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Supplementary Note 1: Thin film synthesis and characterization

Epitaxial STNNi (Fig. S1) and STNi (Fig. S2) thin films can be synthesized with high qual-

ity. RHEED monitoring reveals a layer-by-layer growth mode for the two materials (Fig. S1a

and (Fig. S2a). All films with thicknesses up to 100 nm exhibit a stepped surface morphol-

ogy with sub-nanometre roughness (Fig. S1b and (Fig. S2b), while the surface roughness of

STNNi and STNi thin films slightly increases with increasing thin film thickness. STNi thin films

(RMS 258±89 pm - 798±52 pm) typically exhibit a slightly increased surface roughness relative

to STNNi thin films (RMS 151±15 pm - 282±21 pm). Both STNNi and STNi have a slightly

larger lattice parameter compared to undoped STO substrate, as visible from the thin film diffrac-

tion peaks at lower diffraction angles as compared to the substrate (Fig. S1c and (Fig. S2c). Hence

epitaxial deposition results in a minor compressive strain for both materials, which is slightly

increased for STNNi due to co-doping with Nb of larger ionic radius compared to the Ti host

cations1. Reciprocal space mapping reveals in-plane a-lattice parameters equal to the STO sub-

strate confirming that the epitaxial thin films grow fully strained (Fig. S1d and (Fig. S2d). High-

resolution transmission electron microscopy reveals a well-ordered and coherent perovskite lattice,

while a faint contrast becomes visible in the Z-contrast imaging. Here, coupled energy dispersive

X-ray spectroscopy mapping of the elemental distribution shows small inhomogeneities in the Ni

dopant distribution, where the accumulation of dopants becomes apparent in designated areas of

the perovskite host lattice (Fig. S1e) and (Fig. S2e). For more details on dopant inhomogeneities

in STNNi, we refer to reference2. Our present analysis shows that similar inhomogeneities are

also present in STNi.
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Figure S1: Characterization of the growth mode, surface morphology and crystallographic properties of epitaxial
STNNi thin films deposited on TiO2-terminated (001) SrTiO3 single crystal substrates. (a) In-situ RHEED intensity
evolution for the initial growth of STNNi. (b) Thickness-dependent surface morphology of STNNi thin films. The
root mean square (RMS) roughness is given below, where the error is the standard deviation of measurements obtained
from two thin films that were deposited under equal conditions. (c) Thickness-dependent x-ray diffractograms obtained
from STNNi thin films in 2Θ−ω geometry. (d) Reciprocal space mapping around the (103) diffraction peak. (e) High-
resolution transmission electron microscopy and EDXS analysis of a FIB lamella prepared from a representative 20 nm
thick as-prepared STNNi sample in cross-section geometry. Bright features in the Z-contrast image are correlated to
Ni-rich nanostructures indicating an inhomogeneous distribution of reducible Ni dopants.

3



0 100 300200

Deposition time (s)

c

a b
RH

EE
D

 in
te

n
si

ty
 (a

.u
.)

1 µm 1 µm

RMS = 258 ± 89 pm RMS = 798 ± 52 pm

 1.0

 0.5

-0.5

 -1.0

nm

t = 20 nm

1 µm

RMS = 456 ± 102 pm

t = 50 nm t = 100 nm

e

(0 0) specular spot

Lo
g.

 in
te

n
si

ty
 (a

.u
.)

ain-plane (Å)

3.85 3.90 3.95

3.95

3.90

3.85

c
ou

t-
of

-p
la

n
e (

Å
)

(103) t = 50 nm

STNi/STO

d

t = 20 nm

t = 50 nm

t = 100 nm

2θ (°)

45.2 46.0 47.646.8

In
te

n
si

ty
 (a

.u
.)

