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Data Analysis of DF Scattering Spots 

Tristimulus theory, which uses the summation of three colors with variable intensities to replicate 

most visible colors, is the basis by which digital cameras interpret color using the Bayer filter. The 

Bayer filter is composed of regions that are sensitive to specific wavelengths of light that roughly 

correspond to R, G, and B regions of the visible spectrum. By placing this filter over the CCD of a 

digital camera, the camera can interpret color because it only permits colors of certain wavelengths to 

impinge on the CCD in specific areas. The camera is programmed to demosaic, or average, neighboring 

RGB intensity values to simulate the color of the object. Using these ideas for 3CS, a MATLAB 

algorithm was composed to extract the average RGB values from each scattering spot in a dark-field 

optical image of metal NPs. As shown in the screen captures of the annotated code (Fig. S1), the RGB 

values for each particle can be determined, and then the algorithm can be used to determine particle 

characteristics based a predetermined metric value. The code in Fig. S1 was designed to distinguish 

between tip-up (U) from tip-down (D) nanopyramids. 

Part 1 describes how the image (tiff format) was accessed in its file directory and how a region of 

interest in the image was selected for analysis. Included in this part of the code was a separation of the 

RGB layers of the tiff image. Part 2 demonstrates how the program distinguished bright spots from the 

background.  Here, a gray scale version of the image was used to select spots brighter than a variable 

threshold value. Part 3 describes how bright areas above the threshold were identified as particles based 

on the symmetry of the bright spot. Once the bright spot was established as a particle, the RGB values 

were extracted and summed. Part 4 finds the average RGB value for each spot and then compared the 

values to the metric value determined from the calibration. Here, R/G values above 3.2 were assigned as 

U and below as D. Part 5 displays the data as histograms and on the image itself. The histograms were 

particularly useful for determining the differentiation scheme during calibration.   
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Figure S1. MATLAB Code for Extracting RGB data. 



 

S6 

 

Figure S2. RGB and R/G ratio values used to determine the orientation for Au nanopyramids. 

RGB intensity values were extracted from NIRcam (BP = 850 nm). Particles are arranged in the table by 

orientation. The first twenty-seven particles were identified as D and the remaining eight as U (indicated 

in bolded italics). Particle 1, 11, 12, 28, and 29 were used to calibrate the program to identify orientation 

and were examined in detail in Figure 3. 



 

S7 

 

Figure S3. RGB channel intensities used to determine composition for Au and Au/Ag/Au 

nanopyramids. Intensity for the RGB values were extracted from VIScam (BP = 580 nm). Particles are 

arranged in the table by orientation.  The first five particles were identified in SEM as Au (indicated in 

bolded italics) and the remaining particles were identified as Au/Ag/Au. 
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Figure S4. Polar plots of R-channel with NIRcam (no BP) for the three AuNSs. All images for polar 

plots were measured every 10° from 0° to 360° with an integration time of 30 s using the NIRcam and a 

polarizer. The orientations of the lobes are similar to those in Figure 5 but are less distinct because of 

contributions from other resonances. 
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Figure S5. Polarization-dependent single-particle spectroscopy for Au NSs in Figure 5. Spectra 

were taken every 10° from 0° to 360°. Resonances corresponding to the longest arms are highlighted 

with a dashed line. 
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Figure S6. RGB histograms for AuNSs at maximum LSP intensity. Histograms of the RGB values 

for: (A) VIScam and (B) NIRcam (BP = 850 nm) of the three AuNSs. The intensity values were 

extracted from images at the polarization angle indicated and which corresponded to the orientation of 

the longest arms of each AuNS.  The histograms demonstrate that contributions from other resonances, 

which can be attributed to different asperities, are present in the shorter wavelength regimes (G 

channels) in the VIScam data but are reduced by the addition of the BP filter.  

 

 


