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Table S1: Reaction conditions used during synthesis of alkali niobates and tantalates by solid 

state reactions. 

Material Solvent Precursor Conditions 
Product 

description 
Ref. 

0.98K0.48Na0.52Nb0.96

Sb0.04-0.02 

Bi0.5Na0.5HfO3 

Alcohol 

K2CO3, Na2CO3 

Nb2O5, Sb2O3, 

Bi2O3, CaCO3, 

ZrO2, HfO2 and 

TiO2 

850 °C for 6 

h,1080 & 

1075 °C 3h 

NA S1 

(0.995-x) KNN-

0.005BS-xBNKLZ 

(x= 0-0.07) 

Alcohol 

Na2CO3, K2CO3, 

Bi2O3,Nb2O5, 

Li2CO3, Sc2O3 

and ZrO2 

1080-1150°C 

3 h in air 
NA S2 

0.992(K0.46Na0.54)0.965

Li0.035Nb1−xSbxO3- 

0.008BiScO3 

Ethanol 

Na2CO3, K2CO3, 

Li2CO3, Nb2O5, 

Bi2O3, Sc2O3, 

and Sb2O3. 

850 °C, 6 h 

Depends 

on amount 

of x 

S3 

Na0.47K0.47Li0.06NbO3 NA 

K2CO3, Na2CO3, 

Nb2O5 and 

Li2CO3. 

850 °C, 10 h 
700 nm to 

4 μm 
S4 

NaTaO3 and the 

doped NaTaO3: La 
NA 

Ta2O5, Na2CO3, 

La2O3 

1170 K, 1 h 

and 1420 K, 

10 h 

2−3 μm 

and 

0.1−0.7 

μm 

S5 

Fe-Doped NaTaO3 NA 
Ta2O5, Na2CO3, 

Fe2O3 

900 °C, 1 h 

and 1150 °C, 

10 h 

NA S6 

ATaO3 (A) Li, Na, 

and K) 
NA 

Li2CO3, Na2CO3, 

K2CO3, Ta2O5, 
1420 K, 10 h 

Effected 

by 

concentrati

on of alkali 

S7 

NaTaO3 and metal-

doped NaTaO3 

(NaTaO3:M) 

Acetone 

Na2CO3, Ta2O5, 

La2O3, Nd2O3, 

Y2O3, Yb2O3, 

CaCO3, SrCO3, 

BaCO3 

120 rpm for 

24 h, drying 

at (333 K), 

calcined in 

air at 1173 

K, 1 h and 

1373 K, 10 h 

400-600 

µm. 
S8 



Material Solvent Precursor Conditions 
Product 

description 
Ref. 

NaTaO3 NA Na2CO3, Ta2O5, 

La2O3, Ni(NO3)2 

calcined at 

1420 K in 

air, NiO 

impregnation 

at 540 K,573 

K in 20-Torr 

O2 

2 µm S9 

Strontium-doped 

NaTaO3 
NA 

Na2CO3, Ta2O5, 

SrCO3, 

1173 K, 1 h 

and then at 

1423 K, 10 h 

Varies 

with 

etching 

time 

S10 

Eu3+-doped NaTaO3 
HCl, 

H2O 

TaCl, Eu(NO3)3, 

NaCO3 
900 °C, 9 h. 

∼65 nm 

for 

NaNbO3 

S11 

Lanthanum-Doped 

NaTaO3 

Photocatalyst 

NA 
La2O3, Na2CO3, 

Ta2O5 

1170 K, 1 h 

and 1420 K 

for 10 h with 

intermediate 

grinding 

0.1-0.7 µm S12 

Fe doped NaTaO3 

and LaFeO3−NaTaO3 
acetone 

Ta2O5, Na2CO3, 

Fe2O3, La2O3 

1173 and 

1473 K, 10 h 
20−50 nm S13 

NaTaO3, Bi–NaTaO3 

and Bi2O3/Bi–

NaTaO3 

NA 

Na2C2O4, Ta2O5, 

Bi(NO3)3.5H2O, 

urea 

600 °C, 4 h 

greater 

than 100 

nm 

S14 

Ni,Co-Doped LiNbO3 

and LiTaO3 
acetone 

Li2CO3, Nb2O5, 

Ta2O5, CoO, and 

NiO. 

