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Experimental 

The UV−Vis absorption spectra were obtained with a Perkin Elmer Lambda 900 

spectrometer. IR spectra have been recorded with a Bruker IFS66 FTIR. AFM and Kelvin 

probe measurements have been performed with a commercial AFM KPFM NTMDT 

NTEGRA, with noncontact/tapping cantilevers (NSG10) for height images and with 

conductive Pt/Ir coated cantilevers (NSG10/Pt) for surface potential images. The kelvin 

measurements have been performed under a controlled N2 atmosphere. The thickness of 

the layers was measured by a profilometer (KLA Tencor, P-6). Contact angle measure-

ments were performed with an OCA20 instrument (Dataphysics Co., Germany), 

equipped with a photo camera CCD and a 500 mL Hamilton syringe to dispense liquid 

droplets. EPR experiments were carried out by means of an e-scan EPR spectrometer 

(Bruker, Germany) operating at the common X-band microwave frequency (~9.8 GHz). 

The instrument was interfaced to a temperature and gas controller Bio III unit (Noxigen 

Science Transfer & Diagnostics GmbH, Germany). 1H-NMR spectra were recorded with 

a Bruker DRX 600 MHz spectrometer and Bruker ARX 400MHz spectrometer. Gel per-

meation chromatography (GPC) measurements were carried out on a Waters SEC (Size 

Exclusion Chromatography) system consisting of a pump, a differential refractometer, 

and light scattering spectrometer as the detector. The columns were two PL Polargel 

(M+L) columns; solvents used were DMSO and LiBr 0.1M with a solvent flow rate of 0.6 

ml/min at 80°C; the calibration curve was constructed with narrow MWD PMMA stand-

ard . 

Electrochemical Measurements 

Electrochemistry was performed at room temperature in acetonitrile under nitrogen 

in three electrode cells. The counter electrode was platinum; reference electrode was 

Ag/Ag+ (0.1 m AgNO3 in acetonitrile1, 0.34 V vs SCE, −4.73 V vs vacuum); supporting 

electrolyte was 0.1 m tetrabutylammonium perchlorate (TBAP). P1, P2, and P3 films 

were casted onto carbon glass electrodes at 80–90 °C from solutions in water, etha-

nol/water, and ethanol, respectively. The reference electrode was calibrated vs SCE (sat-

urated calomel electrode). The voltammetric apparatus used was the Metrohm Autolab 

128N potentiostat/galvanostat. The working electrode for cyclic voltammetry (CV) was a 

glassy-carbon (CG) minidisc electrode (0.2 cm2), with a scan speed of 100 mVs−1. HOMO 

levels were estimated according to the equation EHOMO = −(Eox + 4.39 + 0.34).2 
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Figure S0. Cyclic voltammetry plot of P1 

 

 

Figure S1. Cyclic voltammetry plot of P2. 
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Figure S2. Cyclic voltammetry plot of P3. 

EPR Measurements 

EPR experiments were carried out by means of an e-scan EPR spectrometer (Bruker, 

Germany) operating at the common X-band microwave frequency (~9.8 GHz). The in-

strument was interfaced to a temperature and gas controller Bio III unit (Noxigen Sci-

ence Transfer & Diagnostics GmbH, Germany). All the spectra were recorded at 25 °C, 

adopting the same acquisition parameters: 10 scans on average, 5.24 s sweep time, 2.24 G 

modulation amplitude, 86 kHz modulation frequency, 21.9 mW microwave power, at a 

frequency of 9.786 GHz. DPPH was used as a standard reference sample (Hutchison and 

Pastor 1951; Feher and Kip 1955) for g-value determination. Spectra were analyzed by 

using a standard software (Win EPR version 2.11). 

P1, P2, and P3 Interlayer Thicknesses  

P1 interlayer thicknesses were measured through AFM and profilometer to be 

around 10–12 nm when deposited on ITO. 

