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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 'H and '*C NMR spectra were recorded on a Bruker Advance 500 instruments using
CDCI; 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 °C). 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.
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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.
. . Light
. Jsc Voc Fill Efficiency .
Entry Composition of IL electrolyte Intensity Dye
(mA/cm?) V) factor (%) (mW/em?)
0, 0,
10% HMImI, 90% EMImTEN, 5 118 0.57 0.72 ) 100 N-3
1 mM 121
0, 0
10% HMImI, 90% EMImTfO, 9.5 0.23 0.69 i 100 N3
5mM I,!
0.9M DMHImI, 30 mM I, in
, EMImTFSE 0.9 0.50 0.80 0.36 100 N-3
0.9M DMHImI, 30 mM I, in
EMImEF-2. 3HF2 5.8 0.65 0.56 2.1 100 N-3
0.1M 1, 0.45M NMBI in PMII and
10.4 0.74 0.74 5. 100 Z-90
EMIDCN (13:7 v/v)? ! 7 ! 07
0.1IM I, 0.1M Lil, 0.45M NMBI in
12. 1 . . 1 Z-
3 PMII and EMIDCN (13:7 v/v)3 8 0.7 0.73 66 00 07
0.1M I,, 0.1M Lil, 0.45M NMBI in
PMII and EMIDCN (13:7 v/v)3 i 068 ) >0 100 N-719
0.2M I, 0.14M GuSCN, 0.5M TBP
4 in PMII and EMINCS (13:7 v/v)? 11.4 0.74 0.76 6.4 100 7-907
[[1,=10:1], [I+]13]=2M, 1M TBP,
. 0.5M Lil in EMIMDCAS 11.8 0.73 0.63 5.5 100 N-3
[I:1,=10:1], [I+]I3]=1.5M, 1M TBP,
12 . . 4. 1 -
0.1M Lil in EMImTFSI® 063 0-59 > 00 N-3
I, 0.5M NMBI in PMII and Z-
6 12.81 0.75 0.76 7.4 100
EMImTCM (1:1 v/v)® 907Na
0.2M I, 0.5M NMBI, 0.1M GuSCN Z-
7 12.7 0.72 0.70 6.4 100
in PMII and EMIB(CN), (13:7 v/v)’ 907Na
0.2M I, 0.1M GuSCN, 0.5M NMBI
8 in PMII and EMIB(CN), (65:35 14.56 0.71 0.70 7.2 100 K-77
v/v)3
0.8M PMII, 0.1M PMIIBr,, 0.1M
9 GuSCN, 0.5M NBMI in y- 1.3 0.75 0.73 7.3 100 N-3
butyrolactone’
0.6M MVII, 0.06M I, 0.6M Lil,
10 12.1 0.6 0.61 4.98 100 N-3
0.5M TBP in propylene carbonate'” ? ! ?
11 (BuyMeS):1,=100:1!! 0.80 0.55 0.52 2.3 100 N-719
0.15M I, 0.5M TBP, 0.1M GuSCN,
12 13. . . 4. 1 -
PMII and EMIMBF, (1:1 v/v)!? 3.67 063 0.58 99 00 N-3
0.3M I, 1.5M PMII, 0.1M Lil,
13 0.5M TBP in S, TFSI'? 8.28 0.64 0.60 3.27 100 N-719
0.03M L,, 0.1M GuSCN, 0.5M TBP,
14 0.6M FIL in acetonitrile and 11.50 0.61 0.73 5.1 30 Z-907

valeronitrile (85:15 v/v)!4
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T,:EMITCM:PMIT=2:5.6:10,
T,=0.64M"

10.71

0.66
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3.30

100

N-719

16

2M 1, 2M Lil, PMII and BMISCN
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6.52
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1.89
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N-719

17

0.05M 1, 0.1M Lil, 0.6M butyl
substituted imidazolium iodine
salt!?

17.60

0.60
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5.17

100

N-719

18

Our work: 0.05M L, 0.1 M PMII, 0.6
M GuNCsS, 0.5 M NBB, and
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11.41

0.66

0.65

491

100

N719

Section S3. Spectral data

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

IH NMR (500 MHz, CDCLy) & 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) § 135.9, 127.8, 121.6, 121.0,
119.8, 114.5, 50.3, 34.9.

HRMS (ESI) m/z Caled for [M]*123.0927; Found
123.0971.
Viscosity (77) (~30 °C): 33.7 cP.