(002) STO(002) STNi

5 nm

Nb:STO STNi Pt

10 nm10 nm

Ti Sr Ni

O Nb Pt

Figure S2: Characterization of the growth mode, surface morphology and crystallographic properties of epitaxial
STNi thin films deposited on TiO2-terminated (001) SrTiO3 single crystal substrates. (a) In-situ RHEED intensity
evolution for the initial growth of STNi. (b) Thickness-dependent surface morphology of STNi thin films. The root
mean square (RMS) roughness is given below, where the error is the standard deviation of measurements obtained from
two thin films that were deposited under equal conditions. (c) Thickness-dependent x-ray diffractograms obtained
from STNi thin films in 2Θ−ω geometry. (d) Reciprocal space mapping around the (103) diffraction peak. (e)
High-resolution transmission electron microscopy and EDXS analysis of a FIB lamella prepared from a representative
20 nm thick as-prepared STNi sample in cross-section geometry. Bright features in the Z-contrast image are correlated
to Ni-rich nanostructures indicating an inhomogeneous distribution of reducible Ni dopants.
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Figure S3: RHEED surface diffraction patterns and line profiles extracted from the the respective diffraction patterns
across the (0 0) specular spot and the (1 0), (-1 0) diffraction spots. Representative RHEED diffraction patterns are
shown for (a) a TiO2-terminated STO substrate, (b) for as-deposited STNNi with thicknesses between 20 - 100 nm
(c) and for as-deposited STNi thin films with thicknesses between 20 - 100 nm. The horizontal red bars indicate the
approximate width of averaged intensity that was applied to extract the line profiles. Note that the absolute intensity
of the RHEED patterns may vary due to differences in the primary electron beam alignment.
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Fig. S3 shows representative RHEED surface diffraction patterns recorded for as-deposited

STNNi and STNi thin films. In addition, the corresponding line profiles that were extracted across

the (0 0) specular spot and the (1 0), (-1 0) diffraction signals are given for each diffraction pat-

tern. A representative RHEED surface diffraction pattern obtained from a TiO2-terminated STO

substrate is shown for comparison. All surface diffraction patterns exhibit a predominant 2D-

character. For STNi thin films a minor 3D-like pattern becomes apparent for larger thin film thick-

nesses, which is consistent with a slightly increased surface roughness in the upper sub-nanometre

range (cf. Fig, S2).

The intensity of the (0 0) specular spot relative to the (1 0), (-1 0) diffraction spots can provide in-

formation about the predominant molecular surface termination3–6. For STO a high intensity of the

(0 0) specular spot relative to low-intensity (1 0), (-1 0) diffraction signals indicates predominant

TiO2 surface termination as can be seen for the TiO2-terminated STO substrate that was obtained

by chemical etching steps and subsequent thermal annealing (cf. Fig. S3a). After pulsed laser

deposition of STNNi and STNi an increased intensity of the (1 0), (-1 0) diffraction signals is de-

tected for both materials. However, the (0 0) specular spot remains the signal of highest intensity,

indicating a mixed SrO / TiO2 surface termination3,4.
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Supplementary Note 2: Surface morphological evolution
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Figure S4: Surface morphology of 20 nm thick STNi and STNNi thin films after joint reduction (T = 400◦C, 4%
H2/Ar) for different annealing times. Note that images of different scan sizes are shown to take pronounced nanopar-
ticle coarsening at the STNi surface into account.
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Fig. S4 shows representative images of the STNNi and STNi surface morphology obtained in the

as-prepared state of the thin films and for thin films after thermal reduction with different reduction

times (T = 400◦C, 4% H2/Ar). As can be seen, STNi exhibits a faster exsolution reaction compared

to STNNi, where the formation of a nanostructured surface is apparent already after t = 1 h of ther-

mal reduction. At the same time, the exsolved nanoparticles exhibit a fast coalescence behaviour

at the STNi surface while remaining finely dispersed at the STNNi surface. Note that the lateral

scale and the height scale may vary to account for the different particle distribution and density

(larger scan size for STNi after t = 11 h and t = 17.5 h reduction).
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Figure S5: Surface morphology of Nb:STO (4 monolayers) / STNi (20 nm) sample deposited in stack geometry after
consecutive thermal reduction steps. The initial nanoparticle population at the surface is fabricated by a reduction
step at T = 600◦C while the coarsening behaviour is investigated during thermal reduction at T = 400◦ with different
annealing times (4% H2/Ar).
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Fig. S5 shows the surface morphology of a Nb:STO (4 monolayers) / STNi (20 nm) sample de-

posited in stack geometry after thermal reduction at different conditions. The initial nanoparticle

population at the surface is exsolved upon thermal reduction at T = 600°C for t = 5 h (4% H2/Ar).

