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1. Experimental

Synthesis of low crystalline NiCo-LDH (LDH). NiCl2∙6H2O (15 mmol), 

CoCl2∙6H2O (10 mmol) and deionized water (200 mL) were added into 500 mL 

beaker, followed by 50 min stirring under room temperature. Subsequently, 1 M 

ammonia monohydrate (NH3∙H2O 60 mL) was added drop by drop to the solution for 

stirring another 3 h. Next, the precipitate was centrifuged, washed by ethanol-water 

(v/v=1/1) mixture, and dried at 60 oC in vacuum oven for further characterizations.

Synthesis of high crystalline NiCo-LDH (3DLDH). Ni(NO3)2·6H2O (0.104 g) and 

Co(NO3)2·6H2O (0.0698 g) and 12 mM hexamethylenetetramine (HMT) were 

dissolved in 60 mL of deionized water and stirred for 4 h. The solution was then 

transferred to a 100 mL Teflon lined autoclave and heated at 95 oC for 12 h. Finally, 

the synthesized product was centrifuged, washed several times with deionized water 

and ethanol, then dried at 60 oC for 7 h.

Synthesis of SnNb2O6 (SNO, SNO160, SNO140 and SN7). The precursor of 

K7HNb3O19∙13H2O was prepared according to previous literature.23 Briefly, the pH 

value of K7HNb3O19∙13H2O (0.18 g) solution was adjusted to 7 by HCl aqueous 

solution (2.4 M) and white suspension of. SnCl2∙2H2O was formed. After the 

suspension SnCl2∙2H2O was stirred for 0.5 h, the mixture was transferred into a 

Teflon-lined steel autoclave heated at different temperature for 24 h, respectively. The 

final products were washed with distilled water for several times and dried at 80 oC 

for 6 h. Additionally, as-obtained SnNb2O6 at 120 oC, 140 oC , 160 oC and 180 oC was 

denoted as SNO, SNO-140, SNO-160, and SN7, respectively.



HER calculation details: The amount of H2 produced by the photocatalyst was 

determined with an online gas chromatograph (GC2014C, TCD) for a total of 6 h. 

And the temperature was maintained at 295 K during the reaction. The results of 

hydrogen production were displayed by integrating the area of voltage and response 

time after gas chromatography inlet, which was then converted into the mass of 

hydrogen through unit conversion.

AQY calculation details: The apparent quantum yield (AQY) was calculated by 

follow formula.

The energy of photons was detected as the irradiation area of 23.75 cm2 by a 

CELNP2000 irradiatometer (Beijing CEAULIGHT). And the numbers of incident 

photons was measured to be 1.90×1025 h-1 by a calibrated Si photodiode. Moreover, 

the numbers of evolved H2 molecules could be determined by multiplying the 

hydrogen evolution rate (HER) by the catalyst mass by Avogadro constant (NA). 

Accordingly, the calculation formula of AQY can be transformed as follows.

 



Fig. S1. XRD patterns of bare SnNb2O6 (SNO), pure NiCo-LDH (LDH), and five SNO-LDH 

composites with different molar ratio of SNO and LDH. 



Fig. S2. The structure diagram of 3DLDH in the literature,43 and the IR spectra comparison 

between 3DLDH in the literature43 (inset) and synthesized in this manuscript.



Fig. S3. HRTEM and SAED (inset) images of bare SnNb2O6 (SNO, a) and pure NiCo-LDH (LDH, 

b).



Fig. S4. Full XPS spectrum of two bare SnNb2O6 (SNO and SN7), two pure NiCo-LDH (LDH and 

3DLDH) and four SnNb2O6/NiCo-LDH composites. 



Fig. S5. Experimental and fixed XPS spectra of (a) Ni 2p and (b) Nb 3d for as-obtained bare 

SnNb2O6 (SNO and SN7), pure NiCo-LDH (LDH and 3DLDH), and four SnNb2O6/NiCo-LDH 

composites. 



Fig. S6. The comparison of HER rate (a), time courses of photocatalytic H2 production (b), and 

time course of hydrogen and oxygen production of SNO-LDH in the absence of sacrifice agent.
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Fig. S7. XRD patterns (a) and HER rate comparison (b) of four SnNb2O6-LDH composites with 

different crystallinity of SnNb2O6.



Fig. S8. Comparison of literature reports50-58 and our work on low-crystalline SnNb2O6/NiCo-

LDH catalyst towards H2 evolution. 



Fig. S9. Recyclability of photocatalytic H2 produced with three successive cycles in each 6 h of 

time interval for four SnNb2O6/NiCo-LDH composites.



Fig. S10. The HER rate, photos of catalyst comparison (insert) (a) and the time courses of 

photocatalytic H2 production (b) of fresh SNO-LDH and SNO-LDH after five months.



Fig. S11. The SRPES spectra (a), curve of ()2 vs (b) and the energy band diagrams (c) of 

SN7-LDH, SN7-3DLDH, SNO-LDH and SNO-3DLDH.

.



Fig. S12. Mott-Schottky plots of four SnNb2O6/NiCo-LDH composites.