Conductivity (c.) (~30 °C): 0.780 (mS.cm).

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

TH NMR (500 MHz, CDCl;) 6 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).

I3C NMR (125 MHz, CDCls) 6 137.2, 132.2, 123.4, 122.2,
119.6, 116.4, 49.2, 36.5, 34.2.

HRMS (ESI) m/z Caled for [M]" 137.1073; Found
137.1159.

Viscosity (77) (~30 °C): 16.9 cP.
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Conductivity (c.) (~30 °C): 0.618 (mS.cm™).

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

TH NMR (500 MHz, CDCl;) ¢ 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).

I3C-NMR (125 MHz, CDCl;) 6 136.9, 136.0, 123.8, 122.2,
116.3, 49.3, 36.6, 30.0, 29.1.

HRMS (ESI) m/z Caled for [M]" 151.1230; Found
151.1221.

Viscosity (77) (~30 °C): 94.4 cP.

Conductivity (o.) (~30 °C): 12.910 (mS.cm™).
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Display Report

Analysis Info

Analysis Name

D:\Data\dmm 2015\AMIM _1-F,2_01_16187.d

Acquisition Date  5/25/2015 9:39:53 PM

Method dmm.m Operator Mai
Sample Name AMIM Instrument micrOTOF-Q 10187
Comment
Acquisition Parameter
Source Type ESI lon Polarity Positive Set Nebulizer 2.0 Bar
Focus Not active Set Capillary 4500 V Set Dry Heater 200°C
Scan Begin 100 m/z Set End Plate Offset -500 V Set Dry Gas 9.0 /min
Scan End 3000 m/z Set Collision Cell RF 250.0 Vpp Set Divert Valve Source
Intens.
x108
1.5
1.0
0.5
0.01= i ———
’ 02 0.4 10 12 1.4 16 18 Time [min]

|— EIC 123.0000+0.3000 +All MS, -Spectral Bkgrnd, Smoothed (1.01,50,GA)

Intens.
x10%
2.0

0.0

123.0971

+MS, 0.5min #27, 100%=204214, -Spectral Bkgrnd

395.1374
282.9290 327.|1022
nn L

200

250

L
300 350 400 miz

Intens.
x108
2.0

0.5

0.0

123.0971

+MS, 0.5min #27, 100%=204214, -Spectral Bkgrnd

124.0985

120 121

122

123

124 125 126 miz

Bruker Compass DataAnalysis 4.0

printed:

5/25/2015 10:04:02 PM Page 1 of 1
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Rheocalc V2.7 Brookfield Engineering Labs

Math Model: Bingham
Plastic Viscosity: 33,7 cP Yield Stress: -2,51 Dicm?

Confidence of Fit: 95,0 %

File: F:\24-6-15\AMIM.DB

Test Date: 25/06/2015 Test Time: 7:48:16 SA Model: RV Spindle: CP40

Sample Name: AMim

# Viscosity Speed % Torque Shear Stress Shear Rate Temperature Time Interval
(cP) (RPM) (%) (D/lcm?) (1/sec) (°C) (mm:ss.t)
1 34,01 5,00 5,2 12,75 37,50 30,1 00:30,

3 30,96 15,00 14,2 34,83 112,50 30,0 00:30,

5 30,61 25,00 23,4 57,39 187,50 30,2 00:30,

7 32,05 35,00 34,3 84,12 262,50 30,0 00:30,

9 33,06 45,00 45,5 111,59 337,50 30,2 00:30,

11 33,53 55,00 56,4 138,32 412,50 30,0 00:30,

Notes:

Page 1 25/06/2015 8:03:39 SA
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Generated by Foxit PDF Creator © Foxit Software
http://www.foxitsoftware.com For evaluation only.

Display Report

Analysis Info Acquisition Date  5/11/2015 11:50:26 AM
Analysis Name  D:\Data\dmm 2015\butmim_1-d,1_01_15940.d

Method dmm.m Operator Mai

Sample Name butmim Instrument micrOTOF-Q 10187
Comment

Acquisition Parameter

Source Type ESI lon Polarity Positive Set Nebulizer 1.2 Bar
Focus Not active Set Capillary 4500 V Set Dry Heater 200°C
Scan Begin 50 m/z Set End Plate Offset -500 V Set Dry Gas 9.0 /min
Scan End 500 m/z Set Collision Cell RF 200.0 Vpp Set Divert Valve Source

