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9 Characteristic data:

10 Ionic liquid 1:
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\/

1 (1) [HEBIm][GA]

12 CyHyN,04(244). 'H NMR (D,0, 300 MHz) 8: 7.49 (s, 2H), 4.32 — 4.25 (m, 2H), 4.18 (t, ] =

13 7.1 Hz, 2H), 3.89 (s, 4H), 1.89 — 1.76 (m, 2H), 1.29 (d, J = 7.6 Hz, 2H), 0.89 (t, J = 7.4 Hz,

14 3H); 3C NMR (75.5 MHz, D,0) 5=12.84, 18.91, 31.36, 49.45, 51.66, 59.84, 61.38, 122.49,

15 122.61, 135.81, 179.49; IR (KBr) v: 646, 754, 1076, 1165, 1360, 1567, 1606, 1747, 2874,

16 2960, 3335 cm™.
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Figure S1-1. 'H NMR spectrum of IL 1.
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Figure S1-2. 3C NMR spectrum of IL 1.
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22 Figure S1-3. IR spectrum of IL 1.
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26 Figure S1-4. Degradation of [HEBim][GA] measured by temperature-ramped TGA (10
27 K/min, 25-800 °C, N, flow).
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Figure S1-5. Differential scanning calorimetry (DSC) analysis of synthesized [HEBim][GA].

Ionic liquid 2:

/\/\N/G_)\N/\/OH OH _
\—/ COO

(2) [HEBIm][SA]
C1sHN,04(306). '"H NMR (D,0, 300 MHz) §: 8.69 (s, 1H), 7.74 (dd, J = 7.8, 1.7 Hz, 1H),
7.48 —7.29 (m, 3H), 6.96 — 6.81 (m, 2H), 4.26 — 4.19 (m, 2H), 4.08 (t, J = 7.2 Hz, 2H), 3.92 —
3.82 (m, 2H), 1.82 — 1.66 (m, 2H), 1.23 (dd, J = 15.1, 7.5 Hz, 2H), 0.85 (t, J = 7.4 Hz, 3H);
13C NMR (75.5 MHz, D,0) &: 12.67, 18.77, 31.01, 49.12, 51.49, 59.58, 116.12, 117.47,
118.88, 121.99, 122.36, 130.34, 133.72, 135.09, 160.06, 174.21; IR (KBr) v: 665, 762, 1079,

1165, 1384, 1487, 1579, 1633, 2961, 3390 cm’!.
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Figure S2-1. 'H NMR spectrum of IL 2.
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Figure S2-2. 3C NMR spectrum of IL 2.
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Figure S2-3. IR spectrum of IL 2.
Ionic liquid 3:

N
/\/\N\EJN/\/OH HO@COO_
(3) [HEBIm][HBA]

C16H2N,04(306). '"H NMR (D,0, 300 MHz) §: 7.73 (d, J = 8.8 Hz, 2H), 7.41 (d, J = 3.9 Hz,
2H), 6.80 (d, J = 8.8 Hz, 2H), 4.25 — 4.19 (m, 2H), 4.09 (t, J = 7.2 Hz, 2H), 3.89 — 3.83 (m,
2H), 1.81 — 1.69 (m, 2H), 1.24 (dd, J = 15.1, 7.5 Hz, 2H), 0.85 (t, J = 7.4 Hz, 3H); *C NMR
(75.5 MHz, D,0) §: 12.71, 18.82, 31.14, 49.29, 51.51, 59.71, 115.26, 122.26, 122.38, 127.26,
131.34, 135.14, 160.25, 174.84; IR (KBr) v: 618, 639, 789, 854, 1074, 1163, 1248, 1372,

1551, 1601, 2960, 3387 cm.
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Figure S3-1. 'H NMR spectrum of IL 3.

58

LTI —
I8'81 —

rrie —

6T6F —
1518/
1L°65 —

9T'S11
97'TTl »
8€°TTI

9T'LTI —
PEIET /.
prser/

ST091 —

PRFLI —

W

-10

10

30 40

60

0 90

10

130 140 130 110
{ppm)

160

Figure S3-2. 3C NMR spectrum of IL 3.
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Figure S3-3. IR spectrum of IL 3.
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(4) [CEMIm][MA]

C1oH12N,04(274). '"H NMR (D,0, 300 MHz) §: 8.66 (s, 1H), 7.38 (s, 2H), 4.78 (s, 2H), 4.43

(ddd, J = 7.3, 4.4, 1.0 Hz, 1H), 3.87 (s, 3H), 2.76 (dddd, J = 16.3, 8.5, 5.9, 1.1 Hz, 2H); 13C

