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The interactions between four Keggin-type POMs (SiW^Qo4 , PW12O403, S1MO12O404 , and PMO12O403) and glassy 
carbon (GC) and highly oriented pyrolytic graphite (HOPG) surfaces are investigated in a systematic way. 
Electrochemical results show that molibdate series POMs adsorb relatively stronger than tungstate POMs on GC 
and HOPG surfaces. Adsorption of POMs on HOPG electrode surfaces is relatively stronger than on GC surfaces. 
SiMo12O404 species exhibits unique adsorption behaviors on HOPG surfaces. Surface-confined SiMo12O404 species 
on HOPG surfaces exhibit unique adsorption behaviors and inhibit the electron transfer from the solution phase 
species. The catalytic activity of the surface-confined POMs for hydrogen peroxide electroreduction is also 
examined, where PW12O403 species adsorbed on GC surfaces exhibits the highest catalytic efficiency among the 
investigated POM modified electrode systems.
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Introduction

Polyoxometalates (POMs), constituting a large class of 
metal oxide molecules, have a variety of structures, sizes, che
mical reactivities, and electrochemical properties.1 Since 
POMs have many practical applications such as heterogen
eous catalysis2 and molecular materials,3 the modification of 
electrode surfaces with POMs have been widely investigated. 
It has been known that POM anions spontaneously adsorb on 
various electrode surfaces such as Au, Ag, and carbon. 
Among the various kinds of POMs for electrode surface 
modifications, Keggin-type POMs were the most widely 
investigated. Figure 1 shows the structure of a Keggin-type 
POM, which consists of a centered metal atom, addenda metal 
atoms, and oxygens. Depending on the composition of 
centered and addenda metal species, various Keggin-type 
POMs have been synthesized and characterized, however, 
four representative POMs were widely utilized for electrode 
modifications. The first two POMs are tungstate series, silico- 
tungstate (SiW12O404") and phospotungstate (PW12O403) 
while the other two POMs are molibdate series, silicomo- 
libdate (SiMo12O404~) and phospomolibdate (PMouOio3).

Keita and Nadjo pioneered the electrochemical applica
tions of Keggin-type POMs. They reported based on elec
trochemical quartz crystal microbalance (EQCM) results that 
SiW12O404" adsorbs spontaneously on Au surfaces, while its 
reduced species desorbs from the Au surfaces.4 Anson and 

3_co-workers showed that PMo12O40 strongly adsorbs on 
glassy carbon and pyrolytic graphite electrode surfaces.5 The 

3_PMo12O40 -modified carbon electrode surface exhibits elec
trocatalytic activity for hydrogen peroxide reduction.6 The 
monolayer structures of POMs on electrode surfaces were 
intensively investigated by Gewirth and co-workers. For 
example, they reported the scanning tunneling microscopy 
(STM) images of well ordered monolayers of SiW12O40*

Figure 1. Structure of a Keggin-type polyoxometalate. Large black, 
small black, and gray circles correspond to centered metal, oxygen, 
and addenda metal atoms, respectively.

adsorbs on Ag and Au surfaces.7,8 It was reported that the
interaction between SiW12O404" 

unique that the adsorbed SiW12O
and Ag surfaces is quite 

404- species passivate the Ag
electrode toward subsequent solution redox chemistry.9

The ability of POMs to adsorb on electrode surfaces has 
been applied to fabricating composite POM-nanomaterials 
based on carbon nanotubes and Au nanoparticles. Phospo
molibdate POM, PMo12O403", was utilized to prepare two
dimensional graphite sheets by exfoliation of highly oriented 
pyrolytic graphite (HOPG).10 Carbon nonotubes have been

3-modified with Keggin-type POMs such as PMo12O40 and 
SiW12O404", which exhibited electrocatalytic activities.11,12 It 
was also shown that Au nanoparticles can be modified with a 
layer of PMo12O403" and utilized for electrocatalytic reduction 
of bromate ions.13 Keggin-type POM-modified Pt nanopar
ticles were demonstrated to produce highly reactive platinum 
centers toward electroreduction of oxygen.14 Although there 
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have been several applications based on interactions between 
Keggin-type POMs and electrode surfaces, most of them 

3-focused on PMo12O40 species. In this report, we performed 
a systematic study on general adsorption behaviors of four 
Keggin-type POMs on GC and HOPG electrode surfaces. 
The interaction behaviors between POMs and carbon based 
electrodes, especially HOPG surfaces would be important 
considering that carbon based nanomaterials such as carbon 
nanotubes and graphenes are widely utilized for fabricating 
functional materials. The absorption behaviors of different 
Keggin-type POMs are characterized by electrochemical 
methods and compared with each other. The electrocatalytical 
activities of adsorbed POM species toward electroreduction 
of hydrogen peroxide are investigated.

