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Figure S14

Transfer curves (a) PF1 (b) PF2 (c) PF3 (d)
PF4 (e) P6 of the best performing device on
systematic exposure to 0, 0.5, 1, 2, 3,5, 7, 10,
15, 20 ppm of NH3 gas for 5 mins. Note that
the values reported are an average from 10
devices with standard errors.

20

18

Figure S15

Drifts for 25 mins (cycle test/dynamic bias
stress) for (a) PF1 (b) PF2 (c) PF3 (d) PF4
(e) P6. 25 cycles are shown and the last 5
cycles (each cycle taking ~1 minute) are
used to calculate the signal-to-noise ratio “D”

20

19

Figure S16

(a) Plot of (total resistance)*(channel
width=1.1 cm) versus channel length for P6.
The error bars are extracted from 3
independent devices. The value of the
intercept indicates the contact resistance. (b)
t=0 mins represents the initial transfer curve
while t=5 mins represents the transfer curve
after exposure to 10 ppm of NO; gas; for
channel length of 200 pm. (c) t=0 mins
represents the initial transfer curve while
t=5 mins represents the transfer curve after
exposure to 10 ppm of NO; gas; for channel
length of 400 pm. (d) t=0 mins represents
the initial transfer curve while t=5 mins
represents the transfer curve after exposure
to 10 ppm of NO; gas; for channel length of
600 pm.

It can be seen that the Ips (A) decreases with
the increase in length of the channel at a
constant width. If monitored at Vs=-80 V; for
(a) length=200 pm, Ips = 200 uA (b)
length=400 um, Ips = 99 uA (c) length=600 um,
IDS = 70 [JA
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Figure S17

Plots of straight line fits of log[In(1-AVw/Vo)]
versus log t for extracting B and t. Slope
indicates B and Tt is expressed as
1 (Qlintercept|/slope,
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Figure S18

Plots of Ips (A) versus Vi at three
temperatures 294, 323 and 373 K for
polymers PF1-PF4 (a-d) and P6 (e)
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Figure S19

Fits of Inp versus 1/T (K1) to elucidate the E,
values
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Figure S20

Atomic Force Microscopy (AFM) images for
(a-d) PF1-PF4 and (e) P6. Scale bar is 2.0
pm.
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Table S3

Parameters extracted from temperature-
dependent gate bias studies

24

25

Figure S21

Mobility changes for (a)-(e) (PF1-P6) during
the bias stress process
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Figure S22

Elucidation of 8 and T for V¢=Vp=-80 V under
NH3 atmosphere (10 ppm) (a) PF1 (b) PF2
(c) PF3 (d) PF4 (e) P6
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Figure S23

Elucidation of 8 and T for V¢=Vp=-80 V under
NH;3 atmosphere (10 ppm) (a) PF1 (b) PF2
(c) PF3 (d) PF4 (e) P6
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Table S4

B values for gate bias under (i) NO:
atmosphere (10 ppm) (ii) NHz atmosphere
(10 ppm). (keT/B (eV) included in
parenthesis)
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Table S5

Vaipole calculations for the bias stress
phenomenon. Calculation of Vgipole:

We know that: S= [kT In (10)/q] x (1+Cp/Cox)
— (1) On application of bias stress on the
polymer sensor OFET; the subthreshold
swing becomes: S'= [KT In (10)/q] x (1+
{Cp+Cit}/Cox) = (2) The difference between
the subthreshold swings is given as S-S": AS
(S-S) = (kT/q) x In10 x Cit/Cox = (3) The
interface state capacitance arises from the
dipole created as a consequence of trapped
charges, which causes the shifts in the
threshold voltage, which is given as: AVy=
(Cit/Cox) X Vaipole— (4) Combining equations
(3) and (4) we get: AVi= (qVadipole/kTIn10) x
AS— (5). Equation (5) can be used for bias
stress and reverse bias stress to evaluate the
Viipole- We consider the AVy, at t=0 minutes
and at t=300 mins (post bias stress) and post
reverse bias stress and the AS at t=0 minutes
and at t=300 mins (post bias stress) and post
reverse bias stress to evaluate the Vgipole.34°
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Table S6

Viipole calculations for the reverse bias stress
(trap erase) phenomenon
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Figure S24

