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1 MATERIALS AND METHODS

1.1 General information

All commercially available reagents were purchased and used without further purification. Nuclear
magnetic resonance (NMR) spectra were recorded on Bruker Avance 400 spectrometer (9.4T, 400.13
MHz for 'H, 100.62 MHz for 3C). 'H and '3C chemical shifts (8) are reported in ppm relative to
tetramethylsilane, using solvent residual signals as the references: CDCl; (7.26 ppm for 'H NMR and
77.0 ppm for 3C NMR). MS-ESI spectra were obtained on an ESQUIRE 3000plus (Bruker Daltonics)
spectrometer. The mesophase identification was based on microscopic examination of the textures
formed by samples between two glass plates. NIKON and OLYMPUS BH-2 polarizing microscopes
equipped with a LINKAM THMS600 hot stage were used. The temperatures and enthalpies of the
phase transitions were determined by calorimetric measurements performed with DSC TA Instrument
Q-20 and Q-2000 systems. Thermogravimetric analysis (TGA) was performed using a TA Q5000IR
instrument at a heating rate of 10 °C /min under a nitrogen atmosphere. The X-ray investigations on
non—oriented samples were carried out in Lindemann capillary tubes (diameter: 0.9 or 1 mm) using a
PINHOLE (ANTON-PAAR) film camera.

1.2 General procedure for preparation of 1-alkyl-3-halopyridinium halides

3-Halopyridine (2.0 mmol) and corresponding haloalkane (2.4 mmol,) were heated in 10 mL of dried
toluene for 20 h at 100-110 °C. After cooling to room temperature, the crude product was purified by
washing with diethyl ether to give the 1-alkyl-3-halopyridinium halide with a yield ranged from 60 to
85%.

1.3 Characterization of 1-alkyl-3-halopyridinium halides

1-Decyl-3-bromopyridinium bromide (Py-Br-Br-10)

'"H NMR (DMSO-d¢, J/Hz) & = 9.78 (s, 1 H, Ar-H), 9.38 (1 H, Ar-H), 8.88 (1 H, Ar-H), 8.11 (1 H,
Ar-H), 4.68 (t,J= 7.4 Hz, 2 H, CH,), 1.87 (m, 2 H, CH,), 1.27-1.11 (m, 14 H, CH;), 0.79 (t, /= 6.9
Hz, 3 H, CH;).

13C NMR (DMSO-d®) 5 =.147.96, 146.16, 144,23, 129.01, 122.10, 60.79, 31.37, 30.89, 28.98, 28.89,
28.75, 28.53,25.45, 22.20, 14.11

HR-MS (ESI*, CH3;CN) found: m/z = 298.1174 [M]" (298.1165 calc. for CsH,sBrN"), 677.1478
[2M-Br]*; (677.1500 calc. for C3yHsoBrsN,")

HR-MS (ESI-, CH3CN) found: m/z =457.9471 [M-2Br] (457.9539 calc. for C;sH»sBr;N-)

1-Decyl-3-iodopyridinium bromide (Py-I-Br-10)

'"H NMR (DMSO-d¢, J/Hz) & = 9.61 (s, 1 H, Ar-H), 9.31 (1 H, Ar-H), 8.90 (1 H, Ar-H), 7.90 (1 H,
Ar-H), 4.61 (t, J=7.4 Hz, 2 H, CH,), 1.84 (m, 2 H, CH,), 1.27-1.11 (m, 14 H, CH;), 0.79 (t, /= 6.9
Hz, 3 H, CH;).

13C NMR (DMSO-d%) & =.152.88, 149.78, 143.76, 128.70, 99.26, 60.43, 31.37, 30.94, 28.96, 28.88,
28.73, 28.50, 25.47, 22.20, 14.11
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HR-MS (ESI*, CH3;CN) found: m/z = 346.0955 [M]" (346.1026 calc. for C;sH,sIN™), 773.1257
[2M-Br]*; (773.1222 calc. for C3HsoI,N,Br)
MS (ESI, CH;CN) found: m/z = 505.9406 [M-2Br]- (505.9373 calc. for C;5H,sINBr,")

1-Dodecyl-3-bromopyridinium bromide (Py-Br-Br-12)

'H NMR (DMSO-d¢, J/Hz) 8 = 9.78 (s, 1 H, Ar-H), 9.38 (1 H, Ar-H), 8.88 (1 H, Ar-H), 8.11 (1 H,
Ar-H), 4.68 (t, J=7.4 Hz, 2 H, CH,), 1.87 (m, 2 H, CH,), 1.27-1.11 (m, 18 H, CH;), 0.79 (t, /= 6.9
Hz, 3 H, CH;).

