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1. Characterization method

Transmission electron microscopy (TEM) image was taken using JEOL JEM 2100 LaB6 TEM
equipment. Powder XRD pattern was recorded on the Bruker D8 Advance diffractometer, with
Cu Ko/Kb radiation. Rietveld refinement was performed using TOPAS 5'. The nitrogen
adsorption isotherms were measured by Micromeritics ASAP 2020 Porosimeter Test Station.
Surface area was calculated by applying Brunauer-Emmett-Teller (BET) equation on
adsorption data obtained at P/P, between 0.05 and 0.35. The pore size distributions were
calculated by analyzing the adsorption branch of the N, sorption isotherm using the
Barret-Joyner-Halenda (BJH) method. X-ray Small angle scattering (SAXS) pattern was
collected by Xenocs Xeuss SAXS/WAXS/GISAXS small angle system. TEM image, electron
diffraction, XRD and pore size distribution of SrTiO; materials synthesized from different

method are summarized in Figure S1.
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Figure S1. TEM image, electron diffraction, XRD and pore size distribution of SrTiO3
materials synthesized from a)-d) Direct hydrothermal conversion of mesoporous crystalline
TiO,. e)-h) Hydrothermal conversion of mesoporous crystalline TiO, after filling carbon
support into pores. i)-1) Hydrothermal conversion of mesoporous amorphous TiO, after
filling carbon support into pores.



2. Synthesis of mesoporous crystalline TiO,

Mesoporous crystalline TiO, was synthesized via a reported evaporation-induced self-
assembly (EISA) method? . Typically, 0.8 g of triblock copolymer Pluronic P127 was first added
into 12 mL of anhydrous ethanol (EtOH), followed by the addition of 1.2g acetic acid and 1.2
g concentrated hydrochloric acid (HCI, 37%). After stirring for 0.5 h at room temperature, 5
mmol ( ® 1.4 ml) Titanium butoxide Ti(C4,Hy0), was slowly added to the solution dropwise. The
above solution was under with vigorous stirring for around 3 h. The resulting sol solution was
transferred in an open glass container (diameter 2 inch) and was later placed in 40 °C
environment and 60 °C environment each for 24 h, allowing the evaporation of the solvent
to form gel. The Mesoporous TiO, powder was obtained by calcinating the formed gel at
350 °C for 4h (1°C/min ramping) with enough air provided. The basic characterization of

mesoporous crystalline TiO, is displayed in Figure S2.
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Figure S2. TEM (a), XRD with Rieltveld refinement (b) and Nitrogen adsorption isotherm (pore

size distribution in inset) (c) for mesoporous crystalline TiO,,



3. Direct hydrothermal conversion of mesoporous crystalline TiO, into SrTiO;,

0.2g mesoporous crystalline TiO, and 0.8g Sr(OH), are mixed in the 15ml water and the
mixture undergoes hydrothermal treatment at 200 °C for 24h. The obtained solid is washed
first with 5% acetic acid solution for 3 times to remove unreacted Sr(OH), and SrCO;then with
water for another 3 times. The SrTiO; product is dried in air at 80°C. Characterizations are

shown in Figure 1a-d and Figure S1a-d. Nitrogen adsorption isotherm and pore size
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Figure S3. (a)Nitrogen adsorption isotherm and pore size distribution for (b) SrTiO;

from direct hydrothermal conversion of mesoporous crystalline TiO,.

distribution are displayed in Figure S3.

4. Hydrothermal conversion of carbon filled mesoporous crystalline TiO, into SrTiO;

4.1 Filling mesoporous crystalline TiO, with carbon.



Carbon filling is achieved via an impregnation method. 0.2g mesoporous crystalline TiO, is

added to a solution obtained by dissolving 0.2g of sucrose and 1 drop of H,SO,4 (~0.05 ml) 2
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Figure S4. (a)TEM, (b) High resolution TEM, (c) Fourier Transform of the High-resolution
TEM, (d) grain size distribution, (e) Nitrogen adsorption isotherm and pore size distribution

for SrTiO3 from hydrothermal conversion of carbon filled mesoporous crystalline TiO,,

ml H,O. After 5 min sonication, the mixture is placed in an oven for 6 h at 100°C.

