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Supporting Video S1. A video documenting the spin-coating process used to grow a single 

spherulite can be found online. Still images of this video are shown in Figure 1c-d. 

 

 

 
Supporting Figure S2. AFM images of the texture of a P3HT film that contains spherulites. 

The sample was prepared from a solution containing 7 times as much TCB as P3HT by 

weight. Close to the center, the fiber-like structures are thicker and separated by larger voids 

than towards the edge of the sample. Counter-clockwise from the top, the RMS surface 

roughness corresponding to each measurement is 108 nm and 104nm close to the center, 34 

nm towards the edge, and 16 nm in the isotropic area. These large changes in roughness can 

also be observed by eye, as a silky texture in the center, which diminishes stepwise towards 

the edge. The isotropic region is reflective, like typical samples deposited without additive. 



 
Supporting Figure S3. Absorbance of thin films versus polarization. The absorbance of a 

spherulite of neat P3HT (a), compared to a spherulite that has been covered by a spin-coated 

layer of PCBM deposited from DCM (b), and the same film after annealing for 10 min at 140 

°C. The dichroic ratio at long wavelengths is overestimated for the neat P3HT film, due to 

scattering caused by the considerable surface roughness of the spherulitic film. The PCBM 

covered spherulite films are smoother. The dichroic ratio does not change significantly upon 

deposition of PCBM or upon annealing. 

 

 



 
Supporting Figure S4. Raman peak position averaged over a 12 mm long strip of a Raman 

map. Orientation is suppressed by heating part of the sample. The sample is optically isotropic 

from 10.8 mm onwards. A concurrent change related to crystallinity is observed as a Raman 

shift. 

 

 
Supporting Figure S5. Mueller-matrix micrographs of the transmitted intensity (a), as well 

as the magnitude (b) and the orientation (c) of the linear dichroism of the center of a 

spherulite that has been nonuniformly covered by PCBM. Orientation is not noticeably 

affected by the deposition of PCBM from the orthogonal solvent DCM. 



 
 

Supporting Figure S6. Dependence of fit parameters extracted from Figure 7 on the bias 

voltage. Amplitude an divided by offset cn (a), and the angle bn normalized to the value 

bn
ref

=bn(0V) (b).  Colors correspond to the respective cells from Figure 7. 

 

 



 
 

Supporting Figure S7. Dependence of fit parameters from Figure 7 on irradiance. Plot of the 

short circuit current density Jsc versus the angle of polarization of incident light for five 

different irradiance levels (a). Amplitude an divided by offset cn (b), and the angle bn 

normalized to the value bn
ref

=bn(0.573 Sun) (c). Colors correspond to the respective cells from 

Figure 7. 

 

Supporting Video S8. A video demonstrating the determination of both polarization angle 

and irradiance in real-time is available online. 



Supporting Note S9.  

From the ellipsometric data, we estimated the thickness at several points for each spherulite. 

Most thickness values fell in the range of 80-100 nm. These values can be estimated 

numerically by using splines to arbitrarily parametrize the optical functions. However, to 

obtain meaningful results, we found it necessary to reduce the number of parameters by using 

known reference data or by imposing a parametric model to represent the dielectric function 

components of the studied materials. As reference data we considered previously determined 

spectra of P3HT, both regioregular (RR) and regiorandom (RRa), representing the different 

spectra by an effective medium approximation (EMA) of a mixture, and allowing for a 

variation of their respective contributions. This procedure was a practical way to evaluate 

thickness and roughness at many points. Nevertheless, not all fits were satisfactory and we 

also used the standard critical point model (SCP) to represent the various ε(ω), as a sum of 

critical points (CPs) of the form: 

 ε(ω) = C −  A e
iϕ

( ħω −Eg+iΓ )
n 
,   (1) 

where A (amplitude), ϕ
 
(phase), Eg  (CP energy), Γ (broadening), and C (constant background) 

are fitted parameters. As an example, we report here on the results concerning the sample of 

Figure 2 and 5,  which was thoroughly studied by ellipsometry and Mueller-matrix 

polarimetry. In this film, all thickness values were within 83 ± 8 nm. There was no definite 

trend or gradient of thickness, that could be correlated with given zones of the spherulite. 

Instead, values fluctuate throughout the spherulite. On the other hand, the spectral 

dependences of linear dichroism (LD) and linear birefringence (LB) evolved slightly from the 

center to the outer part of the spherulite. In the mentioned sample, we combined ellipsometry 

and these values for a given zone with low roughness to obtain the complex refractive index 

shown in Figure 5(d).  The film thickness in this case was d=90 nm agreeing with the 

measured LD = (2 π d / λ ) Δk and LB = (2 π d / λ ) Δn. The isotropic spectrum was fitted in 

the region of suppressed spherulite growth. The SCP parameters for each of the spectra are 



listed in the following tables, where the number and dimensionality of CPs was taken from 

the reference P3HT spectrum.  

 

CP n A E Gamma Phi 

1 -1/2 0.884 2.009 0.098 -140.9 

2 -1/2 1.326 2.037 0.164 25.7 

3 -1/2 0.288 2.192 0.073 -96.8 

4 -1 0.528 2.307 0.366 -76.8 

5 -1 0.146 3.850 0.477 -154.1 

Table of parameters for the SCP fit of the isotropic function. C = 2.565 

 

 

 

CP n A E Gamma Phi 

1 -1/2 0.073 2.009 0.091 -140.9 

2 -1/2 0.167 2.037 0.181 25.7 

3 -1/2 0.092 2.192 0.152 -96.8 

4 -1 0.145 2.385 0.366 -83.7 

5 -1 0.079 3.513 0.576 125.5 

Table of parameters for the SCP fit of the anisotropic ordinary function, C = 2.610 

 

 

 

 

CP n A E Gamma Phi 

1 -1/2 3.738 2.009 0.096 -108.3 

2 -1/2 4.174 2.037 0.134 76.7 

3 -1/2 0.555 2.192 0.069 -47.8 

4 -1 0.894 2.286 0.330 -10.3 

Table of parameters for the SCP fit of the anisotropic extraordinary function, C = 2.977 

 

For the dielectric function along the fibers, 4 CPs are sufficient, due to the non-detectable 

amorphous part. This agrees with the fits obtained from the effective medium approximation 

of RR and RRa mixtures, which also indicated that the spectrum parallel to the fibers was 

essentially given by the RR reference whereas the isotropic and the perpendicular components 

contained about 10-20% of RRa spectral contribution. 


