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1. Sample configuration and electrical connections for rotating disk electrode (RDE) measurements
Figure S1 shows the sample configuration and electrical connections 1 for HER measurements in rotating disk electrode (RDE) measurements.
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Figure S1. The schematic of sample configuration and electrical connections for HER in RDE [1].
2. Thickness analysis, reciprocal space mapping of BaMoO3 thin film and a control experiment of BaMoO3 during HER
The thickness of the as-deposited BaMoO3 film was determined using a cross-section SEM image. The image was taken under the Pt contact at a location where the BaMoO3 film was not exposed to the electrolyte during HER (Figure S2a). The film thickness at this location is well representative for the as-deposited BaMoO3 thin film.
The reciprocal space mapping around (103) reflections of NdGaO3(001)pc substrate and 700 nm BaMoO3(001) film is shown in Figure S2b. It indicates the film is not strained on the substrate and is fully relaxed to the BaMoO3 bulk value of 4.04 Å for both out-of-plane and in-plane lattice constants.
Another 700 nm BaMoO3 film on NdGaO3(001)pc substrate was cycled under HER conditions, and it was pulled out at 0 V vs RHE during anodic scan. A clear colour change of the electrolyte-exposed dark-red film is also observed. XRD patterns of this BaMoO3 sample before and after such experiment show similar features as the BaMoO3 sample described in the main text.
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Figure S2. (a) The thickness of the BaMoO3 film was determined using a cross-section SEM image. (b) The reciprocal space mapping around (103) reflections of NdGaO3(001)pc substrate and 700 nm BaMoO3(001). A control experiment of BaMoO3 where the sample was pulled out of the electrolyte at 0 V vs RHE during the anodic scan: (c) CV curve, (d) optical images and (e) XRD patterns of the sample before and after the experiment.

3. Degradation of BaMoO3 films on Ca2Nb3O10 nanosheets on Si
Oxide nanosheets, which are 2-dimensional micro-sized single crystals with a large library of crystal structures, can serve a similar role as single crystalline substrates for the growth of locally epitaxial oxide thin films with single out–of–plane orientation.2–5 Oxide nanosheets are a cheap alternative to avoid the usage of expensive single crystalline substrates. They can be deposited on large surfaces, for example 8-inch Si wafers, as well as on amorphous transparent substrates, like glass, using Langmuir-Blodgett method.6 In this work, Ca2Nb3O10 nanosheets were used for the growth of single out-of-plane oriented BaMoO3(001) films, which are considered to have more defects compared to BaMoO3(001) films on single crystalline NdGaO3(001)pc substrates due to the grain-boundary of oxide nanosheets. The detailed preparation and deposition of Ca2Nb3O10 nanosheets on Si were described elsewhere.7 The growth conditions of BaMoO3 on these nanosheets were the same as on single crystalline NdGaO3(001)pc substrates as described in the manuscript. Figure S3 shows the results from materials characterizations of BaMoO3 before and after HER.
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Figure S3. Degradation of 700 nm BaMoO3 thin film on Ca2Nb3O10 nanosheets on Si under HER conditions. (a) XRD shows single out-of-plane oriented perovskite BaMoO3(001) due to the induced directional growth of Ca2Nb3O10 nanosheets. The RHEED pattern in the inset shows a streaky pattern, resulting from the highly crystalline thin film.  (b) Optical image of a 700 nm thick BaMoO3(001) thin film sample after one CV cycle under HER conditions. The grey circular area was exposed to HER; numbers refer to the locations where AFM and cross-sectioned SEM were performed; the cut line indicates where the sample was cut for cross-sectional SEM imaging. (c) AFM and (d) high-resolution cross-sectional SEM images at different locations indicate the rapid degradation of BaMoO3 forming a wave-like morphology of different stoichiometry. (1) AFM in the degraded center. (2) AFM in the pristine area (no electrolyte contact). (3) cross-sectional SEM image in degraded center. (4) cross-sectional SEM image in the Pt-contact area (no electrolyte contact).
The EDX results (Figure S4) show that the remaining film in the exposed BaMoO3 film area (location 3, Figure S3b) had a composition of Ba:Mo:O ratio of 1:1.8:11.3, whereas the unreacted BaMoO3 area (location 4, Figure S3b) had a composition of 1:0.9:2.9.
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Figure S4. Comparison of the composition of 700 nm BaMoO3 film before and after CV in HER conditions: (a) and (b) show EDX data of BaMoO3 film in the exposed area (location 3, Figure 3b) and unreacted area (location 4, Figure 3b), respectively. 
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