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Spatial selectivity of reaction sites is 
made possible by having an electrochem-
ical potential difference between distinct 
regions on a given surface.[5] Noble metal 
co-catalysts are very commonly added 
to photocatalysts to engender spatial 
selectivity and achieve some empirically 
optimized balance between reactions on 
the distinct surfaces.[8–10] For some mate-
rials, however, spatial selectivity can be 
attained without the addition of another 
phase. Bai et al.[11] and Li et al.[12] reviewed 
mechanisms that lead to charged surface 
domains that promote charge separation. 
Spatially distinct photoanodic and photo-
cathodic domains may arise from different 
polarities of ferroelectric domains,[13–17] 
different surface electronic energy levels 
of distinct crystalline facets (surface ori-
entation),[18–20] different surface polarities 

of ferroelastic domains,[21–24] and different chemical termina-
tions on a single orientation.[25–27] All of these mechanisms for 
creating charged surface domains have been investigated indi-
vidually. However, for catalysts that expose multiple surfaces, 
which is the case for most particles and polycrystals, charged 
surface domains might arise from more than one mechanism. 
For example, if the catalyst exposes multiple surface orienta-
tions to the reaction environment, and one or more of these 
surfaces has differently charged surface domains because 
of multiple chemical terminations, then chemical potential 
differences can arise because of both the surface orientation and 
the surface termination. In cases where the material is ferro-
electric or ferroelastic, there are additional sources of chemical 
potential differences. Because we do not currently understand 
the relative importance of charged surface domains created by 
these different mechanisms, it is important to study their effect 
on chemical reactivity when they co-exist on the same catalyst.

Here, we study arbitrarily oriented surfaces of cubic perov-
skite structured SrTiO3. This material is interesting because 
Al-doped SrTiO3, activated with a Rh2−yCryO3 catalyst, has been 
shown to split water in sunlight.[28] There are two mechanisms 
that can create charged surface domains on SrTiO3. The first 
is that differently oriented surfaces are relatively more photo-
cathodic or photoanodic.[29,30] At 1250 °C, SrTiO3 surfaces are 
mostly made up of {100} and {110} facets and, at higher tem-
peratures, {111} facets also appear on the equilibrium crystal 
shape,[31,32] and each of these surfaces has a different photo-
chemical reactivity.[17] The second mechanism that can create 
charged surface domains is that SrTiO3 surfaces can have 
different chemical terminations, with different charges, that 

SrTiO3 polycrystalline ceramics with polished surfaces are annealed at 
1250 °C in air. This treatment causes the flat surfaces to break up into facets 
meeting at sharp edges and corners. An analysis of the orientations and 
topography of the faceted surfaces demonstrates that all are either {100} or 
{110} oriented. The {100} surfaces are photocathodically active and reduce 
Ag+ to Ag metal. The {110} surfaces are photoanodically active and oxidize 
Mn2+ and Pb2+ to Mn4+ and Pb4+, respectively. The chemical properties of 
both surfaces appear to be uniformly photocathodic or photoanodic. How-
ever, after annealing at 1100 °C with Sr3Ti2O7, the {110} facets have a combi-
nation of photocathodic and photoanodic terraces. The results show that the 
photocathodic-to-photoanodic surface area ratio, which influences the overall 
rate of a photochemical reaction, can be controlled for arbitrarily oriented 
SrTiO3 surfaces by using thermal treatments to create low index facets and to 
control the chemical terminations on these facets.
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Photochemistry

1. Introduction

Photocatalysis is the process of using light to increase the rate of 
a chemical reaction. This phenomenon has tremendous poten-
tial in applications such as water splitting[1] and the purification 
of water[2] and air.[3] However, the efficiencies of photocatalytic 
processes are low, especially when sunlight is used to drive 
them.[4] Separating photogenerated electron–hole pairs in photo-
catalysts is an absolute necessity for efficient photocatalysis.[5]  
One way of achieving this is by engineering spatial selectivity 
into the material. Spatial selectivity means that the photoan-
odic reaction sites are spatially separated and distinct from the 
photocathodic reaction sites. Simulations have suggested that 
it might be possible to optimize a ferroelectric photocatalytic 
material with spatially selective photocathodic and photoanodic 
domains to minimize internal recombination and thus improve 
efficiency from less than 1% to over 90% of the theoretical 
maximum.[6,7] Because efficiency is the factor most limiting the 
commercialization of climate-change fighting concepts such as 
solar water splitting, it is important to study and understand the 
spatial selectivity of reactivity of the surfaces of photocatalysts.
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promote the photocathodic and photoanodic half reactions dif-
ferently.[33] For example, the two possible chemical termina-
tions of the SrTiO3 (100) surface are SrO or TiO2, and the two 
possible chemical terminations of the SrTiO3 (110) are O2