Notably, an initial reduction step at lower temperatures (T = 400°C, t = 50 h, 4% H2/Ar) did not

result in significant exsolution of metal nanoparticles. Subsequently, several consecutive reduction

steps are conducted at T = 400°C (4% H2/Ar) to investigate the thermal stability of the nanopar-

ticles. The exsolved nanoparticles appear to be robust against coalescence, while high surface

mobility of the nanoparticles similar to STNi appears to be suppressed. We presume that fabricat-

ing an donor-type surface defect chemistry by epitaxial surface engineering of the exsolution-active

acceptor-type STNi thin film results in a stabilization of the exsolved nanoparticles by considerably

decreasing the concentration of oxygen vacancies in the surface region of the sample.
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Supplementary Note 3: STEM / EDXS analysis of STNNi
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Figure S6: (a) Atomic force microscopy of the surface morphology of an STNNi thin film after long-term reduction
at T = 400◦C (t = 200 h, p(4% H2/Ar) = 1 bar). The sample shown is equal to the sample investigated by STEM / EDXS
as discussed in Fig. 2e of the main manuscript. (b) STEM / EDXS analysis of the nanoparticle-support interface
of exsolved nanoparticles at the STNNi surface after thermal reduction at T = 900◦C for t = 5 h in continuous flow
of a p(4% H2/Ar) = 1 bar gas mixture. Independent from the reduction temperature, no indications for nanoparticle
socketing were detected.

The surface morphology of STNNi after long-term reduction is shown in Fig. S6a. As can be seen,

the size of the exsolved nanoparticles remains relatively small and dispersed across the thin film

surface even after 200 hours of thermal reduction. Occasionally, the formation of small nanoparti-

cle clusters can be observed.

Fig. S6b shows scanning transmission electron microscopy (STEM) imaging and X-ray energy dis-

persive spectroscopy (EDXS) STNNi in cross-section geometry after thermal reduction at T = 900◦C

for t = 5 h (p(4% H2/Ar) = 1 bar). Similar to the sample that was thermally reduced for 200 h as

shown in Fig. 2e of the main manuscript, no indications for nanoparticle socketing are detected.
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Supplementary Note 4: Ambient-pressure XPS analysis
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Figure S7: Ambient-pressure X-ray photoelectron spectroscopy. The probing geometry is shown in (a). (b, c)
shows the deconvolution of the XPS Ni 3p-Ti 3s core-level spectra by peak fitting. The spectra were obtained from
representative STNNi and STNi sample during joint annealing and alternatively changing the probing position in
between the two samples. A photon energy of Ehv = 680 eV is used for the analysis.

11



Figure S7 depicts the fitting of the Ni 3p-Ti 3s core-level region in different sample states.

Based on the Ni 3p-Ti 3s core-level region obtained from the as-prepared STNNi sample after an

oxygen annealing step, the Ti 3s peak was fitted using a Voigt profile and the Ni 3p states (oxide

component) were fitted using a Voigt doublet. For this purpose, the branching ratio of the Voigt

doublet was fixed to the theoretical value for p-orbitals i.e. 1 : 2 for 3p1/2 : 3p3/2. Subsequently, the

Lorentzian and Gaussian widths for the Ti and Ni peaks as well as the magnitude of spin-orbit-

splitting ∆BE∼ 1.25 eV of the fitted Ni component was fixed. In addition, the peak position of the

fitted Ti 3s component was fixed. Using the spectrum obtained from the reduced STNNi sample,

a second Voigt doublet corresponding to the states of the metal nickel phase was fitted where a