700 °C, 2 h, 

to expel 

CO2, at 800 

and 900 °C 

for 1 h each, 

and finally 

heated at 

1000-1250 

°C, 

NA S15 

NaNbxTa1−xO3 (x = 0, 

0.25, 0.5, 0.75, 1 
NA 

Na2CO3, Ta2O5 

and Nb2O5 
 900 °C, 12 h 

100–500 

nm 
S16 

InFeO3 NA Fe2O3, In2O3, 
15 GPa and 

1450 °C 
25 μm S17 

 



Material Solvent Precursor Conditions 
Product 

description 
Ref. 

ZnSnO3 NA ZnO and SnO2 

7 GPa and 

1000 °C, 30 

min 

 S18 

K0.5Na0.5NbO3 ethanol 
K2CO3, Na2CO3, 

Nb2O5 

220°C, 5 h, 

800 °C (in 

air), 2 h 

1.2 μm S19 

Mn-doped 

K0.5Na0.5NbO3 

ceramics 

ethanol 
K2CO3, Na2CO3, 

Nb2O5, MnO 

220 °C, 5 h, 

800 °C (in 

air), 2 h 

1.8 μm S20 

(K0.44Na0.52Li0.04) 

[(Nb0.86Ta0.10Sb0.04)1

xW5x/6] O3 

ethanol 

Na2CO3, Li2CO3, 

K2CO3, WO3, 

Nb2O5, Ta2O5, 

and Sb2O5 

700 °C, 2 h 

at 3 °C min-1 
4 μm S21 

(1-x) (K0.5Na0.5) 

NbO3–

xBi(Mg2/3Nb1/3) O33 

(x ¼ 0, 0.05, 0.10, 

0.15 and 0.20 mol) 

alcohol 

K2CO3, Na2CO3, 

Bi2O3, Nb2O5, 

and MgO 

950 °C, 5 h., 

1120-1220 

°C, 5 h 

1 μm  S22 

(1−x) (K0.48Na0.52) 

(Nb0.96Sb0.04)O3-x 

[Bi0.5(Na0.7Ag0.3)0.5] 

0.90-Zn0.10ZrO3 

(x = 0, 0.01, 0.02, 

0.03, 0.035, 0.04, 

0.0425, 0.045, 0.05, 

and 0.06) 

anhydro

us 

ethanol 

K2CO3, Na2CO3, 

Nb2O5, Bi2O3, 

ZnO, Ag2O, 

Sb2O3, and ZrO2 

850 °C, 6 h, 

1040–1120 

°C, 2 h 

Depends on 

x 
S23 

KNbO3 NA K2CO3, Nb2O5 

650–925°C, 

10 h. 1150 

°C, 10 h. 

28, 32 and 

39 nm at 

650,725, and 

900C 

respectively 

S24 

 

 

 

 



Table S2: Reactions conditions during hydrothermal synthesis and particle size of lead free 

pervoskites/ piezoelectric materials. 

Material Solvent Precursor 
Reaction 

conditions 

Particle 

size 
Ref 

Niobate Nanowire H2O Nb2O5, NaOH 120 °C, 3 h 

100 nm & 

length of 

several 

hundred 

microns 

S25 

NaNbO3 N-doped 

NaNbO3 

H2O 

PTFE 

Nb2O5 (2g) 

NaOH urea 

200°C, 250 

min 600 °C, 

0.5 h 

700nm/ 

depends on 

amount of 

urea 

S26 

NaNbO3 
H2O 

PTFE 

Nb2O5 (2 g) 