4− and 
SrTiO4+. It should be emphasized that here we refer to the ideal 
terminations when the crystal is cleaved and the atomic posi-
tions do not significantly change. In reality, the surface is likely 
to reconstruct and this will depend on the external environ-
ment,[34,35] but such changes do not completely eliminate the 
surface charge.

Small, polygonal SrTiO3 crystals have been shown to have 
orientation dependent photochemical reactivity that depends 
on crystal shape.[29,30] When the crystals were terminated only 
by {100} planes, the {100} facets were both photocathodic and 
photoanodic. However, when the crystals were engineered 
to have {100} and {110} facets, the {100} surfaces were rela-
tively photocathodic and the {110} surface were relatively 
photoanodic.[29,30] Giocondi and Rohrer[33] showed that single 
crystal SrTiO3(110) and (111) surfaces can simultaneously sup-
port relatively photoanodic and photocathodic terraces with 
different chemical terminations, and Zhu et al.[26,27] showed 
that it was possible to adjust the relative areas of these terraces. 
By exposing SrTiO3 single crystals to Sr-rich and Sr-deficient 
atmospheres at high temperatures, the surfaces were made 
Sr-rich or deficient, respectively (likely by vapor transport of 
Sr(OH)2). By controlling the time and temperature of annealing 
in various conditions, the photocathodic area fraction of the 
(111) surface could be changed from 14% to 55%.[26] Simi-
larly, the photocathodic area fraction of the (110) surface could 
be changed from 0% to 98%.[27] These results indicate that, 
by controlling the particle shape and chemical termination, it 
is possible to control the relative areas of photocathodic and 
photoanodic areas on the SrTiO3 surface. Furthermore, it was 
recently demonstrated that surface terminations can also influ-
ence thermocatalytic reactions; Polo-Garzon et al.[25] used ther-
mochemical treatments to control the surface terminations of 
SrTiO3 powders and showed that this influenced the selectivity 
for the conversion of 2-propanol to propene and acetone.

The purpose of this paper is to show that the photochemical 
reactivity of arbitrarily oriented SrTiO3 surfaces can be tuned in 
a manner similar to the low index orientations of single crystal 
SrTiO3. While one might expect a low index facet on an arbi-
trarily oriented surface to behave in the same way as a single 
crystal with that low index orientation, there is an important 
difference. For the case of a single crystal with a near atomi-
cally flat surface, both the reduction and oxidation half reac-
tions have to occur on the same surface. For the case of an 
arbitrarily oriented crystal whose equilibrium crystal shape is 
made up of a limited number of facets, surfaces exposed to 
high temperature annealing will be constructed of facets with 
multiple orientations, and the reduction reaction can occur on 
the more photocathodic orientation and the oxidation reaction 
on the more photoanodic orientation. The role of charged sur-
face domains in this case is not clear. Therefore, thermochem-
ical treatments inspired by reference[27] were used to alter the 
relative areas of photocathodic and photoanodic terraces on 
thermally induced low index facets on SrTiO3 and the influence 
of this on the photochemical reactions was determined. What 
is new about the current experiments is that samples are used 

that simultaneously have different relative areas of different 
surface orientations and different charged domains with dif-
ferent chemical terminations. This situation makes it possible 
to explore the simultaneous influence of multiple surface 
orientations and different charged domains on the spatial selec-
tivity of photodeposition reactions. The results show that both 
surface orientation and the charged domains are influential in 
determining the photochemical reactivity.

