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1 Determination of Au NTs concentration

Determination of the concentration of Au NTs stock solution. The concentration of Au NTs solution was 

calculated by measuring the UV-VIS spectra and the equations showed as follow.S1 

                                                               (1)ε =  1.6888 × 108𝑒5.1742 × 10 ―3 × 𝜆𝑚𝑎𝑥

                                                                                                                  (2)C =
𝐴
𝜀𝑙

Where ε is extinction coefficient,  is the wavelength of LSPR band of Au NTs, and A is the extinction 𝜆𝑚𝑎𝑥

intensity.  

2 Reactions conditions of synthesis

2.1 Synthesis of Au NT-AgPt NPs

Table S1. The reaction conditions used for Au NT-AgPt NPs growth

Au NT 

Solution

De-ionized 

Water

0.1 M 

CTAC

10 mM 

AgNO3

10 mM 

K2PtCl4

0.10 M AA Figure

1 1.50 mL 7.30 mL 1.00 mL 50 µL 50 µL 100 µL Fig. 1

2 1.50 mL 7.30 mL 1.00 mL 60 µL 50 µL 100 µL Fig. 2a

3 1.50 mL 7.30 mL 1.00 mL 50 µL 50 µL 100 µL Fig. 2b

4 1.50 mL 7.30 mL 1.00 mL 40 µL 50 µL 100 µL Fig. 2c

5 1.50 mL 7.30 mL 1.00 mL 30 µL 50 µL 100 µL Fig. 2d

6 1.50 mL 7.30 mL 1.00 mL 20 µL 50 µL 100 µL Fig. 2e

7 1.50 mL 7.30 mL 1.00 mL 10 µL 50 µL 100 µL Fig. 2f

8 1.00 mL 7.80 mL 1.00 mL 50 µL 50 µL 100 µL Fig. S3a

9 1.50 mL 7.30 mL 1.00 mL 50 µL 50 µL 100 µL Fig. S3b

10 2.00 mL 6.80 mL 1.00 mL 50 µL 50 µL 100 µL Fig. S3c

11 3.00 mL 5.80 mL 1.00 mL 50 µL 50 µL 100 µL Fig. S3d

12 1.50 mL 7.50 mL 1.00 mL 10 µL 10 µL 20 µL Fig. S8a

13 1.50 mL 7.50 mL 1.00 mL 5.0 µL 10 µL 20 µL Fig. S8b

14 1.50 mL 7.50 mL 1.00 mL 2.5 µL 10 µL 20 µL Fig. S8c

15 1.50 mL 7.50 mL 1.00 mL 1.0 µL 10 µL 20 µL Fig. S8d

16 1.50 mL 7.30 mL 1.00 mL 60 µL / 100 µL Fig. S4a

17 1.50 mL 7.30 mL 1.00 mL 10 µL 50 µL 100 µL Fig. S4b

18 1.50 mL 7.30 mL 1.00 mL 10 µL 20 µL 100 µL Fig. S4c
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19 1.50 mL 7.30 mL 1.00 mL / 50 µL 100 µL Fig. S4d, Fig. S5

20 1.50 mL 7.30 mL 1.00 mL 50 µL 50 µL 100 µL Fig. S6a

21 1.50 mL 7.30 mL 1.00 mL 50 µL 40 µL 100 µL Fig. S6b

22 1.50 mL 7.30 mL 1.00 mL 50 µL 30 µL 100 µL Fig. S6c

23 1.50 mL 7.30 mL 1.00 mL 50 µL 20 µL 100 µL Fig. S6d

24 1.50 mL 7.00 mL 1.00 mL 50 µL 50 µL 500 µL Fig. S9a

25 1.50 mL 7.40 mL 1.00 mL 50 µL 50 µL 100 µL Fig. S9b

26 1.50 mL 7.40 mL 1.00 mL 50 µL 50 µL 40 µL Fig. S9c

27 1.50 mL 7.40 mL 1.00 mL 50 µL 50 µL 20 µL Fig. S9d

2.2 Synthesis of Au NT-AgPt NPs with adding KI

Table S2. The reaction conditions used for Au NT-AgPt NPs growth.

