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Photocatalytic Reduction of Silver Ions on Ferric Oxides and
Ferric Hydroxides
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Abstract: Trradiation of an aerated aqueous suspension of silver nitrate and catalysts (ferric oxides and ferric
hydroxides) with UV light (wavelength A =320 nm) led to the production of fine silver particles. On these catalysts,
all the adsorption isotherms of silver ions fitted well to the Langmuir adsorption equation and the initial rate of Ag(I)
reduction increased linearly with the increase in the initial amount of adsorbed Ag(I). The slope decreased according to
the following order: a-Fe,O,>a-FeOOH >y-Fe,0, >y-FeOOH >6-FeOOH. However, for the first three catalysts the
reduction of Ag(I) only occurred when the amount of adsorbed Ag(I) reached about half the maximum coverage and
also the reaction rate was nearly unaffected by N, purging. The reduction of Ag(I) on 6-FeOOH and TiO, upon degassing
with N, was significantly accelerated. This implies that O, competes with silver ions for adsorption sites and reducing
species on the catalyst, which is dependent on the catalyst’s properties. X-ray diffraction (XRD) analysis showed that
a-Fe,0; and 6-FeOOH were well and poorly crystallized, respectively. This indicates that the high crystallinity of the
hydroxides is beneficial to the separation of photogenerated charge carriers and thus to their redox reactions with target
substrates on the surface.
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Fig.1 XRD patterns of Fe,0; and FeOOH
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Table 1 Physical parameters of Fe,0;, FeOOH, and
titanium dioxide
10" Gax 107K

Sample d/nm (mil?Egj" ) Gmol'g)  (L-mol) oy/nm?
a-Fe,0; 25 63 1.30 1.83 0.80
y-Fe,0; 12 97 3.27 3.35 0.49
a-FeOOH 10 180 2.69 2.90 1.11
y-FeOOH 11 167 5.03 0.43 0.55
5-FeOOH 9 171 6.14 0.50 0.46
AT-TiO, 13 124 7.53 0.45 0.24
PT-TiO, 24 50 3.45 3.34 0.25

d, and Syerare particle diameter and specific surface area, whereas G,

and K are the maximal amount of Ag(I) adsorption on the catalyst and

the corresponding constant, respectively, measured in water at pH 8.0

and 25 C. o, is the average surface area of each adsorbed Ag(I) on the
catalyst, calculated from ¢y, and Sger.
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Fig.2 Photocatalytic reduction (A) and adsorption isotherms (B) of silver ions on a-FeQOOH surface
(A) 0.10 mmol L™ AgNOs, 0.50 g+ L™ a-FeOOH; (B) 0-1.0 mmol - L™ AgNO;, 0.50 gL~ a-FeOOH
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Fig.3 XRD pattern of the irradiated a-Fe,0; solid
10 mmol-L™ AgNO,, 10 g- L™ a-Fe,Os; initial pH 8.0; irradiation time 8 h
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Fig.4 Effect of the initial amount of Ag(I) adsorption on the initial rate of Ag(I) reduction
The measurement was made at pH 8.0 in the atmosphere of air (solid bars) and N, (hollow bars).
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