2. Results

The surface of the SrTiO3 crystal after the baseline thermal 
treatment is shown in Figure 1. A grain boundary and a triple 
junction are labeled GB and TJ, respectively. The contrast 
within the grains results from sets of facets that replaced the 
original, flat, polished surface. While the facets increase the 
surface area, they lower the total surface energy by replacing 
the original surface with lower energy surfaces.[36]

The surface orientations of the facets on seven grains were 
determined using topographic atomic force microscopy (AFM) 
data, electron backscatter diffraction (EBSD) crystal orientation 
data, and the procedure described in the Experimental Section. 
An example of a 3D representation of the topographic AFM 
data from a faceted surface is shown in Figure 2a. Two direc-
tions normal to the surface are illustrated by the white arrows. 
For seven different grains, 750 surface normals were extracted 
and they are shown in the crystal reference frame in Figure 2b. 
The orientations are plotted in the standard stereographic tri-
angle, which represents all distinguishable surface orientations 
in the cubic system. The surface normals are strongly clustered 
about the (001) and (101) orientations. Deviations from the 
ideal (001) and (101) orientations are most likely the result of 
uncertainties in the surface normal measurement; because of 
the finite curvature of the AFM tip, the sharp facet intersections 
are rounded so that locally, there is a more continuous range 
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Figure 1. Secondary electron image of the SrTiO3 sample surface after 
the baseline thermal treatment. The scale bar is 3 µm.
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of orientations. It is also possible that a finite and continuous 
range of vicinal orientations are permitted near the ideal low 
index orientations, as reported for samples annealed at higher 
temperature.[32] In either case, we interpret the result to mean 
that the faceted SrTiO3 surfaces that result from annealing at 
1250 °C are constructed of {100} and {110} surfaces, and pos-
sibly some orientations vicinal to these surfaces. We note that 
this interpretation is consistent with the data reported by Rhein-
heimer et al.,[31] who concluded that the equilibrium crystal 
shape at this temperature consists of {100} and {110} facets.

The photochemical reactivity of the faceted surfaces suggests 
that the two different facets have distinctly different reactivities. 
For example, the secondary electron (SE) images in Figure 3 
show the surface after the photochemical reduction of Ag+; 
this is a surface that was subjected to the baseline treatment. 
The silver appears as small particles with white contrast in 
Figure 3a,b. In Figure 3a, at least one set of facets in all grains 
is decorated with reaction product (white contrast). Conversely, 
at least one set of facets on each grain has almost no observ-
able reduced silver. The selectivity of the silver reduction shows 
that one of the two orientations is strongly photocathodic while 
the other is not. The same phenomenon was observed for all 
grains. A higher magnification image of the surface of a single 

grain is shown in Figure 3b. False color has been added in a 
region of Figure 3b to demarcate photocathodic (blue) and non-
photocathodic (pink) sets of facets. For added clarity, this is rep-
resented schematically in Figure 3c. The schematic illustrates 
the hill-and-valley structure formed by the facets, with only the 
blue-colored facets active for silver reduction.

To determine the orientations of photocathodic (photoanodic) 
facets, the surfaces were used to photoreduce (photooxidize) 
Ag+ (Mn2+). The SE images in Figure 4a,d show grains after a 
6 s photoreduction reaction and a 1 min photooxidation reac-
tion, respectively. The particles with white contrast in Figure 4a 
are photodeposited silver. The filamentary, web-like deposit in 
Figure 4d is MnOx. 3D representations of the areas enclosed 
in red squares in Figure 4a,d are illustrated in Figure 4b,e, 
respectively. The reactive facets in both instances have been 
labeled and colored (blue/pink) to make it easy to identify the 
facet reactivity (cathodic/anodic). As mentioned before, it is 
assumed that the facets meet at a sharp edge, but the inter-
section appears rounded because of the finite curvature of the 
AFM tip. The surface normal vectors, obtained from the AFM 
data and transformed into the crystal reference frame using the 
grain orientation data, are plotted on a standard stereographic 
triangle in Figure 4c,f for the photocathodic and photoanodic  
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Figure 2. a) A 3D representation of the topographic AFM data; two surface normals are indicated by the white arrows. b) The orientations of 750 sur-
face normals from seven grains projected onto the standard stereographic triangle. A different symbol is used for the normals from different grains.

