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S1. Analysis of spectroscopic ellipsometry for the optical constants   

Spectroscopic ellipsometry (SE) allows in-situ monitoring and indispensable analysis of 

nanostructured thin films. The SE measurements are capable to quantize the morphology, 

composition, interlayer diffusion, and surface interaction of thin films. The refractive index 

and film thickness are key parameters to reproduce the scientific results for various 

applications, especially for thin film devices. Thus, maintaining a film thickness is highly 

necessary to investigate the physical parameters, such as complex refractive index and 

dielectric constants, etc. The complex reflectance ratio (ρ) of parallel (P) and perpendicular (S) 

plane polarized light waves defined as Rp/Rs, where, Rp and Rs are coefficients of reflection. 

The reflected light characterized by two distinct angles of Ψ and Δ are correlated as follows 1–

3; 

tan(Ψ)ei∆ =
Rp

Rs
                           (S1) 

where, Ψ is an amplitude ratio of the parallel plane incidence and perpendicular polarizations, 

and Δ is the phase difference. These parameters are strongly rely on film thickness. A two-

layer model was used to evaluate thin films. The refractive index (n), and extinction coefficient 

(k) were extracted from the measured ψ and ∆ following the Tauc-Lorentz fitting model. The 

finest fitting of the experimental values is identified by minimizing the root mean square error 

(RMSE) as follows 4; 

RMSE = √
1

2N−Mi

∑ [(
ψi

Mod−ψi
Exp

σψ,i
Exp )

2

+ (
∆i

Mod−∆i
Exp

σ∆,i
Exp )

2

]N
i=1               (S2) 

Where, (ψ,∆) is sum of ‘N’ experimental values, M signifies variable parameters, σ is the 

standard deviation, Mod and Exp in superscript are attributed to modeled/or fitted and 

experimental values, respectively.       

We report variable angle SE measurements in the visible range using the rotating analyzer. The 

SE measurements of single-layered PANI-ES (96.5 nm), PANI-EB (68.8 nm) and PANI-
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ES/PANI-EB heterostructure (49.4 nm) thin films were performed on glass substrates. We have 

recorded variable thickness due to a slight deviation in heating rate and deposition time. Thin 

film samples longitudinally mounted fixing three angles of incidences (60º, 65º and 70º) at the 

room temperature and RH% 65. The values of Δ and Ψ (Figure S1) are fitted maintaining a 

minimum value of the RMSE. A fractional deviation between measured and fitted data, is 

attributed to the interfacial region 2,5 between PANI layers and substrate. Similarly, using the 

fitted optical constants, we have observed complex dielectric function (real and imaginary) for 

the PANI thin films (Figure S2).  
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Figure S1. Spectroscopic Ellipsometry analysis of ψ for (a) PANI-ES, (b) PANI-EB, and (c) 

PANI-ES/PANI-EB thin films. Similarly, ∆ for (d) PANI-ES, (e) PANI-EB, and (f) PANI-

ES/PANI-EB thin films. Thick and dotted lines are associated to measured and fitted graphs, 

respectively.  



 
 

S5 
 

 

Figure S2. The real function of dielectric permittivity (ε1) for (a) PANI-ES, (b) PANI-EB, and 

(c) PANI-ES/PANI-EB thin films. Similarly, imaginary function of dielectric losses (ε2) for (d) 

PANI-ES, (e) PANI-EB, and (f) PANI-ES/PANI-EB are plotted with the photon energies. 

Thick and dotted lines are correspond to measured and fitted graphs, respectively. 
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S2. Electric field intensity of the uniform charged thin film 

The PANI thin film is equivalent to thin sheet having uniform surface charge density (σs), 

as schematically shown in Figure S3.   

Figure S3. Schematic illustration of the electric field direction due to surface charge density 

of the PANI thin films. 

 

Electric field lines passes through PANI film based on the electric field (E⃗⃗ ) can be analyzed as 

follows 6:   

The above shown thin film region is considered to be a rectangular Gaussian surface. It is 

clearly seen that two faces with unit vector î would be alongside E⃗⃗ . Hence, E⃗⃗  is perpendicular 

to the thin film throughout the surface area (A). The charge flux across the film is E ⃗⃗⃗  . î A. The 

net flux of the Gaussian surface from –X to +X directions is equivalent to that would be sum 

of 2EA, which is enclosed by the surface charge q. In another, q = σs × A, where σs (C m‒2) 

is the surface charge density. Therefore,  

2EA =
q

ε0
=

σsA

ε0
                                 (S3) 

Accordingly, the electric field intensity will be as follows: 

E =
σs

2ε0
  V m‒1                                 (S4) 
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Here, σs (Coulomb × m‒2) and ε0(Farad × m‒1). For the electric field E is 
Coulomb

Farad
m−1, and we 

know that 1 Farad = 1 coulomb per volt. After estimation we have electric field in volt per 

meter.  
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