Expeiimental

All solutions were prepared using purified water (Milli-Q, 
18.2 MQ-cm). The supporting electrolyte was 0.1 M H2SO4 
(Merck). POM solutions were prepared from H4SiW12O40, 
H3PW12O40, H4SiMo12O40, and H3PMo12O40 (Aldrich) and the 
typical concentration was 1 mM. A commercially available 
glassy carbon (GC) electrode (CH Instrument, 3 mm in dia
meter) was employed. The surface was mechanically polished 
with alumina powder from a lager particle size down to a 
smallest one (ca. 0.3 卩m) on a Microcloth pad (Buehler). 
Between each polishing step the electrode was sonicated for 5 
min in Milli-Q water. HOPG was obtained from TAAB 
Laboratories Equipment Ltd. (Berkshire, UK), and clean 
surfaces were prepared by cleaving a fresh surface using 
Scotch tape to give a flat, shiny surface immediately before 
use. The fresh HOPG surface was confined in an O-ring with 
an inner diameter of 2.9 mm and used as a working electrode. 
Electrochemical measurements were conducted using a BAS 
100BW potentiostat (Bioanalytical Systems, West Lafayette, 
IN) and the solution was purged with N2 prior to use. Pt wire 
and Ag/AgCl electrodes were used as counter and reference 
electrodes, respectively. All potentials are reported relative to 
the Ag/AgCl reference electrode (3 M KCl). For calibration 
plots, the working electrode was rotated using a Pine model 
MSRX rotator.

Results and Discussion

Adsorption behavior of Keggin POMs on GC electrode 
surfaces. Figure 2 shows the electrochemical responses of 
four different Keggin-type POMs on GC electrode surfaces. 
Solid lines were obtained from solutions containing a 1 mM 
POM + 0.1 M H2SO4. For tungstate series POMs (SiW12O40* 

and PW12O403"), three well-defined redox waves were 
observed as shown in Figure 2A and B, which correspond to 
one-, one-, and two-electron processes, respectively.15 Molib- 
date series POMs (SiMo12O404- and PMo12O403~) exhibit redox 
waves at more positive potential regions than those found 
from tungstate POMs. All of the three redox waves obtained 
from SiMo12O404~ are known to be two-electron processes.15 

3-In the case of PMo12O40 , the solution-phase cyclic voltam- 
mogram is not well-defined as shown in Figure 2D due to the

Table 1. Midpoint potentials (Emid) and peak separations (AEp) for 
solution-phase cyclic voltammograms of POMs on GC and HOPG 
electrodes

Electrode POM
First wave Second wave Third wave
Emida

(V)
AEpb 

(mV)
Emida

(V)
AEpb 

(mV)
Emida

(V)
AEpb

(mV)
SiW12O4广 -0.175 65 -0.415 70 -0.595 40

GC PW12O403「 0.036 67 -0.244 67 -0.618 45
SiMouO，］广 0.327 38 0.212 48 0.038 43
PMo12O403 d 0.184 51 d

SiW12O40* -0.229 123 -0.461 96 -0.636 70

HOPG PW12O4广 -0.021 105 -0.287 93 -0.650 58
SiMouOk 0.289 69 0.185 83 d

PModO^ d 0.174 111 d

SiW12O40* 54 46 41
AEmidc PW12O4广 56 44 33
(mV) SiMo12O40* 38 27 38

PMo12O403 11

Emid = (Ec + Ea)/2, where Ec and Ea are the cathodic and anodic peak 
potentials, respectively. bAEp = Ec - Ea. cAEmid = Emid (GC) - Emid (HOPG). 
dNot available due to ill-defined redox waves.

easy hydrolysis of PMo12O403" in aqueous electrolytes. Mid
point potentials (Emid) and peak separations (AEp) for 
solution-phase cyclic voltammograms of POMs on GC elec
trodes are tabulated in Table 1. Here, Emid = (Ec + Ea)/2, where 
Ec and Ea are the cathodic and anodic peak potentials, 
respectively.