Subsequently, the temperature is increased to 180°C and maintained for another 6 h.
4.2 Conversion of carbon filled mesoporous crystalline TiO, into SrTiO;,

0.2g carbon filled mesoporous crystalline TiO, and 0.8g Sr(OH), are mixed in the 15ml water
and the mixture undergoes hydrothermal treatment at 200 °C for 24h. The obtained solid is
washed first with 5% acetic acid solution for 3 times to remove unreacted Sr(OH), and SrCO;
then with water for another 3 times. The product is dried in air at 80°C. The final SrTiO; product

is obtained after 4h calcination at 450 °C in air to remove the carbon. characterizations are



shown in Figure 1e-h, S2e-h and S4. XRD pattern is displayed in Figure S5a. Due to the
existence of TiO, impurity observed in the sample, we tried to increase the hydrothermal

treatment time to 96h. The XRD pattern of resulting samples is shown in Figure S5b.
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Figure S5. XRD with Rieltveld refinement for (a) SrTiO; from hydrothermal
conversion of carbon filled mesoporous crystalline TiO, for 24h (b) SrTiO3 from

hydrothermal conversion of carbon filled mesoporous crystalline TiO, for 96h.

5. Synthesis of mesoporous amorphous TiO,



Mesoporous amorphous TiO, was synthesized via a reported evaporation-induced self-
assembly (EISA) method?. Typically, 0.8 g of triblock copolymer Pluronic P127 was first added
into 12 mL of anhydrous ethanol (EtOH), followed by the addition of 1.2g acetic acid and 1.2
g concentrated hydrochloric acid (HCI 37%). After stirring for 0.5 h at room temperature, 5
mmol ( ® 1.4 ml) Titanium butoxide Ti(C,H,0), was slowly added to the solution dropwise. The
above solution was under with vigorous stirring for around 3 h. The resulting sol solution was
transferred in an open glass container (diameter 2 inch) and was later placed in a 40 °C
environment and a 60 °C environment each for 24 h, allowing the evaporation of the

solvent to form gel. The Mesoporous TiO, powder was obtained by calcinating the formed
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Figure S6. XRD with Rieltveld refinement for (a) mesoporous amorphous
TiO, (b) SrTiO; from hydrothermal conversion of carbon filled

mesoporous amorphous TiO, for24h No impurity of TiO, is observed.

gel at 350 °C for 4h (1°C/min ramping) in the N, flow environment. XRD pattern of the
sample is presented in Figure S6a. Nitrogen adsorption isotherm and pore size

distribution are displayed in Figure S7 (blue curve).



6. Hydrothermal conversion of carbon filled mesoporous amorphous TiO, into SrTiO;

6.1 Filling mesoporous amorphous TiO, with carbon.

0.2g mesoporous amorphous TiO, is added to a solution obtained by dissolving 0.2g of
sucrose and 1 drop of H,SO,4(~0.05 ml) 2 ml H,O. After 5 min sonication, the mixture is placed
in an oven for 6 h at 100°C. Subsequently, the temperature is increased to 180°C and

maintained for another 6 h.
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Figure S7. Nitrogen adsorption isotherm (left) and pore size distribution(right) of
mesoporous amorphous TiO, (blue curve) SrTiO3 from hydrothermal conversion of

carbon filled mesoporous amorphous TiO, for 24h (red curve).