Responses to NO, (10 ppm) (monitored at
V=-80 V for all polymers, collected from
Figure 10). For every polymer, the first set
represents responses after completion of the
NO, aided recovery after gate bias
application (Vc=Vp=-80V, 5 hours) while the
second set represents responses of
independent devices (but of the same film for
each trial) not subjected to gate bias and
direct exposure to NO,. (a)-(e): PF1 to Pé6.
For both the cases in case of each polymer,
the exposure time was 5 minutes. For case 1
and case 2: the response corresponding to
each trial number is an average from 10
separate devices each from a different film.
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Table S7

Statistical calculation of t and p-values for
the case in Figure S24.
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Figure S25

(a) PF1 (t=0 mins represents the transfer
curve after completion of recovery in air ~12
hours) and t=5 mins represents the transfer
curve post exposure to 10 ppm of NO; for 5
minutes. (b) PF1 (control, no bias stress,
direct exposure, where t=0 mins represents
transfer curve without the application of any
gate bias, t=5 mins represents transfer
curves after exposure to 10 ppm of NO; for 5
mins) (c) PF2 (t=0 mins represents the
transfer curve after completion of recover in
air ~12 hours) and t=5 mins represents the
transfer curve post exposure to 10 ppm of
NO: for 5 minutes. (d) PF2 (control, no bias
stress, direct exposure, where t=0 mins
represents transfer curve without the
application of any gate bias, t=5 mins
represents transfer curves after exposure to
10 ppm of NO; for 5 mins) (e) PF3 (t=0 mins
represents the transfer curve after
completion of recover in air ~12 hours) and
t=5 mins represents the transfer curve post
exposure to 10 ppm of NO; for 5 minutes. (f)
PF3 (control, no bias stress, direct exposure,
where t=0 mins represents transfer curve
without the application of any gate bias, t=5
mins represents transfer curves after
exposure to 10 ppm of NO; for 5 mins) (g)
PF4 (t=0 mins represents the transfer curve
after completion of recovery in air ~12
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hours) and t=5 mins represents the transfer
curve post exposure to 10 ppm of NO; for 5
minutes. (h) PF4 (control, no bias stress,
direct exposure, where t=0 mins represents
transfer curve without the application of any
gate bias, t=5 mins represents transfer
curves after exposure to 10 ppm of NO; for 5
mins) (i) P6 (t=0 mins represents the
transfer curve after completion of recover in
air ~12 hours) and t=5 mins represents the
transfer curve post exposure to 10 ppm of
NO; for 5 minutes. (j) P6 (control, no bias
stress, direct exposure, where t=0 mins
represents transfer curve without the
application of any gate bias, t=5 mins
represents transfer curves after exposure to
10 ppm of NO; for 5 mins. Condition: V¢=Vp=-
80 V. The responses have been monitored at
Ve=-80 V (from transfer curves). Please note
that we have provided the transfer curves for
only the best device. The response data are an
average from 10 devices, each from a different
film
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Figure S26

Responses to NO; (10 ppm). For every
polymer, the first set represents responses
after completion of the air aided recovery
after gate bias application (V¢=Vp=-80 V)
while the second set represents responses of
independent devices not subjected to gate
bias and direct exposure to NO>. For both the
cases in case of each polymer, the exposure
time was 5 minutes. Responses are monitored
at Ve=-80V.
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Table S8

Statistical calculation of t and p-values for
the case in Figure S26.
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Figure S27

Changes in Vi and p at t=0 mins (initial
transfer characteristic), at t=300 mins
(immediately after bias stress) and after
continuous exposure to NO; to aid the
recovery process. The recovery times are
mentioned in the text.
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Figure S28

Transfer curves showing air aided recovery
from gate bias (V¢=Vp=-80 V) for (a) PF1 (b)
PF2 (c) PF3 (d) PF4 and (e) P6 respectively.
16 mins, 25 mins, 18 mins, 15 mins, 10 mins
for PF1-P6 were the exposure times in air,
respectively. The recovery can be explained