The dotted lines in Figure 2 were obtained from a pure 
electrolyte solution on GC electrodes emersed from POM 
containing solutions after voltammetric measurements (solid 
lines) and rinsed with electrolyte solutions. The peak posi
tions of the redox waves shown in dotted lines are close to 
those found from solution-phase cyclic voltammograms. The 
insets in Figure 2 show that the cathodic peak currents of 
dotted cyclic voltammograms have a linear relationship with 
scan rates. In addition, the peak separations between cathodic 
and anodic waves of dotted lines are smaller than those of 
solid lines. For example, the first redox wave of SiMo12O40* 

has a peak separation of 23 mV in the dotted line, while solid 
line has a peak separation of 38 mV. The scan-rate dependence 
of the peak current as well as the small peak separation value 
indicates that the redox waves presented by dotted lines 
correspond to surface-confined POM species.16 Midpoint 
potentials and peak separations for cyclic voltammograms of 
surface-confined POMs on GC electrodes are tabulated in 
Table 2. For tungstate series POMs (SiW12O404" and PW12O403"), 
only the third redox waves are observed, while all of three 
redox waves are observed for molibdate series POMs (SiMo12 

O404- and PMo12O403~). In a previous study, it was shown that 
SiW12O404- passivates the Ag surface and that one redox wave 
was present, corresponding to a surface-confined species with 
a peak position the same as that of the second redox couple of 
SiW12O404- in the solution phase.9 Therefore, the absence of 
the first two redox waves of tungstate POMs confined on GC 
electrode surfaces might be ascribed to the passivation of the 
electrode surface upon adsorption of POMs. Despite the
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Figure 2. Cyclic voltammograms obtained from (solid line, left current axis) 1 mM POM + 0.1 M H2SO4 solutions on GC electrodes and (dotted 
line, right current axis) 0.1 M H2SO4 solutions on POM-adsorbed GC electrodes. (A) SiW12O404", (B) PW12O40*, (C) SiMo12O404", and (D) 
PMo12O403「. The scan rate was 0.05 V/s. The insets show the scan rate dependence of cathodic waves of POM adsorbed on GC electrodes.

Table 2. Midpoint potentials (Emid) and peak separations (AFp) for cyclic voltammograms of surface-confined POMs on GC and HOPG 
electrodes.

Electrode POM
First wave Second wave Third wave Relative surfaceacoverageEmid" (V) AEpb (mV) Emid" (V) AEpb (mV) Emid" (V) AEpb (mV)

SiW12O4。* d d -0.605 39 0.09

GC PW12O403- d d -0.610 29 0.14
SiMo12O404- 0.301 23 0.185 21 -0.025 38 0.43
PMo12O403 0.312 30 0.173 15 -0.064 23 0.64

SiW12O404- d -0.500 32 -0.648 21 0.28

HOPG PW12O403- d -0.657 37 0.25
SiMo12O404- 0.274 12 0.157 11 -0.048 13 0.65
PMo12O403 0.309 31 0.167 18 -0.088 27 0.68

SiW12O404- 43
AEmid PW12O403- 47
(mV) SiMo12O404- 27 29 23

PMo12O403 4 5 23

Emid = (Ec + Ea)/2, where Ec and Ea are the cathodic and anodic peak potentials, respectively. bAEp = Ec - Ea. cAEmid =Emid (GC) - Emid (HOPG). dNot 
available due to ill-defined redox waves.

solution-phase cyclic voltammogram PMo12O403- is not 
well-defined, surface-confined species exhibits three well- 
defined redox waves as shown in Figure 2D. This phenomenon 
was also observed on HOPG surfaces (vide infra) and has 
been also reported by Anson et al.5

The surface coverage of POMs on electrode surfaces can be 
evaluated from the charge density under the redox peaks of 

dotted lines in Figure 2. It has been reported that SiW^Ok- 
forms a square adlattice on Ag and Au electrode surfaces with 
inter-molecular spacing of ca. 1 nm.7,17 Assuming that Keggin
type POMs have a similar square type adlattice structure on 
GC electrode surface, a full monolayer of POMs has a surface 
density of 1.7 x 10-6 mol/m2. In the case of SiMouO^4-, the 
charge density under the first cathodic peak in the dotted line 
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of Figure 2C is calculated to be 0.14 C/m2. Considering that 
this cathodic peak is a two electron process, the surface density 
of SiMo12O404- species on a GC electrode is 7.3 x 10"7 mol/m2. 
This corresponds around 0.43 monolayer coverage. The 
relative surface coverage for other POMs are evaluated in the 
same way and tabulated in Table 2. In multiple measurements, 
we found that there is ca 20% of variation in the surface 
coverage of POMs adsorbed on GC surfaces from the tabulated 
values. This inconsistency probably relates to different surface 
conditions of GC electrodes after mechanical polishing with 
alumina powders. Despite this inconsistency in the surface 
coverage, the amount of molibdate POMs adsorbed on GC 
surfaces is larger than that of tungstate POMs.

