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1. Schematic diagram of two chip device structures

(b)

Figure S1 Schematic diagram of two chip device structures. (a) (c) Rigid organic electrochemical
transistor (OECT), (b) (d) Flexible OECT.

2. I-V curves of the OECT
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Figure S2 (a) Output curves of OECT, (b) Transfer and trans-conductance curves.

Figure S2 shows the results of transfer and output performance tests of rigid
devices with 15 wt.% BTB ion-gel as a dielectric layer. In order to demonstrate the
performance of the device itself, 0.1 M NaCl solution was used here as the liquid

electrolyte for testing.



3. Sensitivity of pH sensors

Table S1 The sensitivity of pH sensors to the changes in Bromothymol blue (BTB)
content and gate voltages (nA-dec™!)

V!V
BTB content ——2 +0.2 0.2 0.4 -0.6
0 wt.% 52+1.2 112+35 289+25 43.1+59 33.0+3.2
5 wt.% 8.4+0.9 18.9+2.1 31.4+3.2 51.2+4.0 252+ 4.6
10 wt.% 283+43 70.0 £ 4.7 409.5+51.3 446.0 + 58.4 295.1+33.2
15 wt.% 96.0 + 20.5 111.7+12.7 462.3+72.9 622.1 + 66.6 308.7 £ 61.7
20 wt.% 102+1.9 344+5.6 119.1+£11.3 202.2+37.7 181.5+54.2

4. The transfer curves of the OECT at different pH solutions
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Figure S3 The transfer curves of the 15 wt.% ion-gel modified OECT at different pH solutions. (a)
pH 2, (b) pH 4.5, (c) pH 7, (d) pH 9, and (e) Super-Nernstian sensitivity

Fig. S3(e) shows the voltage sensitivity of 15 wt.% BTB of ion-gel OECT at Vo=

-0.4 V. We use the pH 7 transfer curve as a benchmark for the calculation. Finally, the

minimum voltage sensitivity is obtained as 62 mV-dec! (> 55.9 mV-pH").



5. The diagram of the relationship between transduction and BTB contents at
Ve=-04V
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Figure S4 The relationship between transduction and BTB contents at Vg =-0.4 V

6. Reproducibility for the devices
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Figure S5 Repeated sensing properties of the device with 15 wt.% BTB at Vg=-0.4 V



7. The X-ray Diffraction patterns
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Figure S6 The XRD patterns of ion-gels with different contents in BTB. pure PVDF-HFP
powder, and pure BTB powder

8. The crystalline size

Table S2 The crystalline size of PVDF-HFP and BTB in ion-gels with different BTB
contents fitted by XRD

Particle size / nm

BTB content

PVDF-HFP BTB
0 wt.% 19 0
5 wt.% 234 21.1
10 wt.% 28.1 28.5
15 wt.% 26.8 25.9

20 wt.% 41.3 41.4




9. Element distribution in the ion-gel

Figure S7 Energy Dispersive Spectroscopy (EDS) elemental mapping of the ion-gel with 20 wt.%

BTB

10. The XPS spectra of ion-gel
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Figure S8 The XPS spectra of Ion-gel with 0 wt.% and 15 wt.% BTB

In this paper, XPS analysis of the PEDOT:PSS channel and ion-gels (0 and 15
wt.% BTB) were performed, respectively. For ease of description, we use 0 BTB and
15 BTB to represent 0 wt.% BTB and 15 wt.% BTB, respectively. In Fig. S8, the ion-
gels show typical peaks of Br 3d in addition to the common Cls, Ols, N1s, S2p, and



F1s. Notably, the Br element is derived from the BTB dye molecule [1]. And the N
elements are belonging to the [BMIM][TFSI]. The ion-gels (0 and 15 wt.% BTB), due
to the presence of PVDF-HFP, and the typical absorption peaks for the -CF; group in
PVDF-HFP [2] are observed in Fig. S8a.

Moreover, in Fig. 4 of the paper, the XPS spectra of the PEDOT:PSS channel are
shown. The Cls, Ols, S2p, Fls, and Nls spectra of the channel can be observed in
Figs. 41b-f. In the Cls spectrum of Fig. 4b, the 15 BTB (in pH 2) sample shows three
characteristic peaks located at 284.5 eV, 285.12 eV, and 286.6 eV, which are
corresponded to the C=C chemical bonding in PEDOT, the C-C chemical bonding in
PEDOT [3], and the N-C=C-N bonding in [BMIM]", respectively [4]. And the
chemical state peak of N-C=N in [BMIM]" located at 287.6 eV has also been
observed in alkaline [5]. The relevant peak positions in 0 BTB are slightly shifted. As
for the PEDOT" in the 15/0 BTB under an acidic environment, Ols is at 531.7 eV and
531.9 eV, however, the Ols absorption peaks attributed to the PSS- are located at
533.6 eV and 533.1 eV, respectively [5]. In addition, there is another absorption peak
ascribed to the Ols in [TFSI]-, which appears at 531.09 eV for the 15 BTB sample.
The disappearance of the peak corresponding to [TFSI]- under alkaline conditions
indicates that the [TFSI]- dopant in the channel is out. The fine spectrum of S2p
contains peaks from the PEDOT* and PSS- are shown in Fig. 4d. The absorption
peaks at 170.1 eV and 168.9 eV in the 15 BTB of S2p are attributed to S2p;,, and
S2ps), respectively. The same absorption peaks are located at 170.23 eV and 168.92
eV in the 0 BTB sample. The peaks at 163.7 eV and 165 eV are originated from the
PEDOT (15 BTB) [3.4]. The peaks of the -CF; group are more visually observed in
the F1s fine spectrum, while the [BMIM]* and [TFSI]- N1s signals are fitted in Fig. 4f
[4]. The N1s peaks in 15 BTB are located at 402.02 eV and 399.51 eV, respectively.
From acid to base, the intensity of the peak corresponding to [BMIM]* increases but

that of [TFSI]-decreases.



11. Time-dependent impedance of ion-gel dielectric layer
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Figure S9 Impedance of the ion-gel as a function of time at (a) 20 Hz, (b) 2000 Hz, (c) 200 kHz,
(b) 1 MHz
12. Mechanical properties of flexible chips
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Figure S10 Flexible chip curvature experiments. (a) the optical image of the experimental setup,
(b) the current response and peak transduction retention under different curvatures, and (c) the

current response and peak transduction retention during durability characterizations.



13. Wettability of the ion-gel in different pH solutions
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Figure S11 Contact angle of the ion-gel dielectric layer with aqueous solutions of different pH
levels. (a, b) pH 3, (c, d) pH 5.5, (e, f) pH 7, and (g, h) pH 9



14. Sensitivity of pH sensors

Table S3 The sensitivity of some flexible pH sensors (nA-dec!)

Sensing Sensitive Sensitivity
Dielectric Ref.
methods materials (nA.pH™)
OECT Water PANI 5.25 [6]
OECT Water PANI 20 [7]
OECT Water IrOx 9.5 [6]
OECT Water H*- ISM 11 [8]
OECT Water IrOx 59 [9]
EG-FET Water Pt@ZnO 47.82 [10]
Chemical Hydrogel Pd/PdO 59 mV.pH"! [11]
OECT Ion-gel BTB 91 Our work
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