31,32




as follows. Since organic semiconductors are
permeable to water, water molecules can
also reach the SiO; surface in the presence of
an organic semiconductor. In this reaction,
holes in the semiconductor are converted
into proton which can be converted back into
holes along with production of Hj. The
reversible motion of protons in Si0; has been
demonstrated by memory effects occurring
in Si/Si02/Si devices, where protons move
through the SiO, from one Si layer to the
other. In the presence of water, holes in the
organic semiconductor, indicated below by
0S+, can be converted into protons in the
electrolytic reaction 2H,0 + 40S+ — 4H* +
02(g) + 40S, where OS refers to electrically
neutral sites in the organic semiconductor.
Next, protons can be converted back into
holes in the reaction 2H+ + 20S — 20S+ + H;
(g)- There will be an equilibrium between the
surface density [0S*] of holes in the
semiconductor and the volume density [H*]
of protons in the oxide at the interface with
the semiconductor, leading to the linear
relation [H*] = a[0S+*], where the parameter
a is a proportionality constant, which is
determined by the reaction constants.
Systematic tailoring of molecular and
microstructural features determines the
degree of shift in Vi as well as recovery.
Further at such high voltages; less mobile
states are accessible due to increase in
microstructural disorder (created along with
inherent traps) causing more shallow traps.
During recovery, under application of a zero
gate bias the transfer curve of a transistor
that has suffered from bias stress shifts back
to the transfer curve before the bias stress.

38

Figure S29

Changes in Vy and p at t=0 mins (initial
transfer characteristic), at the ‘trap create’
time t=300 mins (immediately after bias
stress) and after continuous exposure to air
to aid the recovery process. The times for
which the stressed devices were exposed to
air (already mentioned in the main text) are
16, 25, 18, 15, 10 minutes.
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Figure S30

Transfer curves showing the effect of NH3 gas
(10 ppm) immediately after applying gate
bias (V¢=Vp=-80 V) for (a) PF1 (b) PF2 (c)
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PF3 (d) PF4 and (e) P6 respectively. The
percentages are calculated at V¢=-80 V. The
exposure times are:16 mins for PF1, 25 mins
for PF2, 18 mins for PF3, 15 mins for PF4
and 10 mins for Pé6.
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Figure S31

Changes in Vi and p as an effect of NH3 gas
(10 ppm) immediately after applying gate
bias (V¢=Vp=-80 V) for (a) PF1 (b) PF2 (c)
PF3 (d) PF4 and (e) P6 respectively. The
percentages are calculated at V¢=-80 V. The
exposure times are:16 mins for PF1, 25 mins
for PF2, 18 mins for PF3, 15 mins for PF4
and 10 mins for P6.
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Figure S32

Transfer curves under ambient air (t=0
mins), post application of trap erase protocol
[(i) (Ve=Vp=-80 V) and (ii) V¢ =+80V, Vp =0
V] followed by (a) 10 ppm NO; exposure for
PF1 (b) 10 ppm NH;z exposure for PF1 (c)
ambient air exposure for PF1 (d) 10 ppm
NO; exposure for PF2 (e) 10 ppm NH3
exposure for PF2 (f) ambient air exposure
for PF2 (g) 10 ppm NO- exposure for PF3 (h)
10 ppm NH3 exposure for PF3 (i) ambient air
exposure for PF3 (j) 10 ppm NO; exposure
for PF4 (k) 10 ppm NH3z exposure for PF4 (1)
ambient air exposure for PF4 (m) 10 ppm
NO, exposure for P6 (n) 10 ppm NH3z
exposure for P6 (0) ambient air exposure for
P6. The exposure times are 16 mins for PF1,
25 mins for PF2, 18 mins for PF3, 15 mins for
PF4 and 10 mins for P6. Please note that only
transfer curves for the best devices are
shown; however, quantitative evaluation is
done from 10 devices from independent,
different films of every material.
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Table S9

Trends in AVw (V) and percent change of p
(cm2V-1s-1) from reverse bias stress
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Figure S33

Vw and p changes under ambient air (t=0
mins), post application of trap erase protocol
[(i) (Ve=Vb=-80 V) and (ii) V¢ = +80V, Vp =0
V] followed by 10 ppm NO; exposure for (a)
PF1 (b) PF2 (c) PF3 (d) PF4 (e) P6. The
exposure times are 16 mins for PF1, 25 mins
for PF2, 18 mins for PF3, 15 mins for PF4
and 10 mins for P6
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Figure S34

Change in Ips (%) monitored at V¢=-80 V after
trap erase. P6 has highest mobility; so at Vg=-
80V, the current is the highest.
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Figure S35

