
Supplementary Information 

Delta offsets 

In Tables 1 and 2 the delta offsets of different measurement cells were determined using a Si 

with 25nm SiO2 calibration wafer. It should be noted that the MSE varied between 0.8-2 for the 

determination of delta-offsets in air, but the MSE increased drastically upon the determination of 

delta offsets in a toluene ambient. In particular for the homemade glass cell, the determination of 

the delta offsets in a toluene ambient is very difficult and the MSE goes up to 9. In general, it 

should be realized that also due to the increased of the refractive index of the ambient, the 

determination of the delta offset in liquid environments is not trivial.  

Table 1. Delta offsets in air for different commercial and home-made measurement cells 
25°C, 30° and 40°C. 

Type of measurement cell Delta offset 

Commercial liquid cell for Woollam α-SE  -0.139 

Commercial Heated liquid cell for Woollam M2000x at 25°C 0.314  

 

Commercial Heated liquid cell for Woollam M2000x at 30°C 0.217 

Commercial Heated liquid cell for Woollam M2000x at 40°C -0.0748 

Home-made glass cell at 25°C 0.299 

Home-made glass cell at 30°C 2.733 

Home-made glass cell at 40°C 4.638 

 



Table 2. Delta offsets in toluene for different commercial and home-made measurement 
cells at 25°C and 40°C. 

Type of measurement cell Delta offset 

Commercial liquid cell for Woollam α-SE -2.316 

Commercial Heated liquid cell for Woollam M2000x at 25°C 0.450 

Commercial Heated liquid cell for Woollam M2000x at 40°C 0.0654 

 

Home-made glass cell at 25°C -6.695 

(MSE=9.202) 

Home-made glass cell at 40°C -1.243 

(MSE=9.321) 

 

  



Non-swollen polymer film in an incorrect ambient dispersion 

In Figure SI, the MSE, δd  and δ𝑛𝑛  for a high-refractive-index-polymer (i.e., P84) are shown as a 

function of the film thickness, for several (incorrect) optical dispersions of the ambient (i.e., 

toluene). 



 

Figure S1. The MSE (upper row), δd (middle row) and δn (lower row) as a function of the 

simulated film thickness for various refractive index dispersions of a high-refractive–index-

solvent.  Red symbols indicate negative values, i.e., an underestimation of the original 

values. The curve labelled original represents the inherent deviation that is obtained when 

using fitting parameters values identical to that used for creating the data. The other 

curves represent deviating optical dispersions. 
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Solvent volume fraction calculations 

The solvent volume fraction (φs), of a solvent within a swollen polymer can be calculated in 

different ways. One method is using the solvent induced increase in thickness of the swollen 

polymer, known as the dilation method: 

 Φs = 1 − 𝑑𝑑dry
𝑑𝑑swollen

          (1) 

Φs is the solvent volume fraction, 𝑑𝑑dry the dry thickness of the polymer and 𝑑𝑑swollen the 

equilibrated thickness of the swollen polymer. The dilation approach assumes that no excess free 

volume is present within the thin polymer film, there is no change in molar volume of the 

polymer, and solvent-induced volume changes are forced to occur only in the direction 

perpendicular to the substrate. 

A different method is utilising the change in the refractive index of the swollen polymer which is 

the result of the different refractive index of the solvent: 

Φs = 𝑛𝑛s2−𝑛𝑛swollen
2

𝑛𝑛s2+2𝑛𝑛swollen
2 + (1 −Φs) 𝑛𝑛p2−𝑛𝑛swollen

2

𝑛𝑛p2+2𝑛𝑛swollen
2 = 0       (2) 

where 𝑛𝑛s is the refractive index of the solvent, 𝑛𝑛pthe refractive index of the dry polymer and 

𝑛𝑛swollenthe refractive index of the swollen polymer. Equation 2 is known as the Bruggeman 

Effective Medium Approximation (EMA). 

In Figure S2 a comparison between the dilation method (closed symbols) and EMA method 

(open symbols) for a high-refractive-index (e.g. P84, left panel) swollen polymer and a low-

refractive-index (e.g. PDMS, right panel) swollen polymer in toluene is shown for different 

thicknesses and different deviating optical dispersions. At thicknesses approximately thicknesses 



lower than 20 nm, both methods become very unreliable, while at thicknesses higher than 100 

nm, the dilation method is more accurate than the EMA.  

 

Figure S2. The deviation in the solvent volume fraction in a high refractive index swollen 

polymer (left panel) or low refractive index polymer (right panel) in toluene based on the 

dilation method (closed symbols) and on EMA calculations (open symbols) for different 

given film thicknesses and different optical dispersions of toluene. For higher film 

thicknesses, the dilation method is factor 10 more accurate.  
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Raw data 

In Table 3, the Ψ, Δ-data of 5 and 1000 nm non-swollen polymer films are shown. Also the Ψ, 
Δ-data of 10 and 2000 nm swollen polymer film and the corresponding model results fits using 
different optical dispersions of the ambient, toluene.  

Table 3. Ψ, Δ-data of non-swollen and swollen films in a toluene ambient.  

 P84 in toluene PDMS in toluene 
5 nm non 
-swollen 

A1 
 

B1 
1000 nm 
non-
swollen 
film 

A2 
 

B2 
10 nm 
swollen 
film 

A3 B3 



2000 nm 
swollen 
film 

A4 B4 
 

In Table 4 Ψ, Δ-data of 5 and 1000 nm non-swollen polymer films in water (left panel) and in 
toluene (right panel) are shown. Also the fits of a -2°,-10°, 2°,and 10° delta offset are shown.  

Table 4. The Ψ, Δ-data of non-swollen films with the implementation of different delta 
offsets in a toluene and water ambient. 

 P84 in water PDMS in toluene 
5 nm non -
swollen 

 
 

1000 nm 
non-
swollen 
film 

  
 

 

 

 

Delta-offset=10° 

Delta-offset= -10° 

Delta-offset= -10° 

Delta-offset=10° 

Delta-offset=10° 

Delta-offset= -10° 

Delta-offset=10° 

Delta-offset= -10° 
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