Lorentzian and Gaussian width and spin-orbit-splitting ∆BE equal to the oxide component was

applied. Notably, the quality of fit decreases considerably when using a single Ni component (i.e.

only one Voigt doublet) for the deconvolution of the Ni 3p-Ti 3s signature. Here, a second compo-

nent is required to achieve a sufficient agreement of the fitting model with the experimental data

obtained from reduced samples, particularly with respect to the intensity valley between the Ni 3p

and Ti 3s core-levels. This observation is consistent with the evolution of a metallic Ni signal at

lower binding energy relative to the oxide Ni component. The relative position of the fitted oxide

and metal Ni 3p components was fixed and the resulting fitting model was applied to all spectra to

evaluate the evolution of the peak area ratio. The fitting model was applied for the deconvolution

of Ni 3p-Ti 3s spectra obtained from STNi accordingly.

Based on the peak fitting model, the surface Ni chemical evolution is analyzed by quantification

of the different components on the basis of the respective peak area ratios (normalized to the Ti 3s

component) as discussed in Fig. 3a, b of the main manuscript. As can be seen in Fig. S7c, the tran-

sient evolution of a metallic nanoparticle population, that is associated to considerable coarsening

of the exsolved nanoparticles at the STNi surface results in a low intensity of the metallic signal

across all sample states. For STNNi, the exsolution of a stable and finely dispersed nanoparticle

population at the surface at an increased thermal reduction temperature of T = 500◦C correlates

with the detection of a pronounced metal signal (Fig. S7b). Note that the absolute binding energy
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of the metal signal may slightly vary as it is influenced by the size of the supported nanoparticles

as well as by interactions with the oxide support.7–11

Fig. S8 shows the total Ni enrichment at the surface of STNNi and STNi after different anneal-

ing steps. The plots corresponds to Fig. 3d e of the main manuscript, while denoting the respective

share of the Nioxide and Nimetal components contributing to the total amount of Ni. As can be seen,

after thermal reduction at T = 500◦C a significant Nimetal signal is only detected at the donor-type

STNNi surface while a loss in the Nimetal signal is apparent at the acceptor-type STNi surface.
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Figure S8: Ambient pressure x-ray photoelectron spectroscopy of STNNi and STNi. (a, b) Comparison of the
total Ni 3p peak area normalized to the Ti 3s peak area after mild oxidation, low-temperature reduction at T = 350◦C
and reduction at higher temperature of T = 500◦C. A photon energy of Ehv = 680 eV and Ehv = 900 eV is applied for
the variation of the information depth. Blue and red color denotes the respective share of the Nioxide and Nimetal

component.
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Figure S9: Ambient-pressure X-ray photoelectron spectroscopy. O 1s, Ti 2p, C 1s, Nb 3d, Sr 3d core-level spectra
were periodically measured for (a) STNi and (b) STNNi. The measurements were performed under static conditions
(UHV, room temperature) after consecutive annealing steps, corresponding to measurements 1, 2, 7 and 10 of the Ni 3p-
Ti 3s core-level region shown in Fig. S7. A photon energy of Ehv = 680 eV was used for the analysis. The binding
energy of all spectra were aligned with respect to the Ti 3s position and a Shirley-type background was subtracted. The
spectra were obtained during joint annealing by alternately changing the probing position between the two samples.

Fig. S9 depicts superimposed XPS core-level spectra as periodically obtained from STNi (O 1s,

Ti 2p and Sr 3d) and from STNNi (O 1s, Ti 2p, Sr 3d and Nb 3d) under static conditions (UHV,

room temperature). The spectra were recorded from the as-transferred sample, after mild oxi-

dation as well as after the first T = 350◦C reduction step and after the second T = 500◦C thermal

reduction step. A photon energy of Ehv = 680 eV was used for the analysis. The IMFP for each of

the core-level spectra is denoted in the figure.

