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Polyoxometalates:

A story with some history
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POMs: Unchanged structure upon reduction

Keggin structure



The two paths to Nano-WO3
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Polyoxometalates

Formation

Self-assembly process, whereby the tetrahedral metal {MO4} expands into 
octahedra {MO6} and then condenses into larger assemblies sharing oxygen 
ligands, where M commonly is Mo, W, or V. 
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Lindqvist hexamolybdate, Mo6O19
2−

Decavanadate, V10O28
6−

Paratungstate B, H2W12O42
10−

Mo36-polymolybdate, Mo36O112(H2O)16
8−

Polyoxometalates

Isopoly-oxometalates (isopolyanions)



Keggin structure, XM12O40
n−

Dawson structure, X2M18O62
n−

Anderson structure, XM6O24
n−

Weakley-Yamase structure, XM10O36
n−

Polyoxometalates

Heteropoly-oxometalates (heteropolyanions)



Polyoxometalates

Taxonomy

Hutin M., Rosnes M.H., Long D.-L. and Cronin L. Polyoxometalates: Synthesis and Structure – From Building Blocks to Emergent Materials. 
In: Jan Reedijk and Kenneth Poeppelmeier, editors. Comprehensive Inorganic Chemistry II, Vol 2. Oxford: Elsevier; 2013. p. 241-269.



Polyhedra representation of the {Mo154} (left) and {Mo132} (right). Color scheme: Mo, blue (polyhedra); O, red.

Comprehensive Inorganic Chemistry II: From Elements to Applications, (2013), vol. 2, pp. 241-269

Polyoxometalates

From 1nm to Giant clusters

1 nm



RedOx Chemistry of POMs

H4 [SiW12O40] (aq.HCl), pH=0.8

Photoredox Chemistry in Oxide Clusters. Photochromic and Redox Properties of 

Polyoxometalates in Connection with Analog Solid State Colloidal Systems.

Pedro Gómez-Romero* et al       J.Phys.Chem. 1996, 100(30), 12448-54.

Cyclic Voltammogram (CV) of H4 [SiW12O40] (SiW12)
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Effect of particle size on flat-band potential

P. Gomez-Romero Solid State Ionics 1997,  101-103, 243-248

Polyoxometalates (POMs) 

as models for quantum-sized oxides



Comparative analysis 

 photoreducible

 e- storage

 10 A diameter

 monodisperse

 reproducible synthesis

 controlled composition          

 well-known structure

 stable in solution

 lower potentials

 more tunability

 photoreducible

 e- storage

 20-450 A

 polydisperse

 uncontrolled parameters 

with unknown effect

– pH 

 unknown structure

 less stable (ageing, 

coagulation)

POLYOXO-TUNGSTATES WO3 COLLOIDS

Polyoxometalates as photoelectrochemical models for quantum-sized colloidal semiconducting oxides

P. Gomez-Romero Solid State Ionics 1997,  101-103, 243-248



How to…

Design materials with POMs

Energy Storage          Energy Conversion

Photo-
Electro-catalysis
Borras-Almenar



Polyoxometalates

Derivatives

Polyoxometalate water 
oxidation catalysts and the 

production of green fuel

Hongjin Lv, et al. 
Chem. Soc. Rev., 2012,41, 7572



How to…

Design materials with POMs

Energy Storage          Energy Conversion

Electrolytes   Electrodes

conducting matrix

+

electroactive POM

Hybrid material



Electrochemical

energy storage

in transition

Towards flexible solid-state supercapacitors for smart and wearable electronics

D. P. Dubal,* N.R. Chodankar, D-H. Kim and P. Gomez-Romero*

Chemical Society Reviews, 2018, 47(6), 2065-2129



Smart Grids

Centralized AND 

Distributed Energy

Internet of Things



Ragone Plot: the energy storage chessboard

Hybrid Energy Storage. The merging of battery and supercapacitor chemistries.

D. P. Dubal, O. Ayyad, V. Ruiz, and P. Gomez-Romero* Chem.Soc.Rev. 44(7):1777-90  2015

Batteries vs. Supercapacitors
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POMs and COPs

PPAni/PMo12



The importance of             structure
Nano
Micro
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Functionalization of PPyNanopipes with Redox‐Active Polyoxometalates for High Energy Density Supercapacitors
D. P. Dubal, B. Ballesteros, A. A. Mohite, P. Gómez-Romero, ChemSusChem 2017, 10, 731-737.

PPy NanoPipes and their Hybrids
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PPy NanoPipes with POMs
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Hybrid Energy Storage: High Voltage Aqueous Supercapacitors based on Activated Carbon / Phosphotungstate Hybrid Materials. 
J. Suárez-Guevara, V. Ruiz, P. Gomez-Romero  J. Mater. Chem. A, 2014, 2 (4), 1014-1021

Hybrid Energy Storage:
Hybrid electrode materials

AC AC-PW12

C (Fg-1) a 185 254

Esp (Wh/Kg) 4.05 4.96 (1.6 A/g)

Psp (kW/Kg) 45 115

Ed (Wh/L) 1.55 2.32

cycles 10,000 > 30,000 (6 A/g)

1.6V 

in 1M H2SO4 !

Hybrid Activated Carbon-H3PMo12O40



Electroactive RGO-POM Hybrids

J. Suárez-Guevara, V. Ruiz, P. Gomez-Romero*, Phys. Chem. Chem. Phys.  2014, 16 (38), 20411



Hybrid Energy Storage:
Hybrid electrode materials
+ Electroactive electrolyte
rGO / H3PMo12O40 / HQ

D.P. Dubal ... P. Gomez-Romero Journal of Materials Chemistry A, 2015, 3(46), 23483

31 LEDs powered with a single rGO-PMo12

symmetric cell with 0.2 M HQ doped polymer 

gel electrolyte.

30 s charge  2 min lit

Hybrid Graphene Polyoxometalate Electrodes



AC/POMs Hybrid electrodes
in organic electrolytes

Can polyoxometalates enhance the capacitance and energy density of activated carbon in organic electrolyte supercapacitors?

Jun-Jie Zhu, Raul Benages-Vilau, Pedro Gomez-Romero*      Electrochimica Acta 2020 137007

1M TEA BF4

in CH3CN

𝑖 = 𝑎𝑣𝑏

current

scan rate

b=1
NOT 

limited
by diffusion



Conclusions

• Polyoxometalates have a very rich chemistry of their own.

• They are ideal quantum models for W, Mo or V oxides (i.e. with all 
12 MO6 units on the surface of a Keggin anion)

• Their integration in e--conducting or insulating matrices leads to 
synergic electrode or electrolyte materials respectively

• Hybrid electrodes show dual (Faradaic-capacitive) energy storage + 
more synergic effects (overpotentials leading to increased V and E

• Their utterly dispersed nature and reversible multi-electron redox 
chemistry can result in fast (not diffusion hindered) e- transfer.

• But remember the importance of Nano- Micro-structure
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