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1. 'H NMR and FT-IR measurements
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Fig. S1 "H NMR spectrum of [C{;MIm][I]
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Fig. S2 FT-IR spectra of PEO-ILC,, PEO,q4, [C{4sMim][I] and pure PEO

FT-IR measurements of PEO-ILC,, [C;4Mim][I], PEO,4q and pure PEO were also
performed and the obtained FT-IR spectra were shown in Figure S2. Triple peaks at
around 1100 cm-!, double peaks at around 1350 cm! and double peaks at around 950
cm! in the FT-IR spectrum of pure PEO suggested the crystallization of PEO chains®!.
After adding additives and [C4sMim][I] into PEO, the triple peaks at around 1100 cm-
I, the double peaks at around 1350 cm! and the double peaks at around 950 cm™! were
replaced by single peaks centered at 1100 cm™!, 1354 cm™! and 953 cm’!, respectively.
These result revealed that the additives and [C4Mim][I] could lowered the crystallinity
of PEO chains 8!, which was in agree with the results obtained from XRD
measurements. By further comparing the FT-IR spectra of PEO-ILC,, PEO,qq and
[Ci4sMim][I], no new peak and no chemical band shift was observed in the FT-IR
spectrum of PEO-ILC,, which implied that the formation of polymer gel electrolytes

containing PEO, [C;Mim][I] and additives was mainly based on physical interactions.
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2. Mesomorphic properties of the electrolytes
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Fig. S3 (a) DSC traces of [C;4Mim][I] during the first cooling and second heating process (C:

crystal, Sa: smectic A phase, I: isotropic liquid) and POM observation of [C4Mim][I] at 40 °C

during cooling process; (b) SAXS pattern of [C1sMim][1] at 40 °C during cooling and the

proposed molecular arrangement of smectic [C;4Mim][I]
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Fig. S4 (a) POM observations of ILC, (a) and PEO-ILC, (b) at various temperatures during
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Fig. S5 X-ray diffraction patterns of PEO-ILC,, ILC,, PEO,44 and pure PEO at 40°C
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3. Diffusion coefficient of the electrolytes

Diffusion coefficient (D,,,) of the electrolyte was determined from the limited
current (Jji,) obtained by CV measurement (scanning rate: 10 mV s!) using a
symmetric cell as described in the literatureS?. The symmetric cell was prepared by
sandwiching the electrolyte between two Pt coated FTO glass electrodes. Temperature
of the symmetric cell was controlled by a hot stage. The measured CV curves of the
electrolytes at 40 °C are shown in Fig. S6. The relationship between D, and Jj;p, is

described by equation (S-1).
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Where n, ey, C, Ny, [ and A denote the number of electrons transferred in the reaction
(n=2), the elementary charge (e,=1.6x101° C), the charge carrier concentration (mol L-
1, the Avogadro constant (N,=6.02x10%3 C), the distance between electrodes and the

active area of the interface between the electrodes and electrolyte, respectively.
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Fig. S6 Cyclic voltammogram curves of the symmetric cells containing ILC, and PEO-ILC, at 40

°C
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4. Ton conductivity of the electrolytes

The ion conductivities of the electrolyte were determined by EIS measurements using Pt
coated FTO glass electrodes or comb-shaped gold electrodes, as schematically illustrated
in Fig. S7a. The electrolyte was sandwiched between the substrates to perform the EIS
measurements. The temperature of the measured sample was controlled by a hot stage. The
Nyquist plots of the symmetric cells obtained from EIS measurements at 0 V bias
potential under 40 °C are shown in Fig. S7b and 7c. On the basis of EIS theory, the ideal
Nyquist plot of the symmetric cell should compose of a semicircle at high frequency
due to the charge transfer at the electrode/electrolyte interface and a Warburg
impedance caused by ion diffusion through the electrolyte at the medium frequency.
This ideal spectrum was observed for all the symmetric cells and the bulk resistance of
the electrolyte was extracted by fitting the equivalent circuit to the measured spectrum.

The ion conductivity o was calculated by the following equation (S-2).

S (S-2)
R, A

Where d, A and R, are the electrode distance (cm), the active area of the interface
between the electrodes and electrolyte (cm?) and the bulk resistance (Q), respectively.
The active area for the sample using the comb-shaped gold electrode was about 0.0355

cm?.
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Fig. S7 (a) Schematic illustration of symmetric cells for EIS measurements and the direction of the

measured ion conductivity; (b) Nyquist plots of PEO-ILC, and ILC, at 40°C for ¢, (inset is the

equivalent circuit. Rg, serial resistance; R, interfacial resistance; R, bulk resistance); (c) Nyquist

plots of PEO-ILC, at 40°C for ¢, (insets are the equivalent circuit and image of the applied comb-

shaped golden electrode)
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Fig. S8 Temperature dependent ion conductivities of ILC,, PEO-ILC, and PEO,44

S6



5. SEM images of the DSSCs

Photoanode +PEOQ-ILC,

Fig. S9 SEM images of the photoanode (a) and the photoanode with PEO-ILC, (b)
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6. EIS measurements and /PCE spectra of the DSSCs
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Fig. S10 Nyquist plots of PEO-ILC,-DSSC and ILC,-DSSC at 40°C (Inset is the equivalent circuit
Ry, serial resistance; Rcg, charge-transfer resistance at the counter electrode/electrolyte interface;

R,.., the recombination resistance at the photoanode/electrolyte interface).
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Fig. S11 IPCE spectra and the integrated J;. of ILC,-DSSC and PEO-ILC,-DSSC at 40 °C.

The integrated current density J;. from the incident photon-to-current conversion

800

efficiency (IPCE) spectrum was calculated using Eq. (S-3),

J=-2[P,(2)- A IPCE(A)d2
hc

Where ey, i, ¢, 4, P;,(4) and IPCE (1) are the elementary charge, Planck’s constant
(h=6.63x10-34] s), the speed of light (¢=3.0x103m s!), the wavelength of the incident

light (nm), irradiation intensity of the incident light at 4 and the IPCE at A (W m?),

respectively.
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7. Comparisons table of performance and properties

Table S1 Comparisons of performance and properties among the PEO and liquid crystal based

electrolytes reported in recent five years

Electrolytes ~ Redox couple Efficiency stability reference
L 5.8% @ 30 °C retained almost original (53]
’ 3.0% @ 90 °C PCE after 1000 h
o I/ 3.24% @ 30 °C Not given for the liquid
Liquid [S4]
al SeCN/(SeCN), 0.78% @ 30 °C crystal electrolytes
crysta retained almost original
based I/15 5.13% @ r.t. [S5]
PCE after 1200 h
electrolytes .
. . 3.2% @ 40°C retained 90% of the
thiolate/disulfide . [S2]
4.1%@ 70°C original PCE after 1000 h
thiolate/disulfide 2.2% @ 30°C Not given [S6]
/15 7.17% @ r.t. Not given [S7]
/15 6.44% @ r.t. Not given [S8]
PEO I/ 3.9% @r.t. Not given [S9]
solidified 7.43% @ r.t. )
Lo . retained about 90% of the
liquid I/15 9.12% @ r.t. with o [S10]
o original PCE after 500 h
electrolytes further optimization
retained about 90% of the
I/ 2.8% @ 50 °C .. [S11]
original PCE after 1000 h
6.4% @ 30°C retained 85% of the This
PEO-ILC, I/15 .
7.2% @ 70°C original PCE after 5000 h work
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