Figure 3. a) SEM image of a surface after the photoreduction of Ag+. The scale bar is 2 µm. b) Zoomed-in image of a single grain surface made up of two 
facets, where one is active for photoreduction and the other is not. The scale bar is 1 µm. c) Schematic of the hill-and-valley topography of the facets. The 
blue-colored facets are photocathodic and correspond to the area in (b) marked with the same color, and the grey circles represent photoreduced silver.
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reaction, respectively. Each orientation distribution contains  
50 randomly selected points from the photocathodic and photo-
anodic facet surfaces shown in Figure 4b,e, respectively. The 
results in Figure 4c,f clearly show that the photocathodic facets 
have near {100} orientations and the photoanodic facets have 
near {110} orientations. This conclusion was reached from all 
areas examined. In cases where three facets were observed, two 
of the three promoted either reduction or oxidation and were 
found to be in the {100} or the {110} family, respectively. Again, 
the scatter in the measured orientations is attributed to the cur-
vature introduced by the shape of the AFM tip.

To confirm that different sets of facets carry out different 
reactions on a single grain, we examined by the photoreduc-
tion of silver and the photooxidation of manganese on the same 

grain. The AFM images in Figure 5a–c show the topography 
of the same area of one SrTiO3 grain before any reaction, after 
photoreduction, and after photooxidation, respectively. There 
are two sets of facets on this grain. Comparing Figure 5a (before 
reaction) with Figure 5b (after photoreduction), one of these sets  
of facets is covered with higher (white contrast) features that 
result from the photoreduction of Ag+. Therefore, these are the 
photocathodic facets. When one compares Figure 5a (before 
reaction) with Figure 5c (after photooxidation), the other set 
of facets is covered with higher (white contrast) features that 
result from the photooxidation of Mn2+. Therefore, these are 
the photoanodic facets. To illustrate the distinct characteristics 
of these facets, Figure 5d shows a 3D representation of the area 
in the black outline from Figure 5a, where the photocathodic 
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Figure 4. a) SE image of a grain after photoreduction. b) 3D representation of an AFM image from the area in (a) denoted by the red square.  
c) Standard stereographic projection showing the orientations of 50 surface normals in the crystal reference frame from (b). d) SE image of a grain after 
photooxidation. In (a,d) the scale bar is 500 nm. e) 3D representation of an AFM image from the area in (d) denoted by the red square. f) Standard 
stereographic projection showing the orientations of 50 surface normals in the crystal reference frame from (e). Vertical scales: b) 330 nm e) 55 nm.

Figure 5. AFM topography of a grain (a) before reaction, b) after photoreduction and c) after photooxidation. d) 3D representation of area inside black 
box in (a) colored by reactivity. The scale bar is 1 µm. Vertical scales (dark to bright): a) 210 nm, b) 162 nm, c) 187 nm.
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(photoanodic) facets have been colored blue (pink). The finding 
from these observations is that reduction and oxidation take 
place on complementary sets of facets on the same grain in the 
baseline samples. This is observed consistently for all grains.

Finally, the photochemical reactivity of a surface was studied 
before and after a thermochemical treatment in an environment 
with a Sr-excess to determine if the surface reactivity could be 
changed. The SEM images in Figure 6 show a grain whose large, 
flat terraces have the {110} orientation. Figure 6a shows the sur-
face after photoreduction of silver. There is almost no reduced 
silver on the {110} facets. Instead, silver particles with white con-
trast decorate only the {100}-oriented ledges. For the images in 
Figure 6b–f, we focus only on the area within the black, dashed, 
rectangle and the photocathodically inert terrace that is colored 
pink. This region is shown, with no markings, in Figure 6b, and 
the terrace is illustrated schematically to the right.

After being used to reduce silver, the surface was cleaned 
and heated for 5 h at 1100 °C with 0.1 g of Sr3Ti2O7. Following 
Zhu et al.,[26,27] this thermal treatment makes the surfaces rela-
tively Sr-rich. When silver is photochemically reduced on the 
thermally treated surface (15 s exposure), in addition to {100} 
ledges, reduced silver is found on a greater fraction of the {110} 
flat terraces (see Figure 6c) than after the baseline treatment 
(see Figure 6b). Some areas appear to be free of silver particles 
and for clarity, one of them is marked by pink in Figure 6d. The 

sample was then cleaned and subjected to photooxidation of lead 
(16 s exposure). As shown in Figure 6e, the areas that reduced 
the most silver now have a few larger lead deposits, while the 
areas that did not reduce silver are coated with oxidized lead. 
The areas coated with oxidized lead are highlighted in pink in 
Figure 6f, and the oxidized lead is shown as dark gray in the 
schematic, with the pink photoanodic surface visible between 
breaks in the oxidized lead coating. Because the thermal treat-
ment increased the relative area of the surface that reduces 
silver, it is more photocathodic. Note that while the {110} sur-
face was originally photoanodic after the baseline treatment, it 
becomes bifunctional after the treatment in excess Sr, with part 
of the surface being photocathodic. This change is illustrated by 
the schematics on the right side of Figure 6 (and is consistent 
with observations made for single crystals[27]).