Vw and p changes under ambient air (t=0
mins), post application of trap erase protocol
[(i) (Ve=Vb=-80 V) and (ii) V¢ = +80V, Vp =0
V] followed by 10 ppm NH3 exposure for (a)
PF1 (b) PF2 (c) PF3 (d) PF4 (e) P6. The
exposure times are 16 mins for PF1, 25 mins
for PF2, 18 mins for PF3, 15 mins for PF4
and 10 mins for P6.
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Figure S36

Transfer curves under ambient air (t=0
mins), and on exposure to 10 ppm of NHz (a)
PF1 (b) PF2 (c) PF3 (d) PF4 (e) P6. Thisisa
direct exposure of unstressed devices. These
are the controls used for the trap erase
experiments. The exposure times are 16
mins for PF1, 25 mins for PF2, 18 mins for
PF3, 15 mins for PF4 and 10 mins for P6
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Figure S37

Vu and p changes under ambient air (t=0
mins), post application of trap erase protocol
[(i) (Ve=Vp=-80 V) and (ii) V¢ =+80V, Vp =0
V] followed by air exposure for (a) PF1 (b)
PF2 (c) PF3 (d) PF4 (e) P6. The exposure
times are 16 mins for PF1, 25 mins for PF2,
18 mins for PF3, 15 mins for PF4 and 10
mins for P6
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Materials and Methods: Unless otherwise indicated, the starting materials were obtained
from Sigma-Aldrich or Alfa Aesar and were used without further purification. P6 was
obtained from Ossila. The GPC and other structural characterization data are provided
therein. 1H NMR (300 MHz) spectra were recorded on a Bruker Advance spectrometer using
CDClIs as solvent and tetramethylsilane (TMS) as the internal standard. Molecular weights
were determined using gel permeation chromatography on a Waters 1515 Isocratic HPLC
with a Waters 2489 Refractive Index (RI) and UV /vis detector using polystyrene as standard
and THF as eluent. Cyclic voltammetry (CV) was performed in a one-chamber, three-
electrode cell in acetonitrile containing 0.1 M n-BusNPFe as a supporting electrolyte. A glassy
carbon disk, a platinum wire and Ag/AgCl electrode, were used as the working electrode,
auxiliary electrode and reference electrode, respectively. The supporting electrolyte was
stored with molecular sieves to keep it dry. The efficient film area on work electrode is 3.1
mm? and the film thickness was 2 ~ 3 pm. Atomic force microscopy images were taken in
tapping mode using a Dimensional 3100 AFM (Bruker Nano, Santa Barbara, CA). The images
were visualized using the Nanoscope software (Bruker). Gas sensing experiments were

conducted using the Environics 4040 Series Gas Dilution System.

Calculation of HOMO Level: Ferrocene/ferrocenium (Fc/Fc*) was used as the external
reference. The redox potential of Fc/Fc* was assumed to have an absolute energy level of -
4.80 eV to vacuum. The redox potential of Fc/Fc* was measured under the same conditions,
and was found to be 0.03V vs Ag/AgCl. Energy levels of the highest occupied molecular
orbital (HOMO) were calculated according to the equations: HOMO = -e(Eox+ 4.64) (eV),
where Eoxis the onset oxidation potential vs Ag/AgCl.

OFET Fabrication and Characterization: Top contact/bottom gate OFET devices were
fabricated by using n-doped silicon wafers with 300 nm silicon dioxide as substrates. The
substrates were cleaned and modified with hexamethyldisilazane (HMDS) self-assembled
monolayer. The polymers were dissolved in chloroform with at concentration of 10 mg mL-
1, The thin films were prepared by spin coating the solution on the substrates. The polymer
thin-films were then annealed on a hot plate at 120 °C for 10 min under N2 atmosphere. Gold
contacts of 50 nm were deposited on the thin film as source and drain electrodes with a

channel width of 1.1 cm and a channel length of 200 um. The electrical performance of

10



transistors before and after exposure to gas was carried out using an Agilent 4155C
Semiconductor Parameter analyzer in ambient at a constant swipe rate of 0.5 Vs-1. The
mobility was calculated in the saturation regime according to the equation: Ips =
(W/2L)uCi(Ve - V1)?2, where Ips is the drain current, u is the mobility, and V¢ and Vr are the
gate voltage and threshold voltage, respectively. The bias stress experiments were carried
out for a total sampling time of 18,000 seconds at an interval of 3 seconds for each Ips (A)
reading. The compliance was set to 10 mA. The gate and drain voltages were held constant
at -80 V for this time. The gate bias equation AVin= (Vth0-Vabias)[1-exp{-(t/T)P}] was
rearranged as log[In(1-AVi/Vo)]= Blog t-Blog t, where Vo=(Vth,0-Vébias). The values of § and

T were obtained from slope and intercept respectively.