It has been reported that tungstate POMs strongly adsorb on 
Ag surfaces. The interaction between tungstate POMs and Au 
surface is relatively weaker and no surface-confined species 
are observed in cyclic voltammograms.8,9,18 From this study, 
the interaction between tungstate POMs and GC surfaces 
seems to be weaker than Ag surfaces, but stronger than Au 
surfaces. For molibdate POMs, PMo12O40* species has been 
widely utilized for surface modifications on Au nanoparticles 
and carbon nanotubes.11,13 In this study, we show that Si- 
Mo12O404- as well as PMo12O403- stron이y adsorb on GC sur
face, thus both of molibdate POMs can be utilized for 
electrode modifications. The molibdate POMs adsorbed on 
GC electrode surfaces are stable during the repetitive poten
tial cycles in 0.1 M H2SO4. Even after mechanical polishing 
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steps, some of molibdate POMs are still left on the electrode 
surfaces.

Adsorption behavior of Keggin POMs on HOPG electrode 
suifaces. Figure 3 shows the electrochemical responses of 
four different Keggin-type POMs on HOPG electrode surfaces. 
The solution-phase cyclic voltammograms of POMs on 
HOPG electrodes (solid lines) show similar electrochemical 
behaviors compared to those obtained on GC electrode 
surfaces. Midpoint potentials and peak separations for solu
tion-phase cyclic voltammograms of POMs on HOPG elec
trodes are tabulated in Table 1. Midpoint potentials of POMs 
on HOPG electrodes are negatively shifted from those on GC 
electrodes. The difference in midpoint potentials between GC 
and HOPG electrodes (AEmid) ranged from 11 to 56 mV as 
shown in Table 1. It is known that heterogeneous electron 
transfer on a basal plane of HOPG surfaces is slower than that 
on GC electrode surfaces, which explains the negative 
potential shifts of redox waves on HOPG compared to those 
on GC electrodes.19,20 The slow electron transfer kinetics on 
HOPG is also corroborated by an increment in peak separ
ation compared to the case of GC electrodes.

The dotted lines in Figure 3 were obtained from a pure 
electrolyte solution on HOPG electrodes emersed from POM 
containing solutions after voltammetric measurements. As is 
in the case of GC electrodes, the cathodic peak currents of 
dotted lines have a linear relationship with scan rates (insets) 
and exhibit smaller peak separations than those of solid lines.
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Figure 3. Cyclic voltammograms obtained from (solid line, left current axis) 1 mM POM + 0.1 M H2SO4 solutions on HOPG electrodes and 
(dotted line, right current axis) 0.1 M H2SO4 solutions on POM-adsorbed hOpG electrodes. (A) SiW12O404", (B) PW12O40*, (C) SiMo12O404", 
and (D) PMo12O403". The scan rate was 0.05 V/s. The insets show the scan rate dependence of cathodic waves of POM adsorbed on HOPG 
electrodes.
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Figure 4. Cyclic voltammograms obtained from 0.1 M H2SO4 solutions on POM-adsorbed GC electrodes in the (dotted lines) absence and 
(solid lines) presence of 10 mM H2O2. Dashed line was obtained on a bare GC electrode in a solution containing 0.1 M H2SO4 and 10 mM 
H2O2. (A) SiW12O40*, (B) PW12O40L (C) SiMo12O404「, and (D) PModOio* The scan rate was 0.05 V/s.

(B)

[H2O2] (mM)

Figure 5. (A) Cathodic current obtained at 0.65 V on a PW12O403"~modified GC electrode rotated at 1000 rpm in a 0.1 M H2SO4 solution with 
successive addition of 30% H2O2. (B) Calibration curve obtained from experiment (A).