13C NMR (DMSO-d®) 5 =.147.96, 146.15, 144.22, 129.01, 122.09, 60.80, 31.38, 30.89, 29.09, 29.02,
28.89, 28.79, 28.53, 25.46, 22.20,14.10

HR-MS (ESI*, CH3CN) found: m/z = 326.1488 [M]" (326.1478 calc. for C;;HpBrN*), 733.1976
[2M-Br]*; (733.2126 calc. for C34HsgBrsN;™)

HR-MS (ESI-, CH;CN) found: m/z = 485.9809 [M-2Br] (485.9825 calc. for C;7H»9Br;N-)

1-Dodecyl-3-iodopyridinium bromide (Py-I-Br-12)

'H NMR (DMSO-d¢, J/Hz) & = 9.61 (s, 1 H, Ar-H), 9.31 (1 H, Ar-H), 8.90 (1 H, Ar-H), 7.90 (1 H,
Ar-H), 4.61 (t, 2 H, CH,), 1.84 (m, 2 H, CH,), 1.17 (m, 18 H, CH,), 0.79 (t, 3 H, CH3).

I3C NMR (DMSO-d®) 6 =.152.89, 149.77, 143.75, 128.72, 99.25, 60.47, 31.37, 30.95, 29.09, 29.00,
28.88, 28.79, 28.50, 25.47, 22.23, 14.11

HR-MS (ESI, CH3CN) found: m/z = 374.1316 [M]* (374.1339 calc. for C;7HyIN™), 827.1813
[2M-Br]*; (827.1867 calc. for C54Hsgl,BrN;™)

HR-MS (ESI-, CH;CN) found: m/z = 533.9703 [M-2Br] (533.9686 calc. for C;7H,yBr,IN")

1-Tetradecyl-3-bromopyridinium bromide (Py-Br-Br-14)

'H NMR (DMSO-d®, J/Hz, 400 MHz) & = 9.78 (s, 1 H, Ar-H), 9.38 (1 H, Ar-H), 8.88 (1 H, Ar-H),
8.11 (1 H, Ar-H), 4.68 (t, J=7.45 Hz, 2 H, CH,), 1.87 (m, 2 H, CH,), 1.27-1.11 (m, 22 H, CH,), 0.79
(t,J=7.1 Hz, 3 H, CHj).

3C NMR (DMSO-d®) & = 147.96, 146.16, 144.22, 129.00, 122.10, 60.79, 31.38, 30.90, 29.15, 29.03,
28.90, 28.79, 28.54, 25.46, 22.20, 14.11.

MS (ESI', CH;CN) found: m/z = 515.8 [M*™-2Br ] (516.0 calc. for (C;9H33Br3N))

1-Tetradecyl-3-bromopyridinium iodide (Py-Br-I-14)

'H NMR (DMSO-d®, J/Hz) & = 9.51 (s, 1 H, Ar-H), 9.12 (m, 1 H, Ar-H), 8.87 (m, 1 H, Ar-H), 8.12
(m, 1 H, Ar-H), 4.56 (t, /=7.4 Hz, 2 H, CH;), 1.92 (m, 2 H, CH,), 1.34-1.17 (m, 22 H, CH,), 0.85 (t,
J=6.9 Hz, 3 H, CH,).

13C NMR (DMSO-d%) 5 =.147.79, 145.99, 143.80, 128.81, 122.08, 61.13, 31.27, 30.53, 29.04, 29.01,
28.99, 28.98, 28.89, 28.73, 28.69, 28.35, 25.36, 22.07, 13.94.

