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Fig. S1 SEM images of Cu2O prepared under different ascorbic acid concentrations: 

(a) 0.2 mol/L, (b) 0.4 mol/L and NaOH concentrations: (c) 0.4 mol/L, (d) 1mol/L. 

As shown in Fig. S1a, Fig. S1b and Fig1. b, the morphology of Cu2O is cube both under 

the applied ascorbic acid concentrations of 0.2 mol/L, 0.4 mol/L and 0.6 mol/L, 

indicating the ascorbic acid is adequate for reducing Cu2+ to Cu+ and does not affect the 

morphology during this reaction [1-2]. Moreover, the influence of NaOH concentration 

was also investigated as showed in Fig. S1c and Fig. S1d. Amorphous morphology was 

observed under the concentration of NaOH is 0.4 mol/L, which was transformed to cube 

when the concentration increase to 1mol/L. As reported, Cu(OH)2 is an essential 

intermediate products in this reaction [3]. The NaOH concentration of 0.4 mol/L is 

probably too low to formation Cu(OH)2 entirely, leading to the incomplete reaction and 

formation of amorphous morphology [4]. Nevertheless, with the continuous 

enlargement of NaOH to 2 mol/L (Fig1. b), the cube profile was maintained constantly, 

which demonstrates the function of NaOH is generating essential intermediate products 

instead of controlling the exposed facets [5, 6]. 



Fig. S2 Size distribution for (a)100Cu2O, (b) 100Cu2O and TiO2 in (c) 100Cu2O-TiO2,; 

(d) 111Cu2O-TiO2

Furthermore, as shown in Fig. S2, size distributions for TiO2 and Cu2O were plotted 

from the SEM and TEM images. The average particle size of cube 100Cu2O and 

octahedron 111Cu2O was found to be about 0.90 and 1.06 um. This slight increased 

size of 111Cu2O might be caused by the accelerated diffusion of CuCl2, which promote 

the growth of 111Cu2O. The average particle diameter of TiO2 in 100Cu2O-TiO2 and 

111Cu2O-TiO2 was homologous as 22 and 19 nm, respectively, suggesting the intrinsic 

character of TiO2 would not be changed during the synthesis.

Besides, SEM-EDS elemental mappings of O, Cu and Ti for 100Cu2O-TiO2 and 

111Cu2O-TiO2 were measured as showed in Fig. S3. The EDS spectrum substantiated 

that 100Cu2O-TiO2 and 111Cu2O-TiO2 heterojunction was constituted of O, Cu and Ti. 

According to the EDS element mapping images depicted in Fig. S3, O and Cu were 

homogenously distributed in 100Cu2O-TiO2 and 111Cu2O-TiO2 as cube and octahedron 

Cu2O. Particularly, Ti was distributed on the surface of the 100Cu2O cube or 111Cu2O 

octahedron with partial reunion. Combined with the analysis of XRD and XPS in the 

text, the element of Ti could be assigned to the anchored TiO2 on the surface of Cu2O 

as agglomerated nanoparticles. 



Fig. S3 SEM–EDS elemental mapping of O, Cu and Ti for (a-d)100Cu2O-TiO2; (e-h) 

111Cu2O-TiO2

The Raman spectra of 100Cu2O-TiO2 and 111Cu2O-TiO2 were also executed to identify 

the Cu2O and TiO2. According to our previous work [7], peak at 210, 146, 416 and 610 

cm-1 was ascribed to the second order overtones 2Eu, T1u, A2u, and T1u (TO) symmetry 

vibration of Cu2O, respectively. After loading of TiO2, the relative intensity of peak at 

146 cm-1 increased significantly, which was attributed to the Eg symmetry vibration of 

TiO2 [8]. This Eg mode vibration of TiO2 also expressed on the emerging peak of 191 

and 517 cm-1 as well as the enhanced peak of 637 cm-1 in 100Cu2O-TiO2 and 111Cu2O-

TiO2, suggesting the successful combination of TiO2 and Cu2O.
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Fig. S4 Raman spectra of 100Cu2O-TiO2 and 111Cu2O-TiO2

In order to comprehend the photocatalytic activity of TC degradation more clearly, the 

degradation rate constants of the as-prepared samples were calculated from Fig.5 and 

listed in Table R1. After illuminating for 60 min, the degradation rate of TC over 



100Cu2O and 111Cu2O was about 33% and 61%, respectively. This degradation was 

enlarged both in 100Cu2O-TiO2 and 111Cu2O-TiO2 with the increasing loaded amount 

of TiO2, which ascended to the maximum at 20 wt% loading amount of TiO2. 

