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The electrochemical behaviours of the nanoscale inorganic
polyoxomolybdate anions ({Mo;ss} and {MornFes}) and their aggreg-
ations in aqueous solution are examined by cyclic voltammetry. By comp-
arison, it is found that the cyclic voltammograms of the single macro
anions ({Moiss} and {Mos.Fesy}) and those of their aggregations are
similar. From the electrochemical point of view, it is concluded that the
self-assembly of this kind of macro anions is driven by physical force.
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INTRODUCTION

The giant anions of inorganic polyoxomolybdates, regardless their shapes,
masses, number of charges, can dissolve in polar solvent and exist as ions, such as
NaCl crystals disappear in water'. However, these giant ions of polyoxomolybdates
can associate into spherical vesicle supramolecular structures (called as "second
solute state" in literature') continuously, which can be called as "second organized
structures" from the view of amphiphilic solutions’. The self-association of some
giant ions is very slowly, for some giant anions, it even takes several months or
years to reach equilibrium at room temperature®. The vesicle supramolecular structures
are stable and the size of the vesicles does not change over time. Now, more kinds
of polyoxometalates (besides polyoxomolybdates and their derivatives)’ have been
found associating into vesicle structures, but the complex self-association mechanism
is still in study. The self-assembly of macro anions is indeed unique, because the
macro anions are fully hydrophilic and dissolve in polar solvents, which is disaccord
with DLVO theory*'*" in amphiphilic solutions. Liu et al.>*’ deduced that the
driving force for the self-assembly process of macro anions could be very complicated.
It is not mainly due to electrostatic interaction, Van der Waals force or chemical
interaction (the macro ions separation is about 1-2 nm'®) and also the hydrophobic
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interaction and the hydrogen bond cannot be dominant. Therefore, the self-assembly
of the hydrophilic macro ions is mainly attributed to the charges on their surfaces.
So the "like-charge attraction" effect’"’, along with Van der Waals' force and possible
temporary Fe-O---H-O-Fe does exist in hydrophilic macro ionic solutions. That is
to say, the nanoscale polyoxomolybdate anions ("first organized structure") attract
each other by sharing the counter ions to form the stable vesicle-like aggregations.

Here, the electrochemistry behaviours of the nanoscale inorganic polyoxomolybdate
anions ({Moss} and {Moz,Fes}) and their aggregations in aqueous solution are
studied. From the electrochemistry point of view, the driving force of the self-
assembly of inorganic macro ions is speculated. It is helpful to the research of the
complex self-association mechanism.

EXPERIMENTAL

The giant-wheel shaped and Ce) cage-like "Keplerate" spherical polyoxomolybdate
molecules ({MO154} = and {MO72FC30} = N315[Mo126M0285+O426H14(H20)70]0‘5
[MO1246+M0285+O457H14(H20)68]045~ ca. 400H,0 and {MO72FC30}E(MO726+FC303+0252L102,
ca. 180H,O L = H,O/CH;COO/Mo0,0s5™, {Mo7.Fes}), are prepared by following
the established procedures'®. All the reagents are analytical grade without further
purification and they were purchased from Shanghai Shiyi Chemicals Teagent. Co.
Ltd.

General procedure: The freshly {Mo,ss} and {MozFes} solutions were dialyzed
continuously using a dialysis bag of the membrane (Spectra/Por My, = 14000,
Jingkehongda Biotechnology Co., Ltd., Bejing, China). In order to increase the
speed of dialysis, the water outside of the membrane was replaced in a short time.
When the electric conductivity of the water did not change, in dialysis membrane,
there were only the macro anions and the corresponding antiions in two solutions
({Mos4} and {MorFeso} solutions). The dialyzed {Mo;ss} and {Moz,Fes} solutions
were divided into two groups, respectively. One group was examined directly and
the other group was placed at certain conditions for some time and in order to make
the macro anions self-associate into aggregations. In addition, the {Mo,s4} solution
was placed at 25.0 = 0.1 °C under N, atmosphere in order to preventing oxidation;
while the {MoznFes} solution was placed at 45.0 + 0.1 °C for the slowly self-
assembly speed, in the process of placement.