MS (ESI", CH3CN) found: m/z = 609.7 [M*-2I']- (610.0 calc. for (C;9H33BrI,N)")

1-Tetradecyl-3-iodopyridinium bromide (Py-I-Br-14)

'H NMR (DMSO-dS, J/Hz) & = 9.50 (s, 1 H, Ar-H), 9.12 (1 H, Ar-H), 8.94 (1 H, Ar-H), 7.93 (1 H,
Ar-H), 4.52 (2 H, CH,), 1.90 (m, 2 H, CH,), 1.27-1.11 (m, 22 H, CH,), 0.84 (3 H, CH).
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13C NMR (DMSO-d®) & =.152.85, 149.88, 143.70, 128.62, 96.40, 60.73, 31.28, 30.68, 29.03, 28.98,
28.88, 28.75, 28.70, 28.33, 25.36, 22.08, 13.94

HR-MS (ESIY, CH3;CN) found: m/z = 402.1705 [M]* (402.1652 calc. for C;9H3;IN"), 885.2382
[2M-Br]*; (885.2475 calc. for C3sHgsI,N,Br)

HR-MS (ESI', CH;CN) found: m/z=561.9980 [M-2Br] (561.9999 calc. for C;9H33IBr,N")

1-Tetradecyl-3-iodopyridinium iodide (Py-I-1-14)

'H NMR (DMSO-d®, J/Hz) 6 = 9.48 (s, 1 H, Ar-H), 9.10 (m, 1 H, Ar-H), 8.96 (m, 1 H, Ar-H), 7.93
(m, 1 H, Ar-H), 4.52 (t, /=7.4 Hz, 2 H, CH;), 1.90 (m, 2 H, CH,), 1.33-1.16 (m, 22 H, CH,), 0.85 (t,
J=6.9 Hz, 3 H, CH,).

3C NMR (DMSO-d®) & =.152.92, 149.86, 143.65, 128.56, 90.05, 60.78, 31.25, 30.56, 29.02, 29.00,
28.97,28.95, 28.87, 28.71, 28.66, 28.31, 25.35,22.05,13.92.

HR-MS (ESIY, CH;CN) found: m/z = 402.1656 [M]" (402.1645 calc. for Ci9H33IN™), 931.2045
[2M-1]%; (931.2355 calc. for C3gHgsl3N5 )

HR-MS (ESI', CH;CN) found: m/z = 655.9664 [M-21I](655.9742 calc. for C9H3313N")

1-Octadecyl-3-bromopyridinium bromide (Py-Br-Br-18)

'H NMR (DMSO-d®, J/Hz) 6 =9.50 (s, 1 H, Ar-H), 9.11 (1 H, Ar-H), 8.86 (1 H, Ar-H), 8.09 (1 H,
Ar-H), 4.55 (2 H, CH,), 1.90 (2 H, CH,), 1.26-1.19 (30 H, CH,), 0.85 (3 H, CHj3).

13C NMR (DMSO-d®) 5 =.147.86, 146.03, 143.87, 128.86, 122.13, 61.22, 31.32, 30.59, 29.06, 29.02,
28.95, 28.79, 28.72, 28.41, , 25.41, 22.13, 13.99.

HR-MS (ESI*, CH3CN) found: m/z = 410.2434 [M]" (410.2417 calc. for C,3H4;BrN™),

MS (ESI, CH5CN) found: m/z = 571.8 [M*:2Br ] (§72.1 calc. for (C,3H4;Br3N))

1-Octadecyl-3-bromopyridinium iodide (Py-Br-I1-18)

'H NMR (DMSO-d¢, J/Hz) 8 = 9.51 (s, 1 H, Ar-H), 9.12 (1 H, Ar-H), 8.88 (1 H, Ar-H), 8.11 (1 H,
Ar-H), 4.56 (t, J= 7.4 Hz, 2 H, CH,), 1.92(m, 2 H, CH,), 1.33-1.16 (m, 14 H, CH,), 0.85 (t, /= 6.9
Hz, 3 H, CH;).

3C NMR (DMSO-d%) 6 =.147.78, 145.97, 143.78, 128.79, 122.06, 61.12, 31.25, 30.51, 29.00, 28.96,
28.88, 28.72, 28.66, 28.34, 25.35, 22.05, 13.92.

MS (ESI', CH5CN) found: m/z = 663.9 [M*-2I"]- (664.1 calc. for (C,3H4;BrI,N))

MS (ESI", CH;CN) found: m/z =410.4 [M]* (410.2 calc. for (C,3H4BrN)")

1-Octadecyl-3-iodopyridinium bromide (Py-I-Br-18)

'H NMR (DMSO-d¢, J/Hz) §=9.61 (1 H, Ar-H), 9.31 (1 H, Ar-H), 8.89 (1 H, Ar-H), 7.90 (1 H, Ar-H),
4.61 (2 H, CH,), 2.15 (2 H, CH,), 1.27-1.10 (30 H, CH,), 0.78 (3 H, CHj3).

