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1.  Fitting for the Ni 3p and Ti 3s Regions
Fig. S1 shows fits for the Ni 3p and Ti 3s regions at 900 eV photon energy on STNNi after reducing 

in 1 Torr H2 at increasing annealing times and temperatures. Fits for Ni2+, Ni0, and Ti4+ components are 
shown in red, blue, and black, respectively. All Ni 3p species (Ni2+ and Ni0) are fitted with Voigt type 
doublets, having fixed spin orbit splitting, branching ratios, and widths. Meanwhile, the Ti 3s region is fit 
with a singlet. Full width at half maxima (FWHM) are fixed for each species across all conditions. Binding 
energies are calibrated as discussed in section 2 of the main text.

2.  Elemental Identification of STNNi Features
In Figure 3 of the main text, we show AFM imaging of an STNNi surface before and after reducing 

treatment. Before the reducing treatment, the surface is bare, consisting only of STNNi steps. After reducing 
in H2 gas at 800 °C, the surface is decorated by high contrast structures averaging 27.8 nm wide and 7.1 nm 
high. The reduced surface also contains low contrast features with a height of just 0.4 nm (main text, Fig. 
3b, inset). The three-dimensional morphology of the brighter features is consistent with nanoparticle 
formation upon Ni exsolution [1] [2] , while the 0.4 nm height of the low contrast features is consistent with 
the height of one SrTiO3 unit cell. This suggests that the latter features are related to a relaxation or 
reconstruction of the STNNi host lattice during the reduction and nanoparticle formation.

To support the identification of the features observed in AFM, we also measured X-ray absorption 
spectroscopy (XAS) using SX-STM to locally probe the surface composition. [3] [4] As stated in the main 
text, the Ni L3-edge intensity was measured every 12 nm in a 216 nm × 300 nm region (450 total positions) 
to enable detection of the features with approximately 27 nm width on our surfaces. Fig. S2a shows the L3-
edge intensity at each of the 450 points measured, with three locations having significantly higher Ni 
intensity than others. These intensities are also plotted as a 216 nm × 300 nm 2D map in Fig. S2b, where 
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three bright green pixels appear at the locations with high 
Ni intensity. To check whether this agrees with the 
distribution of features in the AFM images, we counted 
the number of both high and low contrast features in thirty 
different 216 nm × 300 nm regions on pre-exsolved 
samples. Approximately 4.9±1.3 high contrast features 
and 14.8±2.6 low contrast features appeared in each 
region (where 1.3 and 2.6 are the respective standard 
deviations). The appearance of three locations with high 
Ni intensity is consistent with the distribution of high 
contrast features on the pre-exsolved samples. This is in 
agreement with the attribution of the high contrast 
features as exsolved Ni nanoparticles. We caution that 
finer resolution should be used in order to conclusively 
identify the high contrast features as Ni nanoparticles. 
Finer resolution in future SXSTM measurements on 
exsolved nanoparticles can be obtained by simply 
decreasing the distance between measurement points. 
Nevertheless, because the high contrast features are 
observed in AFM upon Ni migration, in response to 
reducing treatments, this further supports the 
identification of the high contrast features as Ni particles. 
Meanwhile, the 0.4 nm height of the low contrast features 
observed in AFM suggests a possible relationship to the 
STO host surface.

Fig. S1: Ni 3p and Ti 3s regions at 900 eV 
photon energy are shown on STNNi before 
reducing treatments, and then after reducing 
in 1 Torr H2 at increasing annealing times 
and temperatures. Fits for Ni2+, Ni0, and Ti4+ 
components are shown in red, blue, and 
black, respectively.

Fig. S2. Ni L3-edge intensity measured at 12 nm intervals on STNNi is shown in (a). Measurements in 
(a) were recorded over a 216 nm × 300 nm region, shown in (b) with relative XAS intensity plotted at 
each point.
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