Sensing Measurement: A home-made gas flow chamber was used for NO2 and NH3 exposure
experiments. The chamber was blown by air (humidity of 46%) for 10 min before the devices
were placed inside. NO2 and NHs3 gas and air were introduced through clean tubing and
flowed through the Environics 4040 Series Gas Dilution System to obtain desired
concentration, directly on the devices at the probe station and sensitivities were thus
measured by a continuous flow method. The percentage drifts in air were measured by

swiping the gate voltage at a constant rate of 0.5 V/s for a fixed period of time (5 mins).
Synthesis and Characterizations:

PF1 to PF4 were synthesized according to the sequences shown in Figure S1 using
previously reported literature procedures while P6 was obtained commercially. The
detailed synthetic methods and characterization is already shown in our previous work. We
show the characterization results (H NMR, Gel Permeation Chromatography) here again for

easy reference. 1.2

11
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Figure S12. Transfer curves for (a-d) PF1-PF4 and (e) P6
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Table S2. Hole mobilities and threshold voltages of polymers

Polymers U (cm2V-1is1) Vi (V) V’'=Vy-40 (V)
PF1 (1.26x10-4) £(7.20x106) -9.223.15 -49
PF2 (1.00x104) £(1.02x10-) -7.40+1.43 -47
PF3 (1.20x10-3) £(7.32x104) -6.33£1.37 -46
PF4 (1.98x10-4) +(1.40x105) -9.98+0.62 -49
Pé6 0.12+(1.97x10-2) 7.38+2.24 -33
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Figure S13. Transfer curves (a) PF1 (b) PF2 (c) PF3 (d) PF4 (e) P6 of the best performing device on
systematic exposure to 0, 0.5, 1, 2, 3, 5, 7, 10, 15, 20 ppm of NO; gas for 5 mins. Note that the values
reported are an average from 6 devices with standard errors. Also shown are the series of 25 transfer
curves taken before the vapor responses for the same respective polymers. Note that except for PF2,
the drifts to lower current caused by dynamic bias stress are smaller than the drifts to higher current

caused by the response to NO».
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Figure S14. Transfer curves (a) PF1 (b) PF2 (c) PF3 (d) PF4 (e) P6 of the best performing device on
systematic exposure to 0, 0.5, 1, 2, 3,5, 7, 10, 15, 20 ppm of NH3 gas for 5 mins. Note that the values
reported are an average from 10 devices with standard errors.
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Figure S15. Drifts for 25 mins (cycle test/dynamic bias stress) for (a) PF1 (b) PF2 (c) PF3 (d) PF4
(e) P6. 25 cycles are shown and the last 5 cycles (each cycle taking ~1 minute) are used to calculate

the signal-to-noise ratio “D”
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Figure S16. (a) Plot of (total resistance)*(channel width=1.1 cm) versus channel length for P6. The error bars
are extracted from 3 independent devices. The value of the intercept indicates the contact resistance. (b) t=0
mins represents the initial transfer curve while t=5 mins represents the transfer curve after exposure to 10
ppm of NO; gas; for channel length of 200 pm. (c) t=0 mins represents the initial transfer curve while t=5 mins
represents the transfer curve after exposure to 10 ppm of NO; gas; for channel length of 400 pm. (d) t=0 mins
represents the initial transfer curve while t=5 mins represents the transfer curve after exposure to 10 ppm of

NO: gas; for channel length of 600 pm. The average response is 17020 %.

