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[bookmark: BMeqn_ForcesandMoments][bookmark: BMeqn_statespaceformulationofforcesandmo]Experimental section
[bookmark: OLE_LINK3][bookmark: OLE_LINK4]Materials: Poly(3,4-ethylenedioxythiophene):poly(styrenesulfonate) (PEDOT:PSS) aqueous solution (Clevios PH1000) was purchased from Heraeus, Germany. Dimethyl sulfoxide (DMSO) (99.8%), LiOH, NaOH, and KOH were purchased from Sigma Aldrich, Germany.
Film preparation: The borosilicate glass substrates (17.8 mm × 13.8 mm × 0.7 mm) were sequentially washed using detergent, acetone, and isopropanol. Next, the substrates were dried using a nitrogen gun and treated by ultraviolet (UV)–ozone for 10 min. The thin films were prepared by spin-coating PH1000-5% DMSO solution on the borosilicate glass. The speed was kept at 2000 revolutions per minute (rpm) and the thin film was subsequently placed on a 130 °C hot plate for 10 min and then left to cool at room temperature. The film thickness (d) was about 60–65 nm. For the post-treated films, a total of 200 L base solutions were injected onto the pristine film for 1 min. After removing the solvents, deionized water was used to wash the film three times. The film was subsequently placed on a 50 °C hot plate for 1 min to gently remove the remaining water; then the temperature was increased to 130 °C for 10 min. After cooling at room temperature, the final thin-film samples, which were extremely homogeneous, were successfully prepared. For the ultraviolet-visible-near-infrared (UV-vis-NIR)absorption spectrum, the films were cast on quartz substrates using the same process. All the processes were performed in our lab under stable humidity of around 30%–35%.
[bookmark: OLE_LINK113][bookmark: OLE_LINK114][bookmark: OLE_LINK5][bookmark: OLE_LINK6][bookmark: OLE_LINK7][bookmark: OLE_LINK8][bookmark: OLE_LINK9][bookmark: OLE_LINK10][bookmark: OLE_LINK11][bookmark: OLE_LINK12][bookmark: OLE_LINK13][bookmark: OLE_LINK14]Characterization of thin films: The electrical conductivity was measured by an Ossila four-point probe station. For the Seebeck coefficient measurements, we kept the setup the same as reported before Ref. [1]. The variable-temperature conductivity was measured under vacuum in a cryogenic probe station, as reported in our previous work [2]. The UV-vis-NIR absorption spectrum of the solid films was measured using a Shimadzu UV-3600. Attenuated total reflectance Fourier-transform infrared (ATR-FTIR)  measurement was carried out with a PIKE MIRacle ATR accessory with a diamond prism in a Vertex 70 spectrometer (Bruker, USA), and the system was continuously purged with nitrogen gas (N2). Infrared (IR) spectra were acquired at a resolution of 4 cm1 and 32 scans were taken between 1800 and 800 cm1. The presented spectra were baseline-corrected using the same rubber band correction for all spectra. The measurements were performed on the diEnviroScope (Veeco, USA) with TESP probes (Bruker, USA) . Microscope measurement was performed on a Nikon E200 at ten-fold magnification. For surface morphology measurement, tapping mode atomic force microscopy (AFM) measurements were performed on a Bruker AFM multimode MMAFM-2 equipped with a RTESPA-300 probe (resonant frequency 300 kHz, spring constant 40 N·m−1, Burker, USA). The height images and phase images were captured at a scan rate of 0.8 Hz and 640 points per line. The data were analyzed with Nanoscope Analysis 1.5 (provided by Bruker, USA). To determine the thickness, small scratches were made in the film using a very fine needle. The scan direction was set perpendicular to the scratch direction, allowing the determination of the height of the scratch (and therefore the film thickness). Grazing-incidence wide-angle X-ray scattering (GIWAXS) measurements were performed at the Dutch–Belgian beamline (DUBBLE) BM26B at the European Synchrotron Radiation Facility (ESRF), Grenoble, France. An X-ray beam with an energy of 12 keV (= 1.033 Å, where represents the beam wavelength) was used with a sample-to-detector distance of 407.4 mm. GIWAXS frames were collected using a Pilatus 1M camera and using an exposure time of 30 s per frame. All the necessary corrections for GIWAXS data have been taken into account (detector efficiency, flat field, solid angle, and polarization). The beam center was estimated using the known position of diffracted rings from standard Silver Behenate and -Al2O3 powders. The scattering vector q was defined with respect to the center of the incident beam and has a magnitude of q = (4/)sin(2), where 2 is the scattering angle of the X-ray beam. Herein, we opted to present the wedge-shaped corrected images, where qxy and qz are the in-plane and near-out-of-plane scattering vectors, respectively. The scattering vectors are defined as follows:
                    (1)
where f is the exit angle in the vertical direction, i is the incident angle, and 2f is the in-plane scattering angle, in agreement with standard GIWAXS notation. The parallel component of the scattering vector (qr) is calculated as:
                                 (2)
An incident angle i = 0.25° was used for all the samples. The crystal coherence length along the 010 direction (CCL010) was calculated by the following equation: CCL010= 2/FWHM, where FWHM represents the full width of the half maximum of the peak. The in situ GIWAXS setup was the same as we reported previously [3]. A total of 200 L base solutions were remotely controlled to drop onto the pristine films, and were left to dry at room temperature. The GIWAXS images were acquired after the dropping of the bases.
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Fig. S1. Optical microscope images of the KOH_PT sample (a) with and (b) without a scratch showing excellent large-scale homogeneity. The scratch was made with a fine needle on purpose, for better contrast. Black spots were caused by some dust in our optics.
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Fig. S2. GIWAXS integration linecuts in the near-out-of-plane direction (qz) for pristine PEDOT:PSS:DMSO films and PEDOT:PSS:DMSO films post-treated with 1 mol·L−1 LiOH, NaOH, and KOH solutions. The dips are due to the gaps in the Pilatus detector.
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Fig. S3. (a) Time evolution of the integrated GIWAXS profiles for the 1 mol·L−1 LiOH solution post-treatment process and (b) the profiles at the time points t = 420 s and t = 1800 s. The sharp peaks are due to LiOH crystallization on the film surface.
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Fig. S4. (a–e) GIWAXS images and (f) full integration linecuts of NaOH_PT films with different concentrations of solution. The dip in the intensity profiles in part (f) is due to the gaps in the Pilatus detector.
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