These indicate that the redox waves presented by dotted lines 
correspond to surface-confined POM species on HOPG 

electrodes. Midpoint potentials and peak separations for cyclic 
voltammograms of surface-confined POMs on HOPG elec
trodes are tabulated in Table 2. It is interesting that the peak 
separations for surface-confined SiMouOic)* species on 
HOPG surfaces are ca. half of those found on GC surfaces, 
while other POMs exhibit similar peak separations on both 
GC and HOPG surfaces. Actually, the peak separation values 
of surface-confined SiMouOk」species on HOPG surfaces 

are fairly close to zero, which is expected for an ideal 
nernstian reaction of redox species under Lamgmuir isotherm 
conditions.16 There is another unique feature in electroche
mical behavior of SiMo12O404- species on HOPG electrodes. 
The solution-phase cyclic voltammogram of SiMouOici* on 
HOPG surfaces is different from that obtained on GC 
surfaces, while other three POMs exhibit similar cyclic vol- 
tammograms both on GC and HOPG electrode surfaces. The 
redox current level of SiMo12O40* species measured from 
solution-phase cyclic voltammograms on HOPG is quite
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Figure 6. Cyclic voltammograms obtained from 0.1 M H2SO4 solutions on POM-adsorbed HOPG electrodes in the (dotted lines) absence and 
(solid lines) presence of 10 mM H2O2. Dashed line was obtained on a bare HOPG electrode in a solution containing 0.1 M H2SO4 and 10 mM 
H2O2. (A) SiW12O40*, (B) PW12O40*, (C) SiMo12O404「, and (D) PMoq。* The scan rate was 0.05 V/s.
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smaller than that measured on GC surfaces. In separate 
experiments, we found that the electron transfer of negatively 
charged species, Fe(CN)6*, through SiMo12O40*-modified 
HOPG surfaces is prohibited and the resulting redox currents 
decrease compared to those measured on SiMo12O40* modified 
GC surfaces.21 The decrease of redox currents on SiMo12- 
O404~-modified HOPG surfaces was not observed for positively 
charged species such as Ru(NH3)63+. We tentatively ascribed 
the decrease of redox currents of SiMo12O40* species in 
solution-phase cyclic voltammograms to the inhibition of 
electron transfer due to the electrostatic repulsion by nega
tively charged SiMo12O404~-adlayers strongy adsorbed on 
HOPG surface. More detailed studies on electron transfer 
behaviors through SiMo12O404"-modified electrode surfaces 
will be published elsewhere in the future.

The surface coverage of POMs on HOPG surfaces is eval
uated from the charge density under the redox peaks of dotted 
lines in Figure 3 and tabulated in Table 2. Although there are 
some variations in the values of relative surface coverage, the 
amount of molibdate POMs adsorbed on HOPG surfaces is 
larger than that of tungstate POMs. Comparing the relative 
coverages of POMs between GC and HOPG surfaces, we 
noticed that HOPG surfaces exhibit higher coverages than GC 
surfaces in general. Considering the reduced peak separation 
values of surface-confined POMs on HOPG compared to GC 
surfaces, as well as the increase of the surface coverages, we 
assume that the interaction of POMs on HOPG might be 

stronger than on GC surfaces.
Catalytic activities of Keggin POMs adsorbed on electrode 

suifaces. We further investigated the electrocatalytic activity 
of surface-confined POM species toward electroreduction of 
hydrogen peroxide. As shown by dashed lines in Figure 4, the 
direct reduction of hydrogen peroxide is severely inhibited on 
bare GC electrode surfaces. The surface-confined POM 
species on GC surface exhibited a certain degree of elec
trocatalytic activity for hydrogen peroxide reduction. The 
solid lines in Figure 4 were obtained in a solution containing 
0.1 M H2SO4 and 10 mM H2O2. For PMo12O403~ species, the 
electrocatalytic current was observed at potentials more 
negative than 0.2 V，at which the PMo12O403~ is reduced to 
PMo12O407~ (Figure 4D). This observation is in agreement with 
other experimental data previous reported for electrocatalysis 
of phosphomolibdate POMs toward electroreduction of 
hydrogen peroxide.6,22,23 Despite the activation of the catalysis 
due to the adsorption of phosphomolibdate POMs, the overall 
rate constant of the peroxide reduction is still small. A similar 
electrocatalytic activity was observed on PW12O403~-modified 
GC surfaces, where the electrocatalytic current start to 
increase at around -0.4 V as shown in Figure 4B. At this

