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Figure S1. The length histogram of the nanotubes.

Figure S2. The EDX pattern of the as-synthesized product.



Figure S3. The diameter histogram of the nanotubes.

Figure S4. HRTEM images of the cross section of nanotubes showing a multi-walls tubular 
structure.



Figure S5. Ar adsorption/desorption isotherms and pore size distribution of Bi2O3 nanotubes.

      
Figure S6. Small angle PXRD pattern of Bi2O3 nanotubes.



Figure S7. The X-ray diffraction pattern of the as-synthesized product. All peaks are indexed to α-
Bi2O3 (JCPDS 14-1449).

Figure S8. XPS spectra of the as-synthesized product.



Figure S9. The PXRD simulation of 2, 4 and 6 layers of α-Bi2O3 nanosheets.
Discuss program1 was used in the calculation of the PXRD of thin layer α-Bi2O3 (2, 4, and 6 layers 
of α-Bi2O3 nanosheets). The cll file can be edit from the cif file of α-Bi2O3, the super cell we 
calculated is 100 x 1 x 100 , 100 x 2 x 100 and 100 x 3 x 100 for 2, 4, and 6 layers of α-Bi2O3 

nanosheets respectfully.

Figure S10. The morphology of Bi2O3 under UV conditions for irradiances of 50 and 200 mW/cm2, 
respectively. a) nanotubes, b) bulk. It proved that the UV light would accelerate the crystallization 
process. Besides, the crystallization process would be faster with the increase of the irradiance of 
light.



Figure S11. TEM images of the intermediate products at different growth stages under the condition 
of 50 mW/cm2 ultraviolet radiation. a) precursor, b) 3 min, c) 10 min, d) 20 min, e) 40 min, and f) 
60 min. The results show that the amorphous structures decrease and the nanotubes increase with 
the prolongation of reaction time. 

Figure S12. TEM images of the as-synthesized precursor.



Figure S13. TEM image of the Bi2O2CO3 nanosheets.

Figure S14. AFM image of the Bi2O2CO3 nanosheets.



Figure S15. The X-ray diffraction pattern of the recycled catalyst. All peaks are well indexed to 
Bi2O3CO3 (JCPDS 14-1448).

Figure S16. XPS spectra of the nanotubes and nanosheets.



Figure S17. The selected area electron diffraction pattern of the Bi2O2CO3 nanosheets.

Scheme S1. The illustration of one layer of α-B2O3.



Scheme S2. Cross-section of the nanotube model.

Theoretical calculation of surface area for α-Bi2O3 nanotubes.
The density of α-B2O3 is 9.372 g/cm3. If the volume of 1 g α-B2O3 is V, surface area is S, and the 
length of the tube is L, then:
V=（1/9.372）× 10-6 m3

V= (πR2 - πr2)L
S = 2πRL + 2πrL
V= πL(R2 - r2) = πL(R + r)(R - r)
S= 2πL(R + r)
V= S/2 × (R - r) = 1.067 × 10-7 m3

R-r= 1.5-2 nm
S= 106.7-142.3 m2



Method Section
The tube model of Bi2O3 nanotubes
The cif file of the tube model is calculated from the cif file of α-Bi2O3. Single layer tube model is 
built from a×1×c unit cell of α-Bi2O3, the nanosheet rolled up perpendicular to the c axis to form the 
Bi2O3 nanotube. The coordinate transformation is achieved by the MATLAB program. Multilayer 
tube model is built from several single layer tube models.

HRTEM image simulation
TEM simulator2 was used in the HRTEM image simulation. Four layers’ tube pdb file is used for 
the input file of TEM simulator. Specifically, the four layers’ tube has a external diameter of 6.2 nm 
which is built from the combination of 6.2 nm, 5.2 nm, 4.2 nm and 3.2 nm single layer tube. The 
6.2 nm single layer tube model is built from 61 × 1 × 25 unit cell of α-Bi2O3. The 5.2 nm single 
layer tube model is built from 61 × 1 × 21 unit cell of α-Bi2O3. The 4.2 nm single layer tube model 
is built from 61 × 1 × 17 unit cell of α-Bi2O3. The 3.2 nm single layer tube model is built from 61 × 
1 × 13 unit cell of α-Bi2O3.
Simulation parameter: the acceleration voltage is 300 kV, the magnification is 300k, the chromatic 
aberration is 0 mm, the spherical aberration is 0.5 mm.

DFT calculation
CASTEP program package3 was used in the calculation to obtain the band structures, densities of 
state (DOS), and partial densities of state (PDOS) of α-Bi2O3. the band structure of Bi2O3 was 
calculated by the generalized gradient approximation (GGA) with the Perdew–Burke–Ernzerh 
(PBE) function was adopted for the exchange–correction potential. The projector augmented wave 
potentials and the cut energy of 380 eV were used with the core electrons replaced by ultrasoft 
pseudopotentials. Both the atomic positions and the unit cell were allowed to relax simultaneously 
within the symmetry constraints imposed by the P 1 21/c 1 space groups for α-Bi2O3. The respective 
k-point sets of 5 x 3 x 4 was used for α-Bi2O3.
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