For STNi thin films, pronounced changes are detected in the O 1s core-level spectrum. Two main

peaks are apparent for the as-transferred sample. Here, the peak that is detected at a lower binding

energy can be assigned to the perovskite lattice oxygen. A second peak of significant intensity is

detected at higher binding energy, which is typically assigned to (mixed) hydroxides at the sur-
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face of the oxide, where surface carbonates may further contribute to the slightly asymmetric peak

shape. The strong affinity for surface hydroxylation upon exposure the atmosphere is in line with

a large oxygen vacancy concentration at the surface of STNi12,13. No significant changes in in

the spectra shape of the Ti 2p signature were detected in the different sample states. The Sr 3d

spectrum exhibits variations in the relative weight and the intensity valley between the Sr 3d5/2 and

the Sr 3d3/2 doublet, likely indicating the presence of a minor SrO or Sr(OH)2 surface phase at the

surface of the as-transferred sample as well as after mild oxidation of the thin films.

For STNNi thin films, only a small high-binding energy shoulder is detected in the O 1s core-level

spectrum relative to the perovskite peak for as-transferred samples and for samples after mild ox-

idation. This observation may indicate a low affinity for surface hydroxylation related to a low

oxygen vacancy concentration at the surface12,13. No significant changes in the Ti 2p and Nb 3d

spectral shape are detected across the sample states. The evolution of more pronounced intensity

valley in between the Sr 3d5/2 and the Sr 3d3/2 doublet becomes visible only after thermal reduction

at T = 500◦C, which may indicate the filling of strontium vacancies that are typically introduced by

formation of a surface space charge region during material synthesis under oxidizing conditions14.

Fig. S10 shows additional XPS and HR-STEM data to demonstrate that no significant Sr-rich

phases form at the thin film surface or in the thin film bulk upon thermal reduction in the investi-

gated time-temperature window. A comparison of the relative peak area ratios of A-site and B-site

cations before and after thermal reduction are shown in Fig. S10a, b, respectively. As can be seen

no significant changes in the respective A / B-ratio is detected for both STNNi (Fig. S10a) and

STNi (Fig. S10b) after the thermal reduction treatment indicating that surface SrO formation as

a consequence of B-site cation exsolution is negligible. Furthermore, HR-STEM imaging of the

thin films in the as-prepared state and the thermally reduced state of representative STNNi and

STNi samples is shown in (Fig. S10c-f). As can be seen, a coherent perovskite lattice is visible for

all samples. We, therefore, can exclude degradation effects in form of phase segregation and the

formation of extensive amounts of Sr-rich extended defects within the perovskite lattice. Based

on our analysis, we hypothesize that the exsolution of B-site Ni dopants may be predominantly
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compensated by the formation of Ruddlesden-Popper type defects (or to a lesser extent by the for-

mation of B-site vacancies), as opposed to the decomposition of the perovskite structure, which

limits the release of Sr cations.
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Figure S10: (a, b) Relative peak area ratio for A-site / B-site cations obtained from STNNi and STNi thin films
after mild oxidation and after thermal reduction at T = 500◦C using a photon energy of Ehv = 680 eV for the analysis,
respectively. (c-f) High resolution transmission electron microscopy images comparing STNNi and STNi thin films in
the as-prepared state and after thermal reduction. The inset images show a magnification of ∼10x10 unit cells, each
obtained from the main images.
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Supplementary Note 5: Dewetting of sputtered thin films
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Figure S11: As-prepared 20 nm thick Ni thin films prepared by sputtering on TiO2-terminated STO and Nb:STO
single-crystal substrates. (a) Photograph of pieces of Ni-STO and Ni-Nb:STO cut from a 10 x 10 mm sample. (b) SEM
imaging of the patterned thin film. (c) AFM imaging of the surface morphology obtained in the center of one of the
large Ni pads shown in (b).

