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Table S1. Reports on the performances of CdSe based photocatalysts. 

Photocatalysts method Electrolyte Performance Application Ref 

CdSe and 

CdSe/CdS core–

shell QDs 

rapid microwave 

activated 

approach 

0.01 g/L 

Methyl orange 

92% 

degradation of 

Methyl orange 

after 1h 

Methyl orange 

Dye degradation 

[1] 

CdSe and 

CdSe(ZnS) Sol–

Gel Thin Films 

(∼70 nm 

Thick) 

sol–gel and spin 

coating methods 

0.1 M 

polysulfide 

aqueous 

solution (Na2S 

+ NaOH + S) 

∼250 μA cm
–2

 

anodic 

photocurrent at 

−0.57 V 

Photoelectrochemi

cal measurements 

[2] 

CdSe−nC
60

 

composite 

clusters 

deposited on 

optically 

transparent 

electrodes 

Electrophoretic 

Deposition  

0.1 M Na2S  0.25 mA/cm
2
 at 

0.3 V  

photocurrent 

response and 

stability  

 

[3] 

Phenothiazine ‐

modified CdSe 

QDs electrode 

ligand exchange 

approach 

0.1 m Na2SO4  −180 μA cm
−2

 

at −0.1 V vs. 

NHE, (λ > 400 

nm)  

Photoelectrochemi

cal Hydrogen 

Evolution  

 

[4]  
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Pyridine- and 

tert-Butylthiol- 

exchange of 

CdSe 

Nanocrystals  

ligand exchange 

method 

0.2 M Na2S 

electrolyte 

−75 μA cm
–2

 at 

0 mV 

photoelectronic 

applications. 

[5] 

 

Table S2 EIS fitting results of the CdS NR’s/CdSe-TDH photoanodes synthesized at different 

hydrothermal times. 

Sample/EIS Parameters R1  

(Ω) 

R2  

(Ω) 

CPE1 

 (µF) 

R3  

(Ω) 

CPE2 

(µF) 

CdS NR’s /CdSe-TDH-2h  2.3 10.06 0.206 623 291.46 

CdS NR’s /CdSe-TDH-4h  1.37 8.74 0.268 603 673.32 

CdS NR’s/CdSe-TDH-8h  2.0 12.4 0.258 719 568.36 

 

Table S3 PL lifetime parameters of the CdSe-TDH, CdSSe(en)0.5 composite and CdS 

NR’s/CdSe-TDH-4h photoanodes. 

Sample A1 (%) 1 (ns) A2 (%) 2 (ns) A3 (%) 3 (ns) <> 
a) 

(ns) 

CdSe-TDH 58 0.08 42 0.26 - - 0.21 

CdSSe(en)0.5 

composite 
46 0.11 53 0.31 1 2.0 0.39 

CdS 

NR’s/CdSe-

TDH-4h 

88 0.61 11 9.0 1 137 73 

The time-resolved PL intensity is defined as it
ieAtI /

)(


 , where I(t) is the PL intensity 

as a function of time, A is the amplitude, τ is the PL lifetime, and i is 2 or 3. 
a) 

The intensity-

weighted average lifetime is calculated using  
i i

iiii AA  /2 .
6
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Figure S1 XRD of (a) CdSe(en)0.5 nanobelts structures deposited at 140 
o
C, 12h, and (b) 

optimized CdSe-TDH photoelectrodes deposited at 160 
o
C, 12h (red dotted lines and Cd 

indexed for Cadmium foil substrate)  

 

 

Figure S2 Cross section FESEM images of CdSe(en)0.5 nanobelts and CdSe-TDH 

photoelectrodes films deposited at different hydrothermal temperature. 
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Figure S3 Schematic illustrations for the in situ growth mechanism of CdSe-TDH from 

CdSe(en)0.5 nanobelt units. 

 

The possible growth process and transformation of the 1D CdSe(en)0.5 nanobelts to CdSe-

TDH is proposed in Figure S3. The polished rough surface of Cd foil is assumed to provide 

the initial nucleation sites to inspire the upward crystal growth, owing to the local enhanced 

adsorption of reactant ions on its surface.
7, 8

 Subsequent growth of CdSe-TDH via 

CdSe(en)0.5 naobelts is effectively mediated by ethylenediamine in solvothermal solution. 