P2 films are brittle, so that the profilometer scratched the film during the measure-

ment both for deposition on top of the ITO and on the active layer. To obtain some in-

formation about the film thickness we repeated the profilometer sweeps several times on 

the same position, each time taking away a part of the P2 film. As a matter of fact, after 

5–10 sweeps, the step heights disappeared on the ITO while they reached a constant 

value, corresponding to the active layer thickness for inverted geometry, where P2 was 

deposited on top of the active layer. The P2 film thickness was evaluated from the step 

height difference among the first and last sweep. After measuring with this approach the 

P2 film thicknesses at six different points of the substrates, we evaluated the P2 average 

film thickness to be about 30 nm for the interlayers deposited on top of ITO, for the de-

vices with direct geometry, and about 40 nm for the interlayers deposited on top of the 

active layer, for devices with inverted geometry. 

P3 film thicknesses are lower than 10 nm. Such films are too thin to be measured 

with AFM/profilometer techniques. In this case, the film thickness was evaluated from 

the intensity of the P3 absorption peak, measured on a film deposited on a quartz sub-

strate, used as an absorption coefficient for polyfluorene-based polar polymers previous-

ly extracted3. P3 film thicknesses were evaluated to be around 5 nm.  
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Schemes, Figures, and Tables 

 

 

Scheme 1. Synthesis of P1. 

 

Scheme 2. Synthesis of P2. 
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Figure S3. 1H NMR spectrum of compound (2) in D2O.The purity of the monomer is estimated to be around 95%. 

 

Figure S4. 1H-NMR spectrum of compound (4) in CD3OD. The purity of the monomer is estimated to be around 94%. 
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Figure S5. 1H NMR spectrum of compound P3 in CD3OD. 

 

Figure S6. 1H-NMR spectrum of 2,7-dibromo-9,9-bis(4’-sulfonatobutyl)fluorene dipotassium. The purity of the monomer 

is estimated to be around 97%. 
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Figure S7. SEC spectrum of polymer P1. 

 

Figure S8. SEC spectrum of polymer P2. 

 

Figure S9. SEC spectrum of polymer P3. 

Table 1. Molecular weight estimated with SEC. 

Polymer Mn [Da] Mw [Da] Mw/Mn 

P1 3916 9246 2.36 

P2 3194 10939 3.42 

P3 14775 30912 2.09 
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Figure S10. Contact angle with glycerol on P1 (36 ± 0.8), P2 (49 ± 1.1), and P3 (68 ± 2.05) films deposited on glass treated 

with plasma for 10 min. 

 

 

 

Figure S11. Absorption spectrum of P2 solution in ethanol (0.1 mg/mL). 
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AFM Images of P1, P2, and P3 Interlayers on ITO Substrates  

 

 

Figure S12. AFM images of P1, P2, P3 and PEDOT:PSS films deposited on top of ITO. 

P1, P3 and PEDOT:PSS films exhibit an homogeneous surface on top of ITO. P2 

does not form a homogeneous film on the ITO substrates. In some parts, P2 covers the 

ITO surface with a smooth film, similar to other interlayers, see first AFM image on the 

left. In other parts, the surface reveals the presence of extended and thick aggregates, 

with a granular morphology, see first AFM image on the right. Such features are likely 

arising from the aggregates in solution that are leading to important light scattering ef-

fect both in solution and in the films.  
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IR Spectra 

 

Figure S13. IR absorption spectra of polymer films, P3 (orange line) compared with the PF backbone with alkylsubstitu-

ents only (black line). 

 

Direct Geometry Devices  

 

Figure S14. (a) Device structure used for conventional geometry P3HT:PC61BM devices and (b) J–V curves obtained us-

ing P1 (blue), P2 (green), and P3 (orange) as AIL compared with PEDOT:PSS (black). 

  

-0.4 -0.2 0.0 0.2 0.4 0.6



11 
 

Table S2. Summary of the photovoltaic parameters using PEDOT:PSS, P1, P2, and P3 as AIL in conventional geometry 

devices, average value over six devices. 