Fig. S11 shows the characterization of sputtered Ni thin films used for dewetting experiments as

discussed in the main manuscript. Dense Ni thin films of 20 nm were sputtered on the surface of

TiO2-terminated STO and Nb:STO substrates using a shadow mask. A defined square patterned

thin film was obtained, where the thin film surface exhibits a smooth surface morphology. The

sputtered Ni thin films are employed for quasi-Winterbottom analysis after dewetting under reduc-

ing conditions as discussed in the main manuscript.
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Figure S12: Frequency distribution of the nanoparticle / cluster diameter of Ni nanoparticles fabricated by dewetting
of a sputtered Ni thin film on a Nb:STO and a STO single crystal substrate (T1 = 1000°C, t1 = 5 h and T2 = 1050°C,
t2 = 23 h in p(4% H2/Ar) = 1 bar). The particle / cluster diameters are determined based on scanning electron mi-
croscopy, using an average of three measurements for each particle, respectively.

The size distributions for Ni nanoparticles, fabricated by dewetting of sputtered Ni thin films,

corresponding to Fig. 4 of the main manuscript is shown in Fig. S12. As can be seen, a unimodal

frequency distribution is detected for Ni particles on the donor-type Nb:STO substrate, while a

non-normal frequency distribution becomes apparent for Ni particles fabricated on the impurity

acceptor-doped STO substrate. Here, an increased number of large Ni particles / clusters points

towards pronounced coalescence effects. Notably, the increased coalescence effects during dewet-

ting of Ni on STO, are correlated to a lower nanoparticle density of 1.2 µm−2 (versus 1.7 µm−2

for dewetting of Ni on Nb:STO).
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Figure S13: Scanning transmission electron microscopy of the nanoparticle-support interface of samples that were
synthesized by dewetting of 20 nm thick Ni thin films that were sputtered on (001) Nb:STO and STO substrates
(T1 = 1000°C, t1 = 5 h and T2 = 1050°C, t2 = 23 h in p(4% H2/Ar) = 1 bar). Representative cross-section imaging of Ni
a nanoparticles on (a) an (donor-type) Nb:STO and a acceptor-type STO substrate. The approcimate perimeter of the
particles is highlighted by dashes blue lines, the Wulff center is denoted by a blue circle and R1 / R2 determined from
the images and used for quasi-Winterbottom analysis are indicated by blue arrows.

A quasi-Winterbottom analysis is performed to investigate differences in the wetting behaviour

of metallic Ni particles synthesized by dewetting of sputtered Ni thin films on donor-type Nb:STO

(Fig. S13a) and acceptor-type STO (Fig. S13b) substrates under reducing conditions (T1 = 1000°C,

t1 = 5 h and T2 = 1050°C, t2 = 23 h in p(4% H2/Ar) = 1 bar). The particles were found to be aligned

in different orientations (e.g. (001), (011) and (111) with respect to the (001)-oriented substrate) or

misaligned with respect to the crystal lattice of the substrate, which may indicate that the particles

have not yet reached local equilibrium with the respective substrate under the given annealing con-

ditions (a true Winterbottom analysis requires all particles being present in equilibrium shape15).

However, relative differences in the interfacial energy between the Ni-Nb:STO and the Ni-STO

material systems can be compared on the basis of the wetting behaviour at the particle-substrate

interface. Notably, the dewetted thin films have experienced much harsher conditions than the ex-

solved nanoparticles at the STNNi and STNi surface. The relative distance from the center of the

Wulff shape of the nanoparticle to the particle-substrate interface is determined, where R1 is the

distance from the particle-substrate interface to the Wulff center, and R2 is the distance from the