It can be seen that the Ips (A) decreases with the increase in length of the channel at a constant width. If monitored
at Ve=-80V; for (a) length=200 um, Ips = 200 uA (b) length=400 um, Ips = 99 uA (c) length=600 um, Ips = 70 uA.
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Figure S19. Fits of Inp versus 1/T (K1) to elucidate the E, values
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Figure $20. Atomic Force Microscopy (AFM) images for (a-d) PF1-PF4 and (e) P6. Scale bar is 2.0
pm.
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Table S3. Parameters extracted from temperature-dependent gate bias studies

Polymers

E. (eV)

Inv

v (s1)

PF1

0.5

9.36

1.2E4

PF2

0.4

9.8

1.8E4

PF3

0.3
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40
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Figure S21. Mobility changes for (a)-(e) (PF1-P6) during the bias stress process
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Table S4. {3 values for gate bias under (i) NO2 atmosphere (10 ppm) (ii) NHs atmosphere (10 ppm).

(ko T/B (eV) included in parenthesis)

Polymers B(NO2) B(NHs)
PF1 0.26 (0.11eV) 0.49 (0.06 eV)
PF2 0.37 (0.11 eV) 0.35 (0.08 eV)
PF3 0.19 (0.16 eV) 0.45 (0.07 eV)
PF4 0.20 (0.15eV) 0.51 (0.06 eV)
P6 0.19 (0.15eV) 0.42 (0.07 €V),0.73
(0.04 eV)

Table S5. Vaipole calculations for the bias stress phenomenon. Calculation of Vgipore:

We know that: S= [KT In (10)/q] x (1+Cp/Cox) = (1) On application of bias stress on the polymer
sensor OFET; the subthreshold swing becomes: S’= [KT In (10)/q] x (1+ {Cp+Ci}/Cox) = (2) The
difference between the subthreshold swings is given as S-S’: AS (S-S") = (kT/q) x In10 x Ci¢/Cox = (3)
The interface state capacitance arises from the dipole created as a consequence of trapped charges,
which causes the shifts in the threshold voltage, which is given as: AVi= (Cit/Cox) X Vadipole— (4)
Combining equations (3) and (4) we get: AVi= (qVdipole/kTIn10) x AS— (5). Equation (5) can be used
for bias stress and reverse bias stress to evaluate the Vaipole. We consider the AVy, at t=0 minutes and
at t=300 mins (post bias stress) and post reverse bias stress and the AS at t=0 minutes and at t=300

mins (post bias stress) and post reverse bias stress to evaluate the Vgipote.345

Polymer AV (V) AS (V/dec) Viipole (V)
PF1 69 10.25 0.404
PF2 65 28.67 0.134
PF3 53 11.3 0.280
PF4 47 2.7 0.117
P6 1.2 1.73 0.04

Table S6. Vgipoe calculations for the reverse bias stress (trap erase) phenomenon

Polymer AVu (V) AS (V/dec) Vaipole (V)
PF1 26 20.83 0.050
PF2 21 17.6 0.071
PF3 33 18.47 0.106
PF4 23 32.7 0.042
P6 21 35.6 0.036
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Figure S24. Responses to NO; (10 ppm) (monitored at V¢=-80 V for all polymers, collected from
Figure 10). For every polymer, the first set represents responses after completion of the NO; aided
recovery after gate bias application (V¢=Vp=-80 V, 5 hours) while the second set represents
responses of independent devices (but of the same film for each trial) not subjected to gate bias and
direct exposure to NO>. (a)-(e): PF1 to P6. For both the cases in case of each polymer, the exposure
time was 5 minutes. For case 1 and case 2: the response corresponding to each trial number is an
average from 10 separate devices each from a different film.

Table S7. Statistical calculation of t and p-values for the case in Figure S24.

Polymers t-value p-value (one-tailed) Result
PF1 -4.06 0.000369 Significant
PF2 -2.449 0.012397 Significant
PF3 -0.51695 0.3058 Not significant
PF4 -0.12346 0.451557 Not significant