Interlayer (thickness) V
oc

 (V) FF J
sc

 (mA/cm²) η (%) 

PEDOT:PSS (35 nm) 0.45 ± 0.01 0.59 ± 0.009 6.90 ± 0.27 1.84 ± 0.06 

P1 (10 nm) 0.48 ± 0.01 0.576 ± 0.014 7.86 ± 0.24 2.17 ± 0.14 

P2 ( 30 nm) 0.41 ± 0.33 0.476 ± 0.015 7.13 ± 0.36  1.39 ± 0.12 

P3 (5 nm) 0.13 ± 0.06 0.268 ± 0.021 0.04 ± 0.021 0.001 

 

Kelvin Probe Measurements 

 

Figure S15. Effective work function of ITO/P2 (green dot), ITO/P1 (blue dot), ITO/P3 (orange dot), and ITO/PEDOT:PSS 

(red dot) interlayers  as measured via Kelvin probe force microscopy. The black dotted line corresponds to bare ITO 

(black dot line). 
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EQE Spectra (Direct and Inverted Geometry) 

 

Figure S16. EQE spectra of P3HT:PC61BM devices with the AILs under study in a) direct geometry (J–V curves in Figure 

S14); b) inverted geometry ( J–V curves in Figure 4). The JscEQE (mA/cm2), calculated from the EQE spectra ,are respec-

tively: a) PEDOT:PSS (8.18), P1 (8.55); and b) pristine Ag (7.18), MoOx (7.70), P1 (7.09), P2 (8.36), and P3 (8.41). 

Contact angle measurements 

 

Figure S17. Contact angle with water on active layer (AL: 107 ± 1.3) and on the active layer with P1 (107 ± 2.6), P2 (97 ± 

2.7), and P3 (102 ± 1.26) as interlayers. 
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PV Characteristics Upon Different Ambient Atmosphere Exposure Treatments 

Table S3. PV characteristics of P2 devices upon different ambient atmosphere exposure treatments, corresponding to the 

J–V curves of Figure 7.Exposure treatments after a first measure inside the glove box. 

15 min Ambient Treatments Voc (V) FF (--) Jsc (mA/cm²) PCE (%) Rsa (Ωcm2) 

First measure* 0.13 0.375 6.80 0.33 10.05 

AIR 0.51 0.639 7.61 2.48 7.2 

N2+ 50% RH 0.51 0.614 7.59 2.13 7.32 

N2 dry, in GB 0.13 0.396 5.96 0.31 10.58 

 

Reversibility: Drying Treatments After 15 min Air Exposure. 

Treatments Voc (V) FF (--) Jsc (mA/cm²) PCE (%) Rsa (Ωcm2) 

First measure* 0.12 0.374 6.25 0.28 9.16 

15 min air exposure 0.51 0.634 8.20 2.65 8.01 

24 h storage in dry N2, GB 0.47 0.603 7.24 2.05 10.26 

24 h storage in dry N2, GB + 1 h vacuum  0.47 0.583 7.42 2.03 10.35 

*first measure inside the glove box; a calculated from the J–V slope near the Voc. 
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PTB7-Th:PC71BM Devices with Inverted Geometry 

 

Figure S18. J–V curves of inverted geometry PTB7-Th:PC71BM devices prior and after storage under ambient atmosphere 

(8 h); AILs: P2 (green, circles), P3 (orange, squares). Before air exposure: empty dots; after air exposure: full dots; MoOx: 

(grey lines), prior (dot)/after (dot-line) air exposure. 

Table S4. Summary of the PV parameters of PTB7-Th:PC71BM devices with inverted geometry, using P2, P3, and MoOX; 

prior and after air exposure; average values over six devices. 

AIL Air exposure (min) Voc (V) FF (--) Jsc (mA/cm²) PCE (%) 

P2 
- 0.012 0.07 1.67 0.02 

480  0.57 0.51 14.42 4.24 

P3 
- 0.04 0.28 9.09 0.08 

480 0.53 0.52 14.45 4.02 

MoOx 
- 0.74 0.60 14.21 6.35 

480 0.76 0.60 14.1 6.36 

 

(a) (b) (c) 

Figure S19. Evolution as a function of time of storage under ambient atmosphere of the J–V curves of PTB7-Th:PC71BM 

devices with inverted geometry, using P2 (a) and P3 (b) as AIL. (c) Evolution of the PCE of the devices using P2, P3 and 

MoOx AILs. 
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