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Figure S1. (A) SEM image of the substrate: 200 nm of a silicon nitride layer deposited over silicon. (B) Image of the surface 
color. (C) perpendicular reflectance, Rs, of the silicon nitride surface at the incidence angle of 50°. 

 
Figure S2. Raman spectra of silicon nitride substrate (violet), silicon nitride coated with poly-L-
dopa: NaCl= 0.23 M (blue) and 0.40 M (cyan). 
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Figure S3. SEM images of surface after being coated with poly(L-dopa) at different polymerization times. 

Optical Characterization 
Interferential phenomenon is being used to determine the thickness and refractive of 

thin layers by fitting ellipsometry measurements to theoretical calculations. The equations 
that rule this phenomena are known as Fresnel coefficients applied to multilayers. The 
general theory is a variation of the “Transfer Matrix Procedure” and was developed by 
Abèles M. Born and Wolf [1]. Basically, the method states that each layer is represented 
by a 2 × 2 matrix whose elements depend on the thickness, refractive indices of substrate 
and layer as well as the incidence angle and polarization state, so that the reflectance of 
the whole structure, for any incidence or polarization angle, can be deduced from the ma-
trix product of all the layers. 

The reflectance of a simple structure with a thin layer on a substrate can be visualized 
by only considering a simple interferential phenomenon. In this sense, when the summa-
tion of the optical path of the layers (defined as the product of the thickness times the 
refractive index) is a semi-integer of the incident wavevector, there is a maximum on the 
Rs component of the reflectance, according to Equation (1). 
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Where nj, dj and qj are respectively the refractive index, thickness and propagation angle 
corresponding to the j layer and l and m integers. Although criteria of Equation (1) can be 
fulfilled at different incident angles for a given wavelength, we are only interested into 
the maximum condition for reflectance according to the human visual perception. Visual 
reflection is seldom verified at normal incidence so that, we need to consider better graz-
ing angles. Moreover, the intensity of the perpendicular component (Rs) increases for 
larger incident angles, while the parallel component (Rp) tends to cancel around the Brew-
ster condition, which for a Si3N4 layer over a Si substrate is satisfied at incidence angles 
from 60° to 70°. Therefore, it can be concluded that, the color perception can be modeled 
approximately by the perpendicular polarization component of the reflection at a large 
incidence angle (qi > 50°). In this sense, the dominant color wavelength is given by the 
following maximum condition (Equation 2): 



Nanomaterials 2021, 11, 2320 3 of 3 
 

 

𝜆 = 𝑚2 𝑛 𝑑 𝑐𝑜𝑠 𝑎𝑟𝑐𝑠𝑖𝑛 𝑠𝑖𝑛 𝜃𝑛 + 𝑛Si3N4𝑑Si3N4 𝑐𝑜𝑠 𝑎𝑟𝑐𝑠𝑖𝑛 𝑠𝑖𝑛 𝜃𝑛Si3N4
 (2) 

This expression, which is an expansion of Equation 1 (maximum condition), basically 
states that the sum of the optical path along both layer (Si3N4 substrate and melanin layer) 
Where m is the reflection order (m = 2 for our samples) and qi the incidence angle. In our 
case, we have chosen a large incidence angle (qi = 50°) for experimental considerations. 

 
Figure S4. Absorbance spectra of the poly-L-dopa film (―) and the aggregates of poly-L-dopa 
aggregates in water (―). Absorbance was normalized at 280 nm. 
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