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S1. Additional Materials and Methods
Materials  

a) Ancient bronze and related patina. Four coffin nails were unearthed from M1 of the Sifangtang Site in Tonglvshan, Hubei, China, which was been rated as one of Top Ten Archaeological Discoveries in China in 2015. One of the nails was selected, as show in Fig 1a. The sample bronze sample with metal substrate inside and green patina outside was obtained from the tip, as show in Fig 1b. The contour boundary of the patina is neat and the edges are clear, indicating that it is type I patina. 
b) Preparation of pure SnO2 nanoparticles. 380 mg SnCl4.5H2O was dissolved in 6 mL purified water and 53 mL ethanol for 5 min by ultrasonic dissolution. Then 1 mL concentrated hydrochloric acid was added in the mixed solution and under ultrasound for 30 min. Finally, the solution was moved into a 100 mL reactor and heated to 180 ℃ by an oven for 12 h to execute hydrothermal reaction. The reactant was washed for 3 times with deionized water and centrifuge to separate the precipitate. The precipitate was dried at 80 ℃ for 12 h and ground to obtain white SnO2 powder. 
Methods  

Metallographic microscope (OM) (DM2700M, Leica, Germany) is used to observe the metallographic structure of bronze sample, which was sequentially embedded, polished, and corroded. Scanning electron microscopy (SEM) (XL, Phenom, Netherlands) and high-resolution transmission electron microscopy (HRTEM) (JEM-2100F, JEOL, Japan) are used to observe the microstructure of the samples. An energy dispersion spectrometer (EDS) (Elect Super, EDAX, USA) is used to observe the spatial distribution of each element. X-ray diffraction (XRD) (Miniflex600, Hitachi, Japan) is used to determine the crystal structure information of samples. Fourier transform infrared spectroscopy (FTIR) (IRPrestige-21, Shimadzu, Japan) is employed to test the structure with KBr. X-ray electron spectroscopy (XPS) (Escalab 250Xi, Thermo Scientific, USA) is used to analyze the elemental chemical states on the surface of the sample. High-angle annular dark-field scanning TEM (HAADF-STEM) (Spectra 300, FEI, USA) and elemental mapping (1065, Gatan, USA) observations were executed to analyze element distribution. 

Simulation
We have employed the first-principles tool-Vienna Ab initio Simulation Package (VASP) [1, 2] to perform all density functional theory (DFT) calculations within the generalized gradient approximation (GGA) using the Perdew-Burke-Ernzerhof (PBE) [3] formulation. We have chosen the projected augmented wave (PAW) potentials [4, 5] to describe the ionic cores and take valence electrons into account using a plane wave basis set with a kinetic energy cutoff of 450 eV. Partial occupancies of the Kohn−Sham orbitals were allowed using the Gaussian smearing method and a width of 0.05 eV. For the optimization of both geometry and lattice size, the Brillouin zone integration was performed with a 0.04 Å-1 k-mesh Gamma centered sampling [6]. The self-consistent calculations applied a convergence energy threshold of 10-6 eV. The equilibrium geometries and lattice constants were optimized with maximum stress on each atom within 0.02 eV Å-1. The 17 Å vacuum layer was normally added to the surface to eliminate the artificial interactions between periodic images. The weak interaction was described by DFT+D3 method using empirical correction in Grimme’s scheme [7, 8]. Spin polarization method was adopted to describe the magnetic system. 
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