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Characteristic curves of P3HT bottom-gate bottom-contact thin-film transistors (TFTs) over SiO: are
given in Figure S1. Calculated electrical parameters from Ip versus Ves curves in Figure S1b are
peeT = (2.6 +£0.2) <1072 cm?/Vs, VT = (10 =2) V and lonorr = 23 +15. A thin-film thickness (d)
of 29 nm was achieved by decreasing the solution concentration from 7 to 4.3 mg/mL with respect to
chemical sensors, as the spinning frequency was already 3000 rpm and provided 44 nm. A thinner film
is desirable in organic TFTs in order to reduce the off current, to improve current modulation and, thus,
to better observe the effects of each analyte on TFTs’ electrical parameters [1]. Atomic force microscopy
(AFM) micrographs (processed in Gwyddion (v.2.40) free scanning probe microscopy (SPM) data
analysis software) of P3HT thin-films are shown in Figure S2. Even though TFTs present the highest



sensitivities normalized by electrode geometry in this work, the thin-films employed in chemical sensors
are not only thicker, but also rougher than the ones in TFTs.
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Figure S1. Characteristic curves of P3HT transistors: (a) Io versus Vbs for Ves from 10 to
—10V; (b) Ip versus Ves for Vbs = -1V,

d=44nm (b) d=79nm
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Figure S2. AFM micrographs and root-mean-square roughness (Rq) of P3HT thin-films with
thickness equal to: (a) 44 and (b) 79 nm in chemical sensors; (c) 29 nm in TFTs.

Device sensitivity to ammonia was corrected by taking into account the presence of water from the
ammonium hydroxide decomposition reaction according to Equation (1).

Ax Ax Ax
— (NH;3) = — (NH,OH) — k— (H,0) (1)
Xo Xo Xo



Considering the w ammonia weight ratio in the aqueous solution of volume Viig., dissolved ammonia
and water number of moles (n) can be obtained according to Equations (2)—(6), where d is density, m is
mass and Mw is molecular weight.

- Mass calculation:myy, ony = Anu,onViig.

MNH,0HW) = dNH40H(l)Vliq. 2
MyH, 1) = WMNH,0H(D) (3)
My,oq) = (1 = wW)my,oq 4
- Number of moles calculation:
MNH; (1)
n = 5
NHs(0) Mwp, (5)
My, o)
n = 6
H,0(1) MWH20 ( )

Additionally, considering that (1) the liquid analyte fully evaporates and diffuses through the whole
volume of the chamber (Vchamber) and (2) 1 mole of gaseous analyte takes 22.4 L (molar volume of an
ideal gas), the concentration (c) in ppm can be calculated according to Equations (7) and (8).

— nNH3 (.g) ) ( L ) 6
o) (ppm) = (722 (224 7) 10 @)
Cryow)(PPM) = <Vchamber 224 " 10 (8)

Finally, the ratio between the concentration of water vapor and ammonia inside the chamber, k, can
be calculated according to Equation (9).

_ Cr,0) (ppm) ©)
CNH3(9) (ppm)

Sensing experiments were performed in one months’ time due to persistent degradation of P3HT
sensor baseline response after exposure to high concentrations of ammonia and chloroform gaseous
analytes. Clear spots appeared in violet P3HT thin-film in Figure S3 as a consequence of polymer
dissolution and chemical degradation in the presence of the previously cited analytes and atmospheric

gases. Differently from chemical sensors, the P3HT TFT electrical parameter responses were still stable
after this time period.

Figure S3. Optical micrographs of a P3HT chemical sensor after the experiments.



Chemical sensor resistance (R) response to gaseous analytes for different polymer thin-film

thicknesses (d) are shown in Figure S4.
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Figure S4. Chemical sensor R response to gaseous analytes: (a) ammonia; (b) water vapor;
(c) methanol; (d) acetone; and (e) chloroform. All variations are normalized with respect to

the first measurement.



The response time (tr) average value of all sensors given in Table S1 remained within the error interval
for each analyte. Higher analyte concentrations implied longer intervals. This represented an increase of
35, 56 and even 77% after triplicating the concentration values shown in Table S1 in response to acetone,
methanol and chloroform, respectively.

Table S1. Response time (tr) of chemical sensors and transistors.

Analyte c (ppm) bp (C) tr (S)
NHs 99 £16 28.3 52 +4
H20 249 +62 100.0 298 +4

HsCOH 1100 %27 64.5 161 +4

(CHs).CO 1200 =15 56.5 68 +4
CHClI; 560 +14 61.0 201 +4

The reset time of P3HT-based sensors is also dependent on analyte concentration. Sensor response to
approximately 300 ppm of ammonia is shown in Figure S5. Compared to a bare sensor, while the former

has already been reset in Figure S5a, both P3HT chemical sensors and TFTs did not return to pristine
values after 25 min.
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Figure S5. Response and reset times of the sensor’s electrical parameters under exposure to
approximately 300 ppm of ammonia: (a) R from chemical sensors; (b) o, p and V1 of P3HT
TFTs. All parameters are normalized with respect to the first measurement.

The capacitance response of bare chemical sensors is related to the analyte dielectric constant (x) and
electric dipole (up) in Table S2. An insignificant response to chloroform is due to the direct relation
between molecule polarity and sensor response.

Principal component analysis (PCA) from both chemical sensor and TFT electrical parameters in
Figure S6 emphasizes the existence of directions through which the concentration changes. The drawn
arrows depart from the three lowest analyte concentration values around the reference dot, which are

represented by smaller symbols, and point to the three highest analyte concentration values, which are
represent by bigger symbols.



