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Supplementary Fig. 1. (a) Low-magnification TEM and (b) HRTEM images of Ag
icosahedral nanocrystals. (¢) Size distribution histogram of Ag icosahedral nanocrystals

measured by TEM. (Scale bars: 100 nm in a; 5 nm in b).
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Supplementary Fig. 2. (a) HRTEM image of an individual Ag-CdS icosapod with its

size indicated. (b) Size distribution histogram of Ag-CdS icosapods measured by TEM.

(Scale bar: 20 nm in a).
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Supplementary Fig. 3. (a to ¢) Schematic illustrations and (d to f) HRTEM images of
five-fold multi-twinned Ag icosahedral nanocrystals with C> (a,d), Cs (b,e), and Cs (c,f)
symmetrical Moiré patterns. (g to i) Schematic illustrations and (j to 1) HRTEM images
of representative Ag-CdS icosapods with C> (g.j), Cs (h,k), and Cs (i,]) symmetrical

patterns. (Scale bars:2nmindtof; 20 nminjtol).

S5



Intensity (a. u.)

1200 1000 800 600 400 200

Binding Energy (eV)

2]

o

405.4

4121

Intensity (a. u.)

A} A
r

——

416 414 412 410 408 406 404 402

Binding Energy (eV)

o

367.7

Intensity (a. u.)

LA VT AL

at -~
>

378 376 374 372 370 368 366 364
Binding Energy (eV)

o

Intensity (a. u.)

166 164 162 160 158
Binding Energy (eV)

Supplementary Fig. 4. (a) XPS spectrum of the synthesized Ag-CdS icosapods. (b)

High-resolution XPS spectrum of 4g 3d. (¢) High-resolution XPS spectrum of Cd 3d.

The peaks located at 412.1 and 405.4 eV can be ascribed to Cd 3ds» and Cd 3ds. of

CdS, respectively. (d) High-resolution XPS spectrum of S 2p. The peaks located at

162.9 and 161.7 eV can be ascribed to S 2p;> and S 2p3/» of CdS, respectively'~.
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Supplementary Fig. 5. (a) Normalized Ag K-edge XANES spectra and (b) Fourier-
transformed EXAFS spectra of the Ag-CdS icosapods, Ag icosahedral nanocrystals, Ag

foil and Ag2S nanocrystals.

Supplementary Note 1: As shown in Supplementary Fig. 5a, in the Ag K-edge, the
white line intensity and XANES energy of Ag-CdS icosapods match well with those of
Ag nanocrystals and Ag foil. And in the Fourier transforms of EXAFS spectra
(Supplementary Fig. 5b), Ag-CdS icosapods, Ag nanocrystals and Ag foil all show a
dominant peak at approximately 2.85 A in R space, corresponding to the Ag-Ag
scattering path®. The XANES spectra and Fourier transformed EXAFS spectra of Ag-
CdS icosapods are different from those of Ag2S, demonstrating that the Ag in Ag-CdS
icosapods was not sulfurized. The Ag2S nanocrystals were synthesized according to the

previous report?.
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Supplementary Fig. 6. XRD pattern of the synthesized Ag-CdS icosapods. The
standard diffraction peaks of wurtzite CdS (yellow lines, PDF#41-1049) and fcc Ag
(black lines, PDF#04-0783) are used as references.

Supplementary Note 2: As shown in Supplementary Fig. 6, the peaks located at 24.9",
26.57 28.2° 36.6",43.7", 47.8"and 51.9 “are well matched with the (100), (002), (101),
(102), (110), (103) and (112) planes of wurtzite CdS, respectively. In addition, the peak
located at 38.2 corresponds to the (111) plane of Ag, and the peak of Ag (200) plane
located at 44.2"is overlapped with the (110) plane of CdS.
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Supplementary Fig. 7. (a) UPS spectra of Ag nanocrystals and Ag-CdS icosapods.
Inset: the zoom-in UPS spectra of Ag nanocrystals and Ag-CdS icosapods. (b) UPS
spectra of CdS nanorods. Inset: the zoom-in UPS spectra of CdS nanorods. (¢) Two-
dimensional pseudo-color plots of pump-visible probe TA spectra of the colloid
solution of CdS in toluene pumped by 400 nm laser. (d) The schematic illustration of

the interfacial Schottky barrier in the Ag-CdS icosapods.