Au NT 

Solution

De-ionized 

Water

0.1 M 

CTAC

10 mM 

KI

10 mM 

AgNO3

10 mM 

K2PtCl4

0.10 M 

AA

Figure

1 1.50 mL 7.40 mL 1.00 mL 60 µL 10 µL 20 µL 100 µL Fig. S10a

2 1.50 mL 7.40 mL 1.00 mL 30 µL 10 µL 20 µL 100 µL       Fig. S10b

3 1.50 mL 7.40 mL 1.00 mL 15 µL 10 µL 20 µL 100 µL Fig. S10c

4 1.50 mL 7.40 mL 1.00 mL 10 µL 10 µL 20 µL 100 µL Fig. S10d

5 1.50 mL 7.40 mL 1.00 mL 5 µL 10 µL 20 µL 100 µL Fig. S10e

6 1.50 mL 7.40 mL 1.00 mL / 10 µL 20 µL 100 µL Fig. S10f

2.3 Synthesis of Au NT-AuAgPt NPs

Table S3. The reaction conditions used for Au NT-AuAgPt NPs growth.

Au NT 

Solution

De-ionized 

Water

0.1 M 

CTAC

10 mM 

HAuCl4

10 mM 

AgNO3

10 mM 

K2PtCl4

0.10 M 

AA

Figure

1 1.50 mL 7.40 mL 1.00 mL 40 µL 20 µL 30 µL 100 µL Fig. S14 a, e, m

2 1.50 mL 7.40 mL 1.00 mL 30 µL 30 µL 30 µL 100 µL Fig. S14 b, f, n

3 1.50 mL 7.40 mL 1.00 mL 20 µL 40 µL 30 µL 100 µL Fig. S14 c, g, o

4 1.50 mL 7.40 mL 1.00 mL 10 µL 50 µL 30 µL 100 µL Fig. S14 d, h, p
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2.4 Synthesis of Au NT-AgPd NPs    

Table S4. The reaction conditions used for Au NT-AgPd NPs growth.

Au NT 

Solution

De-ionized 

Water

10 mM 

AgNO3

10 mM 

Na2PdCl4

0.10 M 

AA

Figure

1 2.50 mL 7.40 mL / 50 µL 100 µL Fig. S15a

2 2.50 mL 7.40 mL 10 µL 40 µL 100 µL Fig. S15b

3 2.50 mL 7.40 mL 20 µL 30 µL 100 µL Fig. S15c

4 2.50 mL 7.40 mL 30 µL 20 µL 100 µL Fig. S15d

5 2.50 mL 7.40 mL 40 µL 10 µL 100 µL Fig. S15e

6 2.50 mL 7.40 mL 50 µL / 100 µL Fig. S15f

3 Key physical parameters of bulk Au, Ag, Pd, and Pt

A number of physical parameters of Au, Ag, Pd, and Pt are summarized in Table S4, which include their lattice 
parameters, and the standard reduction potentials.S2-S5 

Table S5. Key physical parameters of Au, Ag, Pd, and Pt

Au Ag Pd Pt
Lattice Parameters 4.078 Å 4.086 Å 3.891 Å 3.924 Å

Atomic Radius 1.442 Å 1.444 Å 1.376 Å 1.387 Å
Standard Reduction Potentials (V) +1.00 

( )[AuCl4] ―
+0.80 
(Ag+)

+0.59 
( )[PdCl4]2 ―

+0.76 
( )[PtCl4]2 ―
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4 Supporting Figures

Figure S1. Morphology, size, and main localized surface plasmon resonance (LSPR) band of Au NTs. a) bright-field TEM 

image of Au NTs; b & c) HAADF-STEM images of Au NTs; d) histogram of edge length of Au NTs; e) UV-VIS spectrum 

of Au NTs.
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Figure S2. Structural stability of Au NT-AgPt yolk-shell NPs. TEM images of Au NT-AgPt yolk-shell NPs which were 

placed on a TEM grid for more than six years. The Au NT-AgPt yolk-shell NPs were synthesized and dropped on the TEM 

grid in September 2016, TEM images showed here were acquired in June 2023.  The original morphology of these Au NT-

AgPt yolk-shell NPs are showed in Figure 1.
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Figure S3. Morphological evolution of Au NT-AgPt NPs synthesized with various concentrations of Au NTs. STEM-

HAADF (up) and TEM (down) images indicated Au NT-AgPt NPs acquired as the volume of Au NTs was: a) 1.0 mL, b) 

1.5 mL, c) 2.0 mL, d) 3.0 mL. e) UV-Vis spectra and f) LSPR band position of Au NT-AgPt NPs showed in a-d. More 

details of the synthesis are shown in Table S1. 
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Figure S4. Shape evolution of Au NT-AgPt NPs synthesized by using different AgNO3 and K2PtCl4 ratios. STEM-HAADF 

images indicated NPs acquired as the concentration of AgNO3 and K2PtCl4 ratios in the growth solution was: (a) AgNO3 

(60 μM)/ K2PtCl4 (0 μM), (b) AgNO3 (10 μM)/ K2PtCl4 (50 μM), (c) AgNO3 (10 μM)/ K2PtCl4 (20 μM), and (d) AgNO3 