3BC NMR (DMSO-d®) & =.152.94, 149.89, 143.68, 128.56, 96.06, 60.76, 31.28, 30.61, 29.02, 28.98,
28.90, 28.74, 28.68, 28.35, 25.38, 22.08, 13.95.

HR-MS (ESI", CH3CN) found: m/z = 458.2265 [M]" (458.2278 calc. for C,3H4IN™)
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1-Octadecyl-3-iodopyridinium iodide (Py-I-I-18)

'H NMR (DMSO-d®, J/Hz) & = 9.48 (s, 1 H, Ar-H), 9.09 (1 H, Ar-H), 8.96 (1 H, Ar-H), 7.92 (1 H,
Ar-H), 4.51 (t,J=7.5Hz, 2 H, CH,), 1.9 (m, 2 H, CH,), 1.32-1.18 (m, 30 H, CH,), 0.85 (t,J= 6.9 Hz,
3 H, CH,).

HR-MS (ESI', CH3CN) found: m/z=711.9766 [M"-21-]- (712.0368 calc. for (C,3H4113N))

HR-MS (ESI", CH;CN) found: m/z=458.2253 [M]* (458.2278 calc. for (C,3H4IN))
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2 X-RAY MONOCRYSTAL DIFFRACTION

2.1 General procedure

X-Ray diffraction experiments were carried out on Agilent/Rigaku, SuperNova Mo and
Agilent/Rigaku, SuperNova Dual diffractometers. Software packages XSCANS' and CrysAlisPro?
were used to process data. Final cell parameters were obtained by global refinement of reflections
obtained from integration of all the frames data. The structures were solved by direct methods and
refined by the full-matrix method based on F2 using SHELXL program.® The non-hydrogen atoms
were refined anisotropically. The hydrogen atoms were observed in difference electron density maps
or included at idealized positions by using a riding model and refined isotropically.

The crystal parameters and basic information relating data collection and structure refinement for the
compounds are summarized in Table S1

2.2 Tables

Table S1. General and crystallographic parameters for Py—I-Br—10, Py—I-Br—12 and Py—I-Br—18
Py-I-Br-10  Py-I-Br-12 Py-I-Br-18

Emp. formula CysHysBrIN Cy7HyBrIN Cy3H, BrIN
Formula weight 426.17 454.22 538.38
Crystal system Monoclinic Monoclinic Triclinic
a, A 14.3482(7) 14.6186(6) 7.9566(9)
b, A 15.3153(9) 51.5551(18) 10.6160(7)
c, A 16.1789(13) 15.9767(6) 31.0148(12)
0, deg 85.442(4)
B, deg 103.111(6) 99.182(4) 83.365(6)
Y, deg 78.292(8)
Volume, A3 3462.6(4) 11886.8(8) 2543.8(4)
T,K 150(2) 150(2) 150(2)
Space group P2,/c 12/a P-1

Z 8 4 4
(X Ka), mm-! 4144 14.985 11.757

0 range, deg 3.165- 23.255 3.429- 65.078 4.26- 66.495
Refl. collected 14809 10159 16080
Uniq reflect/ Rint 4950/0.0922 7599/0.0933 5585/0.1012
R1/wR2 [1>20] 0.0599/0.0756  0.0596/0.1571 0.1331/0.3353

R1/wR2 (all data) 0.1156/ 0.0982 0.0801/0.1879 0.1779/0.3803

Residual p/ e A= 1.309/-0.740 1.621/-1.423 5.103/-2.017
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Table S2. Geometrical features of the halogen bond interactions in the crystal structures Py—I-Br—10, Py—I-Br—12 and
Py-I-Br-18.