6.2 Conversion of carbon filled mesoporous amorphous TiO, into SrTiO;.

0.2g carbon filled mesoporous amorphous TiO, and 0.8g Sr(OH), are mixed in the 15ml water
and the mixture undergoes hydrothermal treatment at 200 °C for 24h. The obtained solid is
washed first with 5% acetic acid solution for 3 times to remove unreacted Sr(OH), and SrCO;
then with water for another 3 times. The product is dried in air at 80°C. The final SrTiO; product
is obtained after 4h calcination at 450 °C in air to remove the carbon. Characterizations are
shown in Figure 1i-l, Figure S2i-l and Figure S8. XRD pattern is displayed in Figure S6a.
Nitrogen adsorption isotherm and pore size distribution are displayed in Figure S7 (red
curve). To verify there is no amorphous TiO, phase in the product, we calcinated both
mesoporous amorphous TiO, and our mesoporous SrTiOs; product in air at certain
temperatures. Mesoporous amorphous TiO, is calcinated in air at 450 °C for 4h and XRD
(Figure S9b) shows it crystalized into anatase phase after calcination. However, for the
mesoporous SrTiO; product, no other crystalline phase appears even after 8h calcination at
650°C in air (Figure S10), confirming TiO, is fully converted to SrTiO; after hydrothermal

treatment.
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Figure S8. (a) TEM with particle distribution (b) Electron diffraction (c) High resolution TEM, (d)

Fourier Transform of the High-resolution TEM SrTiO; from hydrothermal conversion of carbon

filled mesoporous TiO,.
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Figure S9. XRD for (a) mesoporous amorphous TiO, and (b) the product obtained

by calcinating mesoporous amorphous TiO,.at 450 °C for 4h in air.
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Figure S10. XRD for SrTiO; from hydrothermal conversion of carbon filled

mesoporous amorphous TiO, for 24h (a) before and (b) after calcination at 650°C

in air for 8h.
Refined crystal size Surface area  Pore volume

Sample Information (nm) (m?/g) (cm®/g)
Crystalline mesoporous TiO; 10.5(2) 205.7 0.345
SrTiO, _ from direct f:onversion 49.1(1) 15 0.0498
crystalline mesoporous TiO,
SrTiO; from conversion crystalline
mesoporous TiO, after filling carbon 16.6(6) 532 0.0774
Amorphous mesoporous TiO, / 213.4 0.309
SrTiO; from conversion Amorphous 116 77 4 0.082

mesoporous TiO, after filling carbon

Table S1. Refined crystal size, surface area and mean pore size of synthesized mesoporous

TiO, and SrTiO; samples.



7. Synthesis of carbon/amorphous TiO, composite and their conversion into SrTiO;

7.1 Synthesis of carbon/amorphous TiO, composite

0.8 g of triblock copolymer Pluronic P127 was first added into 12 mL of anhydrous ethanol
(EtOH), followed by the addition of 1.2g acetic acid and 1.2 g concentrated hydrochloric acid
(HCI 37%). After stirring for 0.5 h at room temperature, 5 mmol ( ® 1.4 ml) Titanium butoxide
Ti(C4HgO)4 was slowly added to the solution dropwise. Followed is the addition of certain mass
ratio of sucrose into the solution. The above solution was under with vigorous stirring for
around 3 h. The resulting sol solution was transferred in an open glass container (diameter
2 inch) and was later placed in a 40 °C environment and a 60 °C environment each for 24
h, allowing the evaporation of the solvent to form gel. The Mesoporous TiO, powder was
obtained by calcinating the formed gel at 350 °C for 4h (1°C/min ramping) in the N, flow

environment. Basic characterizations are presented in Figure S11.
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Figure S11. (a)TEM, (b) Nitrogen adsorption isotherm and (c) pore size distribution for

carbon/amorphous TiO, composite.



7.2 Filling carbon/amorphous TiO, composite with carbon.

0.2g carbon/amorphous TiO, composite is added to a solution obtained by dissolving 0.2g of
sucrose and 1 drop of H,SO,4(~0.05 ml) 2 ml H,O. After 5 min sonication, the mixture is placed
in an oven for 6 h at 100°C. Subsequently, the temperature is increased to 180°C and

maintained for another 6 h.