3. Discussion

The photochemical reactivity of arbitrarily oriented crystals 
at the surface of a SrTiO3 polycrystal can be interpreted in a 
surprisingly simple way. Because a general crystal orientation 
{hkl} of SrTiO3 always breaks up into a combination of {100} 
and {110} facets under the annealing conditions used, the reac-
tivity of the surface is simply a combination of the reactivity of 
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Figure 6. SEM images of the same area of SrTiO3 grain after different treatments. a) Large field of view image showing large (110) terraces after the 
reduction of silver. b) View of the area of interest. c) After a thermal treatment (5 h/1100 °C/0.1 g Sr3Ti2O7) to make the surface Sr-rich, silver is reduced 
on more of the surface, including area with the (110) orientation. d) False color has been added to (c) to highlight areas with silver (blue) and areas 
without silver (pink). e) The same surface after the oxidation of lead. f) False color has been added to (e) to highlight areas covered by oxidized lead 
(pink) and those with less lead (blue). In the schematics, photocathodic areas are blue, photoanodic areas are pink, silver particles are light grey, and 
lead deposits are dark grey. In all images, the scale bar is 500 nm.
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the {100} and {110} orientations. The relative areas of the {100} 
and {110} facets vary with the macroscopic crystal orientation, 
{hkl}.[37] The results show that the {110} oriented facets are 
more photoanodic and the {100} facets are more photocathodic. 
This suggests that it is possible to transfer photogenerated 
electrons to the more photocathodic orientation and photogen-
erated holes to the more photoanodic orientation. The result is 
that when a high index surface orientation breaks up into {100} 
and {110} facets, these two orientations provide an abundance 
of photocathodic and photoanodic sites to promote the overall 
reaction.

For an ideally orientated single crystal surface (nearly atomi-
cally flat), the situation is different. In this case, if there are no 
steps, the oxidation and reduction reactions must occur on the 
same surface. For SrTiO3, the photocathodic and photoanodic 
reactions can be supported by differently charged surface 
domains that arise from differences in the chemical termi-
nations.[33] However, the results presented here suggest that 
differently charged surface domains are not apparent, nor are 
they necessary, when {100} and {110} facets are simultaneously 
present on surfaces annealed in standard conditions (1250 °C, 
8 h, in air). This is consistent with the findings of Mu et al.,[30] 
who studied the photochemical reactivity of sub-micrometer, 
polygonal SrTiO3 crystals. They found that cube-shaped crystals 
terminated by only {100} surfaces supported both photoca-
thodic and photoanodic reactions. However, when crystals 
had both {100} and {110} facets, the photocathodic reaction 
occurred exclusively on {100} and the photoanodic reaction 
occurred exclusively on {110}. From this, one can conclude that 
the photoanodic sites on the {110} surface are more favorable 
than any such sites on the {100} surface.

One of the questions motivating this study was to under-
stand the relative importance of surface termination (the chem-
ical composition of the surface) versus the surface orientation. 
Information from the earlier single crystal studies can be 
used to identify the most likely terminations after the baseline 
thermal treatment (1250 °C, 8 h, in air). Zhu et al.[27] reported 
that after heating a (110) orientated SrTiO3 single crystal at 
1200 °C for 12 h, 90% of the surface area is photoanodic and 
after 24 h it was 100% photoanodic. Although our baseline 
treatment was for only 8 h, is was at a higher temperature, so it 
is safe to assume that the surface is also mostly, if not entirely, 
photoanodic. In fact, the results show that {110} surfaces are 
almost completely photoanodic, with only negligible amounts 
of silver reduced on these surfaces. The other principal facet 
is {100}. Although the chemical properties of this surface have 
not been reported, details of the surface structure after sim-
ilar thermal treatments have been reported. Bachelet et al.[38] 
reported that after heating a (100) orientated SrTiO3 single 
crystal at 1300 °C for 8 h, the surface had a roughly equal mix 
of SrO and TiO2 terminated surfaces. Considering the simi-
larity of our annealing conditions, it is reasonable to assume 
that the surfaces in the present study had a similar composi-
tion. Ocal et al.[39] reported that the measured surface potential 
difference between the SrO and TiO2 terminations on a (100) 
oriented single crystal is ≈45 mV. On the SrTiO3 (110) surface, 
potential differences as small at 10 mV[27] led to the spatial sep-
aration of reaction products, so it seems likely that the same 
thing should occur {100} surfaces, but this was not observed. 