3- 5-potential, the PW12O40 is reduced to PW12O40 as described 
above. Both of the phospho-series POMs show catalytic 
activities after two reduction steps, however, the catalytic 
current level of PW12O40* is higher than that of PMo12O40* 

under the same amount of hydrogen peroxide. Considering
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.1 . .1 i' /-、 3_ • -t ， i'that the surface coverage of PW12O40 is lower than that of 
PMO12O403", the catalytic efficiency of the former species is 
quite higher than the latter. We extended the potential of

3-PMo12O40 -modified GC electrode surface down to 一0.7 V to 
examine the possible enhancement of electrocatalysis at 
negative potential regions; however, no further electroca-
talytic current was observed. Upon the excursion of potential
more negative than -0.2 V, several ill-defined redox waves 

3- were observed, which indicate the decomposition of PMo12O40 

species adsorbed on the electrode surface.15 
Figure 4A and C shows the electroreduction of peroxide on

GC electrode surfaces modified with silico-series POMs. 
Differently from PMouOio* species, SiMo12O404- species do
not exhibit electrocatalytic effect for peroxide reduction on 
GC surfaces. SiW12O404「-modified GC surfaces exhibit elec
trocatalysis after -0.5 V, at which the SiW12O404- is reduced to 
SiW12O406". This catalytic behavior of SiW12O404- is similar to

3-that observed for PW12O40 , however, the catalytic efficiency 
is orders of magnitude smaller than PW12O40" Among the 
four Keggin POMs, the highest catalytic efficiency for peroxide 

3-was achieved for surface-confined PW12O40 species. Figure 
5A shows the cathodic current obtained on a PW12O40"-
modified GC electrode rotated at 1000 rpm in a 0.1 M H2SO4 

solution with successive addition of 30% H2O2. The current 
response is proportional to the concentration of hydrogen 
peroxide as shown in Figure 5B. There have been several 
attempts to utilize the phosphormolibdate POMs for the 
quantitative detection of hydrogen peroxide.6,23 In previous 
cases, the sensitivity is low due to the poor catalytic efficiency 
and the detection limits were relatively high. PW12O40"- 
modified GC electrode exhibits a higher sensitivity and lower 
detection limit at the expense of more negative operating 
potentials.

Figure 6 shows the catalytic activity of surface-confined 
POM species on HOPG electrode surfaces. The general trend 
of HOPG surfaces modified with POMs for electrocatalysis of 
peroxide reduction is similar to that observed on GC surfaces. 
The cathodic current of hydrogen peroxide on a bare HOPG 
surface is slightly larger than that on a GC surface as shown in 
Figure 6A. Upon the adsorption of tungstate POMs on HOPG 
surfaces, catalytic activities are observed and the onset of 
electrocatalysis occurs at similar potentials as found on GC 
electrode surfaces. However, the catalytic efficiency of tungstate 
POMs confined on HOPG surfaces are lower compared to

3-POMs confined on GC surfaces. Especially, PW12O40 species 
adsorbed on HOPG surfaces exhibit an order of magnitude 
smaller catalytic activity than on GC surface. Both of tungstate 
POMs give similar catalytic activities for peroxide electrore- 

3-duction on HOPG surfaces. PMo12O40 species confined on 
HOPG surfaces is active, while SiMo12O404" is not active for 
electroreduction of hydrogen peroxide. The electrocatalytic 
behaviors of molibdate POMs confined on HOPG surfaces 
are same as those observed on GC surfaces down to 一 0.7 V

Conclusions

We investigated the interactions between four represen

tative Keggin-type POMs and carbon based electrodes 
surfaces. Molibdate series POMs (SiMo12O404" and PMo12-

3_x
40 ) strongy adsorb on GC and HOPG surfaces, while the 
interaction between these two surfaces and tungstate series 
POMs (SiW12O404- and PW12O40”) is relatively weak. The 
interaction of POMs on HOPG surfaces is stronger than that 
on GC surfaces. The adsorption of SiMo12O404- species on 
HOPG surfaces is unusually strong and the surface-confined 
SiMo12O404- layers inhibit electron transfer from SiMo12O404- 

species in solution phase. POM species adsorbed on surfaces 
shows a certain degree of electrocatalytical activities toward

3- electroreduction of hydrogen peroxide. The PW12O40 species 
adsorbed on GC electrode surfaces exhibited an order of 
magnitude higher catalytic activity than other systems. The 
present study will provide useful information on the appli
cation of Keggin POMs in chemically modified electrodes 
based on carbon based material such as carbon nanotubes and 
graphenes.
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