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ERERRZ I (TEOS) . Jo/K ZBE . HCl, 2 | LiAlH, . Acetone HI DU Wl ( THF ) ¥ 43 #7 46 ;
O- - FH A 4-RS LK R IA T Acros 2w ZRFIE | Pluronic123 | & N 3 — H A 3 ik 4 ( APTMS, Ad-
rich A 7). DyADVANCE # K X HHEATHHMY, Cu Ko, A =0. 15418 nm, FAH{# EE 40, 5°/min, 26 JLFH
290.6° ~5°; Hitachi H-8100 B35 LBE , 452/ HL HoJ2 200 kV; Micromeritic AsAp 2020 %! F Wz FHY,
R AWM ; Shimadzu DTG-60 #E 4T, A, FHEHFEHN 10 °C/min; VarioEL CHNS JLE 4
B
1.2 4% SBA-15 HIEH

DL =B LR Y) EO,, PO, EO,, (P123) AR, IERERR ZBE (TEOS) NEER , 7ERR T4 N & nial
ik SBA-15. BB . FREL2 g P123, 560 mL 2 mol/L [ERFRFI 15 mL ZERIKIR G, 7E40 C/K
WHPEEE 1 h (A, SRS A 4,17 mL TEOS, BiFES h, FEAMA B DU L0 PIAeS AN G5 4K SRy 28
H, 7E 100 CHE M 24 b, BURR IS HZRBKBES, g, BT RS, DL 400 mL/g JoK
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CEEEE A 48 h, 15 FHICK LBE(500 mL x2) PE¥, fhug, 4, 1520 1@ sk fL 53 F i SBA-
15.

1.3 Benzyl-APS-SBA-15 B & X

1.3.1 FE-G-ZFEAEEL-FL)-KOFE& FHREPEE0.29 mL, 2. 83 mmol) Fl APTMS (0. 53
mL, 2.85 mmol) MMENELA 737K &5 100 mL [BEEHE T, LAIJCK B 2R R 25 03 24 h 5, FHA5BR
EHZ A 0.23 ¢ LiAlH,, DL THF %R, SRS 12 h, B4 FRE THE JEIMARZE, B2 h. &
250 UE, RS- (3- = A k- TN 3L ) -, 44 N Benzyl-APS.

1.3.2 Benzyl-APS-SBA-15 By & & 4 2 g P123 #ARFI T 3 mL H,0 F160 mL 2 mol/L HCI {R A%
W, FE 40 CHEFHEMRS, A 4.1 ¢ IERERR TR, Akeksm S8k 40 min, fIIA Benzyl-APS, Jf7E 40
CFAkEetHE 20 h. A BUERHAYBE SR M n(P123) : n( Benzyl-APS) : n(TEOS) : n( HCl) : n(H,0) =
0.017:0.1:0.9:5.92: 165. 45 WLBENL 4% 24 A R VUGB LM AT AN RN 22, 7E 100 °C e
mfl 24 h. FPRMZEVRHIG, HREKPER, g, BT, 520K S. SR AU 2 K BRBOR ).
W FEA TR ICHE RS L 400 mL/g To/K Z B4R 48 h, FITE/K B2 (500 mL x 2) Ve, Faig3) @)
LA F L i ( Benzyl-APS-SBA-15) , J Wi #2 WL Scheme 1.
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Scheme 1 Synthesis of Benzyl-APS-SBA-15
1.4 Anthracyl-APS-SBA-15 B8 X
1.4.1 9-BERE-G-ZWAXEEE-THE)-Khd & Ho-B-HEBRPRE, #llf N E-(3- =1
SAEERERE-TNEL) e T, 45 0- B BE- (3- = W AR JERERE-TN 3L ) -, #5444 Anthracyl-APS.
1.4.2  Anthracyl-APS-SBA-15 &9 4] %  J1| Anthracyl-APS 210 Benzyl-APS, LA £ Benzyl-APS-SBA-15
19773145 Anthracyl-APS-SBA-15, B #2 U Scheme 2.

\
7\ [
0= Anhydrous toluene THF
(MeO)3Si/\/\NH2 4 O _Anhydrous tofuene | (MeO)3Si/\/\N — O T
O Q AAIH,
S i
P123, HCI
(Me0) 381 N WA Y == spa1s VAN
3 ) H,0, TEOS —

Scheme 2 Synthesis of Anthracyl-APS-SBA-15
1.5 fELHRERIE
Xof i 5 A P TR R TN D ) 58 T A4 45 SN TE i s R #E 47, B 0.2 ¢ Anthracyl-APS-SBA-15 Fl Benzyl-
APS-SBA-15 f#ALFIIMA S 50 mL FRSLENE T, 7680 C B4 T . BWHEZRFIHEMA 76 mg
XN EEA 10 mL PR, T 50 C/KW R 20 h, b, BRLPIERE R, L CDCL s, i@ it
"H NMR 3% &1 531 i Al 314

2 HRS5WiL
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& 1 45 T 4lifk SAB-15, Benzyl-APS-SBA-15 Fil Anthracyl-APS-SBA-15 4~ fLAT R A XRD &, 46
fi SBA-15 FEM BRI A XRD AT (B 1 354k o) 75 20 {64 0. 88° W M BL T — M5 T i, 7% 260 =
1.3° ~ 1. 8 VLB N HH BL T 2 A/ INAYAT S . RN SCRiR 15,16 ] HP B A4k SBA-15 FEA AR A XRD
i 5t El—%L. Anthracyl-APS-SBA-15 Fl Benzyl-APS-SB-15 F£/ B8 A XRD R4 I ULIEI 1 354k b Fl . &l
1 (100 ) A 504 AR 45 5 260 {E Y (110) F1(200 ) A7 5T W4 R 14 0 7l WL, X 2 N2 fb A FLA R A
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Fig.1 XRD patterns of pure silica SBA-15(a), Fig.2 TEM images of Anthracyl-APS-SBA-15(A) and Benzyl-
Anthracyl-APS-SBA-15 (b) and Benzyl- APS-SBA-15(B)
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&1 3 S it 8 20 BRSO B S5 TR 2 RO I, LA A L. R 3 mTN, 2 A AILEsObE AR i i RO