Table S2. Capacitance sensitivity (10~* %/ppm) of bare sensor against dielectric constant
(x) and electric dipole (up) of studied gaseous analytes.

AC

Analyte x* (20 <T) uo™ (D) C,
NH;3* 16.61 1.4718 +£0.0002 150 +£68
H.0 80.1 1.8546 +0.0040 187 £14
H:COH 33.0 1.70 =0.02 279 x2.1
(CH2),CO 21.01 2,88 £0.03 17.1+2.1
CHCI; 4.81 1.04 +£0.02 2.9 0.5

* According to [2].
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Figure S6. PCA graph from both chemical sensor (R, C) and TFT electrical parameters
(lp, ureT and V) at the three lowest analyte concentration values (smaller symbols) and the
three highest analyte concentration values (bigger symbols). Arrows are a guide to the eye
towards increasing analyte concentration.

A comparison between chemical sensors and P3HT TFT performance at low and high analyte
concentrations is given in the PCA biplot graphs of Figure S7. Even though increasing concentration
points towards different directions on the plane defined by the first two principal components in
Figure S7a, the intersection of the ellipses drawn from the chemical sensor response to less than
2000 ppm of methanol, acetone and chloroform tended to enclose at least three data points for each of
these analytes. As will be shown later, this relates to the presence of a noticeable dead zone in sensor
response at the lowest concentration values herein. On the other hand, organic TFTs shown in
Figure S7b increased the ellipse areas at the same concentration range. This phenomenon is observed
also for ammonia at less than 200 ppm. Furthermore, acetone can be fully discriminated from other
analytes below 2000 ppm only with a TFT-based e-nose.
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Figure S7. PCA biplot graph from sensor electrical parameters: (a) R, C, (b) Ip, urer and Vr
at a low analyte concentration (<200 ppm for ammonia and <2000 ppm for other gases);
(c) R, C, (d) Ip, urer and Vr at a high analyte concentration (>200 ppm for ammonia and
>2000 ppm for other gases). Arrows are a guide to the eye towards increasing analyte
concentration. Legend: “0” for bare sensor, “1” and “2” for P3HT chemical sensors (d is
equal to 44 and 79 nm, respectively), “A” and “B” for P3HT TFTs (L is equal to 4 and

9 wm, respectively).

Increasing analyte concentration ameliorated acetone and chloroform discrimination by chemical
sensors in Figure S7c with respect to Figure S7a. On the other hand, TFTs showed the effects of sensor
response saturation in analyte concentration determination, as ellipses for all analytes, but methanol are
reduced in size in Figure S7d compared to Figure S7b. Moreover, the acetone data are no longer fully
isolated from the methanol ellipse. In comparison to chemical sensors at a high analyte concentration,
P3HT TFTs tended to agglomerate data points for ammonia at more than 200 ppm and to overlap data
for water vapor, methanol and acetone at more than 2000 ppm. The elimination of threshold voltage (V1)
data in Figure S8 completely altered the response of the P3HT TFT-based e-nose. The presence of this
parameter, which has no similarity in chemical sensors, reduced the superimposition of ellipses for all
analytes, except ammonia, and further stretched the ellipses due to varying analyte concentrations.
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Figure S8. PCA biplot graph from P3HT TFT electrical parameters: (a) Ip, urer and Vr;
(b) Ip and uret. Legend: “A” and “B” for L equal to 4 and 9 um, respectively.

No herein studied e-nose was fully capable of differentiating methanol from water vapor, even after

including a third principal component in the PCA plots. There was no viewing angle from which
methanol could be separated from water vapor in Figure S9a, independently of the electrical parameters
and devices employed to perform this statistical analysis. Nevertheless, full distinction is achieved at a
definite concentration, such as at approximately 2000 ppm in Figure S9b.
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Figure S9. PCA graphs from all sensor electrical parameters in the presence of water vapor,
methanol and acetone: (a) tridimensional plot; (b) biplot for 1500 < ¢ < 2500 ppm. Legend:
“0” for bare sensor, “1” and “2” for P3HT chemical sensors (d is equal to 44 and
79 nm, respectively), “A” and “B” for P3HT TFTs (L is equal to 4 and 9 um, respectively).

The limit of detection (LOD) of chemical sensors calculated according to [3] from the data plotted in

Figures 3 and 4 of the manuscript is provided in Table S3. It demonstrates that an e-nose based on
chemical sensors can monitor 25 ppm of ammonia for chicken farms, but requires P3HT TFTs for the
detection of acetone and methanol below 100 ppm or even ammonia below 5 ppm for disease diagnosis.



All TFTs are already approaching saturation in the concentration range addressed in this work and,
therefore, provide a negative LOD.

Table S3. Limit of detection * (LOD in ppm) of chemical sensors.

LOD of P3HT Sensors
(d=44nm) (d=79 nm)

Analyte LOD of Bare Sensors (d =0 nm)

NH; 12 +4 <16 ** 16 +8
H.O 26 +7 46 +12 140 +20
HsCOH 370 =40 570 =40 780 +£70
(CHs).CO 490 +60 440 £160 190 +70
CHCl; 190 +40 110 =30 69 +34

* According to [3], LOD is the concentration at which the extrapolated linear portion of the calibration graph
intersects the baseline of the calibration curve; ** Sensor already reaching saturation.
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