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Fig. S1. Normalised absorbance spectra of  neat [C1C12IM+] [PF6
-]

Figure S2. An evaluation of the contact and channel resistance of neat P3HT and P3HT:SSIL chemiresistors evaluated by a transfer line 
measurement (TLM).



Fig. S3. c) Driven voltage dependence, mean drain current measured for each polymer under an applied bias of VD = -2 V as a function of 
regioregulatiry. 

Fig. S4. Optical microscope images showing topography of P3HT blend thin films on quartz, scale bar 5μm. P3HT:SSIL 1:1 a) low Mw 
high RR, b) high Mw low RR and c) high Mw high RR and P3HT:SSIL 1:5 d) low Mw high RR, e) high Mw low RR and f) high Mw high RR 
P3HT.

Fig. S5. Atomic force microscope images showing topography of P3HT blend thin films on quartz, scale bar 2μm for a) P3HT neat and 
P3HT:SSIL 1:1 b) low Mw high RR, c) high Mw low RR and d) high Mw high RR. 



Figure S6. Stability test for P3HT:SSIL device that was stored in air and room temperature conditions for 7 days. The measurements were 
carried out at VD = 2 V. 

Figure S7. The limits of detection (LODs) of P3HT:SSIL chemiresistor for (a) acetone and (b) toluene exposure were calculated to be 4.81 
ppm and 6.49 ppm, respectively, using the Inter-national Conference on Harmonization (ICH) model, in which the LOD is defined as 3 × 
(standard deviation/slope of regression line).1,2

Table S1. Comparison of Key Parameters of electrical acetone sensors using OCS as active layers.

Sensing Material Sensor Type Response 
definition †

Detect Limit Sensitivity 
response 

Reference 

This  work

P3HT:SSIL

Chemiresistor (2 
terminal)

ΔR/R0 30 ppm 9% at 1500 
ppm

P3HT Chemiresistor (2 
terminal) 

ΔG/G 170 ppm 1.25% per 
1ppm

3



PDDT-ran-PMT Chemiresistor (2 
terminal)

ΔG/G 170 ppm  -3.12% per 
1ppm

3

PHT-b-PS Chemiresistor (2 
terminal)

ΔG/G 360 ppm -0.76% per 
1ppm

3

PHT-b-PMA Chemiresistor (2 
terminal)

ΔG/G 360 ppm -1.45% per 
1ppm

3

PHT-b-PBA Chemiresistor (2 
terminal)

ΔG/G 360 ppm 1.04% per 
1ppm

3

P3HT Chemiresistor (2 
terminal)

ΔIDS/IDS 680 ppm -1x10-6 per ppm 4

P3HT Transistor (3 
terminal) 

ΔIDS/IDS 3500 ppm -1x10-5 per ppm 4

DNTT Transistor (3 
terminal)

ΔI/I0 500 ppm 8% @ 500 ppm 5

DNTT-C10 Transistor (3 
terminal)

I/I0 10 ppm 0.02 @10 pppm 6

DTBDT-C6 Transistor (3 
terminal)

Ioff/Ion >200 ppm 2x100 @ >200 
ppm

7

PQT-12 Transistor (3 
terminal)

(IDS,gas-IDS,air-
ΔIref)/IDS,air

16 200 ppm 10% at 16 200 
ppm

8

† Response definition as given in source: ΔG/G = change in normalised conductance change, ΔIDS/IDS, ΔI/I0 and I/I0 = normalised source 
drain current response, Ioff/Ion = ratio of drain-source current between gas on and gas off, (IDS,gas-IDS,air-ΔIref)/IDS,air = change in drain current 
where IDS,gas is the drain current after exposure, IDS,air is the drain current before exposure and ΔIref is the current increase of the control 
device exposed in air.

Table S2. Comparison of Key Parameters of electrical toluene sensors using OCS as active layers.