7.3 Conversion of carbon/amorphous TiO, composite to SrTiO;,

0.2g carbon/amorphous TiO, composite (carbon filled or not) and 0.8g Sr(OH), are mixed in
the 15ml water and the mixture undergoes hydrothermal treatment at 200 °C for 24h. The
obtained solid is washed first with 5% acetic acid solution for 3 times to remove unreacted
Sr(OH), and BaCO; then with water for another 3 times. The product is dried in air at 80°C.
The final BaTiO; product is obtained after 4h calcination at 450 °C in air to remove the carbon.
Figure $12 shows comparison of Nitrogen adsorption and pore size distribution data of SrTiO3
converted from carbon/amorphous TiO, composite and carbon filled carbon/amorphous TiO,
composite. TEM image of SrTiO; converted from carbon/amorphous TiO, composite is
displayed in Figure $13. TEM image of SrTiO;converted from carbon filled carbon/amorphous
TiO, composite is displayed in Figure S14. Comparison of Nitrogen adsorption and pore size
distribution data of SrTiO; converted from d carbon filled carbon/amorphous TiO, composite
and carbon filled mesoporous amorphous TiO, is presented in Figure 815.
Carbon/amorphous TiO, composite in the characterization here is synthesized via 1:10

sucrose/titanium butoxide ratio.



Refined crystal Surface area

Sample Information size (nm) (m2/g) Pore volume (cm3/g)
TiO,/C composite from 1:10

sucrose/titanium butoxide ratio / 14.14 0.0115

SrTiO; from direct conversion of

Ti0,/C composite 23.7 54.3 0.2018

SrTiO3 from conversion of TiO,/C 16.6 73.4 0.1708

composite after filling carbon

Table S2. Refined crystal size, surface area and mean pore size of synthesized TiO,/C

composite and its converted SrTiO; samples.
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Figure S12. Nitrogen adsorption isotherm (left) and pore size distribution(right) of
mesoporous SrTiO; from direct hydrothermal conversion of TiO,/C composite (red curve).
crystalline TiO, Mesoporous SrTiO; from hydrothermal conversion of TiO,/C composite

after filling carbon (blue curve).
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Figure S13. (a) TEM, (b) grain size distribution, (c) High resolution TEM, (d)
Fourier Transform of the High-resolution TEM SrTiO; from hydrothermal

conversion of TiO,/C composite.
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Figure S14. (a) TEM, (b) grain size distribution, (c) High resolution TEM,
(d) Fourier Transform of the High-resolution TEM SrTiO; from

hydrothermal conversion of TiO,/C composite after carbon filling.
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Figure S15. Nitrogen adsorption isotherm (left) and pore size distribution(right) of

mesoporous SrTiO; from hydrothermal conversion of Mesoporous SrTiO; from

hydrothermal conversion of TiO,/C composite after filling carbon (red curve).

Mesoporous SrTiO; from hydrothermal conversion of carbon filled mesoporous

amorphous TiO, for 24h (blue curve).

Mass Ratio (titanium Mean pore  Surface Surface area Pore Pore volume

butoxide vs. sucrose) size(nm) area (m2/mol) volume (cm3/mol)
(m?/g) (cm®/g)

1:10 3.9 73.4 13465.964 0.17 31.1882

0.75:10 4.1 127.8 23446.188 0.18 33.0228

0.5:10 5.2 111.2 20400.752 0.15 27.519

0.25:10 7.6 81.5 14951.99 0.15 27.519

0.125:10 9.7 109.7 20125.562 0.11 20.1806

0:10 12.8 774 14199.804 0.082 15.04372

Comparison

Amorphous

mesoporous TiO, 6.1 213.4 16008.38 0.309 56.68914

Table S3. Comparison of mean pore size, surface area and pore volume of SrTiO; from

hydrothermal conversion of carbon filled TiO,/C composite when different sucrose/titanium butoxide

ratio is used for the synthesis of TiO,/C composite.



