BY THE HOMOGENEOUS OXIDATION OF SUGAR 
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SUMMARY 

The choice of new buffer systems makes possible the analysis of acids that have 
only a small difference in mobility. Some analyses are shown and some conditions 
are given for the separation of the acids formed by the wet-oxidation of sugar. 

INTRODUCTION 

The homogeneous oxidation of sugar by oxygen in aqueous alkaline solutions 
has been extensively studied’, because some of the products obtained are important 
for industrial purposes. Various kinds of reactors and catalysts have been testedl. 
To study the mechanism and kinetics, a complete analysis of the mixture finally 
obtained is required. The possibility of regulating the rate of oxidation needs a 
relatively rapid and reproducible method. 

Gas-liquid chromatography (GLC) has proved to be a useful analytical tool in 
this fielda. For acids with a low molecular weight, however, the analysis is difficult. 
The reproducibility is poor because the sample pre-treatment is rather complicated. 

Isotachophoretic analyses of such mixtures are shown in this paper to be a 
useful analytical technique for the study of the anionic components of the mixtures 
finally obtaineda. 

A combination of GLC.and isotachophoresis gives a good analysis of all the 
products formed by the oxidation. 

EXPERIMENTAL 

The theory of isotachophoresis has been dealt with by several autllors4~G. 
A current-stabilized power supply is used and the electrode compartments are 

connected to each other by a capillary filled with the leading electrolyte. and. have a 
sample tap. When a voltage is applied, the ionic. substances are separated’into 
consecutive zones, if the steady state has been rea&ed.,-The concentrations of the 
electrolytes in these zones are adjusted to the concentration of the leading electrolyte 
zone6. ,, ‘.‘.. .’ 
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For anion analyses; the capillary is filled with a very mobile anionxster 
moving than any in the sample, and a cation with buffering capacity. 

The cathode compartment is filled with an acid with a low effective mobility. 
The mobility of this anion in the system is less than that of any of the sample ions. 

The sample is introduced between the leading electrolyte and the terminating 
electrolyte. 

The analyses discussed here were carried out in an apparatus described 
elsewhereO. A four-way tap was used for introduction of the sample. 

The anode compartment was separated from the capillary tube by a flat mem- 
brane of cellulose acetate, so that hydrodynamic flow was prevented and electro- 
endosmosis was reduced to negligible proportions. . . 

The capillary tube (PTFE) had an inside diameter of 0.45 mm and. an outside 
diameter of 0.72 mm, and the length was I m. Two thermocouples were used as 
detectors, macle of copper and constantan wires of thickness 15 pm. The thermo- 
couples were mounted on the capillary with an elastic cement at distances of 40 cm 
and 70 cm from the sample tap. The signals derived from these thermocouples were 
amplified by a knick-amplifier, type A, and recorded by a Hitachi-Perkin-Elmer 
recorder, type 196. The peaks were derived by differentiating the signals electronic- 
ally’. 

A current-stabilized power supply with a maximum potential of 2’2 kV was 
applied, and the high tension was made by the Greinacher principles. 

RESULTS AND DISCUSSION 

Fig. I shows an electropherogram of the separation of seven important polyoxy- 
acids,’ normally to be found in the reaction mixtures mentioned below. The conditions 
for this analysis are given. 

Without sample pretreatment, but only diluting with leading electrolyte from 
time to time, analyses with these polyoxy-acids were carried out over several pH 
ranges because the reproducibility of the analyses and the quantitative aspects were 
to be studied. 

At neutral pH or higher,. the acids considered are very mobile because they are 
fully dissociated. Low tensions are therefore adequate because the resistance is low. 
The difference in mobility, however, does not vary much, which means that longer 
capillaries and hence higher potentials must be used or that counter-flow of electrolyte 
is necessary for separation of all the zones. In.spite of this, some stable mixed zones 
will be formed, for instance between oxalic and tartronic acid. 

Working ,at lower pH (3-4) means that the effective mobility of the acids is 
lowered. The clifference in the pK values of the acids is more important in this case 
than is the difference in mobility. The potential gradient will also increase if a rea- 
sonable time for analysis (I’ h) is allowed, because the resistance of the system is much 
higher: than that at neutral pH. 

., .The,contribution of the hydrogen ions to the conductivity is decreased by using 
thc.chosen concentration of the electrolytes of 0,012 Ad. 

::‘.yr ‘It must.be, borne in mind ,that the pH of the zones following the leading elec- 
trolyte is increasing; ‘, .’ “. 

The experiments at neutral pH were carried out with imidazole (0.02 M). and 
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Fig. I. Isotachopherogram of the separation of some acids. I = Chloride (0.0012 N) ; 2 = oxalic 
acid (0.0003 M); 3 = tartronic acid (0,00125 M); 4 3 formic acid (0.00145 M); 5 = z-k&o-I- 
gulonic acid (0.00125 M); 6 = glycolic acid (0.00125 M); 7 = gluconic acid (0.00125 M) ; 8 = 
lovulinic acid (0,00175 M) ; g = pivalinic acicl (0.01 M). The buffer used was a-naphthylaminc 
(0.01 M). 

hydrochloric acid (o.o~M) as electrolyte, and a-naphthylamine (o.o~M) and hydro- 
chloric acid (o.orzM) were used at pH 2.85. 