Sensing Material Sensor Type Response 
definition †

Detect Limit Sensitivity 
response 

Reference 

This  work

P3HT:SSIL

Chemiresistor (2 
terminal) 

ΔR/R0 30 ppm -5% at 1500 
ppm

P3HT Chemiresistor (2 
terminal)

ΔG/G 400 ppm -1.43% per 
1ppm

3

PDDT-ran-PMT Chemiresistor (2 
terminal)

ΔG/G 200 ppm  -19.6% per 
1ppm

3

PHT-b-PS Chemiresistor (2 ΔG/G 10 ppm 20.5% per 3



terminal) 1ppm

PHT-b-PMA Chemiresistor (2 
terminal)

ΔG/G 200 ppm 14.6% per 
1ppm

3

P3HT Chemiresistor (2 
terminal)

ΔIDS/IDS 50 ppm 5x10-6 per ppm 4

P3HT Transistor (3 
terminal)

ΔIDS/IDS 280 ppm 5x10-7 per ppm 4

PAH-2 Transistor (3 
terminal)

ΔI/I0 0.1 pa/p0‡ -0.8 9

PAH-3 Transistor (3 
terminal)

ΔI/I0 0.1 pa/p0‡ 5.7 9

PAH-4 Transistor (3 
terminal)

ΔI/I0 0.1 pa/p0‡ 0.6 9

PAH-7 Transistor (3 
terminal)

ΔI/I0 0.1 pa/p0‡ -0.4 9

† Response definition as given in source: ΔG/G = change in normalised conductance change, ΔIDS/IDS and ΔI/I0 = normalised source 
drain current response.

‡ Concentration 0.1 pa/p0  as given in source, approximated to 100 000 ppm using ppmv=vapor pressure of analyte (pa) / atmospheric 
pressure (p0) x106 



Fig. S8. Steady state Raman spectroscopy with 488 nm excitation of P3HT neat and P3HT:SSIL 1:1  for low Mw high RR (green), high Mw 
low RR (blue) and high Mw high RR  (red) P3HT blends

Fig. S9. Reversibility of FRDS. a) in situ Raman spectra  and b) the peak intensity of polaronic signal (1418 cm-1) returns to the neutral peak 
(1448 cm-1) showing the slow reversible process when the applied voltage is lowered from -2 V to 0 V and Raman signature returns to the 
neutral peak position after several minutes. 



Fig. S10. Reproducibility of FRDS a) repeat conditions of P3HT:SSIL 1:1 blend over six experimental conditions and b) varying blend ratios 
from P3HT:SSIL 1:0.1 to 1:5. Neural P3HT signal (1415 cm-1) is seen at 0V (dashed line) and under an applied voltage of VD = ±1.5 V (solid 
line) shows the polaronic peak signals at 1448 cm-1.

Fig. S11. Integrated total peak area (C=C and C-C intraing modes) for a) neat P3HT and b) P3HT:SSIL and c) peak position (C=C and C-C 
intraing modes) for neat and blend as a function of applied voltage. The values are extracted from field-dependent Raman 
spectroscopy (FDRS) shown in Figure 5. 



Fig. S12. Baseline corrected and normalized Raman spectra for neutral and charged (hole-polaronic) P3HT acquired at 785 nm (non-
resonant to ground-state absorption, resonant to polaronic absorption) in-situ electrochemical cell. The charged spectra correspond 
to hole polaron density (nd) in the P3HT film ~ 1×1021 cm-3 (based on our previous published report20). 

Fig. S13. Fits to the experimentally obtained Raman spectra of P3HT:SSIL blends at different applied voltages (in-situ chemiresistor) 
via reference neutral and polaronic spectra of P3HT (also experimentally obtained as shown in Figure S6). b) Integrated intensity of 
the fitted neutral and polaronic spectra across range of applied voltages (extracted from a). c) Fitting residuals. d) Polaronic signature 
against applied voltages across the chemiresistor, obtained via ; where  is integrated polaronic spectra and  is the   𝐼𝑃 𝐼𝑃 + 𝐼𝑛 𝐼𝑃 𝐼𝑛
integrated neutral spectra after fitting the experimental data (see a).



Figure S14. a) Image of chemiresistor in in situ  measurement chamber, schematic diagram showing b) the set up used for FDRS and in situ 
gas sensing where voltage is applied by a power source meter, the gas flow runs across the chamber and the Raman is probed through 
viewing window and c) in situ Raman spectroscopy on a 5 μm showing the 20 scans taken down the channel while under controlled 
electrical atmosphere conditions. 
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