Supplementary Note 3: As shown in Supplementary Fig. 7a, the cut-off energy of Ag
nanocrystals and Ag-CdS icosapods is determined to be 16.95 eV and 17.20 eV,
respectively. The corresponding work functions (®) can be estimated according to the
following equation: ®=hv—|Ecut-ofr—Ef|, Where Av was the fixed incident photon energy
of 21.22 eV (He I lamp) and Er was calibrated to 0 eV using a standard Au sample. ©
can be estimated to be 4.27 eV for Ag nanocrystals and 4.02 eV for Ag-CdS icosapods.

Here, the Fermi level of Ag nanocrystals and Ag-CdS icosapods should be -4.27 ¢V and
9



-4.02 eV relative to the vacuum level, respectively. The cut-off energy of CdS nanorods
is determined to be 17.30 eV. Therefore, the Fermi level of CdS should be -3.92 eV
relative to the vacuum level (Supplementary Fig7b). The distance between Fermi level
and valence band (VB) of CdS is measured to be 2.30 eV by the linear fitting of the
UPS spectrum in the long tail (inset in Supplementary Fig. 7b), demonstrating the
valence band (VB) of CdS nanorods is -6.22 eV. Meanwhile, the bandgap of CdS
nanorods can be obtained from bleach signal of CdS with center located at ~475 nm
(2.61 V) in the ultrafast pump-probe TA spectrum (Supplementary Fig. 7¢). Therefore,
the conduction band (CB) of CdS should be -3.61 eV. Based on the results, the
interfacial electronic structure can be schematically shown in Supplementary Fig. 7d.
The shift (~0.25 eV) of the Fermi level in Ag-CdS icosapods compared with that of Ag

nanocrystals demonstrates a Schottky barrier was formed at the Ag-CdS interface*.
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Supplementary Fig. 8. (a) TEM and (b) HAADF-STEM images of the synthesized
Ag-CdSe icosapods, showing uniform size distribution with the CdSe length of ~15 nm

and Ag core of ~14 nm. (Scale bars: 20 nm).
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Supplementary Fig. 9. (a) HAADF-STEM and (b) the corresponding EDS mapping

images of a representative Ag-CdSe icosapod, showing the Cd and Se elements
distributed homogeneously on the nanorods and the Ag element located in the core.

(Scale bars: 20 nm).
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Supplementary Fig. 10. (a) XPS spectrum of the synthesized Ag-CdSe icosapods. (b)
High-resolution XPS spectra of Ag 3d. The peaks located at 373.7 and 367.8 eV can be
ascribed to Ag 3d3» and Ag 3ds,» of zerovalent Ag, respectively. (¢) High-resolution
XPS spectrum of Cd 3d. The peaks located at 411.6 and 404.9 eV can be ascribed to Cd
3ds, and Cd 3ds, of CdSe, respectively. (d) High-resolution XPS spectrum of Se 2p.
The peaks located at 54.3 and 53.5 eV can be ascribed to Se 2d3/> and Se 2ds,» of CdSe,

respectively”.
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Supplementary Fig. 11. XRD pattern of the synthesized Ag-CdSe icosapods. The
standard diffraction peaks of CdSe (brown lines, PDF#08-0459) and fcc-Ag (black
lines, PDF#04-0783) are used as references.

Supplementary Note 4: As shown in Supplementary Fig. 11, the XRD pattern of the
synthesized Ag-CdSe icosapods can be well indexed to the wurtzite CdSe and fcc-Ag.
The peak located at 38.2 corresponds to the (111) plane of Ag. The peaks located at
23.97 25.4% 27.1% 35.17 42.0°, 45.8"and 49.7 ‘are well matched with the (100), (002),
(101), (102), (110), (103) and (112) planes of wurtzite CdSe, respectively.
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pattern of the interface in Ag-CdS icosapods. (Scale bars: 1 nm in a; 5 1/nm in b).