Specifically, the degradation percentage of TC over 111Cu2O-0.2TiO2 could increase 

to 91% within 60 min irradiation, and the degradation percentage of TC over 100Cu2O-

0.2TiO2 could also accrete to 88%. The kinetic simulations of the photocatalytic 

reaction of these series of samples showed that this photocatalytic reaction is 

accordance with the first-order reaction kinetic equation (Fig. 5). After combination of 

TiO2, the TC degradation rate constants of 100Cu2O, 100Cu2O-0.1TiO2, 100Cu2O-

0.2TiO2, 100Cu2O-0.3TiO2, 111Cu2O, 111Cu2O-0.1TiO2, 111Cu2O-0.2TiO2 and 

111Cu2O-0.3TiO2 was calculated as about 0.0077, 0.0231, 0.0363, 0.0338, 0.0167, 

0.0237, 0.432 and 0.0429 min-1, respectively, which indicates that the TiO2 

combination can effectively improve the photocatalytic activity of TC degradation over 

Cu2O and achieve summit at the20 wt% loading amount of TiO2.

Table S1. The calculated degradation rate constants for catalysts.
Sample Degradation 

percentage
Degradation rate 
constants (min-1)

100Cu2O 33% 0.0077

100Cu2O-0.1TiO2 75% 0.0231

100Cu2O-0.2TiO2 88% 0.0363

100Cu2O-0.3TiO2 86% 0.0338

111Cu2O 61% 0.0167

111Cu2O-0.1TiO2 79% 0.0237

111Cu2O-0.2TiO2 91% 0.4320

111Cu2O-0.3TiO2 90% 0.0429

The UV-Vis DRS spectra of 100Cu2O-TiO2 and 111Cu2O-TiO2 were also implemented 

to investigate the optical absorbance properties of heterojunctions. As shown in Fig. 

S5. 100Cu2O-TiO2 and 111Cu2O-TiO2 primarily absorbed the visible light with a 

wavelength below 650 nm, which was in accordance with the absorbance of 100Cu2O and 

111Cu2O. According to the Tauc plots from UV-DRS spectra of pure TiO2 (Fig. S6), the 

emerging weakest absorbance edge between 300 and 400 nm in 100Cu2O-TiO2 and 

111Cu2O-TiO2 was ascribed to the intrinsic band gap absorption of TiO2. Except for 

this, the principal band gap of 100Cu2O-TiO2 and 111Cu2O-TiO2 was estimated to be 



2.00 and 1.96 eV from the Tauc plots (Fig. S5b), respectively, which was in common 

with the band gap of pure 100Cu2O and 111Cu2O. These results suggest that the 

integration with TiO2 has little effect on the light absorption of Cu2O. 

Fig. S5 (a) UV-Vis diffuse reflectance spectra and (b) Tauc plots of 100Cu2O-TiO2 and 

111Cu2O-TiO2

Furthermore, Mott-Schottky plot of TiO2 was also taken to determine the fermi level. 

As shown in Fig. S6a, TiO2 could be assign to an N-type semiconductor since positive 

slope was obtained from the linear fitting. The Ef of TiO2 was calculated to be -0.82V 

vs. Ag/AgCl (vs. RHE -0.21 V). For TiO2, the Ef is about 0.2 eV lower than its 

conduction band [9]. Thereby, the conduction band potential of TiO2 was estimated as 

-0.41V vs. RHE. Meanwhile, the Eg of TiO2 was reckoned as 3.25 eV by fitting the 

UV-Vis diffuse reflectance spectra (Fig. S6b). Correspondingly, the valence band could 

be estimated as 2.84 V vs. RHE. 

Fig. S6 (a) the Mott-Schottky plots and (b) UV-Vis diffuse reflectance spectra of 

TiO2.

The XRD characterization after photocatalysis were carried out to subsidiarily 



investigate the charge transfer pathway of heterojunctions. As shown in Fig 2 and Fig. 

S7, before photocatalysis, the observed diffraction peak of 100Cu2O, 111Cu2O and 

Cu2O-TiO2 at about 2θ = 29.6°, 36.4°, 42.3°, 61.3° and 73.4°belongs to the (110), (111), 

(200), (220) and (311) lattice planes of Cu2O (PDF No. 05-0677), respectively. Peak of 

100Cu2O-TiO2 and 111Cu2O-TiO2 measured at about 2θ = 26.4 ° and 48.9 °is assigned 

to the (101) and (200) lattice planes of anatase TiO2 (PDF#12-1272), respectively. 

