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Abstract: The IL-Pro/SBA-15 catalyst was prepared using SBA-15 as the support to immobilize ionic liquid proline, which was synthesized
from L-proline. The IL-Pro/SBA-15 catalyst was characterized by FT-IR spectroscopy, thermal gravity analysis-derivative thermogravimetry,
N, adsorption-desorption, X-ray diffraction, and transmission electron microscopy, and the catalytic performance of the catalyst was meas-
ured for Knoevenagel reaction. The results showed that the mesoporous structure of SBA-15 was not affected by immobilization; however,
the pore diameter, pore volume, and surface area were decreased. Mass loss of the supported ionic liquid occurred at 250-360 °C, and
reached the maximum at 310 °C. The Pro-IL/SBA-15 catalyst had higher activity in Knoevenagel reaction of benzaldehyde with malononi-
trile and gave the corresponding product yield of 94%. The supported catalyst could be easily separated from the reaction system and reused
at least seven times without loss of catalytic activity.
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2 [k [15] 6] % SBA-15 4y - fiii. 4 35 °C,
¥ 4g = Bt JL B ¥ EO»POs EOy (P123; M, =
5800, Aldrich) % T 150 ml f#] HCI %% (1.6 mol/L)
o R G 2R 1S N 8.4 g IEREFR WK (TEOS; AR, I
WAL 7R A W), SRS 20 he S SV A 1) R K B
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I Z KV £ TE CI (0.1 mol/L fif 12 4R ¥ i
Kri), #6860 T )5, T 550°C K5 4% 8h, R 43 5
SBA-15 4 1.

1.1.2  IL-Pro/SBA-15 &1L % B &

IL-Pro/SBA-15 {4 44, 1 1) il 4% ik 72 fan & X 1 B
7. ¥4 0.58 g (5 mmol) 1) L-Jifi Z( R (2l £ >99%, 1t
5 E AR AT IR A A)) % T 10 mi ) NaOH 7K

B N N )L//,,, Q ©
5 7

IL-Pro/SBA-15 4L 5 I & id 32
Preparation process of IL-Pro/SBA-15 catalyst. (a) 20%NaOH, benzyl chloroformate, HCI; (b) Triethylamine, ethyl chloride,

C3HgBrN-HBr; (c) Chloroform, 3-(2-imidazolin-1-yl)propyltriethoxysilane; (d) Toluene, SBA-15; (e) CH,Cl,, HBr-CH;COOH, 2%NEt;-98%THF.

Z—CO,CH,CeHs.
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Fig. 1. XRD patterns of SBA-15 (1) and IL-Pro/SBA-15 (2).
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Fig. 2. FT-IR spectra of SBA-15 (1) , IL-Pro/SBA-15 (2) and IL-Pro
(3) samples.
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Fig. 3. TG-DTG curves of SBA-15 (a) and IL-Pro/SBA-15 (b) sam-
ples.
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Fig. 4. N, adsorption-desorption isotherms (a) and pore size distribu-
tion (b) of different samples. (1) SBA-15; (2) IL-Pro/SBA-15.
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Table 1 Textural parameters of SBA-15 and IL-Pro/SBA-15

£ 2 FRAETIH IL-Pro/SBA-15 ByE L IEEE
Table 2 Catalytic performance of IL-Pro/SBA-15 in different sol-

dio/  Aeer/ DI v,/ WT vents
Sample ) 3 S -
nm  (mg) nm (cm®/g) (nm) Entry Solvent 6I°C Yield (%)
SBA-15 9.6 657 6.5 0.8 4.6 1 CsHsCH3 50 81
IL-Pro/SBA-15 8.7 342 3.9 0.5 6.2 2 CH3CN 50 75
WT—Wall thickness, estimated from a, — D, where ay = (2d100/ \@ ). 3 CH,ClI, 30 71
4 THF 50 77
77 ), B I fLIE S ZE IR > HO 50 IS
L. 6 CH3CH,0OH 50 91
2.4 IL-Pro/SBA-15 HIF£5R 7 i-PrOH 50 04
i 5 24 SBA-15 4 F i Al IL-Pro/SBA-15 {1t 8 i-BuOH 50 93

FIH) TEM B, b (a) A1 (c) A7E (110) J7 1) L
WA, OB a T DU, e s A S, BEh LR
A TS, Y ) B AR AR T e AL
[, {H A e fLIE 3% %€, P 5(b) A1 (d) 2k (100) J7 [
L TEM B, LR R T BUE ), [ 808 ik s,
SBA-15 LI WA i T B A, (AT IR FEAT P 1IN
JiffLE .
2.5 IL-Pro/SBA-15 #& Knoevenagel 45 & /& Kz 1 &Y
AT

# 2 51T IL-Pro/SBA-15 £ A [ ¥ 1) o E 47
LR I R TN 1 N I 1Y) Knoevenagel 4 & [ W
508, WILLAE th, ZEAH A SR 4R, SR H B )
INf BT A 7= W A s T AR B R T R, DL
I S T RN O R s AN = L3643 00 ok 94%,
93% 1 91%; TMAEH K. L. & FFHER P &k
Wb, A G W ) 4y i) Dk 81%, 75%, 71% Al
T7%. X A]BE & H T 0095 00 A e Bk i e i ik
S AT R T R B R, T (R HE TR B 1)
BEATEL T 4 S AT K AR S, TR LA K g
5% S N AT T BELA, BT = i 264 75%.

% 3 4 IL-Pro/SBA-15 {4 771 1 = 53 4 FH M e

Reaction conditions: 10 mmol benzaldehyde, 10 mmol malononitrile,
15 ml solvent, 0.5 mmol catalyst, 50 °C, 6 h.

# 3 IL-Pro/SBA-15 W FIHIE & 1E A 1442
Table 3 Reusability of IL-Pro/SBA-15 catalyst

Entry Catalyst Run time Yield (%)
1 SBA-15 1st <5
2 L-Proline 1st 95
3 IL-Pro /SBA-15 1st 94
4 IL-Pro /SBA-15 2nd 94
5 IL-Pro /SBA-15 3rd 93
6 IL-Pro /SBA-15 4th 92
7 IL-Pro/SBA-15 5th 91
8 IL-Pro/SBA-15 6th 92
9 IL-Pro/SBA-15 Tth 91

10 IL-Pro/SBA-15 10th 87

Reaction conditions: 10 mmol benzaldehyde, 10 mmol malononitrile,
15 ml i-PrOH, 0.5 mmol catalyst, 50 °C, 6 h.

A LA H, A5 S I 7 LA SBA-15 43 - 1 b fii
T, 465 7= PCRAR T 5%; L L-Jii 20 0 fiE 1k
FUIE P= P Kk 95%; 1 LA IL-Pro/SBA-15 J fi 1k
FIIE, PP 3 AT 35 94%. 28 a7 F it B g A, R AT
¥ ] 2 e Ak ) 5 R VIR AR B, TR — IR
N, g SR IR, [ A AT T A AR A b TR,
AFE T FEAAS T B

E 5 SBA-15 % F 0 IL-Pro/SBA-15 {& (L5 TEM BB H

Fig. 5. TEM images of SBA-15 zeolite (a, b) and IL-Pro/SBA-15 catalyst (c, d).
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