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Data acquisition: Details on the methods of data acquisition are described in the Supporting Information of the manuscript.
Data analysis: Details of the data analysis are described in the above manuscript.
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Figure1
Fig. 1 (a) Representation of the device structure used for the in situ absorbance and THz spectroscopy measurements. (b) Schematic of the electrolyte/polymer interface at different applied voltages versus Ag/AgCl. Anions (in this case PF6-) and cations (in this case K+) are shown in green and orange, respectively. At positive voltages, the polymer is in the undoped state. At negative voltages, polarons and/or bipolarons are formed on the P3HT polymer backbone depending on the applied voltage, together with the injection of anions into the polymer film that compensate the charge. (c) Transmitted time-domain THz pulse and (d) THz refractive index (top) as well as absorption coefficient (bottom) of electrochemically doped P3HT at different oxidation potentials.

Figure 1a: THz waveforms in P3HT films at different voltages in KPF6/water electrolyte
List of raw data files: THz_Ref1_temp (86), THz_V0_4_1_temp (114), THz_V0_5_1_temp (110), THz_V0_6_1_temp (106), THz_V0_7_1_temp (110), THz_V0_8_1_temp (105), THz_V0_9_1_temp (110), THz_V1_1_1_temp (106) (121020)
Person who measured: Demetra Tsokkou
Reference to lab book: Notebook number 4


Figure2
(a) Complex conductivity spectra of electrochemically doped P3HT at different oxidation potentials versus Ag/AgCl. The real and imaginary parts are shown with solid and dotted lines. (b) Normalized real (solid) and scaled imaginary (dashed) parts of the conductivity at different applied voltages. The fit results from the Drude–Smith model are shown with black dotted lines.

Figure 2a and b: Complex conductivity was obtained from the analysis of the THz waveforms at different voltages in KPF6/water electrolyte (Figure1)

Figure3
(a) In situ absorbance spectra of the spin-coated P3HT film at different applied voltages versus Ag/AgCl electrode in 0.1 M KPF6/water in steady state conditions. (b) Component spectra (top) and voltage-dependent concentrations (bottom) of the neutral polaronic and bipolaronic species of electrochemically doped P3HT, as obtained from soft-modeling MCR-ALS analysis of the spectro-electrochemistry spectra.

Figure 3a: Absorbance spectra in P3HT film at different applied voltages in KPF6/water electrolyte
List of raw data files: SteadyState_P3HT_vs_film, SteadyState_P3HT_vs_sub (160920)
Person who measured: Priscila Cavassin
Reference to lab book: Notebook number 1

Figure 4
Fig. 4 Parameters extracted from the THz and spectro-electrochemistry data as a function of applied voltage versus Ag/AgCl for electrochemically doped P3HT in (a) KPF6/water and (b) TBAPF6/acetonitrile electrolyte. In the top panel, the THz effective mobility is shown, the middle panel compares the density of the charged species (as extracted via MCR-ALS analysis) to the total injected charges and the concentration of conductive charges (NDS, from the squared plasma frequency, Drude–Smith model), while the bottom panel depicts the real conductivity at 1 THz. In (a) the THz mobility of molecularly doped P3HT is also shown.

Figure 4a: These are derived from the analysis of the THz waveforms at different voltages in KPF6/water electrolyte (Figure1)

Figure 4b: These are derived from the analysis of the THz waveforms at different voltages in TBAPF6/acetonitrile electrolyte 
List of raw data files: P3HT_OECT_RR1_Round3_Ref0, P3HT_OECT_RR1_Round3_V__0_9V, P3HT_OECT_RR1_Round3_V__1V, P3HT_OECT_RR1_Round3_V__1_1V, P3HT_OECT_RR1_Round3_V__1_2V, P3HT_OECT_RR1_Round3_V__1_3V, P3HT_OECT_RR1_Round3_V__1_4V, P3HT_OECT_RR1_Round3_V__1_5V, P3HT_OECT_RR1_Round3_V__1_6V, P3HT_OECT_RR1_Round3_V__1_7V (070721)
Person who measured: Demetra Tsokkou
Reference to lab book: Notebook number 5


Figure 5:
Fig. 5 (a) Absorbance spectrum of molecularly doped P3HT:17 mol%F4TCNQ film and of the electrochemical device at -0.6 V versus Ag/AgCl (scaled). The molecularly doped spectrum was decomposed into Gaussian components representing the neutral, polaron and bipolaron species as well as the ionized dopant. The polymer and dopant were co-processed in solution before film deposition. (b) Complex conductivity spectra of the molecularly doped film compared to the electrochemical sample. The real and imaginary parts are shown with solid and dotted lines. The inset shows the normalized real part and scaled imaginary part of the conductivity.

Figure 5a: Steady state absorbance spectra in doped P3HT:17%mol F4TCNQ
List of raw data files: DP3HT_CB_70_17%_2h_SP.Sample.Raw (26/02/2019)
Person who measured: Demetra Tsokkou


Figure 5b: Complex conductivity was obtained from the analysis of the THz waveforms in doped P3HT:17%mol F4TCNQ
List of raw data files: THz_17%DP3HT_CB_Sig.txt, THz_17%DP3HT_CB_Ref_2.txt (26/03/19)
Person who measured: Demetra Tsokkou
Reference to lab book: Notebook number 4

