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Reaction of Aqueous Polyoxometalates with Silver and Gold Surfaces
Jason Daniel Powell Final Seminar August 3, 2001

Oxide fiJms play important roles in many fields including catalysis,!
microelectronics, and corrosion protcctior}. Previous studies showed that o-SiW 120404
(ST(4-)) anions self-assemble on Ag(111) ™ and Au(111) to form monolayers with local
ordering. The intent of this work is to use the reaction of a redox-active
polyoxomgtalate (0-PVW1040% (PVT(4-)), and its reduced form, a-PVW;1040>"
(PVT(5-)) with the substrate (Ag(111) or Au(111)) to control the structure, composition,
and reactivity of the oxide surface phase on metal surfaces.

Reaction of dilute aqueous sulfuric acid solutions of PVT(4-) with Ag(111) yields
a new surface phase, hex-PVT/Ag. Scanning tunneling microscopy (STM) studies reveal
that hex-PVT/Ag consists of large, ordered domains with a hexagonal unit cell of edge
length 1.34 + 0.06 nm. In addition, the hex-PVT/Ag structure is always formed on
Ag(111) immersed in acidic aqueous PVT(4-) solutions. Studies utilizing UV-visible
spectroscopy and inductively coupled plasma spectroscopy, coupled with silver-ion
selective electrode measurements confirmed that the reaction of PVT(4-) with Ag
proceeds according to Equation 1 to yield PVT(5-) and Ag.

a-PYVVWVI}1040% (aq) + Ag(s) = a-PVVIVWVI; 10405 (aq) + Agtag) 1

Comparing the reduction potentials for the two half reactions yields a +0.02 V potential
for 1. " This reaction also occurs in solutions containing mixtures of PVT(4-) and
PVT(5-), but a large excess of PVT(4-) is required for the formation of hex-PVT/Ag.
The hex-PVT/Ag surface phase remains on the Ag surface even after thorough rinsing,
and the constituent polyoxometalate species was confirmed to have the same mole ratio
as PVT molecules (1 P:1 V:11 W).

Figure 1
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The reaction of Ag surfaces with acidic aqueous PVT(5-) solutions yields another
new surface phase, a-PVT/Ag. This second surface phase is amorphous, and displays the
electrochemical behavior of adsorbed PVT(5-). STM images comparing the structure of
hex-PVT/Ag (left) with a-PVT/Ag (right) are shown in Figure 1.

Acidic aqueous solutions of both PVT(4-) and PVT(5-) react with Au(111)
surfaces to form surface phases with limited translational order and possessing multiple
domains. The PVT(4-) molecule forms a surface phase with small domains of multiple
structures identical to those previously reported for ST(4-) on Au(111). In contrast,
PVT(5-) forms smaller domains of only a single structure. Furthermore, domain sizes
appear to be limited to a critical length. Molecules adsorbed around the periphery of the
small domains are removed during the course of imaging by STM, but the nucleation
sites associated with each domain are not as easily removed. Shown in Figure 2 are two
STM images comparing the surface phases formed by PVT(4-) (left) and PVT(5- (right)
on Au.

Lz~ M
- B R g s
' ".Ij;'-"-‘""
st -

By using PVT(4-) and PVT(5-) as reagents, the structure, composition and
reactivity of surface phases formed on Ag(111) and Au(l111) were controlled. Of
particular interest are the strongly bound surface phases hex-PVT/Ag and a-PVT/Ag,
which are formed from PVT(4-) and PVT(5-) solutions, respectively. In contrast,
PVT(5-) reacts with Au(111) to yield locally ordered domains that adhere more weakly to
the surface.
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