This is probably because of the simultaneous presence of {110} 
facets. As noted above, the {110} surface appears to be more 
anodic than any sites on the {100} surface, so that the photoca-
thodic reaction occurs exclusively on the {100} surface and the 
photoanodic reaction occurs exclusively on the {110} surface.

If one considered only the experiments after the baseline 
thermal treatment, where there is no evidence that charged 
surface domains from termination differences influence the 
reactivity, it would be concluded that the surface orientation is 
more important than the chemical termination. However, the 
observations after the thermal treatment with Sr3Ti2O7 shows 
that this does not have to be the case. According to Zhu et al.,[27] 
annealing in the presence of Sr3Ti2O7 should increase the rela-
tive area of photocathodic domains on the {110} surface. This 
is confirmed in Figure 6, which shows that parts of the {110} 
terraces become photocathodic (and less photoanodic) after the 
heat treatment. In previous work,[26] photocathodic behavior 
was associated with a surface composition that had a greater 
Sr/Ti ratio, and this is consistent with the expected result of 
heating the surface in the presence of Sr3Ti2O7. It is currently 
not known what effect the heat treatment might have on the 
surface terminations of the {100} surface. However, the treat-
ment promotes photocathodic reactivity and it is therefore 
not surprising that the originally photocathodic {100} surface 
remains photocathodic after the thermal treatment.

The relative areas of photocathodic and photoanodic surfaces 
on a catalyst particle are important for the overall reactivity. 
The schematic crystal shown in Figure 7a can simultaneously 
promote oxidation and reduction, which is necessary for the 
photochemical reaction to proceed. In this case, the 6 {100} 
surfaces promote the photocathodic reaction and the 12 {110} 
surfaces promote the photoanodic reaction. It is assumed that 
electrons and holes generated in the bulk can migrate to the 
appropriate surface. This is supported by simulations that 
showed that small differences in surface potential cause elec-
trons and holes to migrate to oppositely charged surfaces with 
little recombination.[6,7] However, for the reaction to proceed at 
the maximum rate, the oxidation and reduction must proceed 
at their maximum equal rates. One way to manipulate the rela-
tive reaction rates it to control the photocathodic to photoanodic 
surface area ratio. This could be accomplished by changing 
the shape of the crystal (the relative areas of {100} and {110} 
surface). Another possibility is to use thermochemical treat-
ments, as demonstrated here, that create photocathodic surface 
domains on the {110} surfaces. For example, Figure 7b sche-
matically illustrates how photocathodic-to-photoanodic surface 
area ratio of the particle in Figure 7a could be increased by 
annealing in a Sr-rich environment.

4. Conclusions

The surfaces of SrTiO3 crystals with arbitrary orientations, after 
heating in air at 1250 °C for 8 h, are terminated by a combina-
tion of {110} and {100} facets and the relative areas of the two 
facets depends on the orientation, {hkl}. The {100} facets appear 
to be uniformly photocathodic and serve as reduction sites. The 
{110} facets appear to be uniformly photoanodic and serve as 
oxidation sites. When the surfaces are annealed at 1100 °C in 
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Sr-rich conditions, the {110} surfaces have both photocathodic 
and photoanodic domains, in contrast to the original faceted 
surfaces. This demonstrates that thermochemical treatments 
make it possible to adjust the photocathodic to photoanodic 
surface area ratio on surfaces of arbitrary orientation.

