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1. Experimental section

1.1 Characterization techniques

The crystal phases of the as-obtained samples were characterized by powder X-

ray diffraction (XRD) on a Siemens D5005 diffractometer with Cu Kα radiation (λ = 

1.5418 Å) operated at 40 kV and 40 mA. The scans were performed in the 2θ range of 

10-80° with a step size of 0.02° and a counting time of 1 s per step. Scanning electron 

microscopy (SEM, Hitachi SU8010), transmission electron microscopic (TEM, JEM-

2100F), high-resolution transmission electron microscopy (HRTEM, JEM-2100F) and 

energy-dispersive X-ray spectroscopy (EDX, JEM-2100F) were employed to study the 

morphology, nanoparticle sizes, lattice parameters and element mapping of the 

photocatalysts. For SEM imaging, the samples were dispersed in ethanol via 

ultrasonication for 10 min, dropped onto a silicon wafer, and dried under ambient 

conditions. For TEM analysis, the samples were similarly dispersed in ethanol, dropped 

onto a carbon-coated copper grid, and dried at room temperature. The X-ray 

photoelectron spectroscopy (XPS, Thermo ESCALAB 250 instrument) with a 

monochromatic source (Al Kα hv = 1486.6 eV) was carried out to identify the chemical 

compositions and chemical valence of the samples. The XPS spectra were calibrated 

using the C 1s peak (284.8 eV) as an internal reference. Deconvolution analysis was 

performed using XPSPEAK software (version 4.1) with a Shirley background and 

mixed Gaussian-Lorentzian (70:30) line shapes. The full width at half maximum 

(FWHM) was constrained to 1.0-1.8 eV for all peaks. The ultraviolet-visible diffuse 

reflectance spectroscopy (UV-vis DRS, Agilent Cary 7000) with BaSO4 as a reference 
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was used to identify the optical properties. The specific surface area and pore size 

distribution were determined via nitrogen adsorption-desorption isotherms at 77 K 

using a Micromeritics Tristar 3000 analyzer. Prior to analysis, the sample was degassed 

under high vacuum at 150°C for 6 hours to eliminate adsorbed moisture and 

contaminants. The Brunauer-Emmett-Teller (BET) surface area was calculated from 

the adsorption branch in the relative pressure (P/P₀) range of 0.05-0.30. The pore size 

distribution was derived from the desorption branch using the Barrett-Joyner-Halenda 

(BJH) method, and the total pore volume was evaluated at P/P₀ = 0.99. The 

photoelectrochemical/electrochemical measurements were carried out using the CHI 

660E electrochemical workstation (Chenhua, Shanghai). During this test, a standard 

three-electrode system was adopted, in which Pt sheet, saturated calomel electrode 

(SCE), photocatalysts/ITO and 0.5 M Na2SO4 solution were acted as the counter 

electrode, reference electrode, working electrode and electrolyte, respectively.
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2. Results

Fig. S1. SEM image of the honeycomb-structured TaOx nanoplate.
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Fig. S2. SEM image of the bulk Ta3N5 nanoparticles.
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Fig. S3. EDX spectrum of the honeycomb-structured Ta3N5 nanoplates.
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Fig. S4. O 1s XPS spectra of the honeycomb-structured Ta3N5 foam nanoplates.
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Fig. S5. XRD pattern of honeycomb-structured Ta3N5 nanoplate after the photocatalytic 

H2 evolution reaction.
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Fig. S6. TEM image of honeycomb-structured Ta3N5 nanoplate after the photocatalytic 

H2 evolution reaction.
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Fig. S7. XPS spectra of the honeycomb-structured Ta3N5 foam nanoplates after the 

photocatalytic H2 evolution. (A) XPS survey spectrum, high resolution spectra for (B) 

Ta 4f and (C) N 1s.



S11

Fig. S8. Steady-state PL spectra of bulk Ta3N5 and honeycomb-structured Ta3N5.
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Table S1. The comparison of photocatalytic hydrogen production performance for 

honeycomb-structured Ta3N5 and other previously reported morphologies of Ta3N5 

photocatalysts in recent years.

Photocatalyst
Weight

(mg)
Light

source (nm)
H2

(μmol h-1 g-1)
Ehancement 

fators vs. Ta3N5
Ref.

Ta3N5 
nanoplates

20 λ > 400 26.5 17.7 S1

Ta3N5 
octahedra

20 λ > 400 17.0 11.3 S1

Ta3N5 
nanomeshes

20 AM 1.5G 575.0 10.0 S2

Ta3N5 
nanosheets

50 AM 1.5G 65.8 5.3 S3

Ta3N5 
nanosheet

1 λ > 550 2.1 N/A S4

Ta3N5 single-
crystal

100 λ > 420 33.0 5.0 S5

mesoporous 
Ta3N5 

30 λ > 420 34.6 3.9 S6

Honeycomb- 
structured Ta3N5

50 λ > 420 59.16 22.7 Our work
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