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1. Synthesis of Au/Co NPs

1.1 Materials. All the chemicals, chloroauric acid (HAuCl4.6H2O), Cobalt Chloride (CoCl2), tetraoctylammonium bromide (TOAB, 98 %), 1-dodecanethiol (98%), toluene, sodium borohydride (NaBH4) were purchased from Sigma Aldrich and used as received and deionized water was used. Argon atmosphere was maintained throughout the entire experiment.

1.2 Nanoparticle synthesis. Co monometallic and Au/Co bimetallic nanoparticles were synthesized by modified Brust’s method from the phase transfer of metal in aqueous phase to organic phase 


1
. Equal volume and concentrations of both HAuCl4 and CoCl2 (0.1 M, 500 µL in water) were added into the 3 neck round bottom flask containing 10 mL of toluene. For monometallic Co, CoCl2 (0.1 M, 500 µL in water) was added into the 3 neck round bottom flask containing 10 mL of toluene.  Into this solution, 0.2737 gm of TOAB was added and continued stirring producing orange color. The orange color indicates the change of Au(III) in aqueous phase to Au(III) in organic phase. The reactants were allowed for sufficient reaction time. After an hour, 0.3 mL of 1-Dodecanethiol was added to the solution and the reaction was continued to half an hour. The colorless solution obtained indicates the thiolate capped Au(I) particles. Then 6.25 mL of ice-cold NaBH4 (0.25 M) was added drop wise in such a way that all the reaction will be completed in the presence of NaBH4. The change in color to black indicated the formation of metal nanoparticles. The reaction was left undisturbed for 12 hours with continuous stirring for sufficient reaction time so that all the NaBH4 will be used up. In order to prevent the oxidation of Co, argon atmosphere was maintained throughout the entire experiment. During the reaction process, TOAB acts as the phase transfer catalyst and the stabilizing agent and NaBH4 as the reducing agent and the resulting nanoparticles will be capped by 1-dodecanethiolate groups. The phase transfer of aqueous Au and Co to organic phase takes place by the electrostatic interaction of TOAB with aqueous metal precursors. The sample was left undisturbed for 48 hours and nanoparticles were separated from aqueous phases. The nanoparticles were washed and precipitated using ethanol and kept in refrigerator. This process was continued until the nanoparticle was clean.
2. Optical Spectroscopic Characterization: 
The obtained nanostructure were characterized by UV/Vis spectroscopy. The UV-vis spectra were recorded using a Varian-Cary 5000 spectrophotometer in the double beam mode. The sample was prepared in different concentration in toluene and the scans were run from 1200 to 300 nm at a scan rate of 100 nm/min, a data interval of 1 nm and using a full slit height.
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Figure S1. UV/Vis spectrum of DT capped Au/Co nanocluster. The presence of single surface-plasmon resonance peak at 507 nm indicates the formation of nano-alloyed structure.
3. HAADF STEM images
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Figure S2. Magnified HAADF-STEM images of Au/Co NPs. The morphology is the combination of decahedron (Dh) and icosahedron (Ih). b)-d) Some representative decahedron NP and e) An icosahedron NP. The contrast in the inner region is very strong and outer region is weak referring the central region with Au and outer region with Co rich atomic columns. The FFT pattern is inset in each nanostructure.

4. GCMC simulations results
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Figure S3. Selected snapshots taken from the GCMC simulations for decahedra (a-d) structures. a) Intial Au decahedral seed, b) intial stage of Co deposition with ( ( 0.25 ML, c) ( ( 1.03 ML and d) ( ( 1.65 ML.  
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