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Fig. S1 The kind of illuminance spectra used in photocatalytic test: (a) UV light prepared 
by UV irradiator with U340 bandpass filter, which illuminates light between 280 and 380 
nm of wavelength. (b) visible light was obtained by eliminating the light less than 420 
nm of wavelength using a cut filter L-42 from the solar light irradiated form the solar 
simulator. In the case of solar light, the filter was not used.

Fig. S2 (a) XRD patterns of arising from powders synthesized by solution chemical 
method under 10 mol/L of KOH solution at 113 °C for 24 h using P25-TiO2 precursor, and 
commercial P25-TiO2 powder. Enlarged diffraction ranges around where (b) 200 peak of 
lepidocrocite-type titanate, (c) 110 peak of rutile, and (d) 101 peak of anatase, 
respectively. The intensity of the 101 peak of anatase decreased by approximately 35.5 
% as shown in (d).



Fig. S3 (a) XRD patterns of arising from powders synthesized by hydrothermal 
method under 10 mol/L of KOH solution at 160 °C for 3 and 4days using anatase-
TiO2 precursor, and commercial anatase-TiO2 powder. Enlarged diffraction ranges 
around where (b) 200 peak of potassium titanate and (c) 101 peak of anatase. (d) 
Variation of relative peak intensity on anatase 101 peak using the formula: I/I0, 
where, I0 and I were peak intensity corresponding 101 peak of anatase in the case 
of anatase precursor and synthesized sample, respectively, it is plotted according 
to synthetic time. The intensity decreased linearly by approximately 59.6% and 
92.6% according to the 3 and 4 days synthetic times, respectively. 



Fig. S4 SEM images of morphology types observed in particles treated under 10 mol/L 
of KOH at 160 °C for 4 days as discussed in Fig. S3. (a) image shows the relatively 
spherical shape of nanoparticles and (b) image shows the relatively anisotropic 
nanostructures.

Fig. S5 XRD pattern of TNT synthesized by Kasuga’s method under 10 mol/L of NaOH 
solution at 115 °C for 24 h. The pattern mainly assigned to lepidocrocite-type dititanate.



Fig. S6 FT-IR spectrum of pH 12 sample obtained before washing.

Fig. S7 XPS spectra in the range of pH 12 sample. 



Fig. S8 (a) SEM image and (b) N2 adsorption-desorption isotherm containing inset of 
pore-size distribution graph of TNT. The isotherm is type IV with the H3 type hysteresis 
loop according to the International Union of Pure and Applied Chemistry (IUPAC) 
classification; this is associated with slit-shaped pores formed by particle 
agglomeration. The specific surface area and pore volume are 239.519 m2/g and 1.005 
cm3/g, respectively.

Fig. S9 First-order linear transformation –ln(C/C0) plot with respect to incident light 
irradiation time in the presence of TNT and PTNR under UV, Visible, and solar lights.



Fig. S10 Absorbance spectra of PTNR and PTNT. The inset shows Tauc plots to observe 
the optical band-gap energy corresponding to the samples

Fig. S11 Recycling photocatalytic test of PTNR under visible light. After each cycle, the 
RhB solution was added for the concentration correction. The decolorization reactions 
of RhB (C/C0) were recorded to 0.45, 0.47, and 0.48 after 1, 2, and 3 cycles, respectively.
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Table S1 Comparison of previous works for formation of potassium titanate

Year Morphology (size) Precursor Synthetic conditions
Referenc

e

2002 Nanobelt TiO2, KOH(4–10M)
Liquid

160–180 °C, 48 h
(1)

2003
Nanowire(10 nm, 

500 nm–2 μm)
TiO2, KOH(10M)

Liquid,
130 °C, 3 days

(2)

2007 Partially Nanotube TiO2, KOH(10M)
Liquid,

56 °C, 12 days
(3)

2011 Nanoribbon
TiO2 (P-25), KOH(5–

18M)
Liquid,

120–150 °C, 24 h
(4)

2011
Nanoribbon (5–8 

nm)
TiO2 (P-25), 
KOH(10M)

Liquid,
200 °C, 1 h

(5)

2012
Nanoribbon

(15–50 nm, >800 
nm)

TiO2 (Anatase), 
KOH(10M)

Liquid,
170–200 °C, 96 h

(6)

2012
Nanorod

(5–10 nm, 100 nm)
Titanium hydroxide, 

KOH(10 M)
Liquid,

180 °C, 24 h
(7)

2015 Nanotube
TiO2, NaOH, 

KOH(9:1, 10M)
Liquid,

100–160 °C, 20 h
(8)

2017
Nanoribbon

(20nm, several μm)
TiO2 (Anatase), 

KOH(10M)
Liquid,

160 °C, 4 day
(9)

2018
Nanoribbon

(200 nm, >30 μm)
TiO2, K2CO3

Solid
1250 °C

(10)

2019
Nanowire

(10 nm, Several 
hundreds of nm)

TiO2, K2CO3, Li2CO3

(2.4:0.8:10.4)
Solid

600 °C, 20 h
(11)

Table S2 Sample list in this study
Notation Materials Alkali concentration Synthetic conditions

pH 6 TiH2, H2O2, KOH 0.02 M 100 °C, 24 h
pH 8 TiH2, H2O2, KOH 0.29 M 100 °C, 24 h

pH 10 TiH2, H2O2, KOH 2.25 M 100 °C, 24 h
pH 12 TiH2, H2O2, KOH 4.39 M 100 °C, 24 h

Titanate 1 TiO2 (P-25), KOH 10 M 113 °C, 24 h
Titanate 2 TiO2 (Anatase), KOH 10 M Hydrothermal



160 °C, 3 days

Titanate 3 TiO2 (Anatase), KOH 10 M
Hydrothermal
160 °C, 4 days

TNT TiO2 (P-25), NaOH 10 M 115 °C, 24 h

Table S3 RhB decolorization, Kapp value calculated from the pseudo-first-order 
Langmuir-Hinshelwood equation.

TNT

(UV)

TNT

(Vis)

TNT

(Solar)

PTNR

(UV)

PTNR

(Vis)

PTNR

(solar)

Decolorizatio

n (%)
93.5 13.6 18.1 93.5 57.9 93.0

Kapp (min-1) 0.005529 0.000322 0.000446 0.006912 0.002291 0.006556

R2 0.9356 0.9448 0.9709 0.9424 0.9857 0.9954
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