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Oxygen Transport Membranes Photocatalytic CO2 Reduction

The partial substitution of Cr3+ for In3+ causes O vacancy disorder[3,4]
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➔ Using adjusted soft chemistry synthesis
to enhance active surface area.

Brownmillerite-type Ba2In2O5 is a high-temperature proton conductor with mixed ionic-electronic conductivity. It shows a yellow
color[1] and band gap of EG ≈ 2.9 eV[2]. These electronic and optical properties imply an application as oxygen transport membrane and
photocatalyst for CO2 reduction. Partial substitution of Cr3+ for In3+ allows a band gap reduction together with crystal structure changes
crucial for the efficiency of the photocatalytic reaction[3] and the oxygen permeation performance of the ceramic membrane[4].

Rietveld refinements of synchrotron diffraction data of Ba2In2–xCrxO5: orthorhombic (Ibm2) Ba2In2O5 (left), tetragonal (I4cm)

Ba2In1.75Cr0.25O5 (middle), and changing of full width at half maximum (FWHM) for 3 representative reflections (right) [4].

Band gap of Ba2In2–xCrxO5: Optical absorbtion spectra of (1) Ba2In1.96Cr0.04O5, (2) Ba2In1.92Cr0.08O5, (3) Ba2In1.88Cr0.12O5, (4)

Ba2In1.84Cr0.16O5, (5) Ba2In1.60Cr0.40O5, (6) Ba2In1.40Cr0.60O5 (left), and calculated electronic band structure of Ba2In2O5 and

Ba2Cr1.75Cr0.25O5; green = Ba, pink = In, blue = Cr, red = O (right) [5]. XRD data of Ba2In1.40Cr0.60O5 showed the presence of small

quantities of BaCrO4.

Photocatalytic conversion of CO2 in presence of H2: Conversion upon Hg lamp

irradiation (λ ≤ 578 nm) increases due to an narrowing of the band gap by Cr

substitution. BET active surface area of Ba2In2–xCrxO5 is by a factor of about 250

smaller than for P-25 [5].

➔ Surface composition & structure is crucial for photocatalysis
➔ Surface reconstruction
➔ Reaction & deactivation mechanisms unknown

➔ Combined in operando XANES/DRIFTS/MS studies after EBS
upgrade are required for an enhanced understanding of the
fundamental reaction steps

➔ FWHM of reflections along the c-axis are a direct measure of
O vacancy disorder.

Structural changes of Ba2In2–xCrxO5 and their effect on oxygen permeation flux J(O2): orthorhombic (Ibm2) Ba2In2O5 (left),

tetragonal (I4cm) Ba2In1.75Cr0.25O5 (middle), and temperature and composition dependent oxygen permeation flux J(O2) together

with photos of sintered membranes of Ba2In2O5 (a), Ba2In1.8Cr0.2O5 (b), and Ba2In1.75Cr0.25O5 (c) (right) [4].
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➔ O vacancy disorder reduces EA
➔ Unit cell volume controls D0

➔ x = 0.1 best compromise
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Concept of plasma-induced CO2 conversion

(top) and photo of an air plasma (bottom).

Thermogravimetic (TGA) analysis of Ba2In2–

xCrxO5 in flowing CO2 leading above T ≈ 1050 K

to a decomposition to the starting materials

In2O3, BaCO3, and chromium oxide (a). This

allows for a material reformation upon

oxygen treatment (TGA) (b) [5].

Ba2In2–xCrxO5 is able to convert CO2 in presence of H2 and UV/Vis.

DRS measurements of CA (left) & PD (middle) route samples calcined at 1173 K, 1273 K, 1373 K, and 1473 K, respectively [6].

Photocatalytic CO2 conversion (right): CA shows higher activity then solid state samples (for short time); PD shows no activity [6].

Precursors for Soft Chemistry: Ba(NO3)2, In(NO3)3 · yH2O, Cr(NO3)2 · 9 H2O 
→ CA route: Only citric acid (CA) as chelating agent or PD route: Additionally, 2,6-Pyridinedicarboxylic acid (2,6-pydc), 
2,6-diaminopyridine (2,6-pyda) and polyethylene glycol (PEG) for complexation process
→Wet chemistry: (i) Mixing, (ii) polyesterification, (iii) subsequent calcination at different temperatures

Soft Chemistry Synthesis Reaction Protocol
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