NaOH 

200 °C, 250 

min 
700nm S27 

(NaxK1-x)NbO3 (NKN) H2O 
Nb2O5, NaOH, 

KOH 
200 °C, 24 h NA S28 

KNbO3 H2O Nb2O5 KOH 150-200 °C 

100-300 

nm & 

length up 

to 5 mm 

S29 

Ag2O grafted 

sodium niobate 

nanofibers 

H2O 

Nb2Na2O6·H2O 

Nb2O5, NaOH, 

silver nitrate 

180 °C, 2 h 3-5 nm S30 

sodium niobate 

nanoparticles 

H2O/eth

ylene 

glycol 

Nb2O5, KOH, 

NaOH 
220 °C, 4 h NA S31 

XNbO3 (NaNbO3, 

KNbO3, &LiNbO3) 
H2O 

Nb2O5 (KOH, 

NaOH, LiOH) 

150 to 200°C 

0.5 to 72 h. 
NA S32 

sodium niobate  
(Nb2O5), (KOH), 

(NaOH), 

120, 160, 

180, 200, 

220 & 240°C 

50-100mm S33 

KNbO3  Nb2O5, KOH 200°C, 12 h 
100–600 

nm 
S34 

NaNbO3 

g-C3N4/NaNbO3 
H2O 

P123 

(EO20PO70EO20), 

Nb(OC2H5)5, 

NaOH 

40 °C, 2 h, 

200 °C, 24 h, 

550 °C, 4 h 

520 °C, 4h 

∼200 nm 

& length 

up to 

several 

tens μm 

S35 

KNbO3 Nanowires H2O 
Nb powder, 

KOH 
150 °C, 12 h  

Thickness 

74.0 ± 11.7 

nm & 

length 5.1 

± 1.4 μm 

S36 

ATaO3 and ANbO3 

(A=Na and K) 
H2O 

Ta2O5, Nb2O5, 

NaOH and KOH 
240 °C, 24 h 200 nm. S37 

 



Table S3: UV-Light-Active Photocatalysts for Water Splitting to Hydrogen and/or Oxygen. 
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Table S4. Amount of Ammonium Hydroxide Solution, Surface Areas, Band Gap Energies, 

and Hydrogen Production Rates after 2 h from Water Splitting Using Methanol as Sacrificial 

Agent sample NH4OH. 

a= Apparent photocatalytic activity (APA) calculated according to eq 1. 

  (1) 

Where X = weight of catalyst (g), Y = volume of reactant (L), Z = duration of reaction (h), 

and W = power of lamp (W). 

 

Sample 

NH4OH 

solution 

(mL) 

SBET 

(m2 g−1) 

band gap energy  

(eV) 

H2 rate 

(mmol h−1) 

APAa 

(μmol g−1 L−1 h−1 W-1) 

0-NaTa 0.00 200 4.4(amorphous) 2.4 800 

0.25-NaTa 0.25 236 
4.6 (amorphous) + 

4.1 (NaTaO3) 
3.6 1200 

1.6-NaTa 1.60 83 
4.6 (amorphous) + 

4.1 (NaTaO3) 
3.0 1000 

3.2-NaTa 3.20 54 
4.6 (amorphous) + 

4.1 (NaTaO3) 
1.5 500 

4.0-NaTa 4.00 26 
4.1 (NaTaO3) + 4.8 

(Na2Ta2O6) 
1.4 470 

4.8-NaTa 4.80 26 
4.0 (NaTaO3) + 4.9 

(Na2Ta2O6) 
1.1 370 

9.6-NaTa 9.60 29 4.8 (Na2Ta2O6) 1.0 330 

SS-NaTaO3 − 2 4.0 (NaTaO3) 0.8 270 



 

 

Figure S1 Wide range CV profiles of dyes adsorbed on a porous TiO2 electrode in 

dehydrated acetonitrile containing 0.1 M LiClO4 as a supporting electrolyte. The scan rate 

was 100 mVs−1. Ag/Ag+ in 0.01 M AgNO3 acetonitrile solution was used as a reference 

electrode. [Reprinted with permission from ref. S43 Abe, R.; Shinmei, K.; Koumura, N.; 

Hara, K.; Ohtani, B., J. Am. Chem. Soc., 2013, 135, 16872. Copyright (2013) American 

Chemical Society.] 
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