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Summary 

The main goal of this thesis was to develop separation techniques for the 

analysis of complex anioinic mixtures. The first four chapters deal with 

separation of sulfonated lignins, the main goal being to link their physiochemical 

properties to their behaviour in agrochemical formulations. Throughout the four 

first chapters a set of sulfonated lignins were used, which contained batches with 

different performance in the target application. Some sulfonated lignins gave 

rise to formulation instabilities; these were denoted ‘bad’. Other samples were 

referred to as ‘good’. In the two last chapters new approaches to two-

dimensional Liquid-Chromatographic separations have been evaluated. In these 

chapters low-molar-mass-organic acids were used as model compounds.  

 

In chapter 1 an overview is provided of analytical techniques currently in use for 

sulfonated lignins.  This chapter also includes a brief introduction to the 

analytical separation techniques used in this thesis.  

 

In chapter 2 a two-dimensional Liquid Chromatography method for separating 

sulfonated lignins has been developed. Here an Ion-Pair reagent was used in 

order to provide retention and separation in the first (Reversed-Phase Liquid 

Chromatography; RPLC) dimension and to minimize adsorption in the second 

(Size-Exclusion Chromatography; SEC) dimension. The developed 

methodology proved limited, because separation was mainly based on molecular 

size in both dimensions. However, differences between ‘good’ and ‘bad’ lignins 

could still be observed. 

 

In chapter 3 two complimentary approaches to determine the charge-to-size ratio 

of sulfonated lignins were investigated. It was concluded that both capillary 
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electrophoresis with UV detection (CE-UV) and the combination of inductively 

coupled plasma – mass spectrometry (ICP-MS) and organic elemental analysis 

could be used successfully for evaluating sulfonated lignins. The results 

obtained following the two approaches were complimentary. Elemental analysis 

also revealed differences in the ratio of sodium counter ions and the sulphur 

content between ‘good’ and ‘bad’ lignins. In this study Capillary Electrophoresis 

with Mass-Spectrometric detection (CE-MS) was also applied and this technique 

was found to yield considerable amounts of data. Due to the complexity of the 

sulfonated lignins these data were difficult to interpret. It was concluded that 

CE-MS of sulfonated lignins requires further study  

 

In chapter 4 the hyphenation of Ion-Pair (IP) RPLC and Thermochemolysis – 

Gas Chromatography – Mass Spectrometry (THM-GC-MS) was evaluated for 

the investigation of sulfonated lignins. It was concluded in chapter 2 that IP-

RPLC can be used for the analysis of sulfonated lignins and that the resulting 

separation will be mainly based on molecular size. THM-GC-MS can be used as 

a powerful stand-alone technique for the characterization of (sulfonated) lignins. 

When the two previously mentioned techniques were comprehensively coupled, 

much-more-detailed information could be obtained than from the two one-

dimensional techniques together. With the coupled system the composition 

could be studied as a function of size. Different mass fragments were obtained 

for the ‘good’ and the ‘bad’ lignins, indicating differences in their chemical 

composition.  

 

In chapter 5 a comprehensive two-dimensional LC method was developed. Low-

molar-mass organic acids were used as model compounds. A novel approach is 

described to couple Ion Chromatography (IC) to RPLC without damaging the 
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packing material of the reversed-phase column. The ICRPLC methodology was 

shown to approach orthogonality and it was proven to be robust and suitable for 

the analysis of food and beverage samples. Furthermore, the set-up is simple, 

with all instrument parts and columns being readily available. 

 

In chapter 6 a valve-less approach to (comprehensive) two-dimensional LC 

(ICRPLC) is described. Promising early-stage results are presented. This 

approach to modulation and interfacing proved to be successful and the set-up 

was very flexible. The modulation time and the conditions of the first- and 

second-dimension separations could easily be adjusted without changing the 

instrumental set-up.  
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