


Sol-gel Sorbents

Analytes Inorganic Nb,O; Nby05-Cyg Nby0z-Cyg (+ve) Ti0yCyg (+ve)

RuntoRun - LOD SE  DE RunttoRun LOD SE  DE RuntoRm LOD  SE DE RunfoRum LOD SE DE
%RSD  (ngL) (ngp) (%) %RSD (ngl) (ugg) (%) “%RSD (mgL) (ngg) (%) %RSD  (ugl) (uglp) (%)

Table 4.1: Online CME-HPLC data for nucleotides and pesticides extracted on four
different sol-gel sorbents: (a) sol-gel niobia sorbent, (b) electrically neutral sol-gel niobia
sorbent carrying a Cis ligand, (C) sol-gel niobia sorbent carrying positively charged Cis

ligand, and (d) sol-gel titania sorbent carrying positively charged Cis ligand.
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Desorption efficiency for all three niobia-based sol-gel sorbents was found to be in
between 94-96% (including Nb,Os-Cis (+ve)). Desorption efficiency of TiO2-Cig (+ve) was
found to be ~90%. This higher desorption efficiency provided by Nb2Os-Cig (+ve) compared to
Ti02-Cis (+ve) can be attributed to the higher strength of surface acidity on titania compared to
niobia, which makes it more difficult to desorb extracted OPCs from TiO,-Cis (+ve) coating

[44]. Limit of detection was in ng/l concentration for all analytes.

4.4 Conclusion

A niobia-based sorbent was designed for CME to provide efficient online enrichment of
organophosphate analytes by simultaneously exploiting three different types’ molecular level
interactions: Lewis acid-base-, van der Waals-, and electrostatic interactions. Sol-gel chemistry
was effectively utilized to synthesize such a sorbent with the following structural and functional
features: (a) Nb2Os — an inorganic component with Lewis acid sites capable of providing Lewis
acid-base interactions with the analyte phosphate group, a Lewis base; (b) an octadecyl ligand
capable of providing various types of van der Waals interactions with OPCs; and (c) a positively
charged quaternary amine group which is capable of undergoing electrostatic interaction with the
negatively charged phosphate groups on organophosphate analytes. Since titania-based sorbents
are recognized as the state-of —the-art extraction media for OPCs, the CME performance of the
newly developed sol-gel niobia sorbent (Nb2Os.Cis (+ve)) was compared with that of an
analogously synthesized titania-based sorbent with the same structural characteristics (Ti02.Cisg
(+ve)). Online CME-HPLC analysis of OPCs using these sorbents revealed that Nb,Os.Cis (+ve)
provided 40-50% higher extraction efficiency ((SE) over (Ti02-Cis (+ve)). This enhanced
extraction capability of Nb,Os.Cis (+ve) for OPCs may be accounted for by the presence of both

Lewis- and Bronsted acid sites on this niobia-based sorbent but essential lack of Bronsted acid
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sites on the titania-based sorbent. During online CME-HPLC analysis of OPPs and nucleotides,
Nb20s.Cig (+ve) also provided superior desorption efficiency over (TiO2.Cig (+ve)): 96% vs.
90%. This can be explained by the fact that titania presents a stronger Lewis acid than niobia,
making it easier for the HPLC mobile phase to desorb organophosphate analytes (Lewis bases)

from the weaker Lewis acid sites present on the niobia-based sorbent.
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