Except for these diffraction peaks, no other diffraction peaks were observed, which 

illustrates the successful synthesis of pure Cu2O and Cu2O-TiO2 composites instead of 

CuO or Cu. It is also corresponding to the analysis of TEM and EDS in the text.

Fig.S7. XRD patterns (a), (b) before photocatalysis and (c), (d) after photocatalysis 

for 100Cu2O,100Cu2O-TiO2, 111Cu2O and 111Cu2O-TiO2.

After photocatalysis, the primary characteristic diffraction peaks of Cu2O and TiO2 

were almost constantly remained. Besides, emerging diffraction peak at about 2θ = 

61.4° and 73.6° was observed in 100Cu2O and 100Cu2O-TiO2, which is assigned to the 

(220) and (311) lattice planes of CuO (PDF#78-0428), respectively. It indicates that 

100Cu2O and 100Cu2O-TiO2 could be photo-oxidized during the photocatalytic 

degradation of TC. Interestingly, this influence was tremendously weakened in 

111Cu2O and 111Cu2O-TiO2. It is because the more postive valence band of 100Cu2O 

and the accumulative holes, originating from the valence band of TiO2, on the valence 

band of Cu2O, which leading to express powerful own photo-oxidization ability of 

100Cu2O. Therefore, CuO measured in 100Cu2O and 100Cu2O-TiO2 instead of 



111Cu2O and 111Cu2O-TiO2. This result also suggests Cu2O is relatively stable under 

normal conditions and plays a major photocatalytic role. This Cu2O nanostructure can 

be protected by the negative band potential of 111Cu2O and the Z-scheme 

heterojunction sturcture during the photocatalytic reaction, which leading to the stable 

photocatalytic activity of TC degradation.

Fig. S8 Photocurrent curves of (a) 100Cu2O and 100Cu2O-TiO2; (b)111Cu2O, and 

111Cu2O-TiO2

This charge transfer was also supported by photocurrent curves of 100Cu2O, 100Cu2O-

TiO2; 111Cu2O, and 111Cu2O-TiO2. As shown in Fig. S8, the photocurrent intensity of 

100Cu2O was about 0.2 μA/cm2, which could be increased to 0.35 μA/cm2 after loading 

of TiO2. Meanwhile, after recombination of TiO2 on 111Cu2O, the photocurrent 

intensity could also be rised from about 1.5 to 2.5 μA/cm2. This result further reveals 

the enhanced carrier mobility at the interface of heterojunctions, which is consistent 

with the analysis of EIS and steady-state PL spectrum in the text [10-11].

Fig. S9 Time-resolved fluorescence spectra of 111Cu2O.



Fig. S10 N2 adsorption-desorption isotherms of 100Cu2O, 111Cu2O, 100Cu2O-TiO2 

and 111Cu2O-TiO2

The N2 adsorption/desorption isotherms and pore size distribution curves were 

performed to investigate the surface adsorption and recorded on Fig. S10 and Fig. S11. 

As shown in Fig. S10, the N2 adsorption/desorption isotherms curves of the as-prepared 

samples were all type IV isotherms equipped with the H3 hysteresis loops, which is 

consistent with the characteristics of mesoporous materials. Furthermore, The BET 

values of 100Cu2O, 111Cu2O, 100Cu2O-TiO2 and 111Cu2O-TiO2 could be calculated 

as 0.4075, 0.9820, 10.5889 and 11.2576 m²/g, respectively. Besides, the corresponding 

pore size distribution curves were also depicted and showed in Fig.S11. It exhibits that 

the average pore diameter of 100Cu2O, 111Cu2O, 100Cu2O-TiO2 and 111Cu2O-TiO2 

was estimated to be 3.6848, 4.0979, 11.6167 and 14.0166 nm, respectively. This result 

indicates that the combine of TiO2 on Cu2O can enhance the pore size and surface area 

of Cu2O, which probably promotes the photocatalytic degradation of TC on the surface 

of catalyst.



Fig. S11 pore size distribution curves of (a)100Cu2O, (b)111Cu2O, (c)100Cu2O-TiO2 

and (d)111Cu2O-TiO2
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