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Computational methods
DFT calculation details
All electronic structure calculations were carried out via the Quantum ESPRESSO package.1,2 The exchange−correlation energies were approximated using the Perdew−Burke−Ernzerhof (PBE) generalized gradient approximation functional and the nonlocal van der Waals correlation functionals (vdW-DF2-B86R).
All slab calculations were performed using a plane-wave basis set with plane-wave cutoff of 60 Ry (816 eV) and density-wave cutoff of 240 Ry (3264 eV). The Brillouin zone was sampled by a Monkhorst−Pack grids with a smearing width of 0.01 Ry (0.136 eV). Structural optimization was done with a convergence threshold of 10-7 Ry (1.36×10-6 eV) and degauss of 0.01. The periodic unit cell of Cu (111) was modeled by a six-layer slab, with oleylamine and Cl- absorbing on the top most layer. During the structure optimization, the top three layers and the absorbed species were allowed to relax[3] using a force convergence threshold of 10-3 Ry (0.0136 eV) and the bottom three layers were fixed at the bulk positions. 
In the calculated conformation model, oleylamine and Cl- absorbed on the atop and fourfold hollow sites respectively based on the previous report.[4] The model of 0 ML and 0.33 ML Cl employed (3×3×1) k-point mesh. The surface energy was calculated by:[4]
                                                                                            (1)                                                                                                 
Where ECu-Cl-OLA and EOLA,O are the energies of the optimized Cu-oleylamine-Cl system and isolated oleylamine layer respectively, ECu,bulk and ECl,bulk are the energies of a primitive cell of bulk Cu and Cl respectively, NCu and NCl are the number of Cu atoms and Cl atoms, respectively. Asurf is the surface area of one side of the Cu slab in the optimized Cu-oleylamine-Cl system. The γf is the surface energy of a bare relaxed Cu slab with all atoms in bulk positions and is given by the following equation.[4]
                                                                                                                                                                     (2)
Where, Ecu,slab is the energies of the optimized bare Cu system, A is the surface area of one side of the Cu slab in the bare Cu system. 

FDTD simulation details
The extinction spectra of copper bipyramids were simulated using the FDTD simulation software package FDTD Solutions 2020 developed by Lumiric Solutions Inc. The dielectric function of copper comes from the results of early Johnson and Christy measurements. Considering that the copper right bipyramids were dispersed in isopropanol for UV-Vis-NIR measurement, the refractive index of the surrounding medium was set to 1.377. Simulate the absorption and scattering spectra of copper bipyramids using a full field scattering field source (wavelength range: 200-2000 nm). The polarization direction of the light source is parallel to the long axis of the bipyramid, while the propagation direction is set perpendicular to the long axis of the bipyramid.
Calculation of photothermal conversion efficiency
The photothermal conversion efficiency of large Cu decahedrons were calculated by following method:[5]
                                                                                                                                                                             (3)
Where, η refers to the conversion efficiency at 808 nm. TMax is the maximum equilibrium temperature and TSur is the ambient temperature. QDis is the baseline energy generated by the sample cell and solution upon laser irradiation, measured independently. I indicate laser power. A is the absorbance of large Cu decahedrons at 808 nm. S is the surface area of the system outer interface and h is the heat transfer coefficient. In order to get hS, a dimensionless driving force temperature,θ, is introduced: 
                                                                                                                                                                                           (4)
                                                                                                                                                                                            (5) 
τs is the time constant in cooling period, and is calculated in Fig. S8.        
                                                                                                                                                                                                     (6) 
Where, m=1.5 g and the C is 4.2 J/g.
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[image: ]Fig. S1. SEM images of the products obtained when the vial transferred to (a) an oil bath of 90 °C directly and (b) an oil bath heated up to 90 °C at the heating rates of 2 °C / min.

Fig. S2. SEM images of the products obtained at variable concentration of Cl- (a) 0 mM, (b) 10 mM, (c) 60 mM and (d) 100 mM with other parameters unchanged in the standard synthesis of Cu nanowires.

[image: ]Fig. S3. SEM images of the products obtained at variable amount of oleylamine (a) 20 mM, (b) 60 mM, (c) 100 mM and (d) 150 mM with other parameters unchanged in the standard synthesis of Cu nanowires.
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Fig. S4. (a) Simulated extinction spectra of copper right bipyramids; (b) XRD pattern of Cu right bipyramids.
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Fig. S5. (a), (c) TEM images of selected Cu nanorods. (b) HRTEM image of the end region of the Cu nanorod marked in (a). (d) HRTEM image of the middle part of the Cu nanorod marked in (c). 
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Fig. S6. SEM images of the products with variable Cl- addition concentration (a) 20 mM, (b) 40 mM unaltering other parameters in the standard synthesis of Cu nanorods.
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Fig. S7. The variation analysed qualitatively of (a) surface energy and (b) Gibbs free energy of three crystal seeds changing with the surface energy per unit area of Cu {111}.
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Fig. S8. Time constant for heat transfer from the Cu nanoparticle is determined to be τs=308.64 s by applying the linear time data of driving force temperature versus cooling time.
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[bookmark: _Toc130890380]Fig. S9. (a) Temperature change curves of Cu right bipyramids (Cu RDs) F127 solution and F127 solution versus laser irradiation time. (b) Temperature change curve of Cu right bipyramids F127 solution over three cycles of laser irradiation on/off. The laser was operated at 808 nm and 1.5 W/cm2. The inset is photograph of the Cu right bipyramids F127 solution and F127 solution.


Supplemental Tables
 Table S1. The surface area and twin boundary surface area of the three seeds, five-fold twinned decahedral seed, singly twinned seed and single-crystal seed (tetrahedron) with volume V0.
	
	Five-fold twinned 
seed
	Singly twinned 
seed
	Single-crystal 
seed

	Volume
	V0
	V0
	V0

	Surface energy
	  6.16{111}
	 6.81{111}
	  7.20{111}

	Twin boundary energy
	3.08γt
	1.14γt
	        ___








 Table S2. The surface energy and twin boundary energy of decahedral seeds, singly twinned seeds and single-crystal seeds with a volume of V0.
	[bookmark: _Hlk130844476]
	Five-fold twinned 
seed
	Singly twinned
seed
	Single-crystal
seed

	Volume
	V0
	V0
	V0

	Surface/Volume
	6.16
	6.81
	        7.20

	Surface area
	6.16
	6.81
	7.20

	Twin boundary surface area
	3.08
	1.14
	_____





 



Table S3. Calculated results of surface energies of the Cu-oleylamine-Cl system at different Cl- coverages.
	Conformation
	Energy(eV)
	Surface area(Å2)
	(eV)[a]
	(eV/Å2)

	0.00 ML
	-22984.027
	49.873
	10.220
	0.103

	0.33 ML
	-46264.869
	50.248
	10.651
	0.111








[a] .

Table S4. Comparison of various Cu photothermal agents and their photothermal conversion efficiencies. 
	Cu Nanoparticle system
	Wavelength
	η
	Ref.

	Cu-PVA hydrogel
	1.5W 660 nm
	23.9 %
	Previous work6

	Cu-Guar gum
	1.5W 660 nm
	22.3 %
	Previous work7

	Cu@CPP-800
	1.6W 808 nm
	48.5 %
	8

	PEGylated Cu nanowires
	1.5W 808 nm
	12.5 %
	9

	Large Cu decahedrons-F127
	1.5W 808 nm
	52.9 %
	This work
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