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S1. Calculation of lattice mismatch betweerface-centered cubic gold domain and cubic
berzelianite Cwe-xSe domain in GNR@CuxSe heterostructures.

The lattice mismatch between the FCC gold domain and the cubic berzeliani8eComain in the
GNR@Cu-xSe heterostructures can be calculated ondbes lof the conventional definition using the

following formula:
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Table S1. Lattice mismatch between the FFC gold domain and the cubic berzelianite G&e
domain in the GNR@Cuw-xSe heterostructures

Crystal plane of CG#kSe | (111) | (111) | (200) | (200) | (220) | (220) | (220) | (311)
Crystal plane of gold (111) | (220) | (111) | (220) | (111) | (220) | (311 | (111
Lattice mismatch (%) 41 62 22 99 16 41 65 36
Crystal plane of CuSe (311) (311) (311)
Crystal plane of gold (220) (311) (400)
Lattice mismatch (%) 20 41 70
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Figure S1. FDTD-calculated optical extinction spectra of GNRs, esiiell GNR@ Se structures and core

shell GNR@CuxSe structuresThe models for FDTD simulations are shown as well. The dimensional

parameters (length width) of GNRs are adopted from the statistiocedults shown in Figure S1. The

thickness of shell of corghell GNR@Se structures and GNR@&3e heterostructures is taken from

GNR@Cu-xSe structures prepared with PVP and 1.12 mM>SeO
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Figure S2. Structure and optical properties of GNR&) TEM image, (B) size distribution and (C) optical
absorption spectrum in water of GNRs. The length and width of GNRs were statistically measured from
the TEM image, with at least 150 nanoparticles counted. The GNRs have an average length@&fl57.5

nm andwidth of 15.8 2.6 nm and display the transverplasmon band at 513 nm and longitudinal

plasmon band at 801 nm.



% | 12/20/2019 | HFW mag O | curr HV det  mode WD SEM Mode |—500 nm—|
8:49:13 PM | 4.14 pm 100 000 x | 0.10 nA | 10.00 kV | TLD | SE 4.1 mm Immersion Helios Nanolab G3 UC

Figure S3. Large scale SEM image of-psepared GNRs by the sestkdiated growth method.
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Figure $4. Optical absorption spectra afjueous suspensions of GNRs modified with CTAB, CTAC,
PVP, PSS and PDDA capping agents, respectingygligible spectral change in all these capping agent

modified GNRs was observed, indicating no significant aggregation.
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Figure Sb. FTIR spectra ofA) CTAB-, (B) CTAC-, (C) PVP-, (D) PSS and(E) PDDA-modified
GNRs.CTAB-, CTAGC-, PVPR, PSS and PDDAmodified GNRdisplay FTIR bands characteristic of

their capping agents, respectively, verifying the successful modification of GNRs.
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Figure S6. Powder XRD patterns of GNR@g&be heterostructures prepared with CTAB, CTAC, PVP,
PSS and PDDA, respectivelyhe standard XRD patterns of cubic gold (JCPDS #1242) and cubic
berzelianite CpxSe (JCPDS # 06680) are shown for reference. All-pepaed GNR@CeuxSe
heterostructures exhibits similar diffraction peaksn whi ch di f f r acCtando7ii.8 p e ak
respectively assigned to the (111) and (311) planes éhteeentered cubigold phase from the GNRs,
these GNR@CuSe hybrids exhibit onsi st ent XRD, 4465 and 65t0all2ndexedl 6 . 7
to the (111), (220), (311) and (400) planes of the cubic berzelianit&S€phase. XRD results confirmed
that high crystalline GNR@GuSe nanostructures were prepared with variousingpggents by the

present Se template method.
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% | 12/5/2019 | HFW mag O | curr HV det | mode | WD SEM Mode }—500 nm—{
9:56:49 AM | 4.14 pm | 100 000 x 50 pA  10.00 kv | TLD | SE 3.9 mm Immersion Helios NanolLab G3 UC

Figure S8. Largearea SEM image of GNR@giSe heterostructures prepared WETAB in the

presence of 0.56 mM SeO
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Figure SO. LargeareaTEM image of GNR@CkSe heterstructures prepared with CTAC in the

presence of 0.56 mM SeO
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s | 12/5/2019 | HFW mag O curr HV det | mode | WD SEM Mode —500 nm—]
11:16:20 AM | 4.14 um 100 000 x 50 pA | 10.00 kV | TLD | SE 4.2 mm Immersion Helios NanolLab G3 UC

Figure S10. Largearea SEM image of GNR@€@E«5e heterostructures prepared with CTAC ie th

presence of 0.56 mM SeO
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Figure Sl11. LargeareaTEM image of GNR@ CtkSeheterstructures prepared with PVP in the presence

of 0.56mM SeQ.
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Figure S12. Largearea SEM image of GNR@¢gx5e heterostructures prepared with PVP in the presence

of 0.56mM SeQ.
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TEM image of GNR@ GuSeheteratructures prepared with PSS in the

