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Table 1.  Parameters of the particles.

Sample Surface groups Diameter/nm Polydispersity Mobility/(10® m?V 1.s1)
PS-1 Carboxyl (—COOH) 300 <0.03 2.8
PS-2 Sulfonic acid (—SO3H) 300 <0.03 6.7
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Fig. 1. Schematic diagram of experimental equipment.
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Fig. 2. Conductivity of (a) sulfonic acid and (b) carboxyl-

modified polystyrene as function of the number density.
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Table 2.  The slope of o-n curve and the surface ef-

fective charge of sulfonic acid-modified polystyrene.

Cy/(1076 mol- L) Slope/(10% S-m?) A
2.08 2.21 319734
3.46 2.36 341435
5.53 2.47 354022
6.92 2.61 377604
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Fig. 3. Surface effect charge of carboxyl-modified polystyrene.
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Table 3. The surface effective charge of carboxyl-
modified polystyrene.

Co/(10 ¢ mol-L 1) Z,
2.08 4970
3.46 5351
5.53 5728
6.92 6658
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Fig. 4. Schematic diagram of the particles with sulfonic acid

groups (a) and carboxyl groups (b).
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Fig. 5. The surface effective charge of sulfonic acid-modi-

fied (a) and carboxyl-modified (b) colloidal particles.
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Fig. 6. Conductivity contribution per particle (c—0y)/n as a
function of the number concentration of small ions per
particle Ny Cy/n performed on sulfonic acid-modified (a)

and carboxyl-modified (b) polystyrene colloidal particles.
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Table 4.  The surface effective charge ZF of sulfonic

acid-modified polystyrene.

Co/ Slope/ Intercept/ 7
(10 mol'L'Y) (102 S'm?) (102 S-m?) ¢
2.08 6.94 2.16 312297
3.46 6.93 2.31 333420
5.53 6.91 2.50 362225
6.92 6.92 2.64 382204

F b RGN LIEIBRIY A R 2
Table 5. The surface effective charge of Z carboxyl-

modified polystyrene.

Co/ Slope/ Intercept/ g+
(10 mol-LY) (102 S-m?) (102 S-m?) ¢
2.08 6.50 3.12 5199
3.46 6.67 3.62 5766
5.53 6.73 3.90 6208
6.92 6.82 4.75 7397
4 % W
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Abstract

The effective surface charge of colloid particles is an important parameter that determines the colloidal
properties. However, it is still unclear whether the solvent environment (such as the electrolyte concentration)
can affect the effective surface charge. Due to complicated effects relevant to the effective surface charge, such
as the exchange of dissociable ions between the electrolyte and surface groups of polystyrene particles, the
coupling effect of incomplete ionization of the surface groups of the particles and the adsorption of ions by
colloidal particles, etc., it is rather difficult to accurately measure the surface charge and understand the
mechanism of charge variation with solvent environment. To solve this problem, we measure the conductivities
of polystyrene colloidal particles of carboxyl groups and sulfonic acid groups at various particle number
densities and HCI concentrations. Since the cations generated from the two kinds of particles and HCI solution
are all H* cations, the surface charge can be obtained by the conductivity-number density method (migrant
method), no matter whether the cation exchanges occur between ionized positive ions of the electrolyte and
colloidal particles. Based on the experimental results, the influences of HCI concentration and particle number
density on the surface charge of colloidal particles are detected, and the reasons of the influence are analyzed. It
is found that the change of the surface charge of the particles of carboxyl group with HCI concentration is faster
than that of sulfonic acid group with the HCI concentration. For the same electrolyte concentration, the
effective surface charge of carboxyl modified colloidal particles is related to the particle number density, while
the charge of sulfonic modified particles is not. Considering the fact that the sulfonic acid group and carboxyl
group are strong and weak acid groups respectively, the ionization of H* cations of the two different groups
have profound influences on the cation replacement process, and affect the trend of the curve of the
conductivity-particle number density. This effect further results in different change tendencies of effective
surface charge with HCI concentration and particle number density. According to the theoretical model as
described in this study, all experimental results are well explained. The mechanisms described in this article will
be useful for stating the influencing factors of the surface effective charge, and the application of the effective

charge to different phenomena relating to interparticle interactions with different parameters of solutions.
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