(0 μM)/ K2PtCl4 (50 μM). More details of the synthesis are shown in Table S1.
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Figure S5. Morphology of Au NT-Pt. (a, b) STEM image of Au NT-Pt NPs, (c, d) TEM image of Au NT-Pt NPs.
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Figure S6. Morphological evolution of Au NT-AgPt NPs synthesized with various concentrations of K2PtCl4. STEM-

HAADF images indicated Au NTAgPt NPs obtained as the concentration of K2PtCl4 was: a) 50 μM, b) 40 μM, c) 30 μM, 

and d) 20 μM. e) UV-Vis spectra and f) LSPR band position of Au NT-AgPt NPs showed in a-d. More details of the 

synthesis are shown in Table S1.
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Figure S7. The AgPt shell thickness of Au NT-AgPt NPs synthesized with various concentrations of K2PtCl4. Histogram of 

Ag-Pt shell thickness distributions. The Ag-Pt shell thickness in above Figure was: (a) 5.1±1.2 nm, (b) 4.5±0.7 nm, (c) 4.4±0.7 

nm, (d) 4±0.7 nm. Corresponding morphologies are showed in Figure S6. 
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Figure S8. Morphological evolution of Au NT-AgPt NPs for various concentrations of AgNO3. STEM-HAADF (up) and 

TEM (down) images indicated Au NT-AgPt NPs acquired as the concentration of AgNO3 in the growth solution was: a) 

20 μM, b) 15 μM, c) 10 μM, and d) 5 μM. e) UV-Vis spectra and f) LSPR band position of Au NT-AgPt NPs showed in 

a-d. More details of the synthesis are shown in Table S1. 
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Figure S9. Morphological evolution of Au NT-AgPt NPs synthesized with various concentrations of AA. STEM-HAADF 

of NPs acquired as the concentration of AA was: (a) 5.00 mM, (b) 1.00 mM, (c) 0.40 mM, and (d) 0.20 mM. (e) UV-Vis 

spectra and f) LSPR band position of Au NT-AgPt NPs showed in a-d. More details of the synthesis are shown in Table 

S1.
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Figure S10. Morphological evolution of Au NT-AgPt NPs synthesized with various concentrations of KI. TEM images of 

NPs acquired as the concentration of KI was: (a) 60 μM, (b) 30 μM, (c) 15 μM, (d) 10 μM, (e) 5 μM, and (f) 0 μM. (g) 

UV-Vis spectra and (h) LSPR band position of Au NT-AgPt NPs showed in (a-f). More details of the synthesis are shown 

in Table S2. 
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Figure S11. (a) STEM-HAADF image and (b)STEM-EDS elemental maps of Au NT-AgPt site-selective growth NPs 

which acquired as the concentration of KI was 60 μM.

Figure S12. (a) STEM-HAADF image and (b) STEM-EDS elemental maps of Au NT-AgPt NPs which acquired as the 

concentration of KI was 15 μM.
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Figure S13. Molecule structure of C6H8O6 (L-AA) and C6H6O6 (DHA).  

Figure S14. Morphological evolution of Au NT-AuAgPt NPs synthesized with various concentrations of Au and Ag. The 

concentration of AgNO3 and HAuCl4 ratios in the growth solution was: (a, e, k) AgNO3 (20 μM)/ HAuCl4 (40 μM), (b, f, 

m) AgNO3 (30 μM)/ HAuCl4 (30 μM), (c, g, n) AgNO3 (40 μM)/ HAuCl4 (20 μM), and (d, h, o) AgNO3 (50 μM)/ HAuCl4 

(10 μM).The details of the synthesis are shown in Table S3. The scale bar indicates 50 nm in all STEM images and 40 nm 

in all STEM-EDS elemental maps.
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Figure S15. Shape evolution of Au NT-AgPd NPs synthesized while changing the ratio of Pd and Ag precursors. The 

concentration of AgNO3 and Na2PdCl4 ratios in the growth solution was: (a) AgNO3 (0 μM)/ Na2PdCl4 (50 μM), (b) AgNO3 

(10 μM)/ Na2PdCl4 (40 μM), (c, g) AgNO3 (20 μM)/ Na2PdCl4 (30 μM), (d) AgNO3 (30 μM)/ Na2PdCl4 (20 μM), (e) 

AgNO3 (40 μM)/ Na2PdCl4 (10 μM), and (f) AgNO3 (50 μM)/ Na2PdCl4 (0 μM).The details of the synthesis are shown in 

Table S4. The scale bar indicates 50 nm in all STEM images and 40 nm in the STEM-EDS elemental maps. 
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