Detection method: The electrode used in the present experiments was glassy
carbon disk of diameter 3 mm insulated in Teflon rod of diameter 7 mm. The electrode
was polished with chamois and was cleaned ultrasonically in 95 % ethanol prior to
use. Typical procedures for the preparation of modified electrodes are as follows.
The glassy carbon electrode was placed in the solutions (the freshly dialyzed {Mo;s4}
and {Mor,Fes} solutions), respectively. The single {Mos4} and {Mo,Fes} macro
anions on glassy carbon electrodes were examined using cyclic voltammetry (equip-
ment, the 600B CHI electrochemistry analytical instrument, USA). A saturated
calomel electrode (SCE) and a platinum plate were used as the reference and the
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counter electrode, respectively. Three weeks later, in {Mo;s4} solution placed at
25.0 £ 0.1 °C under N, atmosphere, the supramolecular structures formed and then
it was examined again. While, for the slowly self-assembly speed, the {Moz,Fes}
solution was placed for 3 months at least at 45.0 £ 0.1 °C, then most {Mo7,Fes}
macro anions self-associate into aggregations. After the {Mo;s.} and {Moz,Feso}
macro anions completed self-association, so the electrochemistry behaviours of
the aggregations could be obtained when they were examined by cyclic voltammetry.

RESULTS AND DISCUSSION

Electrochemistry behaviours of the {Mo;s,} macro anions and aggregations:
The {Mo;s4} macro anions can self-associate into supramolecular structures easily.
The laser light scattering (LLS) measurements show that the {Mo;ss} macro anions
complete the self-assembly in several weeks at room temperature'. So, the super-
structures were not formed after dialysis rapidly in the freshly {Moiss} solution
with 0.5 mg mL"'. The glassy carbon electrode was placed in the {Mo;ss} solution
and examined using cyclic voltammetry and the cyclic voltammograms of the single
{Mos4} macro anions were obtained as shown in Fig. 1.
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Fig. 1. Cyclic voltammograms of the {Mo;s,} macro anions with 0.5 mg mL" solution in
potential range between 1.5 to -1.8 V. Scan rate: 0.1 V/s

Fig. 1 shows cyclic voltammograms (CVs) of the macro anions in the freshly
dialyzed {Moss} solution with 0.5 mg mL™" at room temperature (T = ~23 °C). A
scan of the {Mo;ss} macro anions solution in the potential range is between 1.5 to
-1.8 V, during potential cycling at a scan rate of 0.1 V/s. In Fig. 1, there are two
redox couples (C1 and A1, C2 and A2) and one evident oxidation wave (A3) at 1.1
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V. For two redox couples, the large shift in potential (> 58 mV) between anodic and
cathodic peaks can be found, which shows it is irreversible electrochemical
processes and the electrons transfer continuously in the processes. The anodic wave
is associated with the cathodic wave. Here, the cathodic waves are caused by the
reduction of the higher valence of Mo. The cathode wave CI is caused by the
Mo(VI) reduction and the other cathode wave C2 is corresponding with the Mo(V)
reduction. With the potential cycling, peak current of the cathode wave C2 is
increase, because the Mo(V) from Mo(VI) reduction is increase with the potential
cycling on the glassy carbon electrode.

When the dialyzed {Moss} solution was placed for 3 weeks under N, atmos-
phere the macro anions could complete the self-association, then, it was examined
by cyclic voltammetry again. The cyclic voltammograms of the {Mo;s4} supermolecule
aggregations could be obtained as shown in Fig. 2. By comparing Fig. 1 and Fig. 2,
it is clearly seen that the cyclic voltammograms (CVs) are similar at the same
potential range, which indicates that the electrochemical behaviours is unchanged
when {Mo;ss} aggregations formed. As the assistant examination, the {Mos.} aggre-
gations in solution placed for 3 weeks were examined on a computer-manipulated
spectrometer (UV-vis 4100). The UV-vis spectroscopy (Fig. 3) shows absorption
bands at 741 and 1073 nm, respectively, which corresponding with that of {Mos.}
macro anions (two absorption bands: 745 and 1073 nm) in the literature'®. That is
to say, the function groups of the {Mo;ss} macro anions do not change when they
self-associate into aggregations.
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Fig. 2. Cyclic voltammograms of {Mo,ss} solution (0.5 mg mL™") placed for 2 weeks at
25.0 £ 0.1 °C in potential range between 1.5 to -1.8 V. Scan rate: 0.1 V/s
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Fig. 3. UV/Vis spectra of typical well-shaped {Mo;s4} solution placed for 3 weeks

