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Figure 4: Cyclic voltammograms of 

[Ru]@UiO-67(bpydc) on FTO as a working 

electrode, a Pt wire as counter electrode and 

a Ag/AgNO3 reference electrode (ν=20 mV/s, 
in MeCN, 0.1 M TBAPF6).
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Introduction

Conclusion

▪ The conversion of electrical into chemical energy requires efficient electrocatalysts.

▪ MOF-functionalized electrodes allow molecular design of active sites within a heterogenous catalyst.

▪ Their 3D porous network enables a high density of active sites and good mass transport properties.

▪ The UiO-67(bpydc) MOF (bpydc = 2,2′-bipyridine-5,5′-dicarboxylic acid) offers open chelating sites for the coordination of 

molecular catalysts within the pores.[1],[2]

➢ This work: Hybrid electrodes consisting of [Ru(bpydc)Cl3(HOMe)] immobilized in a UiO-67(bpydc) MOF thin film grown on 

fluorine doped tin oxide (FTO).

*together with Lisa Semrau under guidance of Julien Warnan, chair of Inorganic and Metalorganic Chemistry (Prof. Roland Fischer), Technical University of Munich.
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Material Synthesis Characterization
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Cyclic voltammetry

Thin films of UiO-67(bpydc) on FTO

Immobilization of RuCl3 in UiO-67(bpydc)

▪ Coordination of RuCl3 as simple precursor to show the

applicability for redox-active guest complexes in UiO-67(bpydc).

▪ Vacuum activated electrodes are refluxed with RuCl3 in MeOH and

washed subsequently.

▪ Agglomerates of octahedral 

particles (~2-3 nm) in UiO-

67(bpydc). Typical exposure 

of {111} lattice planes (A).

▪ Approximate film thickness: 

600-800 nm (B).

▪ Additional elongated particles 

in [Ru]@UiO-67(bpydc) (C): 

coexisting side-phase?

▪ Zr:Ru ratio determined as 9:1 

(EDX, D).

▪ Semi-reversible reduction of 

[RuIII/II] guest complex at

E1/2 = -340 mV vs. Fc+/Fc.

▪ Redox-hopping conduction 

mechanism.

▪ Significant degradation after few 

redox cycles.

▪ Potential Cl- ligand loss after 

reduction?

▪ Tilted shape of the voltammogram 

reflects the low electrical 

conductivity of UiO-67(bpydc).

UiO-67(bpydc)

electrodes

ZrCl4 + bpydc + benzoic acid

(1 eq) (1 eq) (10-30 eq)

▪ Variation of the modulator 

concentration (benzoic acid).

▪ pH-sensitive crystallization 

kinetics.

▪ Film crystallinity was probed 

by grazing-incident X-ray 

diffractometry (GIXRD).

▪ Highest crystallinity found for 

20 eq of benzoic acid.
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Figure 1: GIXRD patterns for different 

concentrations of benzoic acid.

Figure 2: Synthetic 

approach for the 

immobilization of 

[Ru] in UiO-
67(bpydc).

Figure 3: SEM micrographs of pristine UiO-

67(bpydc) films on FTO in top-view (A) and side-

view (B), after functionalization with [Ru] in top-view 
(C) and the EDX pattern of a functionalized film (D).
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▪ UiO-67 thin films with 100 mol% of bpydc linker allow chelating 

coordination of metal complexes in the MOF pores.

▪ Optimized modulator concentration to yield crystalline films.

▪ Loading with RuCl3 resulted in a Zr:Ru ratio of 9:1.

▪ Semi-reversible reduction of [RuIII/II] in Cyclic Voltammetry.

▪ Immobilization of electrocatalysts (e.g. for CO2-reduction or oxygen-

evolution reaction).

▪ Enhance electrochemical stability by replacing Cl- with chelating 

ligand(s).

▪ Testing of the chemical stability in water at different pH values.

▪ Increase the catalyst loading to achieve higher electrical conductivity.

Outlook


