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Figure S1. Cyclic voltammograms (CVs) of 45 nm Au nanoparticles at a scan rate of 30 mV 

sec-1 before and after 800 cycles. Overall shapes of CV curves were maintained as a function 

of number of cycles. 



 
 

Figure S2. UV-Vis spectra for 45 nm Au nanoparticles and Au@Pt core-satellites.  



 
 

Figure S3. Changes in dark-field images of small field of view (x100) for the ITO glass 

during CVs. The Images were taken for one cycle. 

  



 
 

Figure S4. Theoretical LSPR spectra for (a) Au@Pt core-satellite with respect to the number 

of Pt satellites and (b) Au@Pt core-shell with respect to the Pt/Au ratio (wt%), which are 

calculated by using discrete dipole approximation (DDA) method. 

 



 
 

 

Figure S5. (a) Model morphologies of Au@Pt assembly as the increase of the CV cycle for 

DDA simulation. (b) Illustration of intermediate model structure with a coexistence of Pt 

shell and Pt satellites, showing the parameters that are considered for the calculation of the 

SAPt-LSPR. 

 

It was assumed that the morphology transformed from the Pt satellites to the Pt shell. SAPt-

LSPR can be described by adopting the morphological factor k. The value of k was assumed to 

be 1 based on the assumption that the morphological transformation process from Au@Pt 

core-satellite to Au@Pt core-shell occurs under first-order kinetics. We also assumed that the 

overlapped Pt surface area was negligible based on following reason.  



(1) The θ  can be obtained by trigonometric function as follow: 
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Total overlapped surface area, SAOverlap, is the sum of single SAOverlap as follow: 
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When the Pt satellites are fully surround the Au surface, it is reliable to assume that the total 

number of Pt satellites for a single Au@Pt core-satellite is 414 and 538 at the thickness of Pt 

shell (TPt shell)≤4 nm and 4 nm<TPt shell≤8 nm, respectively. 

 

The number of Pt satellite for each case (i.e., at TPt shell≤4 nm and 4 nm<TPt shell≤8 nm) can 

also be estimated by combining with the mass ratio of Pt and the morphology factor (k). 

 

(2) The 'θ  can also be obtained by trigonometric function as follow:  
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Thus, 

 
 

Total overlapped volume, VOverlap, can be calculated by the summation of overlapped volume 

of Pt shell and the overlapped volume of Pt satellites as follow: 
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Then, the total overlapped volume of Pt can be converted into the total surface area of Pt 

caused by overlapped volume, SAOverlap, V.  

 

With considering that rPt satellite is 2 nm, Overlap, V Overlap COSA CSTotal Total SA SA SA SA− << +  

Thus, it is reasonable to assume that the overlapped Pt surface area is negligible. 

 

Thus, SAPt-LSPR can be described as SAPt-LSPR = f(k, VPt). SAPt-LSPR is the sum of the surface 

areas obtained from the Pt satellites (SACOSA) and Pt shell (SACS) through the following 

equations: 

SAPt-LSPR = SACOSA + SACS  
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where VCOSA is the volume of Pt in the Au@Pt core-satellite, VPt is the total volume of Pt, rAu 

is the radius of a Au core nanoparticle (22.5 nm), and d is the distance from the center of a 

Au core particle to the center of each Pt satellite. The densities of Pt (21.45 g cm-3) and Au 

(19.30 g cm-3) were used for the calculation. 

 

SAPt-TEM can be calculated using the following equation: 
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where rPt satellite is the radius of the Pt satellite measured from the TEM images. The 

measured values of rPt satellite are presented as following figure. 

 

 
 

The TEM images were obtained after each CV cycle. The rPt satellite is the average value of five 

representatives. Scale bars for the TEM images are 10 nm. 


