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Section S1. Syntheses of Materials

Chemicals and supplies.

1-Methylimidazole (ReagentPlus®, 99%), Allyl bromide (reagent grade, 97%), 4-bromo-1-

butene (assay, 97%), 5-bromo-1-pentene (assay, 95%), lithium trifluoromethansulfonate 

(assay, 96%), iodomethane (grade analytical standard), iodoethane (assay, 99%), 1-

iodopropane (assay, 99%) were obtained from Sigma-Aldrich. Celite was obtained from 

Merck. Acetonitrile (purity ≥ 99.5%), diethyl ether (≥ 95%), chloroform (purity ≥ 99%) 

were obtained from Xilong Chemical Co., Ltd (China). Chloroform-d, 99.8 Atom %D, 

stab. with Ag was obtained from Armar (Switzerland).

All starting materials, reagent and solvents were used without further purification.

Analytical techniques. 

The 1H and 13C NMR spectra were recorded on a Bruker Advance 500 instruments using 

CDCl3 as solvent and solvent peaks or TMS as internal standards. Thermal gravimetric 

analysis (TGA) was measured on a TA Q500 thermal analysis system with the sample held 

in a platinum pan in a continuous airflow. Vicosity of ionic liquids was performed using 

Brookfield DV-III programmable Rheometer (at room temperature 30 oC). The ionic 

conductivity of ILs was measured by using Conductimeter OAKION CON 2700. HRMS 

(ESI) data were recorded on Bruker micrOTOF-QII MS at 80 eV.

http://www.sigmaaldrich.com/catalog/product/aldrich/337528
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Section S2. The comparison for photovoltaic performance of DSCs applied different types 

of electrolyte solutions based on ionic liquids

Table S1. Photovoltaic performance of DSCs applied different types of electrolyte solutions based on ionic 

liquids.

Entry Composition of IL electrolyte
JSC 

(mA/cm2)
VOC 
(V)

Fill 
factor

Efficiency 
(%)

Light 
Intensity 

(mW/cm2)
Dye

10% HMImI, 90% EMImTf2N, 5 
mM I2

1 11.8 0.57 0.72 - 100 N-3
1

10% HMImI, 90% EMImTfO, 
5mM I2

1 9.5 0.23 0.69 - 100 N-3

0.9M DMHImI, 30 mM I2 in 
EMImTFSI2 0.9 0.50 0.80 0.36 100 N-3

2
0.9M DMHImI, 30 mM I2 in 

EMImFˑ2.3HF2 5.8 0.65 0.56 2.1 100 N-3

0.1M I2, 0.45M NMBI in PMII and 
EMIDCN (13:7 v/v)3 10.4 0.74 0.74 5.7 100 Z-907

0.1M I2, 0.1M LiI, 0.45M NMBI in 
PMII and EMIDCN (13:7 v/v)3 12.8 0.71 0.73 6.6 100 Z-9073

0.1M I2, 0.1M LiI, 0.45M NMBI in 
PMII and EMIDCN (13:7 v/v)3 - 0.68 - 5.0 100 N-719

4
0.2M I2, 0.14M GuSCN, 0.5M TBP 
in PMII and EMINCS (13:7 v/v)4 11.4 0.74 0.76 6.4 100 Z-907

[I-:I2=10:1], [I-+I3
-]=2M, 1M TBP, 

0.5M LiI in EMImDCA5 11.8 0.73 0.63 5.5 100 N-3
5

[I-:I2=10:1], [I-+I3
-]=1.5M, 1M TBP, 

0.1M LiI in EMImTFSI5 12 0.63 0.59 4.5 100 N-3

6
I2, 0.5M NMBI in PMII and 

EMImTCM (1:1 v/v)6 12.81 0.75 0.76 7.4 100
Z-

907Na

7
0.2M I2, 0.5M NMBI, 0.1M GuSCN 
in PMII and EMIB(CN)4 (13:7 v/v)7 12.7 0.72 0.70 6.4 100