Electrochemical behaviours of the {Mo-.Fe3;} macro anions and aggregations:
In the freshly dialyzed {Mos,Fes} solution with 0.5 mg mL™, the {Mos,Fes} exist
as single macro anions. It was examined using cyclic voltammetry and the cyclic
voltammograms of the single { Moz.,Fes} macro anions were obtained (Fig. 4).
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Fig. 4. Cyclic voltammograms of the {Moy,Fes} macro anions with 0.5 mg mL™' solution
in potential range between 2.0 to -2.0 V. Scan rate: 0.1 V/s

In Fig. 4, a scan of {Mos,Fes} macro anions in the potential range is between
2.0 and -2.0 V. Two cathode peaks at 0.92 V (C1) and -1.40V (C2) appear and their
corresponding anode wave appears at -0.25 V (A1) and -0.92'V (A2), at 1.1V, there
is an unconspicuous anode wave (A3). It is clear that a large shift (> 58 mV) in
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potential between anodic and cathodic peaks for two redox couples (C1 and A1, C2
and A2), similar with Figs. 1 and 2, which indicates it is irreversible electrochemical
processes and the electrons transfer continuously in the processes. The cathode
wave Cl1 is caused by the Mo(VI) reduction. No Mo(V) in {Moz,Fes} anions, here,
Mo(V]) is reduced to Mo(V) firstly and then appear the second cathode wave C2
with the Mo(V) reduction. In addition, the peak current of the {MozFes;} macro
anions is less than that of {Mo;s4} macro anions with the same concentration, though
the content of Mo(VI) in {Moz,Fes} is higher than that of in {Mo;ss}. The main
reason is probably because the Fe(Ill) binding with Mo(VI) causes the Mo(VI)
more stable in {Mo7,Fes}.

The dialyzed {Mos,Fes} solution with 0.5 mg mL™"' placed at 45.0 + 0.1 °C for
3 months, the {MozFes;} macro anions self-associate into aggregations. Then, it
was examined again using cyclic voltammetry as the former. The cyclic
voltammograms of the single {Mos,Fes} aggregations were obtained shown in
Fig. 5. Comparing Figs. 4 and 5, it is easily to be seen that the peaks shapes of the
{MozFe;} macro anions and aggregations are similar and the peak current of
{Mor,Fes} aggregations is higher than that of the macro anions. The diameter of
the supramolecular structure (aggregations) reaches to 40-60 nm, which is larger
than the size of {MoznFes;} macro anions (2.5 nm diameter). So, the local concen-
tration near the glassy carbon electrode in the {Mos,Fes} aggregations solution is
higher than that in the single macro anions solution, which makes the peak currents
increase when aggregations formed. Just as the {Mo;ss} electrochemical behaviours,
the similarity of Figs. 4 and 5 shows that the electrochemistry behaviours of the
{Moz,Fes} macro anions is the same as that of their aggregations.
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Fig.5. Cyclic voltammograms of {Moz.Fes} solution (0.5 mg mL™") placed for 3 months
at 45.0 = 0.1 °C in potential range between 2.0 to -2.0 V. Scan rate: 0.1 V/s
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From the electrochemical behaviours of {Mo;ss} and { Moz~Fes} solutions and
their aggregations, one can see that the chemical behaviours do not change when
the macro anions self-assemble aggregations. At the same time, the UV-vis spectro-
scopy of the {MornFes} aggregations (Fig. 6) in the solution placed for 3 months
was measured. There is one absorption band at 340 nm, which according with that
of the {Mo7,Fes} macro anions in fresh solution".
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Fig. 6. UV/Vis spectra of 0.5 mg mL" {Mos,Fes} solution placed for three months

From the above results, it can be seen when the macro anions self-associate
into vesicle supramolecular structures, the chemical behaviours do not change. So,
the driving force of the self-association about {Mo,s4} macro anions is not due to
chemical bond, it should be physical driving force such as Van der Waals force, for
their big size and weight. Which are important for the study of the complex driving
forces of the inorganic macro anions self-assembly.

Conclusion

In this work, the electrochemical behaviours of the {Mo;ss} and {MosFes}
were analyzed using cyclic voltammetry. By comparing the cyclic voltammograms
of the {Mo,ss} and {Mo,Fes} macro anions as well as their aggregations, it was
found that the electrochemical behaviours do not change when the macro anions
formed into vesicles. It indicates that the oxidation-reduction behaviours of the
inorganic macro anions do not change when their aggregations formed. From the
electrochemistry point of view, it is also concluded that the major driving forces of
the self-assembly is the physical force i.e., Van der Waals force. It is helpful for the
research of the macro anions self-association mechanism.
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