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Determination of Surface Complexation Constant of Methylene Blue,
NH7, Na* and K™ with SiO, Surface

Qi, Changlin Ge, Donglai Zhu, Xinxin Sun, Zhongxi*
(School of Chemistry and Chemical Engineering, University of Jinan, Jinan 250022)

Abstract Understanding and reducing the environmental contaminations of persistent organic pollutants to soil and surface
water is the central topic of environmental chemistry. In this study, the adsorption of Methylene Blue (MB), a typical model
substance of organic dye, at the surface of silica, the main soil containing substance, may give insights for understanding the
theoretical distribution of organic pollutants in the system of soil and surface water. The adsorption of MB and surface charge
in SiO, system with varying solution pH were characterized by electrokinetic phenomena and adsorption experiments. Test-
ing results confirmed that the adsorption of MB at the silica surface belongs to the Langmuir type i.e. monolayer adsorption.
Based on the experimental data, complexation constants of MB at the surface of SiO, was calculated according to Constant
Capacitance Model using computer software WinSGW to be: =Si,0 +MB"' & =Si,OMB (Ig K=4.48) and =SiOH+
MB' & =SiOHMB' (g K=2.3). These results indicate that the adsorption of MB at the surface of silica includes two
types i.e. electrostatic interaction and hydrogen bonding. In addition, the effect of monovalent cation (NH; , Na', K") on the
adsorption of MB at the surface of SiO, was studied, the complexation constants of NH4+ , Na" or K™ with SiO, surface
were established respectively as: =Si,0 +M" & =Si,0M [lg K=3.76, 2.73, 2.58 (M+: NH4+ ,Na®, K+)]. Furthermore,
at higher concentration of NH. , an additional surface reaction =SiOH+NH;-+MB" < =SiOHNH;MB"* (g K=6.69)
was established, which lead to the formation of a ternary surface complex =SiOHNH;MB". These results suggest that mu-
tual ion exchange reaction between adsorbed and solution monovalent ions can take place. The affinity of monovalent cations
studied to the silica surface is in the order of MB'> NH; >Na'>K". This study has not only provided basic data for quan-
tifying the adsorption of various monovalent cation at the surface of silica but also can hopefully provide theoretical basis for
understanding the distribution of organic pollutants and ammonia in the system of contaminated soil and surface water.
Keywords SiO,; methylene blue; NH; , Na', K'; surface complexation constant
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Figure 1 Zeta potential of the SiO, sample as a function of pH (the
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Figure 3 Adsorption isotherm of methylene blue at the surface of SiO,
Filled black square and solid line represents experimental data and theoretical
model according to Langmuir adsorption isotherm respectively
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Table 1 The surface complexation constants (lg K) of methylene blue in
the suspension of SiO,
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Suspension Reaction CY/(Fem™%) IgK
sio, =SiOH+MB' < =SiOHMB' 0.5 2.30
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Figure 5 Surface speciation in SiO,-methylene blue system

The half-black triangles denote the experimental data, and the total concentra-
tion of surface methylene blue species is expressed as the sum of =Si,OMB
and =SiOHMB'.
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Table 2 The surface complexation models and corresponding equilibrium constants (Ig K) of monovalent cation at the surface of SiO,

Reaction considered in simulation Monovalent cation solution IgK C*/(Fom?)
=Si,0H+ NH{ & =Si,ONH{ +H" —3.03 0.5
NH,CI
=SiOH+ NH; +MB' & =SiOHNH;MB' +H" —2.55 0.5
=Si,OH+Na' & =Si,0ONa'+H' NaCl —4.05
=Si,0H+K' & =Si,0K' +H' KCl —420 02
“ Capacitance.
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Figure 7 Schematic diagram of the complexation of methylene blue at SiO, surfaces (A denotes electrostatic interaction; B denotes hydrogen bonding)
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