P6 -0.27316 0.393919 Not significant
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Figure S25. (a) PF1 (t=0 mins represents the transfer curve after completion of recovery in air ~12
hours) and t=5 mins represents the transfer curve post exposure to 10 ppm of NO; for 5 minutes. (b)
PF1 (control, no bias stress, direct exposure, where t=0 mins represents transfer curve without the
application of any gate bias, t=5 mins represents transfer curves after exposure to 10 ppm of NO; for
5 mins) (c) PF2 (t=0 mins represents the transfer curve after completion of recover in air ~12 hours)
and t=5 mins represents the transfer curve post exposure to 10 ppm of NO; for 5 minutes. (d) PF2
(control, no bias stress, direct exposure, where t=0 mins represents transfer curve without the
application of any gate bias, t=5 mins represents transfer curves after exposure to 10 ppm of NO for
5 mins) (e) PF3 (t=0 mins represents the transfer curve after completion of recover in air ~12 hours)
and t=5 mins represents the transfer curve post exposure to 10 ppm of NO; for 5 minutes. (f) PF3
(control, no bias stress, direct exposure, where t=0 mins represents transfer curve without the
application of any gate bias, t=5 mins represents transfer curves after exposure to 10 ppm of NO; for
5 mins) (g) PF4 (t=0 mins represents the transfer curve after completion of recovery in air ~12
hours) and t=5 mins represents the transfer curve post exposure to 10 ppm of NO; for 5 minutes. (h)
PF4 (control, no bias stress, direct exposure, where t=0 mins represents transfer curve without the
application of any gate bias, t=5 mins represents transfer curves after exposure to 10 ppm of NO; for
5 mins) (i) P6 (t=0 mins represents the transfer curve after completion of recover in air ~12 hours)
and t=5 mins represents the transfer curve post exposure to 10 ppm of NO; for 5 minutes. (j) P6
(control, no bias stress, direct exposure, where t=0 mins represents transfer curve without the
application of any gate bias, t=5 mins represents transfer curves after exposure to 10 ppm of NO for
5 mins. Condition: V¢=Vp=-80 V. The responses have been monitored at Vs=-80V (from transfer curves).
Please note that we have provided the transfer curves for only the best device. The response data are an
average from 10 devices, each from a different film.
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Figure S26. Responses to NO; (10 ppm). For every polymer, the first set represents responses
after completion of the air aided recovery after gate bias application (V¢=Vp=-80 V) while the
second set represents responses of independent devices not subjected to gate bias and direct
exposure to NO2. For both the cases in case of each polymer, the exposure time was 5 minutes.
Responses are monitored at V¢=-80 V.

Table S8. Statistical calculation of t and p-values for the case in Figure S26.