Wulff center to the uppermost facet of the particle (Fig. S13).
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Figure S14: Scanning electron microscopy and Scanning transmission electron microscopy of the nanoparticle-
support interface of Ni nanoparticles that were synthesized by dewetting on SrTiO3.(a) HR-STEM imaging of the
central particle-support interface showing a defined interface of nanoparticles synthesized by dewetting on the oxide
substrates. (b) HR-STEM imaging of the particle boundary, indicating the formation of a base structure (highlighted by
yellow line) at the particle-support interface after dewetting that may be interpreted as an early stage of nanoparticle
socketing. (c) SEM imaging of Ni nanoparticles on an SrTiO3 substrate synthesized by dewetting of a sputtered
20 nm thick Ni thin film, respectively (T1 = 1000°C, t1 = 5 h and T2 = 1050°C, t2 = 23 h in p(4% H2/Ar) = 1 bar). The
formation of ,trails’ is associated with the formation of the supported nanoparticles on the substrate is visible. Several
trails are highlighted by yellow arrows.

Dewetting of a sputtered Ni thin film on a SrTiO3 under reducing atmosphere, results in the for-

mation of nanoparticles with inhomogeneous spatial and size distribution (Fig. S14). In Fig. S14a

a Z-contrast image recorded at the center of the Ni-STO interface shows a Ni particle sitting on

the B-site terminated STO substrate. For comparison an image recorded at the surface boundary

of the particle is shown in Fig. S14b, where the formation of a ridge becomes apparent. A recent

study on exsolution catalysts has shown that nanoparticle socketing is not directly associated to

the exsolution process but proceeds in a subsequent modification of the metal-oxide interface as

described above16. Our study shows similar topological features forming at the oxide support af-

ter high-temperature dewetting of a sputtered Ni thin films. It is worth noting that our imaging
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study has revealed that such ridges or sockets are often present in the vicinity of the supported

nanoparticles, while however, being frequently detached from the particles. Furthermore, the for-

mation of ,trails’, i.e. topological features in close proximity to many of the particles synthesized

by dewetting is visible on the STO substrate (Fig. S14c). Exemplarily, prominent trail features are

highlighted by yellow arrows in Fig. S14c. In a recent study, the formation of trails proceeding

from nanoparticles synthesized by metal exsolution was demonstrated and associated to the mo-

bility of nanoparticles at elevated temperatures17. The formation of these topological features may

be related to the formation of ridges16 and sockets16,18, which were shown to accompany metal

exsolution reactions. The evolution of these structural surface features may have a mutual origin,

while they appear to have no significant influence on the thermal stability, i.e. the growth and coa-

lescence of the supported Ni nanoparticles in the present material system.

Considering these findings it is important to emphasize that it is very likely that nanoparticle sock-

eting is not a unique feature of metal exsolution and hence not limited to exsolved nanoparticles

but rather is related to the nature of the equilibrated metal-oxide interface as shown in another

recent study17. Therefore, it can be hypothesized that the extent of the particle embedment may

be specific for the nature of the respective metal-oxide material system. Here, further research is

needed to identify the role of defects, such as A-site deficiency which is commonly introduced in

exsolution-active perovskite parents19, for the formation of nanoparticle sockets.
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Supplementary Note 6: Exsolution under humid conditions
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Figure S15: Comparison of the surface morphology of STNi after thermal reduction in (a) dry conditions
(T = 400°C, t = 20 h, p(4% H2/Ar) = 1 bar) and (b) humid conditions (T = 400°C, t = 20 h, p(4% H2/Ar/H2O) = 1 bar).

In Fig. S15, the exsolution behavior of STNi is compared after thermal reduction in dry con-

ditions (Fig. S15a) and in humid conditions (Fig. S15b). Notably, dry reduction conditions are

employed for all measurements throughout the main paper leading to fast coalescence of exsolved

Ni nanoparticles (cf. Fig. S4 for further comparison). For humidification of the gas mixture the 4%

H2/Ar gas flow was passed through a water bath at room temperature before entering the quartz

tube of the quench furnace. As can be seen, the exsolution behaviour changes dramatically, where

pronounced coarsening is visible for dry conditions and finely dispersed nanoparticles decorate the

acceptor-type STNi surface after thermal reduction in a humidified gas atmosphere.
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