Figure S13. Largearea

ob.56mM SeQ.

presence
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Figure S14. Largearea SEM image of GNR@e«Beheterostructures prepared with PSS in the

presence of 0.56 mM SeO
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Figure S15. LargeareaTEM image of GNR@CtkSe heterstructures prepared with PDDA in the

presence of 0.56 mM SeO
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o | 12/15/2019 | HFW mag O curr HV det | mode | WD SEM Mode —500 nm—]
12:21:42 PM | 4.14 pm 100 000 x  0.40 nA | 10.00 kV | TLD SE 3.8 mm Immersion Helios NanolLab G3 UC

Figure S16. Largearea SEM image of GNR@e«5e heterostructes prepared with PDDA in the

presence of 0.56 mM SeO
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. 12/5/2019 HFW mag O cur | HV det mode WD SEM Mode ——1pm———
9:33:52 AM | 4.14 pm | 100 000 x 25 pA 5.00 kV | TLD | SE 3.7 mm  Immersion Helios NanolLab G3 UC

Figure S17. Largearea SEM image of GNR@Se hybrids prepared with CTAB in the presence of 0.56

mM SeQ.
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C%; 12/5/2019 | HFW mag O | curr HV det  mode WD SEM Mode }—500 nm—|
o 10:11:37 AM | 4.14 pm | 100 000 x 50 pA 10.00 kv | TLD SE 4.1 mm Immersion Helios Nanolab G3 UC

Figure S18. Largearea SEM image of GNR@ Swbrids prepared with CTAC in the presence of 0.56

mM SeQ.
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*_. 12/20/2019 HFW mag O curr | HV det  mode WD SEM Mode F—500 nm—]
8:13:23 PM | 4.14 pm 100 000 x 50 pA  10.00 kV | TLD | SE 4.1 mm Immersion Helios NanolLab G3 UC

Figure S19. Largearea SEM image of GNR@Se hybrids prepared with PVP in the presence of 0.56 mM

SeQ.
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% | 12/20/2019 | HFW mag O | curr HV ; det | mode WD SEM Mode }—500 nm—| )
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Figure S20. Largearea SEM image of GNR@Se hybrids prepared with PSS in the peadeh&6 mM

SeQ.
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o | 1/4/2020 K mode HV SEM Mode | HFW det | curr mag O WD —500 nm—]
3:49:42 PM | SE 10.00 kV  Immersion  4.14 pum TLD 0.20 nA 100 000 x 3.9 mm Helios Nanolab G3 UC

Figure S21. Largearea SEM image of GNR@Se hybrids prepared with PDDA in the presence of 0.56

mM SeQ.
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Figure S22. Size distributions of GNR@ GuSeheterstructures prepared with various capping agents
in the presence of SeQOconcentrations(A-E) Size distributioa of GNR@CurxSe heterstructures
prepared with (A) CTAB, (B) CTAC, (C) PVP, (D) PSS and (E) PDDA in the presence of (i) 0.28, (ii)

0.56 and (iii) 1.12 mM SeD
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Figure S23. Representative HRTEM image of the G8e domain in GNR@CwSe hybrid
heterostructures prepared with PVP. The lattice fringe with the interplanar spacing of 0.333 nm
corresponds to the (111) plane of the cubic berzelianite phase structurgx8eerifying the cubic

berzelianite crystal structure consistent with the results from XRD measurements.
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Figure S24 Stability of GNR@CuxSe hybrid heterostructures in various pH values. (A) Optical
photographsand (B) optical absorption spectra of GMRCw.xSe hybrids prepared with PVP in
suspensions with pH=4.3, 5.4, 6.5 and 7.2. Results clearly confirm the excellent stability of GNR@Cu

xSe hybrids in a wide pH range from the tumor microenvironment to heathy physiological conditions.
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Figure S25. Structure and optical properties of G8e NCs (A) TEM image and (B) size distribution of

Cw-xSe NCs, and (C) optical absorption spectrum of colloidal suspension-g€NCs in water.
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Figure S26. Photothermal effects of GNRs at a powensity of 1.0 W/crhunder the 808 nm and 1064
nm-laser, respectively(A, B) Heatingcooling curves and plots o¥s -Ind taken from the photothermal
heatingcooling curvesluring the cooling period after the laser is switchedAfunder the 808 nrtaser

and (B) under the 1064 ntaser,of aqueous suspensions of GNRs.
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Figure S27. Photothermal effects of GuSe NCs at a power density of 1.0 Wfamder the 808 nm and
1064 nmlaser, respectively(A, B) Heatingcooling curves and plots df vs -Ind taken from the
photothermal heatirgooling curvesduring the cooling period after the laser is switchedAjfunder

the 808 naser and (B) under the 1064 Aaser,of agueous suspensions of:G8e NCs.
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