Intens.
x108

3

025 0.50 075 1.00 1.25 1.50 175 2.00 Time [min]

[ TIC +All MS, -Spectral Bkgrnd, Smoothed (1.00,10,GA) |

Inlenssi +MS, 0.4-0.5min #(26-32), 100%=183849, -Spectral Bkgrnd
x10 137.1159

0.5
423.1681

353.1343 387.‘2013
LL "

0.0 T T T T T T v ey T
50 100 150 200 250 300 350 400 miz

Intens. ] +MS, 0.4-0.5min #(26-32), 100%=183849, -Spectral Bkgrnd
x10° 137.1159

138.1181

0.0 T T T T -
134 136 138 140 142 m/z

Bruker Compass DataAnalysis 4.0 printed: 5/13/2015 8:44.:48 PM Page 1 of 1
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Rheocalc V2.7 Brookfield Engineering Labs

Math Model: Bingham
Plastic Viscosity: 16,9 cP Yield Stress: 0,55 D/cm?

Confidence of Fit: 96,3 %

File: F:\24-6-15\BUTMIM.DB

Test Date: 25/06/2015 Test Time: 7:27:30 SA Model: RV Spindle: CP40

Sample Name: ButMim

# Viscosity Speed % Torque Shear Stress Shear Rate Temperature Time Interval
(cP) (RPM) (%) (D/lcm?) (1/sec) (°C) (mm:ss.t)
1 15,04 5,00 2;3 5,64 37,50 29,7 00:30,

3 16,79 15,00 7,7 18,88 112,50 29,8 00:30,

5 17,13 25,00 13,1 32,13 187,50 29,8 00:30,

7 17,56 35,00 18,8 46,11 262,50 30,0 00:30,

9 17,44 45,00 24,0 58,86 337,50 30,0 00:30,

11 17,06 55,00 28,7 70,39 412,50 30,0 00:30,

13 17,00 65,00 33,8 82,89 487,50 30,0 00:30,

15 16,83 75,00 38,6 94,67 562,50 30,0 00:30,
Notes:
Page 1 25/06/2015 8:55:47 SA
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Analysis Plot: Bingham
File: BUTMIM
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Generated by Foxit PDF Creator © Foxit Software
http://www.foxitsoftware.com For evaluation only.

Display Report
Analysis Info Acquisition Date  3/20/2015 5:35:29 PM
Analysis Name  D:\Data\dmm 2015\pent mim_1-c,1_01_14978.d
Method protein my mass th.m Operator Mai
Sample Name pent mim Instrument micrOTOF-Q 10187
Comment
Acquisition Parameter
Source Type ESI lon Polarity Positive Set Nebulizer 1.2 Bar
Focus Not active Set Capillary 4500 V Set Dry Heater 200°C
Scan Begin 50 m/z Set End Plate Offset -500 V Set Dry Gas 8.0 /min
Scan End 3000 m/z Set Collision Cell RF 120.0 Vpp Set Divert Valve Source
Intens.
x1067 /
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/
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Intens. | +MS, 0.5min #29, 100%=751642, -Spectral Bkgrnd
x109 151.1221
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Bruker Compass DataAnalysis 4.0 printed: 3/20/2015 6:38:12 PM Page 1 of 1
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Rheocalc V2.7 Brookfield Engineering Labs

Math Model: Bingham
Plastic Viscosity: 94.4 cP Yield Stress: 1.10 D/cm?

Confidence of Fit: 98.2 %

File: D:\Do do nhot\Truong Hai (KHTN) \Penmim.DB

Test Date: 3/12/2015 TestTime: 2:04:06 PM Model: RV Spindle: CP40

Sample Name: Penmim

# Viscosity Speed % Torque Shear Stress Shear Rate Temperature Time Interval
(cP) (RPM) (%) (D/icm?) (1/sec) (°C) (mm:ss.t)
1 92.21 5.00 14.1 34.58 i 50 31.3 00:30.2
2 96.47 10.00 2905 W2t 35 She T a Silkes] QD 0072
3 97.45 15.00 44 .7 109.63 112.50 31.2 00:30.2
4 94.83 20.00 58-0 142.25 150.00 Shiksak 00:30-2
5 95.88 25.00 3353 179777 187.50 31.1 00:30.2
6 18 1 30.00 8602 200041 225.30 Skl Q0S0T2
Notes:
Page 1 3/12/2015 2:09:45 PM
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