Ethylenediamine is known to possess a strong chelating capability with metal ions, and 

meanwhile serve as a capping agent to control the anisotropic growth of CdSe(en)0.5 crystal 

via the selective interaction with specific crystallographic planes.
9
 When the solvothermal 

reaction was more than 140 
o
C, the Se was reduced by N2H4 group of ethylenediamine to get 

Se
2-

) ions as below equation (S1 and S2)
10, 11

:  

Cd
2+

+ 2en(0.5) ↔ [Cd(en(0.5))2]
2+ 

   (S1) 
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2Se + N2H4 + 4OH
-
 → 2Se

2-
 + N2 ↑ + 4H2O  (S2) 

[Cd(en(0.5))2]
2+

 + Se
2- 

→ CdSe(en)0.5   (S3) 

 Lu et  al
12

 also reported that, due to the strongly nucleophilic properties of ethylenediamine, 

the development of Se(en)0.5 takes place during the solvothermal synthesis CdSe(en)0.5. This 

is due to the formation of the selenium anions (Se
2-

) when selenium could be reacted and 

partly reduced by ethylenediamine solvent. Due to more electronegativity of Se than Cd, the 

interaction of selenium with ethylenediamine forms Se–N covalent bonds. At the same time, 

the ethylenediamine is also chelated with metal salts (Cd ions) that have already combined 

with selenium. This process is initial step in the development of the CdSe(en)0.5 nanobelt, and 

is similar to that which occurs when sulfur is activated by amines or hydroxide.13 Thus, 

selenide (Se
2-

) could be reacts with the Cd metal foil in the presence of (en)0.5, to yield 

CdSe(en)0.5 complex nanobelts (equation S3). As the reaction proceeds at high temperature 

more than (150 
o
C), the leaflike CdSe(en)0.5 nanobelt arrays as sacrificing template units, 

Se
2−

 in (en)0.5 solution react with CdSe(en)0.5 nanobelts by diffusing into the nanounits 

through the leaf apex. With successive ion-exchange reactions between CdSe and (en)0.5 

solution, the arranged CdSe(en)0.5 nanobelt units were dissolved gradually and reorganized 

into tetrakaidecahedrons forms (equation S4), which is first time reported. 

CdSe(en)0.5 → CdSe + (en)0.5     (S4) 

 

 

 

 

 

 

 

 

 

 



S8 

 

 

Figure S4 The equivalent circuit used to fit the Nyquist plot using Z-view software.  

 

 

 

Figure S5. FESEM images of oxygenated CdS NR’s/CdSe-TDH heterojunction photoanode 

deposited at 160 
o
C, 4h  
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Figure S6 (a) Photocurrent versus applied potential plot (b) amperometric (J–t ) curves of the 

bare CdS photoanode (4CdS/Cd foil prepared at 160 
o
C, 4h, annealed at 300 

o
C, 20 min) 

measured at a 0 V versus Ag/AgCl at 100 mW cm
-2

 with light on–off cycles and (c) stability 

of corresponding CdS photoanode under continuous illumination. 
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Figure S7. (a) UV-vis reflectance spectrum and (b,c) Tauc plots of CdSSe(en)0.5 composite 

and hydrothermally synthesized CdS NR’s/CdSe-TDH heterojunction at 160 
o
C, 4 h on Cd 

foil, (d) UV-vis absorption spectrum of 4CdS/Cd foil annealed at 300 
o
C, for 20 min. Inset 

shows the corresponding Tauc Plot. 
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Figure S8. FESEM of CdSSe(en)0.5 composite photoanode prepared at 160 
o
C, 12h and 

annealed at 300 
o
C, for 20 

 

Figure S9 (a) LSV, (b) Amperometric (J-t) curves under chopped illumination condition, (c) 

Nyquist plots of the as-prepared and annealed CdSSe(en)0.5 composite under illumination, 

and (d) corresponding EIS fitting equivalent circuit, where R1 denotes the bulk resistance, 

originating from the electrolyte and the electrode, R2 of the CPE2 with a high frequency 

response corresponds to the charge transport in the depletion layer. The impedance response 

at low to intermediate frequencies (R3, CPE3) is accordingly designated to events occurring 

in the Helmholtz layer. 



S12 

 

 

Figure S10 (a,b) Mott–Schottky plots of the CdSe-TDH and CdS NR’s/CdSe-TDH 

heterojunction photoelectrodes annealed at 300 
o
C, for 20 min in 0.1 Na2S+0.01 M Na2SO3 

solution (pH = 12.8) at 1000 Hz under the dark conditions. 

 

 

Figure S11. The PL excitation spectrum of the CdSe-TDH, CdSSe(en)0.5 composite and CdS 

NR’s/CdSe-TDH-4h heterojunction structure. The value in the parenthesis is detection 

wavelength. The CdS NR’s/CdSe-TDH-4h heterojunction structure showed obviously 

enhanced contribution from both the CdS and CdSe-TDH phases to the emerged near infrared 

emission (830 nm) compared to the bare CdSe-TDH and CdSSe(en)0.5 composite materials. 
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