8. Hydrothermal conversion of carbon filled mesoporous amorphous TiO,into BaTiO;.

0.2g carbon filled amorphous C/TiO, and 1g Ba(OH), are mixed in the 15ml water and the
mixture undergoes hydrothermal treatment at 200 °C for 24h. The obtained solid is washed
first with 5% acetic acid solution for 3 times to remove unreacted Ba(OH), and BaCO; then
with water for another 3 times. The product is dried in air at 80°C. The final BaTiO; product is
obtained after 4h calcination at 450 °C in air to remove the carbon. Characterizations of
BaTiO; using 0.5:10 sucrose/titanium butoxide ratio are shown in Figure $16. Comparison of

Nitrogen adsorption and pore size distribution data of BaTiO; synthesized using different
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Figure S16. (a)TEM, (b) High resolution TEM, (c) XRD with Rietveld refinement,
(d)Nitrogen adsorption isotherm and (e) pore size distribution for BaTiO; from

hydrothermal conversion of TiO,/C composite after filling carbon.

sucrose/titanium butoxide ratio is shown in Figure S17.
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Figure S17. Nitrogen adsorption isotherm (left) and pore size distribution(right) of
mesoporous BaTiO; from hydrothermal conversion carbon filled TiO,/C composite when

different sucrose/titanium butoxide ratio is used for the synthesis of TiO,/C composite.

Mass Ratio (titanium Mean pore Surface Surface area Pore Pore volume

butoxide vs. sucrose) szie (nm)  area (m?/g) (m?/mol) volume (cm3/mol)
(cm3g)

0:10 3.2 68.8 16093.696 0.113 26.350696

0.5:10 5.4 80.27 18776.7584 0.122 28.449424

1:10 7.6 88.78 20767.4176  0.149 34.745608

Comparison

amorphous mesoporous

TiO, 6.1 213.4 16008.38 0.309 56.68914

Table S4. Comparison of mean pore size, surface area and pore volume of BaTiO; from
hydrothermal conversion of carbon filled TiO,/C composite when different sucrose/titanium butoxide

ratio is used for the synthesis of TiO,/C composite.



9. Hydrothermal conversion of carbon filled mesoporous amorphous TiO,into Li,TiO;

0.2g carbon filled amorphous C/TiO, (from 0.5:10 sucrose/titanium butoxide ratio) and 1g
LiOH are mixed in the 15ml water and the mixture undergoes hydrothermal treatment at 200
°C for 24h. The obtained solid is washed first with 5% acetic acid solution for 3 times to remove
unreacted LiOH and BaCO;then with water for another 3 times. The product is dried in air at
80°C. The final Li,TiO3 product is obtained after 4h calcination at 450 °C in air to remove the

carbon. Characterizations are shown in Figure $18. The XRD indicates the Li,TiO; is a
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Figure S$18. (a) XRD with its refinement (b) Nitrogen adsorption isotherm and (c) pore size

distribution for Li, TiO5; from hydrothermal conversion of TiO,/C composite after filling carbon.

monoclinic phase.



System Spet (M?/g) Reference
Mesoporous# 127 | This work
Mesoporous 30-50* | 4
Mesoporous 89.2 |5

Nano particle# 112 |6

Nano particle 42 |7

Nano particle 20.8 |8

Aerogel 175 | 9

Aerogel 370 | 10

Nano particle 274 | M
Mesoporous 83 | 12
Mesoporous 108 | 13

Nano particle 18.5 | 14

Nano particle 21|15

Nano particle 374 |16
Mesoporous 120 | 7

Nano particle 14 | 18

Nano particle 20 | 19

Table S5. Comparison of Surface areas of reported representative high surface area SrTiO;
materials. #Mesoporous and nanoparticles are usually used together in the literature. * The study
did not report BET surface area. However, they did nitrogen adsorption measurement. So we

estimated the BET surface from their nitrogen adsorption isotherm curves.
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