5. Experimental Section
Polycrystalline SrTiO3 ceramics were prepared from SrTiO3 powder 
(99.9%, Sigma Aldrich). Disk shaped samples were formed by grinding 
the as-received powder for 10 min with a mortar and pestle, adding 
two drops of a polyvinyl alcohol (PVA) solution (5 g PVA per 100 mL 
water) to ≈1 g of SrTiO3 powder, and pressing the mixture in a half-inch 
diameter cylindrical die using a table top hydraulic press (Carver). The 
pressed pellets were then heated according to the following schedule to  
obtain a dense ceramic with a grain size greater than 5 µm. The 
samples were heated to 600 °C at 5 °C min−1 and held for 1 h, then 
heated to 1000 °C at 5 °C min−1 and held for 8 h, then heated to 1425 °C 
at 10 °C min−1 and held for 6 h, and finally furnace cooled. The dense 
ceramics were polished with an automated polisher (Buehler AutoMet 
250). First, SiC papers with grit sizes of 320, 400, and 600 (Buehler) were 
used, followed by diamond suspensions (9, 3, 1, and 0.05 µm). Polished 
samples were then annealed for 8 h at 1250 °C in air. This thermal 
treatment establishes the initial faceted surface and chemical surface 
terminations, and is referred to henceforth as the baseline treatment. 
Subsequent treatments at lower temperatures and of shorter durations 
do not affect the facet structure formed during the baseline treatment. 
The samples were then cut into 4 mm × 4 mm square areas (thickness 
≈1 mm) using a diamond wire saw. Some samples were subjected to 
further thermochemical treatments at 1100 °C, with the sample placed 
in an alumina crucible adjacent to 0.1 g of Sr3Ti2O7 for times varying 
from 1 to 5 h. An attempted procedure using SrCO3 powder as the Sr 
source was abandoned because it always resulted in the formation of 
secondary phases on the SrTiO3 surface.

So-called marker reactions that deposit insoluble reaction products 
at the site of the reaction were used to identify the photocathodic and 
photoanodic surfaces. For these reactions, a 0.115 m solution of AgNO3, 
a 0.038 m solution of Mn(NO3)2⋅4H2O, and a 0.115 m solution of 
Pb(CH3COO)2⋅3H2O were used for photoreduction and photooxidation, 
leading to the photodeposition of solid silver, manganese oxide, and lead 
oxide, respectively. These reactions have been described elsewhere.[40–42] In 
this case, an ultraviolet lamp operated at a power of 75 W (photoreduction 
of Ag+), 100 W (photooxidation of Mn2+), and 150 W (photooxidation  
of Pb2+) was used as the illumination source and the exposure times 
varied from 6 to 75 s. Under these conditions, it is well known that 

these reactions deposit Ag and MnOx on SrTiO3 surfaces.[30,33,43,44] 
The experimental set-up is described in more detail in the Supporting 
Information. After the photodeposition of reaction products, the surfaces 
were imaged using a Quanta 200 scanning electron microscope in the SE 
mode. Images were recorded using a 20 kV beam in low vacuum mode  
(to prevent charging of the sample) with a spot size number of 5.

Topographic AFM was also used to image the surfaces and to 
determine the facet orientations in the microscope reference frame. 
Topographic AFM images were recorded using a Solver-NEXT AFM 
(NT-MDT) equipped with NC-AFM diamond-like carbon coated tips 
(Budget Sensors). These images quantify the deviation of the true 
surface from the average surface plane. The grain orientations were 
measured by EBSD in a Quanta 600 (FEI) equipped with an OXFORD 
HKL EBSD system (NordlysNano camera). For each grain of interest, 
the EBSD measurement returns a set of three Euler angles describing 
the transformation from the crystal to microscope reference frame. 
By combining the topographic data measured by AFM with the crystal 
orientation data measured by EBSD, it is possible to determine the local 
orientations of the surface facets in the crystal reference frame. To do 
this, the images were first processed using Gwyddion software[45] and 
exported in a format that could be read by MATLAB. A MATLAB code 
was then used to produce a set of vectors representing surface normals 
in the microscope reference frame. Using the Euler angles measured 
for that grain, the normals were then transformed to the crystal 
reference frame and plotted on a standard stereographic projection for 
visualization and interpretation. Details of this process, as well as the 
MATLAB codes for visualizing the data and extracting surface normals, 
are provided in the Supporting Information.
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Figure 7. Schematic illustrations of SrTiO3 crystals terminated by {100} and {110} surfaces. a) After the baseline treatment, the {100} surfaces are 
photocathodic (blue) and the {110} surfaces are photoanodic (pink). b) After annealing at 1100 °C in a Sr-rich environment, portions of the {110} 
surfaces become photocathodic.
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