Z-
907Na

8
0.2M I2, 0.1M GuSCN, 0.5M NMBI 

in PMII and EMIB(CN)4 (65:35 
v/v)8

14.56 0.71 0.70 7.2 100 K-77

9
0.8M PMII, 0.1M PMIIBr2, 0.1M 

GuSCN, 0.5M NBMI in ɣ-
butyrolactone9

1.3 0.75 0.73 7.3 100 N-3

10
0.6M MVII, 0.06M I2, 0.6M LiI, 

0.5M TBP in propylene carbonate10 12.19 0.67 0.61 4.98 100 N-3

11 (Bu2MeS)I:I2=100:111 0.80 0.55 0.52 2.3 100 N-719

12
0.15M I2, 0.5M TBP, 0.1M GuSCN, 

PMII and EMIMBF4 (1:1 v/v)12 13.67 0.63 0.58 4.99 100 N-3

13
0.3M I2, 1.5M PMII, 0.1M LiI, 

0.5M TBP in S53TFSI13 8.28 0.64 0.60 3.27 100 N-719

14
0.03M I2, 0.1M GuSCN, 0.5M TBP, 

0.6M FIL in acetonitrile and 
valeronitrile (85:15 v/v)14

11.50 0.61 0.73 5.1 30 Z-907
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Section S3. Spectral data

1-Allyl-3-methylimidazolium tetrafluoromethanesulfonate [AMIm](OTf)

N N
OTf

1H NMR (500 MHz, CDCl3) δ 9.62 (s, 1H), 7.42 (s, 1H), 

7.33 (s, 1H), 6.01–5.95 (q, J = 10.5 Hz, 17.0 Hz, 1H), 

5.46–5.42 (t, J = 8.5 Hz, 2H), 4.88–4.87 (d, J = 6.5 Hz, 

2H), 4.00 (s, 3H). 
13C NMR (125 MHz, CDCl3) δ 135.9, 127.8, 121.6, 121.0, 

119.8, 114.5, 50.3, 34.9.

HRMS (ESI) m/z Calcd for [M]+123.0927; Found 
123.0971.
Viscosity () (30 oC): 33.7 cP.

Conductivity (c) (30 oC): 0.780 (mS.cm-1).

1-Butenyl-3-methylimidazolium tetrafluoromethanesulfonate [ButMIm](OTf)

N N
OTf

1H NMR (500 MHz, CDCl3) δ 9.82 (s, 1H), 7.31 (s, 2H), 

5.81 – 5.73 (m, 1H), 5.13 – 5.07 (t, J = 10.0 Hz, 2H), 4.38 

– 4.35 (t, J = 7.0 Hz, 2H), 4.02 (s, 3H), 3.85 (s, 1H), 3.73 

(s, 1H).
13C NMR (125 MHz, CDCl3) δ 137.2, 132.2, 123.4, 122.2, 

119.6, 116.4, 49.2, 36.5, 34.2. 

HRMS (ESI) m/z Calcd for [M]+ 137.1073; Found 

137.1159.

Viscosity () (30 oC): 16.9 cP.

15
T2:EMITCM:PMIT=2:5.6:10, 

T2=0.64M15 10.71 0.66 0.47 3.30 100 N-719

16
2M I2, 2M LiI, PMII and BMISCN 

(1:0.75 v/v)16 6.52 0.62 0.47 1.89 100 N-719

17
0.05M I2, 0.1M LiI, 0.6M butyl 
substituted imidazolium iodine 

salt17
17.60 0.60 0.49 5.17 100 N-719

18
Our work: 0.05 M I2, 0.1 M PMII, 0.6 

M GuNCS, 0.5 M NBB, and 
[ButMIm]OTf

11.41 0.66 0.65 4.91 100 N719
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Conductivity (c) (30 oC):  0.618 (mS.cm-1).

1-Pentenyl-3-methylimidazolium tetrafluoromethanesulfonate [PentMIm](OTf)

N N

1H NMR (500 MHz, CDCl3) δ 9.88 (s, 1H), 7.34 (s, 1H), 

7.44 (s, 1H), 5.70 – 5.62 (m, 2H), 4.96 – 4.89 (q, J = 17.0 

Hz, 8.0 Hz, 2H), 4.23 – 4.20 (t, J = 2.0 Hz, 1H), 3.98 (s, 

3H), 1.95 – 1.92 (m, 4H).
13C-NMR (125 MHz, CDCl3) δ 136.9, 136.0, 123.8, 122.2, 

116.3, 49.3, 36.6, 30.0, 29.1.

HRMS (ESI) m/z Calcd for [M]+ 151.1230 ; Found 

151.1221.

Viscosity () (30 oC): 94.4 cP.

Conductivity (c) (30 oC): 12.910 (mS.cm-1).
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1H NMR, 13C NMR, HRMS, viscosity of [AMIm]OTf
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1H & 13C NMR, HR-MS, viscosity of [ButMIm](OTf)
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1H & 13C NMR, HR-MS, viscosity of [PentMIm]OTf
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