Polymers t-value p-value (one tailed) Result
PF1 0.08581 0.466282 Not significant
PF2 -3.44341 0.001449 Significant
PF3 -0.01333 0.494755 Not significant
PF4 0.010342 0.459388 Not significant
P6 0.11922 0.453211 Not significant
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Figure S27. Changes in Vu and p at t=0 mins (initial transfer characteristic), at t=300 mins
(immediately after bias stress) and after continuous exposure to NO; to aid the recovery process.
The recovery times are mentioned in the text.
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Figure S28. Transfer curves showing air aided recovery from gate bias (V¢=Vp=-80 V) for (a) PF1
(b) PF2 (c) PF3 (d) PF4 and (e) P6 respectively. 16 mins, 25 mins, 18 mins, 15 mins, 10 mins for
PF1-P6 were the exposure times in air, respectively. The recovery can be explained as follows. Since
organic semiconductors are permeable to water, water molecules can also reach the SiO; surface in
the presence of an organic semiconductor. In this reaction, holes in the semiconductor are converted
into proton which can be converted back into holes along with production of H,. The reversible
motion of protons in SiO2 has been demonstrated by memory effects occurring in Si/Si02/Si devices,
where protons move through the SiO; from one Si layer to the other. In the presence of water, holes
in the organic semiconductor, indicated below by 0S+, can be converted into protons in the
electrolytic reaction 2H,0 + 40S+ = 4H* + O,(g) + 40S, where OS refers to electrically neutral sites in
the organic semiconductor. Next, protons can be converted back into holes in the reaction 2H* + 20S
— 20S* + Hz (g). There will be an equilibrium between the surface density [0S+*] of holes in the
semiconductor and the volume density [H*] of protons in the oxide at the interface with the
semiconductor, leading to the linear relation [H*] = a[0S+*], where the parameter a is a proportionality
constant, which is determined by the reaction constants. Systematic tailoring of molecular and
microstructural features determines the degree of shift in Vi, as well as recovery. Further at such high
voltages; less mobile states are accessible due to increase in microstructural disorder (created along
with inherent traps) causing more shallow traps. During recovery, under application of a zero gate
bias the transfer curve of a transistor that has suffered from bias stress shifts back to the transfer
curve before the bias stress.
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Figure S29. Changes in Vi and p at t=0 mins (initial transfer characteristic), at the ‘trap create’ time
t=300 mins (immediately after bias stress) and after continuous exposure to air to aid the recovery
process. The times for which the stressed devices were exposed to air (already mentioned in the main
text) are 16, 25, 18, 15, 10 minutes.
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Figure S30. Transfer curves showing the effect of NH3 gas (10 ppm) immediately after applying gate
bias (V¢=Vp=-80 V, 300 mins) for (a) PF1 (b) PF2 (c) PF3 (d) PF4 and (e) P6 respectively. The
percentages are calculated at V=-80 V. The exposure times are:16 mins for PF1, 25 mins for PF2,
18 mins for PF3, 15 mins for PF4 and 10 mins for P6.
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Figure S31. Changes in Vi and p as an effect of NHz gas (10 ppm) immediately after applying gate
bias (V¢=Vp=-80 V) for (a) PF1 (b) PF2 (c) PF3 (d) PF4 and (e) P6 respectively. The percentages are
calculated at V=-80 V. The exposure times are:16 mins for PF1, 25 mins for PF2, 18 mins for PF3,
15 mins for PF4 and 10 mins for P6.
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Figure S32. Transfer curves under ambient air (t=0 mins), post application of trap erase protocol [(i)
(Ve=Vp=-80V) and (ii) V¢ = +80 V, Vp =0 V] followed by (a) 10 ppm NO; exposure for PF1 (b) 10 ppm
NH; exposure for PF1 (c) ambient air exposure for PF1 (d) 10 ppm NO; exposure for PF2 (e) 10 ppm
NH; exposure for PF2 (f) ambient air exposure for PF2 (g) 10 ppm NO; exposure for PF3 (h) 10 ppm
NH; exposure for PF3 (i) ambient air exposure for PF3 (j) 10 ppm NO; exposure for PF4 (k) 10 ppm
NH;3 exposure for PF4 (1) ambient air exposure for PF4 (m) 10 ppm NO; exposure for P6 (n) 10 ppm
NHj3 exposure for P6 (o) ambient air exposure for P6. The exposure times are 16 mins for PF1, 25
mins for PF2, 18 mins for PF3, 15 mins for PF4 and 10 mins for P6. Please note that only transfer
curves for the best devices are shown; however, quantitative evaluation is done from 10 devices from
independent, different films of every material.
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Table S9. Trends in AV, (V) and percent change of u (cm?V-1s-1) from reverse bias stress

Polymers AV (V) Ap (cm?V-is1)
PF1 265 123+1
PF2 213 100+£2
PF3 335 147+54
PF4 232 97+2
P6 215 108+3
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Figure S33. Vi and p changes under ambient air (t=0 mins), post application of trap erase protocol [(i)
(Ve=Vp=-80 V) and (ii) V¢ = +80 V, Vp =0 V] followed by 10 ppm NO; exposure for (a) PF1 (b) PF2 (c) PF3
(d) PF4 (e) P6. The exposure times are 16 mins for PF1, 25 mins for PF2, 18 mins for PF3, 15 mins for
PF4 and 10 mins for P6
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Figure S34. Change in Ips (%) monitored at V=-80 V after trap erase. P6 has
highest mobility; so at V¢=-80V, the current is the highest.
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Figure S35. Vi and p changes under ambient air (t=0 mins), post application of trap erase protocol [(i)
(Ve=Vp=-80 V) and (ii) V¢ = +80 V, Vp =0 V] followed by 10 ppm NH3 exposure for (a) PF1 (b) PF2 (c)
PF3 (d) PF4 (e) P6. The exposure times are 16 mins for PF1, 25 mins for PF2, 18 mins for PF3, 15
mins for PF4 and 10 mins for P6.
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Figure S37.Vy, and p changes under ambient air (t=0 mins), post application of trap erase protocol [(i)
(Ve=Vp=-80 V) and (ii) V¢ = +80 V, Vp =0 V] followed by air exposure for (a) PF1 (b) PF2 (c) PF3 (d)
PF4 (e) P6. The exposure times are 16 mins for PF1, 25 mins for PF2, 18 mins for PF3, 15 mins for
PF4 and 10 mins for P6
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