NMR (75.5 MHz, D,0) &: 35.81, 39.09, 51.69, 67.49, 123.27, 123.42, 136.99, 172.10, 175.04,

177.50; IR (KBr) v: 626, 787, 1079, 1176, 1383, 1590, 1720, 1951, 2953, 3151, 3399 cm’".
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Figure S4-1. '"H NMR spectrum of IL 4.
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Figure S4-2. 3C NMR spectrum of IL 4.
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Figure S4-3. IR spectrum of IL 4.
Ionic liquid 5:
~, .\
A -
N ©) N/\/OH HO COO

(5) [HEMim][GA]
CsH14N,0,4(202). 'H NMR (D0, 300 MHz) &: 8.76 (s, 1H), 7.57 — 7.40 (m, 2H), 4.35 — 4.28
(m, 2H), 3.93 (d, J = 6.6 Hz, 4H), 3.91 (s, 3H); *C NMR (75.5 MHz, D,0) 5: 35.84, 51.66,
59.86, 61.32, 122.54, 123.69, 136.50, 179.65; IR (KBr) v: 646, 754, 1076, 1165, 1360, 1567,

1606, 1747, 2874, 2960, 3335 cm.
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Figure S5-1. 'H NMR spectrum of IL 5.
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Figure S5-2. 3C NMR spectrum of IL 5.
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Figure S5-3. IR spectrum of IL 5.
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Table S1 'H NMR data of IL 1 in D,O (8, ppm).

H(1,2) H(3,7) H(4) H(5) H(6) H(8) H(9)

7.49 3.89 1.82 1.29 0.89 4.18 4.28

(2H,s) (4H,s) (2H,m) (2H,m) (3H.,t) (2H,t) (2H,m)
3C NMR data of IL 1 in D,O (8, ppm).
Ca Cb Ce cd Ce Cf Ce Ch Ci C Ck
12.84 1891 3136 49.45 13557 122.61 12249 51.66 59.84 6138 179.49
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Figure S7. Distribution of "H NMR and *C NMR spectra of 2.

Table S2 '"H NMR data of IL 2 in D,O (8, ppm).

H(1)  H(23,100 H@)  HG) H®6)  H7)  HE)  HO  H1L12) H(13)

8.69  7.39 388 175 123 085 408 422 688 7.74
(1Hs) (Hm) (Hm) (Hm) @QHdd) GHYH QHt (QHm) (QHm) (1Hdd)

3C NMR data of IL 2 in D,O (3, ppm).

ca C Ccd Ce Cct ce Cch Ct O ck ¢cm Cr C° cCr

135 121 122 49. 31. 18 12. 51. 59. 116 133 117 130 118 160 174
09 9 36 12 01 77 67 49 58 12 72 47 34 88 .06 21

i d

5 2 c
8 B o m N OH a _
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Figure S8. Distribution of '"H NMR and *C NMR spectra of 3.

Table S3 'H NMR data of IL 3 in D,O (3, ppm).
H(1,2) HG.4) HG,6) H(7)  HE®) HO)  HI0)  H()  H(2)
7.73 7.41 6.80 422 4.09 3.86 1.76 1.24 0.85
(2H,d) (2H,d) (2H,d) (H,m) (2H,) (Hm) (2Hm) (2H,dd) (3H.t)

3C NMR data of IL 3 in D,O (6, ppm).

cs Cv* cd ¢ ct oce v C (@) ck ¢t ¢cm Cr C o Cr

174 160 135 131 131 127 127 122 122 115 59. 51. 49. 31. 18. 12.
84 25 55 34 34 27 27 38 26 26 71 51 29 14 82 71

(o} e h . _
4 3 5 6 , - d 2 i_coo
PN Co0 ~ .
1‘—’ OH 2 b OH
2
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Figure S9. Distribution of "H NMR and *C NMR spectra of 4.
Table S4
'"H NMR data of IL 4 in D,O (5, ppm).
H(1,2) H(3) H(4) H(5) H(6) H(7)
7.38 8.66 3.87 4.78 2.76 4.43
(2H,s) (1H,s) (3H,s) (2H,s) (2H,dddd) (1H,ddd)
3C NMR data of TL 4 in D,O (6, ppm).
Ca CcP Ce Ccd Ce Cf Ci Ch Ci Ce
123.42 123.27 13699 67.49 51.69 175.04 177.50 39.09 36.81 172.10
e
4 h b g ~E -
7 1 6 PN = ~n ) ~_0OH HO™ "COO
~NON~-OH HOT 0o NN
S c d
3 2
Figure S10. Distribution of "H NMR and '*C NMR spectra of 5.
Table S5
'"H NMR data of IL 5 in D,O (6, ppm).
H(1) H(2,3) H(4) H(5,6) H(7)
8.76 7.49 4.32 3.93 3.91
(1H,s) (2H,m) (2H,m) (4H,d) (3H,s)
BC NMR data of IL 5 in D,O (8, ppm).
Ca C® Ce Cd Ce Ct Ce Ch
179.65 136.50 123.69 122.54 61.32 59.86 51.66 35.84
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Figure S14. '"H NMR spectrum of 4-phenyl-1,3-dioxolan-2-one.
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Figure S15. '"H NMR spectrum of 4-Hexyl-1,3-dioxolan-2-one.
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Figure S16. "H NMR spectrum of 4-butoxymethyl-1,3-dioxolan-2-one.
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138 Table S6. Kinetic Equations and Kinetic Parameters at Different Temperature.