Compound cXi.. X; ?ym- d(C—Xl) d (X]”'X ;) <(CX1X2) rr
equivalence A i °
Py-I-Br-10 C(2)-I(1)---Br(1) X, Y, Z 2.11 3.339 172.9 0.85
C(22)-1(20)---Br(2) X,V,Z 2.11 3.1978 176.3 0.81
Py-I-Br-12  C(2)-I(1)---Br(2) X,Y,Z 2.109 3.292 177.9 0.84
C(22)-1(20)---Br(4)  -Yatx, 1-y,z 2.097 3.3081 169.5 0.84
C(42)-1(40)---Br(1) X, Y, Z 2.095 3.402 170.0 0.86
Py-I-Br—-18 C(2)-I(1)---Br(1) 1+x, -1+y, z 2.10 3.222 179.1 0.82
C(32)-1(30)---Br(1) 1-x, 1-y, -z 2.11 3.261 172.4 0.83

@ Reduction ratio, 77 = d(I'“X2 )/(RvdW(I) + Rionic(X2 )) where RvdW(I) is the van der Waals radii of iodine (1.98 A) and

RiOl’liC(Xz) is the Pauling ionic radius of bromide (1.95 A).

Table S3. Hydrogen bond distances and angles in Py—I-Br-10, Py—I-Br—12, Py—1-Br—18 Py—I-1-14 and Py—I-1-18.

Compound D-H--A Sym. equivalence d(D-H)A d(H-—A)A d(D--A)A <(DHA)®
Py-I-Br-10  C(1)-H-Br(2) 14, v, Z 0.93 2.778 3.649 156.6
C(6)-H-*Br(2) 14x, v, z 0.97 2.984 3.857 150.3
C(5)-H---Br(1) X, Voty, Ya-z 0.93 2.835 3.721 159.9
C(4)-H - Br(2) 1x, Yaty, Yoz 0.93 2.851 3.57 135.5
C(24)-H'-Br(2) X, Y-y, Yotz 0.93 3.045 3.646 123.8
C(23)-H'-Br(2) X, Yoy, Vatz 0.93 2.934 3.599 129.7
C(21)-H:-Br(1) X, Y,z 0.93 3.029 3.880 152.8
C(25)-H--Br(1) X, Y-y, Yotz 0.93 2.747 3.670 175.6
Py-1-Br-12  C(1)-H--Br(1) X, ¥,z 0.93 2.731 3.597 155.3
C(6)-H-+Br(1) X, ¥,z 0.97 2.929 3.844 157.6
C(23)-H:--Br(3) X, 2 0.93 2.985 3.630 127.9
C(25)-H'--Br(4) X,z 0.93 3.020 3.624 124.0
Py-I-Br-18  C(1)-HBr(2) X, Y,z 0.93 2.907 3.76 153
C(3)-H-+Br(1) x, 1-y, z 0.93 2.880 3.58 134
C(17)-H:-Br(2) X, Y,z 0.97 2.916 3.80 152
C(6)-H - Br(2) X,z 0.97 2.844 3.77 160
C(33)-H--Br(1) X, l-y, -z 0.95 2.901 3.56 129
C(36)-H:-Br(1) X, ¥,z 0.97 2.994 3.85 149
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Table S4. Angles formed by the alkyl chain and the pyridinium plane in crystal structures of Py—I-Br—10, Py—I-Br—12
and Py—1-Br—18.

Compound Angle (%)
Py-I-Br-10 133.2
106.8
Py—-1-Br—12 153.5
143.8
92.4
Py-1-Br—18 155.0
146.4
Py-I1-1-14 103.0
Py—-1-1-18 103.0

2.3 Figures

153.5 %9 i__4

43.8°

92.4°

Figure S1. Conformation of three crystallographically independent cations in Py—I-Br—12 crystal structure.

Br2

Figure S2. ORTEP diagram of asymmetric unit of Py—I—Br—10 crystal structure showing the atom numbering scheme.
Ellipsoid probability level is 50%.
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Figure S2. ORTEP diagram of asymmetric unit of Py—I—Br—12 crystal structure showing the atom numbering scheme.
Ellipsoid probability level is 50%.

Figure S3. ORTEP diagram of asymmetric unit of Py—I—Br—18 crystal structure showing the atom numbering scheme.
Ellipsoid probability level is 50%.
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Figure S4. Halide anion coordination sphere in crystal structures Py—I—Br—10, Py—I—Br—12 and Py—I—Br—18.
Hydrogen bonds are shown in blue, halogen bonds in green and &--I- interactions in orange.

