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Influence of pH ionic strength and electrolyte type on the aggregation
and dissolution of zinc oxides nanoparticles
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Abstract: Because of the widespread production and utilization zinc oxides nanoparticles ( ZnO
NPs) are inevitably released into soil and may generate adverse biological effects on organisms. The
stability of ZnO NPs significantly affects their mobility and ecotoxicity and thus has been widely
concerned. This study assessed the stability ( aggregation sedimentation and dissolution) of ZnO
NPs influenced by different pH ionic strength and electrolyte type. The results of sedimentation
experiment showed that the absolute zeta potential decreased when the pH of nanoparticles
suspension was closer to point of zero change ( ~pH 9.2) which resulted in larger aggregate size

faster sedimentation and lower stability of ZnO NPs. Absolute zeta potential of ZnO NPs decreased
with the increase of ionic strength which led to larger particle size and faster sedimentation rate of
Zn0O NPs in neutral pH. Due to the positive charge on the surface the influence of anions on ZnO
NPs aggregation was more significant than that of cations and the effect of SO;  was greater than
that of Cl1™. The results of dissolution experiments showed that zinc ions could be released into the
aqueous phase at pH from 2 to 11. When pH was higher than 7.5 less than 5% of zinc was

released while when pH was lower than 6 over 60% of zinc was released. The dissolution of ZnO
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NPs was investigated under the condition of different electrolyte types at neutral pH. The results
indicated that the solubility of ZnO NPs increased with ionic strength and the effect of Ca®* on the
dissolution of ZnO NPs was greater than that of Na®. This result implied that ion exchange between
cations and zinc ions on the surface of ZnO NPs might have facilitated the dissolution of the
nanoparticles.

Keywords: zinc oxides nanoparticles ionic strength pH aggregation dissolution.
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Fig.1 SEM image of the ZnO NPs
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Table 1 The parameters of ZnO NPs sedimentation experiments
7Zn0O NPs / / Zn0O NPs / 18 /
(mgeL~) pH (mmol+L~") nm mv
1 200 7.5 NaCl 1 391 +89 22.3 +£3.46
2 200 7.5 NaCl 5 1241 +278 17.2 £3.31
3 200 7.5 NaCl 10 2056 +378 16.6 +£3.64
4 200 7.5 NaCl 100 1124 £ 190 9.3+2.11
5 200 7.5 CaCl, 1 343 +89 26.3 +4.44
6 200 7.5 CaCl, 5 489 +103 25.8 £3.68
7 200 7.5 CaCl, 10 1116 +348 22.8 £3.88
8 200 7.5 CaCl, 100 1029 £ 172 14.8 +1.97
9 200 7.5 Na, SO, 0.1 355 £ 105 16.3 +4.16
10 200 7.5 Na, SO, 0.5 621 £ 158 10.0 £3.56
11 200 7.5 Na, SO, 1 1478 +250 8.96 £4.22
12 200 7.5 Na, SO, 10 1450 +264 1.96 £3.54
13 200 9.5 NaCl 1 1163 96 -4.89 £4.06
14 200 11.0 NaCl 1 919 +138 -26.9£5.74
2
2.1 pH ZnO NPs
(¢ ) pH .
i pH Zn0O NPs ;7 pH
pH ( ) . 2A
pHO9.5 Zn0O NPs pH7.5 pHI11.0 7Zn0 NPs
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Fig.2 The effects of pH ionic strength and electrolyte type on the sedimentation of ZnO NPs
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Fig.3 Particles size distribution of ZnO NPs under the conditions of different pH ionic strength and electrolyte type
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Fig.4 The effect of pH ( A) and ionic strength and electrolyte type ( B) on the dissolution of ZnO NPs
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