
 

Supplementary Material 
1. Semiconducting polymer solution

The concentration of poly(2,5-bis(3-tetradecyl-thiophen-2-yl)thieno[3,2-b]thiophene) 
(PBTTT-C14) semiconducting polymer in dichlorobenzene (DCB) varied from 2 to 10 
mg/mL according to the following: 

• 2, 4, and 6 mg/mL for thickness and roughness using atomic force microscopy
(AFM);

• 6 and 8 mg/mL for topography via AFM;
• 6 mg/mL for absorbance via UV-visible spectrophotometry;
• 10 mg/mL for transmittance via Fourier transform infrared (FTIR) spectroscopy;
• 6 mg/mL for intensity via Raman spectroscopy;
• 6 mg/mL for intensity via X-ray diffraction (XRD);
• 6 mg/mL for capacitance and leakage current from Metal–Insulator–Semicon-

ductor (MIS) capacitors;
• 6 and 10 mg/mL for transistor performance from organic thin-film transistors

(OTFTs);
• 6 and 10 mg/mL for sensor performance from OTFTs and chemical sensors.
Initially, an extended concentration range spanning from 2 to 8 mg/mL was utilized

for AFM measurements. This range facilitated the creation of terraces, acknowledged to 
be conducive to optimal transistor performance [1–3]. Based on the observation of terrace 
formation from films spun from 6 mg/mL solutions, this specific concentration was 
adopted for a range of analyses, encompassing UV-vis, Raman, XRD, capacitor, transistor, 
and sensor experiments. It is worth noting that a deviation from this concentration was 
initially observed during FTIR spectroscopy. This necessitated the utilization of thicker 
films, prepared from solutions with a concentration of 10 mg/mL. This adjustment was 
prompted by the observed interference of noise in the data under normal conditions. Fi-
nally, this higher concentration solution was also employed for the fabrication of OTFTs 
used as gas sensors. This deliberate choice was made with the intent of amplifying the 
device’s current when these sensors were subjected to external environmental conditions 
outside of the controlled glovebox environment, where the risk of degradation was a con-
cern. 

2. Electrode geometry for OTFTs and chemical sensors
The photomask of the gate and source/drain electrodes for OTFTs is given in Figure 

S1. 
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Figure S1. Photomasks for (a) gate and (b) source/drain electrodes. The interdigitated structure is 
partially magnified for better visualization (only 5 pairs of digits are shown). 

The photomask of interdigitated electrodes for chemical sensors is given in Figure 
S2. 

Figure S2. The photomask of electrodes for a pair of chemical sensors. The interdigitated structure 
is partially magnified for better visualization (only 5 pairs of digits are shown). 

3. Gas measurement setup for OTFTs and chemical sensors
The apparatus was constructed within a fume hood to ensure human safety. It con-

sisted of a bubbler to generate a moist N2 flow and a gas mixer to manipulate the relative 
humidity level. Flow rates were regulated by means of rotameters, pressure regulators, 
and valves. The generated flows were directed to distinct chambers: one designated for 
OTFTs and the other for chemical sensors. Temperature and humidity gauges were posi-
tioned at the outlet.  
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Figure S3. Illustrated photograph of the gas measurement system. 

Chemical sensors were connected to a multiplexer (MUX) via a flat cable and a DB25 
connector. The MUX was also connected to an LCR Meter Keysight and a computer for 
full measurement automation. The LCR Meter was connected to the computer, too, in 
which LabVIEW software was responsible for taking the measurements (see Figure S4). 

Figure S4. Resistance and capacitance measurement system for chemical sensors. 
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4. Gas measurement setup for OTFTs
The manual multiplexer and gas chamber for OTFTs, shown in Figure S5, were de-

signed using AutoCAD software. They were fabricated in a 3D printer Da Vinci 1.0 Pro 
model of an XYZ Printing with PLA plastic. 

Figure S5. Photographs of the OTFT characterization box: (a) open chamber with a sample contain-
ing OTFTs; (b) closed chamber featuring electrode selectors, gas inlet, and gas outlet connections. 

5. UV-visible data treatment
The obtained wavelengths at peak (λcp) and shoulder (λsh) values for PBTTT-C14 films 

annealed under different conditions are summarized in Table S1. 

Table S1. Wavelengths at peak and shoulder calculated from the absorbance spectra of PBTTT-C14 
films spun at 600 rpm/60 s from 6 mg/mL solution in DCB over glass for different annealing pro-
cesses. 

Drying  
procedure 

λcp  
(nm) 

λsh  
(nm) 

A 551 585
EA 549 585
E80 552 583

E150  552 585 
H80 548 587

H150 549 585
H150N 552 586

A 551 585



 5 of 11 

6. Peaks in the FTIR spectra from PBTTT-C14 films
A detailed list of the peaks extracted from the FTIR spectra of PBTTT-C14 films is 

provided in Table S2. 

Table S2. Peaks from FTIR spectra of PBTTT-C14 films. 

