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Figure S1. Optical microscopy images of the mesoporous titania films deposited by printing from
solutions containing different weight fractions of TTIP: wp of (a) 1.5%, (b) 2.0%, (c) 2.5% and (d)
3.0%.
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Figure S2. 2D GISAXS data of the mesoporous titania films deposited by printing after calcination and
cast from solution with different wp values of (a) 1.5%, (b) 2.0%, (c) 2.5% and (d) 3.0%. The red arrow
in (a) indicates the exemplary position where the horizontal line cuts are performed. The red rectangles

in (c) indicate two vertical Bragg scattering rods. All the images are in the same intensity scale.

GISAXS data and modeling

GISAXS is a powerful tool to detect the inner structures buried in thin films and allows for the
determination of structural length scales ranging from nanometer to micrometer with a high statistical
relevance. Figure S2 displays the 2D data from the GISAXS measurements performed on printed titania
films deposited by printing from solutions with different wyp. To avoid oversaturation of the detector,
a circular beamstop is used to shield the specular reflected X-ray beam which occurs at the exit angle
equal to the incident angle. The maximum intensity is located in the material dependent Yoneda peak
region,! which is correlated to the critical angle of titania. For a quantitative analysis, the horizontal
line cuts as marked by the red arrow in Figure S2a are done at the titania Yoneda peak position along
the q, direction using the DPDAK software.? The horizontal line cuts enable us to obtain the lateral
structural information of the probed titania films. To retrieve more details about the lateral structures,
the cuts are modelled in the framework of the Distorted Wave Born Approximation (DWBA) using the
Local Monodisperse Approximation (LMA) as well as the Effective Interface Approximation (EIA).3-6

Thus, the differential cross section is simplified to
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where A is the illuminated area, A is the wavelength, n is the refractive index, T;; are the Fresnel-

transmissivities of the incoming and outgoing beams, P(q) is the diffuse scattering factor. The diffuse

scattering factor can be approximated by
P(q) < NIF(q)1*S (@)

where N is the number of scattering objects, F(ZI) the form factor and S(ZI) the structure factor. The
scattering objects with a certain shape and size are referred to as the form factors, originating from
the foam-like titania nanostructure. Due to insights from SEM, the scattering objects are assumed to
have a cylindrical shape with a Gaussian distributed size, which is a commonly applied model for
mesoporous TiO, films.”® The center-to-center distances between the neighboring objects are referred
to as the structure factors. More details about the fitting model can be found in our previous work.? In
the present model, three characteristic structure and form factors are needed to model the horizontal
line cuts. Modelling results are shown as the red solid lines in Figure 3a. The pore size in average is
approximated by

Pore size = (center-to-center distance between nanoparticles — 2 x nanoparticle radius).

Thus, the radii and pore sizes of foam-like titania films can be quantitatively extracted from GISAXS

measurements.
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Figure S3. Example of the applied GISAXS modelling of the intensity in a horizontal line cut of the 2D

GISAXS data with the model as explained in the text.
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Estimation of volume distribution of the modeled structures®

Within the LMA the location and kind of scattering centers are correlated and the scattering intensity
is

1@) % Y N (F(@R)I) - S@R)

Considering that cylinders have different radii R; but equal height, and S(@-Rup) _; 1 for an uncorrelated

distribution of scattering objects and F(a.R) being the form factor of cylinders.®

To calculate the mean square of the form factors, it is weighted with w;(R) and normalized. w;(R)
represents a Gaussian distribution.

f w(R)IF(q.R)|*dR
(IF(aR)I%) =
f w;(R)dR

Thus, a dependence for the spectrum of radii R can be obtained.

1(@) f (ZM - wl-(R)) [F(@.R)[*dR

The distribution of the modeled structures inside the film can be represented as a superposition of
form factor functions versus their intensity. However, the intensity scales is linear with the number N;
of scattering objects and radii R;, so that volume fractions are estimated by
N,-V,

r=—-—

N,-V,+N; -V,
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Figure S4. An example of structure size distribution given by the superposition of the Gaussian

distribution for the three form factors extracted from the modelling.
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Figure S5. Extracted characteristic length scales: pore size in the printed titania thin films as a function

of wp. Red circles represent middle-sized structures.

Table S1. Characterization of P3HT and PffBT4T-20D used in this study

molecular weight - .
& solubility/processing solvents

M,, (g mol?)
P3HT 65,200 chlorobenzene, toluene, etc at room temperature®12
PffBTAT- 131.000 dichlorobenzene or chlorobenzene + dichlorobenzene (1:1
20D ’ v/v) at elevated temperature ca. 110 °C*3
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Figure S6. 2D GIWAXS data of (a) a pure P3HT reference sample the P3HT-backfilled titania films
deposited by printing from solutions with different TTIP weight fractions: (b) 1.5%, (c) 2.0%, (d) 2.5%
and (e) 3.0%. For all samples, the azimuthally integrals are done from -15° to 15° (vertical direction) to
extract quantitative information about edge-on oriented P3HT crystals. The performed cake cuts are
as shown in the inset of panel (a). The schematic (left corner) shows an edge-on oriented P3HT crystal

with the lamellar stacking in [100] direction and the n—= stacking in [010] direction.
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Figure S7. (a) g-positions of P3HT (100) Bragg peak and the corresponding lamellar stacking distances,
and (b) related FWHM values and the calculated crystal sizes using the Scherrer equation as extracted
from the GIWAXS measurements of the active layers as a function of wp. A pure P3HT sample is

prepared as a reference.
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The crystallite size can be calculated by

KA
(gobs - ginstr) -

=— 4+ 4, tang
Dy;c050 str

where &, is the line width, &« is the instrumental broadening, K is the Scherrer constant (= 0.9), 4
is the X-ray wavelength, D, is the crystallite size and &, is the strain. Considering the fact that the
instrumental broadening and strain are much lower than the actual line broadening, they can be

neglected,'* thereby the crystal sizes obtained by
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Figure S8. 2D GIWAXS data of (a) a pure PffBT4T-20D reference sample and the PffBT4T-20D-backfilled
titania films deposited by printing from solutions with different TTIP weight fractions: (b) 1.5%, (c)
2.0%, (d) 2.5% and (e) 3.0%. For all samples, the azimuthally integrals are done from -15° to 15° (vertical
direction) and 75° to 85° (horizontal direction) to extract quantitative information about the edge-on
and face-on oriented PffBT4T-20D crystals, respectively. The performed cake cuts are as shown in the

inset of panel (a).
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Figure S9. g-positions of PffBT4T-20D (100) Bragg peak and the corresponding lamellar stacking

distances in (a) edge-on direction and (b) face-on direction, and related FWHM values and calculated

crystal sizes using Scherrer equation in (c) edge-on direction and (d) face-on direction extracted from

GIWAXS measurements of the active layers as a function of wp. A pure PffBT4T-20D sample is

prepared as a reference.
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Figure S10. Face-on to edge-on ratio of PffBT4T-20D (100) Bragg peak as function of the printed titania

pore size. The area ratio of the PffBT4T-20D (100) Bragg peaks is compared in in-plane and out-of-

plane directions. This index is used to quantify the ratio between face-on orientated to edge-on

orientated PffBT4T-20D crystallites.
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