Supplementary Note 5: Due to the sophisticated symmetrical branched architecture of
Ag-CdS icosapods with a large size of 108.245.5 nm (Fig. 1b-g and Supplementary Fig.
2), it is very difficult to clearly observe the detailed structure of the interfaces in Ag-
CdS icosapods (Supplementary Fig. 12a). However, an epitaxial relationship can be
found between Ag (111) and CdS (002) planes, as confirmed by the corresponding FFT
pattern (Supplementary Fig. 11b).
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Supplementary Fig. 13. Cs-HAADF-STEM images of the (a) Ag-CdS and (b) Ag-
CdSe heterostructures were obtained at a short reaction time of 1 min. The obtained
Ag-CdS and Ag-CdSe heterostructures were used for the characterization of the

epitaxial interfaces shown in Fig. 2. (Scale bars: 5 nm).
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Supplementary Fig. 14. (a) Schematic crystal model of wurtzite CdS. (b) Schematic
lattice model of wurtzite CdS along its [001] direction. (¢) Schematic crystal model of
wurtzite CdSe. (d) Schematic lattice model of wurtzite CdSe along its [001] direction.

Supplementary Note 6: The wurtzite CdS exhibits crystallographic polarity along its
c-axis, which constitutes alternating Cd and S atom layers along its [001] direction

(Supplementary Fig. 14a). Such polar crystal has two kinds of polarized surface, i.e.,

Cd-terminated (001) planes and S-terminated (OOZ_L) planes (Supplementary Fig. 14b).
Similarly, the wurtzite CdSe exhibits crystallographic polarity along its c-axis, which
constitutes alternating Cd and Se atom layers along its [001] direction (Supplementary

Fig. 14c). Such polar crystal has two kinds of polarized surface, i.e., Cd-terminated

(001) planes and Se-terminated (OO]_.) planes (Supplementary Fig. 14d).
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Supplementary Fig. 15. Schematic lattice structures of the epitaxial (a) Ag-CdS
interface and (b) Ag-CdSe interface.

Supplementary Note 7: As schematically shown in Supplementary Fig. 15, the lattice
distance of two (002) planes of CdS (0.72 nm) is similar to that of five (220) planes of
Ag (0.72 nm), and the lattice distance of two (002) planes of CdSe (0.74 nm) is also
similar to that of five (220) planes of Ag (0.72 nm).
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Supplementary Fig. 16. (a) TEM and (b) HRTEM images of CdS nanorods. (Scale

bars: 50 nm in a; 2 nm in b).
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Supplementary Fig. 17. Two-dimensional pseudo-color plots of pump-visible probe
TA spectra of the colloid solution of CdS in toluene pumped by 550 nm laser. Grey

shading is used to avoid the disturbance of the 550 nm pump laser to the probed signal.
Supplementary Note 8: When the CdS nanorods were pumped by a 550 nm laser, no

obvious bleaching signal was observed, confirming that the 550 nm laser could not

excite CdS nanorods.
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Supplementary Fig. 18. The power-dependence absorption plots of (a) CdS nanorods
and (b) Ag-CdS icosapods. The slope values are listed in Tables S2.
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Supplementary Fig. 19. The power-dependence absorption plots of CdsP>. The slope

values are listed in Tables S2.
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Supplementary Fig. 20. (a) TEM and (b) HRTEM images of CdSe nanorods. (Scale

bars: 20 nm in a; 2 nm in b).
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Supplementary Fig. 21. The power-dependence absorption plots of (a) CdSe nanorods

and (b) Ag-CdSe icosapods. The slope values are listed in Tables S4.
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Supplementary Fig. 22. (a) UV-visible absorption spectra of the colloidal solutions of
Ag icosahedral nanocrystals, CdSe nanorods and Ag-CdSe icosapods in toluene. Insets:
photographs of the corresponding colloid solutions used for UV-visible absorption
measurements. (b) Two-dimensional pseudo-color plots of pump-visible probe TA
spectra of the colloid solutions of Ag-CdSe in toluene. Grey shading is used to avoid
the disturbance of the 700 nm pump laser to the probed signal. Source data are provided

as a Source Data file.