The sample tap had a volume of about 70 ,~l. The current was stabilized at 
50 PA for the experiments at low pH and 80 ,uA for the experiments carried out at 
neutral PH. The conductivity of the anions at low pH is such, compared with the 
conductivity at neutral pH, that a great increase in temperature will result in the 
development of gas bubbles when working at 80 ,uA. However, the potential applied 
will be 22 kV at the end of the analysis at low pH, whereas IO kV is normal for the 
end of the analysis at neutral PH. 

To analyse the anionic products formed by the degradation of sugars in alkaline 
solutions by oxygen, first a reference mixture was made. Fig. I shows an electrophero- 
gram of the possible acids obtained by the oxidation of a sugar. The analysis was 
carried out at pH 2.85. A full separation without mixed zdnes could be obtained. An 
electropherogram of the analysis of this mixture at pH 6.95 is not given because it is 
rather complicated owing to the occurrence of many mixed zones between the real 
acid zones. 

Table I gives more information about the possible acids,in the reaction products. 
The effective mobilities, the zone concentrations and the zone plil were calculated with 
a computer. The equations suitable for this program have been given”. The data for 
plC values and mobilities were taken from the literatureo-1s. Some were determined 
from graphs, as shown in Pigs. 2 and 3, Because the differences in pK values in the 
literature are often high, for some acids these values were determined from titration 
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Fig. z. The relation bctwcon the effcctivc mobility of some acids at p.I-I 2.85 and the step lwights 
found in the isotachophcro~ram. The numbck on the curve refer to the zone numbers given in 
Table I. 

Fig. 3. The relation bctwcen the cffcctivc mobility of some acids at ~1-1 6.95 and the step heights 
found in the isotachophcrogram. The numbers on tho curve refer to the zone numbers given in 
Table I, 

0 10 
I 1 1 

15 20 25 30_ 
I. 

C-lo4 Mol. 
I ‘. ; 

Fig. 4, The distance between two succqssivc peaks of the isotachophcrogram as a function of the 
concentratidn of a component in the sample mixture.’ 1 = z-Kcto-I-gulonic acid; 2 5 t,artrpnic 
acid ; 3 s formic acid ; 4 ‘w levulinic acid ; 5 h gluconic. acid; G = j~lycolid acid. ‘I 
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curves measured with a Philips digital pH meter, type PW 9408. If the pK value was 
measured, the mobility was estimated from the curve given in Fig. 2. 

The standard curve was derived from experiments with compounds for which 
the data in the literature agreed with our measurements. Because these experiments 
were carried out at neutral pW, the compounds were chosen such that they were fully 
dissociated, as are the acids of the reaction products. These estimated mobilities were 
used for the calculation of the effective mobilities at pH 2.85. 

Again a plot of effective mobility against the step height was made. The smooth 
curve obtained indicates that the values for the mobilities estimated were correct. 
Table I shows that between oxalic acid and tartronic acid a mixed zone can be expected 
at neutral pH, and this was also found experimentally. The pHs of the zones are 
equal at neutral pH and the difference in mobility is small, whereas the difference at 
low pH is much greater and the pH of the consecutive zone is increasing. 

Samples obtained from the catalytic oxidation of sorbose (7 11) and the partial 
catalytic oxidation of fructose at pH IL (8 h) were analysed. The oxidation was carried 
out in an apparatus as described elsewheref, 

Isotachophoretically the mixtures appeared to contain : 

Sovbose oxidation Anionic covn~onents(%) 
oxalic acid 10.3 
tartronic acid 9.2 
formic acid 7.1 
2-keto-r-gulonic acid 
glycolic and glycerinic acids 

31.0 

42*4 

Fvuctosc oxidation 
formic acid 
glycolic acid 
gluconic acid 
arabonic acid 

Anionic com~ovaents (%) 
20.5 

52.0 

18.9 
8.6 d 

The main component of interest, 2-keto-z-gulonic acid, was easy to determine 
and hence no further investigations were made as to whether glycolic or glycerinic 
acid or both were present. To investigate the presence of these acids, a different pH 
range must be chosen. Calculations of the effective mobility as a function of the pH 
shows that imidazole would be a suitable buffer for the separation of these two acids. 
The graph in Fig. 4 was used for quantitative determination. The relation between the 
distance between two successive peaks and the concentration of a component in the 
sample mixture is given. The average was taken from three measurements. The volume 
of the sample introduction is constant. 

CONCLUSIONS 

Isotachophoretic analysis of the ionic products formed by the oxidation of 
sugars gives a rapid and reproducible result. Because no sample pretreatment is 
needed; isotachophoresis can be used to follow and to regulate the oxidation. To- 
gether with GLC a’comhlete analysis can be made of all the products formed. 
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