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Figure S1. SEM images of TDNs at different magnifications

Figure S2. (a)−(c) TEM image of TDNs. (d) and (e) Histogram of the length 

distributions of the main branches and secondary branches of TNDs. (f) SEM−EDS 

spectrum of TNDs.



Figure S3. (a) and (b) SEM images of that TNDs were placed on a substrate at a 45° 

tilt and rotated 15° in the SEM (i.e. rotated by 60°).

Figure S4. SEM images of PtCu TNDs obtained with standard procedures under 

different NaI content: (a) 200 and (b) 250 mg.



Figure S5. (a) − (c) TEM image of PtCu TRNs. (d) Histogram of the side length 

distribution of PtCu TRNs.



Figure S6. (a) and (d) TEM image of a single PtCu TRN. (b) and (c) The HRTEM 

images of the regions were marked in Figure a. The inset in Figure b showed the 

corresponding FFT image. (e) and (f) These were the HRTEM images of the regions 

marked in Figure d. The inset in Figure e showed the corresponding FFT image. 

Figure S7. (a) SEM−EDS spectrum of PtCu TRNs. (b) and (c) Pt 4f and Cu 2p XPS 

spectra of PtCu TRNs.



Figure S8. SEM images of PtCu TRNs.



Figure S9. At different times, the SEM images of the product were obtained by the 

standard method of synthesizing PtCu TDNs. (a) and (b) 15 min. The arrow in the 

picture indicates the plate−like seed. (c) and (d) 30 min. The yellow arrow in the figure 

indicates the monopod, the white arrow indicates the bipod. (e) 1 h. (f) 2 h.



Figure S10. Under the standard procedure for the synthesis of PtCu TDNs, when the 

Pt/Cu content is different, the SEM image of the product. (a) and (b) Without Cu2+ ions. 

(c) and (d) CuCl2 content is 1 mg. (e) and (f) CuCl2 content is 7 mg.



Figure S11. SEM images of PtCu TDNs obtained with standard procedures under 

different NaI content: (a) 400 and (b) 0 mg. (c) and (d) The SEM image of PtCu 

nanoparticles were collected from the reaction under the same conditions as PtCu TDNs 

synthesis, but NaI was replaced by KBr and KCl, respectively.



Figure S12. (a) and (b)TEM image of PtCu DLNs. (c) Histogram of the particle size 

distribution of PtCu DLNs. (d) SEM−EDS spectra of PtCu DLNs. 



Figure S13. TEM images of the Pt−Cu HTBNFs at different reaction time points: (a) 

30 min. (b) 1 h. (c) 2 h. (d) 3 h. (e) 4 h. (f) 5 h.

Figure S14. (a), (b) and (c) TEM of PtCu TRNs, TDNs and DLNs.



Figure S15. CVs (1st, 200 th, 400th, 600 th, 800 th and 1000 th cycle) of (a) the PtCu 

TRNs/C, (b) the PtCu TDNs, (c) the PtCu DLNs and (d) commercial Pt/C for 

EGOR, respectively. The potential was continuously scanned for 1000 sweeping 

cycles at 50 mV s−1 in 0.25 M KOH + 0.25 M EG for the EGOR durability test. (c) 

The change trend graph of the retained mass activity of different catalysts after 1000 

cycles. (f) The normalized current and retained mass activity histogram of different 

catalysts after 1000 cycles.



Figure S16. CVs (1st, 200 th, 400th, 600 th, 800 th and 1000 th cycle) of (a) the PtCu 

TRNs/C, (b) the PtCu TDNs, (c) the PtCu DLNs and (d) commercial Pt/C for EOR, 

respectively. The potential was continuously scanned for 1000 sweeping cycles at 50 

mV s−1 in 0.1 M HClO4 + 0.5 M ethanol for the EOR durability test.



Figure S17. CVs (1st, 200 th, 400th, 600 th, 800 th and 1000 th cycle) of (a) the PtCu 

TRNs/C, (b) the PtCu TDNs, (c) the PtCu DLNs and (d) commercial Pt/C for MOR, 

respectively. The potential was continuously scanned for 1000 sweeping cycles at 50 

mV s−1 in 0.1 M HClO4 + 1.0 M methanol for the MOR durability test.



