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Quantitative determination of aldonic and uranic acids 
in mixtures as deuterium-labelled alditol acetates 
by gas chromatography-mass spectrometry . 
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During our studies on the composition of sulphite spent-liquors, it became 
necessary to determine aldonic and uranic acids in mixtures’. Reduction with 
sodium borohydride and subsequent g.1.c. of the alditol acetates has been used for 
the determination of aldonic acids*, but this technique is not applicabie to mixtures 
also containing uranic acids. This paper describes a method in which the reduction is 
effected with sodium borodeuteride. The deuterium-labelled alditol acetates formed 
from D-gluconic and D-glucuronic acid lactones were analysed by g.l.c.-m.s. 

A number of different fragments are formed from alditol acetates3 in electron- 

impact mass spectrometry but, for the purposes of illustration, only the symmetrical 
fragmentation will be discussed here. When the bond scission of deuterated D-glucitol 
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Fig. 1. Scheme illustrating the principle of the method. Compound A (originating from D-gluconic 
acid) gives the peaks at m/e 217 and 219. Compound B (originating from D-ghxuronic acid) gives the 
peaks at m/e 218 and 219. 
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hexa-acetates occurs between C-3 and C-4, fragments are obtained corresponding to 
m/e 217 (undeuterated) and 218 (lD), which are characteristic for D-gluconic and 
D-glucuronic acids, respectively (Fig. 1). In addition, a common fragment at m/e 219 
(2D) is formed. Assuming that deuterium has no significant influence on the frag- 
mentation, the total number of fragments obtained is directly proportional to the 
amount of sample injected and is independent of the ratio between gluconic and 
glucuronic acid. The composition of the mixture can thus be determined simply from 
the ratios between the fragment intensities. In practice, however, this ideal case is not 
valid; owing to the lack of steric symmetry, the numbers of fragments formed from 
the ends of a molecule are not exactly the same. Further, the deuteration does not 
proceed with 100% yield, and traces of foreign fragments with equal weight can also 
be formed. However, these factors can be taken into account after determining the 
spectra of the reference substances, Le., the deuterated alditol acetates obtained from 
D-gluconic and D-glucuronic acids. 

The calculations were based on mass-spectral data contained in the following 
peak groups: (I) m/e 187-188-189, (Zj m/e 217-218-219, and (3) nz/e 259-260-261, 
in which the intensities were comparatively strong; fragments m/e 187 and 259 are 
formed by loss3 of AcOH plus ketene from the primary fragments of m/e 289 
(cleavage of the C-2-C-3 or C-4-C-5 bonds) and 361 (cleavage of the C-l-C-2 or 
C-5-C-6 bonds). The intensity data in each peak group were corrected for the back- 
ground as well as for the surplus intensity caused by the 13C isotope, so that the 
additional (fourth) peak in each group (e.g., nz/e 220) was neglected. To compensate 
for variations in concentration, the peak intensity values were multiplied by a factor 
so that the sum of the peak intensities in each group reached the same, constant value 
(100 mm). These corrected intensity values are designated as Ai (gluconic acid), 

(glucuronic acid), and Mi (mixture), where the index i refers to the mass number. 

A217 

A219 

A210 

D-GLUCONIC ACID CONTENT. % 

Fig. 2. Principle for the calculation of the D-@UCCUiC acid content. 
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Fig. 2 illustrates the principle. The intensity values for the “pure” substances (Ai BJ 
are set on the two vertical axes. The three lines obtained in each peak group corre- 
spond to the peak intensity variations as a function of the composition of the mixture. 

The mass spectra of the deuterated alditols could not be reproduced entirely 
satisfactorily. Comparatively large and irregular variations were obtained after 
repeated scans, even within the same peak group. The determination of the gluconic 
acid content of a mixture was based on a number of intensity measurements. The 
deviations of the vahres from each respective calibration line [dMi = (Ai-Bi)X- 
Bi-MJ were calculated and the sum of their squares was minimized (cf. Fig. 2). This 
gave the following expression for the gluconic acid content (X): 

x _ x (b--B3 (Mi-BJ _ looo/ 
- 

Z (A,-B3” 
0 

Because the measurement of the Ai and Bi values also inlcudes an error, 
separate calculations were made according to which the best line was first determined 
by the method of least squares, Le., by minimizing the value of dA~+dM~+dB?. 
The final values (X) were then obtained as a result of minimizing the value of 
EIA: +CdM~+CdB?. This is much more complicated than calculating with the 
expression above, and no significant differences were obtained with our data. 

Two series of experiments were carried out, separated by several months. In 
Series I, the D-giuconic (A) and D-glucuronic (B) acids were first reduced and acetyl- 
ated and then mixed, whereas in Series II, mixtures containing known proportions of 
A and B were converted directly into alditol acetates. In Series 1, repeated scans were 
taken from one injection, and in both series the injection of the sample was repeated 
several times. The results are presented in Table I. 

For any singIe determination, the calculated value can deviate substantially 
from the known value, but the accuracy is improved when the scans are repeated 
several times (Series I) and the data in each peak group are taken into account. The 
values are further improved and become accurate to within l-2% when, in addition 
to repeated scans, the injections are aiso repeated. No significant differences were 
found between the values from Series I and Series II. Consequently, any difference in 
yield between the reduction of D-glucono- and c-glucurono-lactones is negligible, in 
accordance with observations made separately ‘. 

Ahhough the method was tested on D-gluconic and D-glucuronic acids only, it 
would seem obvious that the principie is generahy applicable to the aldonic and 
uranic acids that can be reduced to alditols and separated as acetates by gas chromato- 

graphy- 

EXPERIMENTAL 

All the chemicals used were analytical grade reagents or of purest available 
quality. The sugar acids were obtained as lactones (o-glucono-1,54actone and 
D-glucurono-6,3-la&one from Fluka AG, Switzerland), and the sodium borodeuteride 
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NOTF. 

(Fluka AG) had a guaranteed degree of deuteration of at least 98%. The deuterium- 
labelled D-gh.Icitol hexa-acetates used in Series I were prepared by repeated treatment2 
with sodium borodeuteride. The acetylation was performed in acetic anhydride- 
pyridine solution at room temperature overnight. The alditol acetates obtained were 
purified by recrystallisation from ethanoLlight petroleum. In Series II, the D-glucono- 
and D-glucurono-Iactones were reduced and acetylated exactly as described earlier2. 

Mass spectra were recorded on a Perkin-Elmer 270 B mass spectrometer-gas 
chromatograph at 70 eV. The temperature of the ionization chamber was 180". The 
samples were eluted into the mass spectrometer from the gas chromatograph fitted 
with stainless-steel columns (2 m x l/8 in., 3% ECNSS-M on Chromosorb W-H-P.) 
and using helium with a flow rate of -2 ml/min as carrier gas. The column tempera- 
ture was maintained at 180”. 

Peak heights were measured, with an accuracy of -0.5 mm, manually from 
the chart. 
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