T/(°C) Kinetic equation R? k(min") /T(k) In k
85 y=0.0015x-0.0079  0.9977 0.0015 0.00279 -6.4890
90 y=0.0019x-0.0083  0.9936 0.0019 0.00275 -6.2554
95 y=0.0024x-0.0172  0.9945 0.0024 0.00271 -6.0075
100 y=0.0028x-0.0012  0.9999 0.0028 0.00268 -5.8674
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140 Figure S17. The chloropropene carbonate yield-time profile at different temperatures

141 catalyzed by IL 1 as catalyst. Reaction conditions: n[epichlorohydrin] = 0.06383 mol, CO, 0.1

142 MPa, IL 1 0.8 mol%.
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Figure S18-1. "H NMR spectrum of [HEBim][GA] in DMSO.
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146

147 Figure S18-2. 'H-NMR spectrum for [HEBim][GA] + epichlorohydrin at 30 °C and t=0.5 h

in DMSO.
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149
150 Figure S19 (a)'H-NMR spectrum for [HEBim][GA] in DMSO. (b) 'H-NMR spectrum for

151 [HEBim][GA] epichlorohydrin at 30 °C and t = 0.5 h in DMSO.
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152
153 Figure S20 FT-IR spectra of catalyst: A: Before reaction, B: After reaction.
154

155 Kinetic Analysis of IL 1
156 The synthesis of chloropropene carbonate was chosen as themodel to study the kinetics
157 of the IL 1 reaction. According to the literature, the reaction kinetics of CO, in
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chloropropylene carbonate is a first order reaction'-.

In the rate equation used to study the kinetics of the reaction between epichlorohydrin
and CO,. In order to determine the reaction order of the catalyst (IL 1), four independent
experiments were conducted under the optimal reaction conditions, where the reaction
temperature was maintained at 95 °C, the initial CO: pressure was set at 0.1 MPa, and the
reaction time was fixed at 0.5, 1, 2, 3, 4 h. In each experiment, the concentration of IL 1 was
systematically varied. Specifically, the four distinct concentrations of IL 1 were set at 0.6
mol%, 0.7 mol%, 0.8 mol%, and 0.9 mol%, respectively. For each individual experiment, the
designated amount of IL 1 catalyst and 63.83 mmol of epichlorohydrin were sequentially
added into the reactor. Subsequently, the reactor was hermetically sealed. It was then
immersed in an oil bath pre - heated to 95 °C, and CO: gas was introduced until the pressure
inside the reactor reached 0.1 MPa. The magnetic stirrer was activated, and the reaction was
allowed to proceed for a specified time Throughout the reaction process, the reaction system
was monitored at regular intervals. The reaction mixture was analyzed at different time points
to determine the yield of chloropropene carbonate. This approach enabled a comprehensive
investigation of the impact of IL 1 concentration on the reaction kinetics and product yield
under the established experimental reaction conditions.

At the same time, the reaction order of epoxide was studied by the same method. The
amount of epichlorohydrin is designed to 80.00, 63.83, 46.00, 32.00 mmol, respectively.
Determination of the Rate Constant

Research shows the rate constant of a reaction is related to the rate constant. The higher
the rate constant value indicates the faster reaction rate>®. As such the reaction rate constants
were investigated at four different temperatures(85 °C, 90 °C, 95 °C and 100 °C). Typically,
epichlorohydrin (63.83 mmol) and IL 1 (0.8 mol%) were set into oil bath. Subsequently, the
reactor was hermetically sealed. It was then immersed in an oil bath pre - heated to the
corresponding temperature, and CO: gas was introduced until the pressure inside the reactor
reached 0.1 MPa. The magnetic stirrer was activated, and the reaction was allowed to proceed.
After reaching the expected time, the reaction was stopped. According to the Fig.8 and Figure
S17, it can be found that In[1/(1—a)] has a linear fit with the reaction time. With the different
rate constants of &, the slopes of the fitted curves conform to quasifirst-order kinetics.
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