Figure S18. (a) and (b) TEM image of PtCu TRNs/C before alcohol oxidation test. (c) 

and (d) TEM image of PtCu TRNs/C after long−term alcohol oxidation test.



Figure S19. (a) and (b) TEM image of PtCu TDNs/C before alcohol oxidation test. (c) 

and (d) TEM image of PtCu TDNs/C after long−term alcohol oxidation test.



Figure S20. (a) and (b) TEM image of PtCu DLNs/C before alcohol oxidation test. (c) 

and (d) TEM image of PtCu DLNs/C after long−term alcohol oxidation test.



Table S1. EGOR performances of PtCu TRNs and various electrocatalysts from 

published works.

Catalyst Specific activity
/mA·cm−2

Mass activity
/A·mg−1

Electrolyte References

PtCu TRNs 11.6 5.8 0.25 M KOH+0.25 M (CH2OH)2 This Work

Pt34Pd33Cu33 1.1 0.2 0.1 M HClO4+0.5 M (CH2OH)2
1

PtNi0.67Pb0.23 
NWs 0.7 0.4 0.1 M HClO4+0.2 M (CH2OH)2

2

Pt3Mn−Ru 1.3 0.2 0.1 M HClO4+0.5 M (CH2OH)2
3

0.4%Mo/Pt3Mn 1.2 0.2 0.1 M HClO4+0.5 M (CH2OH)2
4

Pt4Rh−S NCs 11.6 5.1 1.0 M KOH+1.0 M (CH2OH)2
5

Pt52Cu48 HTNCs 11.2 5.7 1.0 M KOH+1.0 M (CH2OH)2
6

Pt3Cu NCs 9.7 5.2 1.0 M KOH+1.0 M (CH2OH)2
7

PtRhCo PAANFs 9.6 2.2 0.5 M KOH+0.5 M (CH2OH)2
8



Table S2. EOR performances of PtCu TRNs and various electrocatalysts from 

published works.

Catalyst Specific activity
/mA·cm−2

Mass activity
/A·mg−1

Electrolyte References

PtCu TRNs 4.2 2.1 0.1 M HClO4+0.5 M CH3CH2OH This Work

Pt34Pd33Cu33 1.1 0.2 0.1 M HClO4+0.5 M CH3CH2OH 1

PtNi0.67Pb0.23 NWs 1.1 0.8 0.1 M HClO4+0.2 M CH3CH2OH 2

PtCu2.1 NWs 2.2 1.0 0.1 M HClO4+0.2 M CH3CH2OH 9

PtCu nanostars 4.5 0.6 0.5 M H2SO4+2.0 M CH3CH2OH 10

Pt1Ru1/C − 0.8 0.5 M H2SO4+0.5 M CH3CH2OH 11

porous Pt−Bi(OH)3 − 0.6 0.5 M H2SO4+0.5 M CH3CH2OH 12

Pt3Ru/Ti0.7W0.3O2 − 0.3 0.5 M H2SO4+0.5 M CH3CH2OH 13

Pd@PtRh nanorings 4.2 − 0.5 M NaOH+0.5 M CH3CH2OH 14



Table S3. MOR performances of PtCu TRNs and various electrocatalysts from 

published works.

Catalyst Specific activity
/mA·cm−2

Mass activity
/A·mg−1

Electrolyte References

PtCu TRNs 8.5 4.2 0.1 M HClO4+1.0 M CH3OH This Work

Pt34Pd33Cu33 4.2 0.7 0.1 M HClO4+0.5 M CH3OH 1

PtNi0.67Pb0.23 NWs 3.1 2.4 0.1 M HClO4+0.2 M CH3OH 2

PtCu2.1 NWs 3.3 1.6 0.1 M HClO4+0.2 M CH3OH 9

Pt1Ru0.5/C@NC 5.3 − 0.1 M HClO4+1.0 M CH3OH 15

r−Pt0.75Cu/C 5.2 2.2 0.5 M H2SO4+1.0 M CH3OH 16

PtCu nanostars 3.5 0.6 0.5 M H2SO4+1.0 M CH3OH 10

PtMo nanowires 2.1 1.0 0.1 M HClO4+1.0 M CH3OH 17

Cu@Pt/C 2.1 0.5 0.1 M HClO4+0.1 M CH3OH 18
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