Peak  
(cm-1) 

Description Reference 

718–726 rocking vibration of CH2 alkyl [4,5] 
780–795 stretching vibration of the thiophene ring [6,7] 
818–820 wagging vibration of C = C–H along π* [8]

bending vibration of -CH out of the plane of the ring [5] 
875 out-of-plane deformation of C–H from the ring [9] 

1,000–1,140 deformation vibration of C–H [8] 
1,180 stretching vibration of C–C [4] 

1,250–1,350 stretching vibration of C–C [6] 
1340 wagging vibration of –CH2 

deformation vibration of –CH 
symmetric deformation vibration, bending of CH3 

twisting, torsion vibration of CH2 

[4] 

1,400–1,600 stretching vibration of C–C in aromatics [10] 
1,456 deformation vibration of –CH [5] 

1,466–1,470 deformation vibration of CH2 
antisymmetric deformation vibration, bending of CH3 

[4] 

1,510 stretching vibration of C–C in the backbone [5] 
1,517 antisymmetric stretching vibration of C=C from the rings [9] 

1,550–1,650 symmetric stretching vibration of C=C  [6] 
stretching vibration of C=C  [7] 

2,800–3,000 stretching vibration of C–H from the thiophene ring [6,7] 
2,850–3,000 stretching vibration of C–H in alkanes [10] 

2,847 symmetric stretching vibration of CH3 [4]
2,858–2,926 stretching vibration of CH2 alkyl [5] 
2,916–2,919 stretching vibration of cis and trans CH2 [4]

asymmetric stretching of CH2  [7] 
3,050–3,150 stretching vibration of C–H in aromatics [10] 

7. Transfer characteristics of OTFTs in gas-sensing experiments
The drain current (ID) versus gate-to-source voltage (VGS) transfer curves of OTFTs in 

response to each analyte (MET, ETA, IPA, and IB) are elucidated in Figure S6. These plots 
have been employed for the explicit purpose of ascertaining the gas-sensing response. 
Specifically, they facilitate the extraction of individual device parameters (μ, VT, and ION) 
at each experimental concentration. 
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Figure S6. Transfer characteristics of a BGBC-OTFT over glass in response to (a) MET, (b) ETA, (c) 
IPA, and (d) IB for gas-sensing analysis. PBTTT-C14 (xs = 65 nm) was spun at 600 rpm from a 10 
mg/mL solution in DCB and annealed according to H150N, whereas PVP:PMF (xins = 830 nm) at a 
1:5 ratio was spun at 2,000 rpm from a 25 wt.% solution in PGMEA.  

8. PCA plots from gas-sensing results
PCA plots display scores from analyte samples and loadings from sensor electrical 

parameters. Data from chemical sensors are shown in Figure S7. The use of capacitance 
data impairs the discrimination of IB from IPA. After adding capacitance to resistance 
data, it became impossible to separate IPA from ETA instead. 
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Figure S7. PCA plot graphs of (a) scores and (b) loadings from: (1) capacitance; (2) resistance and 
capacitance from PBTTT-C14 interdigitated chemical gas sensors. 

PCA plots generated after the addition of OTFT data to the plots in Figure S7 are 
given in Figure S8. Discrimination is clearly improved, just in the case of having both re-
sistance and capacitance data from chemical sensors, as well as mobility, threshold volt-
age, and on current from OTFTs. This was expected, since, in this case, all eligible electrical 
parameters from this work were used. 
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Figure S8. PCA plot graphs of (a) scores and (b) loadings from data of PBTTT-C14 gas-sensing de-
vices: (1) capacitance of chemical sensors, as well as mobility, threshold voltage, and on current of 
OTFTs; (2) resistance and capacitance of chemical sensors, as well as mobility, threshold voltage, 
and on current of OTFTs. 

In order to assess the reproducibility of the results with chemical sensors, replicas 
were fabricated according to Table S3. 

Table S3. List of replicated chemical sensors from PBTTT-C14 in DCB spun on top of Ni:Cr/Au 
interdigitated electrodes over glass. 

Device 
c 

(mg/mL) 
f  

(rpm) 
Drying  

procedure 
Replicated  

from 
CS5 600 585 H150N CS1
CS6 1,200 585 CS2
CS7 1,800 583 CS3
CS8 2,400 585 CS4

The PCA plots obtained from the replicas of chemical sensors are given in Figure S9. 
Also, in this case, the best results were obtained by using just the resistance data. The 
addition of capacitance measurements did not enhance analyte discrimination, with a 
clear overlapping of scores from ETA and IPA. This agrees well with Figure S8. A sum-
mary of all PCA performed in this work is provided in Table S4. 
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Figure S9. PCA plot graphs of (a) scores and (b) loadings from: (1) resistance; (2) capacitance; and 
(3) resistance and capacitance from PBTTT-C14 interdigitated chemical gas sensors.

Table S4. Summary of calculated Principal Components (PCs) from all PCA analyses performed in 
this work. 

Electrical  
parameter 

Sensors 
PC1  
(%) 

PC2 
(%) 

Total 
(%) 

R CS1-CS4 81.84 17.86 99.69
C CS1-CS4 71.95 22.93 94.88

R; C CS1-CS4 65.73 19.30 85.03

μ; VT; ION OTFT1 42.10 33.76 75.87
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R; μ; VT; ION CS1; OTFT1 39.16 31.56 70.72 
C; μ; VT; ION CS1; OTFT1 49.57 31.50 81.07 

R; C; μ; VT; ION CS1; OTFT1 44.81 26.00 70.81 

R CS5-CS8 66.79 29.48 96.27
C CS5-CS8 74.87 23.13 98.00

R; C CS5-CS8 63.61 21.03 84.64 

The average values of static electric dipole polarizabilities, molecular sizes, dielectric 
constants, and dipole moments of investigated analytes are summarized in Table S5.  

Table S5. Average physicochemical properties of investigated analytes. 

Analyte 
Polarizability  

(×10-24 cm3) 
Molecular  
size (nm) 

Dielectric  
constant at 20 °C 

Dipole  
moment (D) 

Water 1.45 [11] 0.27 [12] 80.10 [11]  1.85 [11] 
Methanol 3.29 [11] 0.43 [13] 33.0 [11]  1.70 [11] 
Ethanol 5.41 [11] 0.44 [13] 25.3 [11]  1.69 [11] 

Isopropyl alcohol 7.61 [11] 0.47 [13] 20.18 [11] 1.56 [11] 
Isoborneol 18.2 [14] 0.50 [15] 3.3 [16] 1.2 [14] 
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