Supplementary Note 9: As shown in Supplementary Fig. 22a, the SPR peak of Ag-
CdSe icosapods shifts from 408 nm (blue curve) to 550 nm and merges with the CdSe
nanorod exciton bands (brown curve) to form a broad absorption feature extending to
~800 nm (fuchsia curve). Compared with the Ag nanocrystals and CdSe nanorods, the
absorption ranging from 675 to 800 nm could also be attributed to the broadened and
redshifted Ag SPR band. When the Ag-CdSe icosapods were excited by a 700 nm pump
laser, a strong bleaching signal near 650 nm and a broad bleaching signal ranging from
450 to 600 nm are observed (Supplementary Fig. 22b), which can also be attributed to

the plasmon-induced hot-electron transfer from the Ag core to CdSe nanorods.
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Supplementary Fig. 23. (a) Averaged mid-IR TA spectra of Ag-CdSe icosapods from
1to 2 ps (red curve), 20 to 40 ps (orange curve), 100 to 200 ps (yellow curve), and 600
to 900 ps (green curve) after 700 nm laser excitation. (b) Time-resolved mid-IR
absorption spectrum of Ag-CdSe icosapods. Grey curves represent the multiexponential
fits as described in Supplementary Table 3. A negligible intraband absorption signal
(black squares) is observed in a control experiment conducted on CdSe nanorods. Inset:
zoom-in time-resolved mid-IR absorption spectrum of Ag-CdSe icosapods. Source data

are provided as a Source Data file.

Supplementary Note 10: In the time-resolved absorption spectrum of Ag-CdSe
icosapods (Supplementary Fig. 23b), the sharply increased TA signal corresponds to
the plasmon-induced hot-electron transfer from Ag into CdSe, and the TA signal decay
corresponds to the charge-recombination process. The fitting result (Supplementary
Table 3) demonstrates an ultrafast plasmon-induced hot-electron transfer time from the

Ag to CdSe (about 7.5 fs).
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Supplementary Table 1. Summary of lattice mismatches of Ag and CdS in Ag-CdS

icosapods, and Ag and CdSe in Ag-CdSe icosapods.

Lattice parameter of Ag (111) Ag (111) Ag (220) Ag (220)
noble metal (LM) 0.236 nm 0.236 nm 0.144 nm 0.144 nm
Lattice parameter of CdS (002) CdSe (002) | CdS (100) | CdSe (100)
semiconductor (LS) 0.336 nm 0.351 nm 0.359 nm 0.372 nm
Lattice mismatch 42.4% 48.7% 149.3% 158.3%
The mismatches are calculated by the conventional definition6 as Eq. S1:
Lattice mismatch = LSL_I\;M * 100% (1)
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Supplementary Table 2. Parameters used for calculating the QY of Ag-CdS icosapods
according to Eq. 4.

CdS excited | CdsP;excited Ag-CdS Cd;P; excited
by 400 nm by 400 nm excited by by 550nm
laser laser 550 nm laser laser
AS (mOD uW) 0.026 0.025 0.0097 0.030
OD 0.19 0.84 0.62 0.29
QY 100% N/A 18.1% N/A

Abbreviation: N/A, Not applicable.

Supplementary Table 3. Fitting results of the intraband absorption kinetics of Ag-CdS
and Ag-CdSe icosapods according to Eq. 6.

T¢ i=1 1=2 i=3
Ag-CdS 18.0+0.3 fs 1.9+£0.16 ps 524+ 16.6 ps | 1347.5+385 ps
Ag-CdSe | 7.5+7.2fs 0.2+£0.1ps 1.7£0.3 ps

Supplementary Table 4. Parameters used for calculating the QY of Ag-CdSe
icosapods according to Eq. 5.

CdSe excited | CdsP2excited Ag-CdSe Cd;P
by 400 nm by 400 nm excited by excited by
laser laser 700 nm laser | 700 nm laser
AS (mOD pW) 0.025 0.032 0.112 0.557
OD 0.43 0.68 0.48 0.34
QY 100% N/A 17.6% N/A

Abbreviation: N/A, Not applicable.
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