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Table S1. Summary of reported Pd-based catalysts for CO2 electroreduction with formate as a 
targeted product  
 

Sample Structure Electrolyte Potential 
(V vs. 
RHE) 

Faradaic 
efficiency 

(%) 

Reference 

Pd 
nanoparticles 

∼5 nm Pd 
nanoparticles on 
carbon particles 

2.8 M KHCO3  -0.05 V ~ 
-0.25 V 

Formate: 86 
to 94 %  

Min and 
Kanan [1] 

Pd 
nanoparticles 

3.7 nm 
nanoparticles 

1 M KHCO3 -0.1 V ~ 
-0.2 V 

Formate: 
~98 % 

Gao et al. [2] 

Boron-doped 
Pd 

4.1± 0.5 nm 0.1 M 
KHCO3 

-0.5 V Formate: 
70%  

Jiang et al. 
[3] 

Pd 
nanoparticles 

~ 4.2 nm Pd 
nanoparticles 

0.5 M 
NaHCO3 

-0.15 V Formate: 
71% 

Takashima 
et al. [4] 

Pd@TiO2/ 
Carbon 

Nanohorns 

Pd nanoparticles 
(1.5 nm) shielded 
within the TiO2 

phase  

0.5 M 
NaClO4 

~ -0.2 V 
vs. RHE  

Formate: 
~95% in the 
initial 5 min, 
40% after 1 h 

Melchionna 
et al. [5] 

RuO2 + TiO2 RuO2:TiO2=35:65 
(mole percent) 

0.05M H2SO4 
(pH = 12) 

-0.9 V 
vs. 

Hg2SO4 

Formate: 
~2% 

Bandi et al. 
[6] 

RuO2 + 
MoO2 + TiO2 

RuO2:MoO2:TiO2=
25:30:45 (mole 

percent) 

0.05M H2SO4 
(pH = 12) 

-0.9 V 
vs. 

Hg2SO4 

Formate: 
<1% 

Bandi et al. 
[6] 

RuO2 + 
Co3O4 + 

SnO2 + TiO2 

RuO2:Co3O4:SnO2:
TiO2= 20:10:8:62 

(mole percent) 

0.05M H2SO4 
(pH = 12) 

-0.9 V 
vs. 

Hg2SO4 

Formate: 
18% 

Bandi et al. 
[6] 

mPd/TNTAs MesoporousPd-
TiO2 nanotube 

hierarchical 
structures 

0.5 M 
NaHCO3 

-0.1 V Formate: 
88% 

This work 
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Fig. S1 SEM images of TiO2 nanotube arrays of different tube lengths: (a) 1 µm, (b) 2 µm, (c) 3 

µm, (d) 6 µm, (e) 10 µm, (f) 20 µm. 

 

 

Fig. S2 SEM images of mPd/TNTAs with higher resolution.    
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Fig. S3 SEM images of mPd/TNTAs with different tube lengths: (a) 1µm, (b) 2 µm, (c) 3 µm, (d) 6 

µm, (e) 10 µm, (f) 20 µm. 

 
Fig. S4 SEM images of mPd/TNTA samples with different electrodeposition time: (a) 1 min, (b) 2 
min, (c) 3 min, (d) 5min 
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Fig. S5 Current-time curves of mPd/TNTAs and Pd/TNTAs during the electrodeposition. 

 

 
 

Figure S6. FTIR of pure P123, as prepared mPd/TNTAs containing P123 micelles, and after 
immersing in water for 24 h. 
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Fig. S7 (a) the linear relationship between the formate concentration and the relative area (vs. 

DSS); (b) the 1H-NMR spectrum for formate. The single peak at 8.44 ppm coresponding to the H 

in formate and the peak at 0.00 ppm represents the internal standard DSS. The relative areas 

were calculated based on the equation: 

𝑅𝑒𝑙𝑎𝑡𝑖𝑣𝑒 𝑎𝑟𝑒𝑎(𝐹𝑜𝑟𝑚𝑎𝑡𝑒) = 𝑃𝑒𝑎𝑘 𝑎𝑟𝑒𝑎 𝑎𝑡 8.44 𝑝𝑝𝑚 𝑃𝑒𝑎𝑘 𝑎𝑟𝑒𝑎 𝑎𝑡 0.00 𝑝𝑝𝑚 ⁄  

 

 

 
 

Fig. S8 Comparison of H2 faradaic conversion efficiencies of mPd/TNTAs and Pd/TNTAs as a 
function of applied potential (a), H2 faradaic conversion efficiencies of mPd/TNTAs with different 
mPd loading time (b) and different length of the TiO2 nanotube arrays of mPd/TNTAs (c). (a, b) 
based on TNTAs of 2 µm; (a, c) mPd loading time of 2 min, and (b, c) at  -0.1 V vs. RHE. All 
experiments were performed in 0.5 M NaHCO3 aqueous solution under constant purging of CO2 
(20 mL min-1) for 1 h.  
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Fig. S9 Current density-time curves of mPd/TNTAs at the potential range of 0 to -0.5 V vs. RHE. 

 

 

Fig. S10 Tafel plot of the mPd/TNTAs at the potentials between 0 to -0.3 V vs. RHE. 
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Fig. S11   The long term CO2RR stability test of the mPd/TNTAs samples performed at - 0.10 V vs. 

RHE. Inset showing the SEM of mPd/TNTAs  after the 4 h electrochemical CO2RR.   

 

 

Fig. S12 (a) XRD pattern and (b) XPS spectrum of the mPd/TNTAs after CO2 reduction 

performance test of 4 hours. 
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Fig. S13 (a) Current density vs. time of mesoporous Pd on carbon paper. SEM image of (b) 
carbon paper, (c-d) mesoporous Pd on carbon paper before test, and (e-f) after test. (d) and (f) 
are the enlarged areas in the selected areas in (c) and (e), respectively. The CO2RR performace 
test were conducted in CO2 saturated NaHCO3 (0.5M) aqueous solution under constant purging 
of CO2 (20 mL min-1) for 1 h. The mesoporous Pd on carbon paper was electrodeposited for 2 
min.  
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Fig. S14 Current density-time curves of mPd/TNTAs with (a) different Pd layer thicknesses and 

TiO2 (b) nanotube lengths, with an applied potential of -0.10 V vs. RHE. 

 

 

 

Fig. S15 CV measurements of (a) mPd-TNTAs (2 µm) with different Pd deposition time; (b) mPd-

TNTAs with different TNTAs lengths, the loading time in (b) is 2 min. All the measurements were 

performed in 0.5 M H2SO4. 
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Fig. S16 Current density-time curves of mPd/TNTAs with different initial pH. All experiments were 

performed in 0.5 M NaHCO3 aqueous solution under constant purging of CO2 (20 mL min-1) for 1 

h using the mPd/TNTAs of 2min mesoporous Pd loading and TiO2 tubes of 2 µm. 
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