Figure SS. Packing diagram of Py—I-Br—10 crystal structure. The two crystallographically independent cations are shown
in blue and red.
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3 NMR SPECTRA
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4. LIQUID CRYSTAL PROPERTIES

4.1 Thermogravimetric analysis (TGA)

TGA traces at a rate of 10 °C min~! under a nitrogen atmosphere:
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4.2 Differential scanning calorimetry (DSC)

DSC traces at a rate of 10 °C min™! corresponding to the second heating scan (exo down):

Heat Flow (J/g)
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4.3 X-Ray diffraction (XRD)
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S COMPUTATIONAL DETAILS

Density functional theory (DFT) calculations were carried out by using Gaussian09 package.* DFT
with the B3LYP exchange—correlation functional>”’ and Grimme D3BJ dispersion correction
scheme®? was utilized in conjunction with the 6-3117G(d,p) basic set!'®!! was used for all of the atoms
except halogen atoms, for which the DGDZVP basis set'>!3 was employed. The interaction energies
between 3—halogen—pyridinium cations and halide anions (AEj,;) were calculated at the same level of
theory as the difference between the total ionic pair and the sum of the total energies of the
3—halogen—pyridinium cation and halide anion. The interaction energies were corrected using the
Boys—Bernardi counterpoise method in order to correct the basis set superposition error (BSSE)!4.

NCI analysis was performed using Multiwfn software!>. A density cutoff of p = 0.1 au was applied.
Three-dimensional plots were created taking an isovalue of 0.4 for the reduced density gradient (s) and
coloring in the [-0.050, 0.050] a.u. +(A2)p range using VMD software.!6

Table S5. The interaction energies and the geometric parameters of optimized models using B3LYP-D3 and
6—311G+(d,p)/DGDZVP. The electron density multiplied by the sign of the second Hessian eigenvalue corresponding to
the halogen bonding in the ion pairs [sign(A2)p].

Ton pair AE; d(X 1..X5 ) <(CX X 2) rre sign(A,)p
kJ/mol A degreee a.u.
Py-Br-Br-1
1-methyl-3-bromopiridinium bromide 3163 2.773 1793 0.73 -0.042
Py—Br-I-1
1-methyl-3-bromopiridinium iodide ~204.2 3.015 179.2 0.75 -0.034
Py—-I-Br-1
1-methyl-3-iodopiridinium bromide -3527 2.849 1795 0.73 -0.045
Py-I-1-1
-321.3 3.084 179.4 0.74 -0.038

1-methyl-3-iodopiridinium iodide

@ Reduction ratio, rr = d(Xl X2 )/(RvdW(X;) + Rionic(X,)) where RvdW(X,) is the van der Waals radius of bromine (1.85
A) or iodine (1.98 A) and Rionic(X,) is the Pauling ionic radius of bromide (1.95 A) or iodide (2.16 A).
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6 ELECTROCHEMICAL IMPEDANCE SPECTROSCOPY

Electrochemical impedance spectroscopy was carried out using a SI1260 Frequency Response
Analyser (Schlumberger Instruments) over a frequency range of 1 Hz (some spectra from 0.1 Hz) to 1
MHz, with an applied AC voltage of 50 mV amplitude. The sample was placed inside a variable-
temperature hot stage equipped with a Linkam TMS94 temperature controller. Conductivity
measurements were performed as a function of temperature, ranging from 30 °C to the isotropic phase
transition temperature, in 5 °C increments.

For cell preparation, an appropriate amount of the ionic liquid crystal was deposited onto one F-doped
tin oxide (FTO, with 15 Q sq! sheet resistance) conducting glass substrate and then sandwiched with
a second FTO electrode. The thickness was controlled using a thermoplastic sealing agent of 45 um.
The total electrode area, including the thermoplastic sealing, was approximately 2.2 cm?, while the
area covered by the conducting compound was around 0.25 mm?. The assembled cell was heated to a
few degrees above the melting point of the liquid crystal and gently pressed to form a uniform thin
film. Following cell assembly, a random orientation of the mesophase was initially observed between
the electrodes. Mechanical shearing was applied at the isotropic temperature to align the molecules,
followed by slow cooling to room temperature at a rate of 0.05 °C-min!.

Impedance spectra were analyzed using complex-plane plots (imaginary component Z"” vs. real
component Z'). The bulk resistance (R,) was determined from the Z' value at the minimum point
between the high-frequency and low frequency semicircle or sloping line. Conductivity (o, in S:cm™)
was calculated using the formula: c = d/(Rb - A), where d (cm) is the film thickness, A (cm?) is the
film area, and R, (Q) is the bulk resistance of the sample.

Representative EIS spectra:
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