Rt BEF 45T 28 S5 2lifik SBA-15 HHZR AL, #BJ2 BRIl Ay EPRi

LTIV A RS, AV BAY H ORISR, Ba% o MO [ZEC

HUCHE TR, 3 26 NI T 2RO EMER, & 0 350

RIPTARE A B — DA A fLFLE-S, 5 TEM £ = ”o} e .

IPMTAE R —S A ALBRHRY BET HeR MR AE6E sBA- % T Pore s/ 2o ol

15 19 831 m>/g Jdi/0 %] Anthracyl-APS-SBA-15 11375 m*>/ 5 100 el

g Fl Benzyl-APS-SBA-15 14 324 m*/g. itk L3 = N et | | .

A Fh AL 2R BT 43 5232 FH BIH 3138 FL 42 Anthracyl- 00 02 04 06 08 10
Relative pressure( p/pq)

APS-SBA-15 4 7.1 nm, Benzyl-APS-SBA-15 6.2 m, gig. 3 N, adsorption-desorption isotherms of

HCARE SBA-15 19 9. 6 nm JLAARAT TR/ BEAT, A4 SBA-15 (a ), Anthracyl-APS-SBA-15

XRD % & (& 1) A] A1, 4lifE SBA-15, Anthracyl-APS- (b), Benzyl-APS-SBA-15(¢) and pore

SBA-15 Fil Benzyl-APS-SBA-15 B EL a, 50510 11. size distributions(insert)

5,11.1 #110.9 nm, ML EITFLEERE 350 1.9, 4.0 F14.7 nm( S E e, = NFLALE + £L
BEJELRE ) | FLREJEL R (34 N3 B Benzyl-APS-F1 Anthracyl-APS-FUHfiE A T SBA-15 A/ FLALIE.

4 SRR R FNALE SR, R4k SBA-15 /Y TG fhgkrh, HAA M AR, %K EI X
SR SR K B A B A AR T AR AR R Y. T FE Anthracyl-APS-SBA-15 il Benzyl-APS-SBA-15 [
kb, ATLAOWECE] 3 A I B AY L E (100 CLLT, 100 ~250 CHI1250 ~650 °C), H1 100 CLLIF
4R B I R W 3 B AR K R B A5 B R A LA R B 5 100 ~ 250 °C AR 31 ST 591 7y 4 fi
FHIG; 7E 250 ~650 CHT 20% MY IR F S 1 THERE_E A HLIE B RTRE & o i) e 0 i 2o 40 & R 1)
IK LA A [ e B RS AR 115 R 3. AH b SBA-15, Anthracyl-APS-SBA-15 F Benzyl-APS-SBA-15 f4
(250 ~650 °C ) A HH A ., F B Anthracyl-APS Fl Benzyl-APS HUHHHE 51 AR T AR A FLAT R, 16
S, Benzyl-APS-SBA-15 7E I B [X [6] i) 2% B Fb Anthracyl-APS-SBA-15 [ k. FE4liRERE S SBA-15 Hi%
AR E] N JTE WAEAE, TAE Benzyl-APS-SBA-15 H A5 2] T N( Fig 4350k 1.24% ), 1E Anthracyl-
APS-SBA-15 *PAG M R N, H 40400 1.04% . X 3B A JE 00 20 N L fk o s A 80P L 1 20N
FERERE ST BB 51 A B4 T 0 B 4e .

1EK 4 ) SBA-15, Anthracyl-APS-SBA-15 I Benzyl-APS-SBA-15 #4205l £ J5 4% Si0, 1T &4)
By IE: 82% , 72% F169% . T kA i i AV AR 71 K B AR R, i AT LU U A R iX 3 S fL
AR IG5 A0 A B B K SR R, % B RS R R RE PR L 45 5 T R AR 7K ) A R TR 298 18% . M
AL A5 3] Anthracyl-APS-SBA-15 Fil Benzyl-APS-SBA-15 A HLIEH KL LA 10% F1 13% . #4fE N (1)
JCE M35 Anthracyl-APS-SBA-15 F1 Benzyl-APS-SBA-15 4 HLIE A1 P52 52051 4 18. 5% F113. 1% .
BHIIt, ATRLACH Benzyl-APS-SBA-15 1 N Ji+ JL-F-#F A1 HL) g 4] ( Benzyl-) 244t (N—C) AHEE, 10
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Fig.4 TGA curves of SBA-15(a), Anthracyl-APS- Fig.5 FTIR spectra of SBA-15(a), Benzyl-APS-
SBA-15(b) and Benzyl-APS-SBA-15(c¢) SBA-15(b) and Anthracyl-APS-SBA-15(c¢)

& 5 MEESh SBA-15, Anthracyl-APS-SBA-15 F1 Benzyl-APS-SBA-15 FUZTAMER. il 5 o 0L, Arf
R IFE 1222, 1086, 802, 460 cm ™' HYHE T Si—O0—Si B4R SNIE, LAME 940 ~960 em ' AbHEL T

AN AL 55 1Y Si—OH HRBNIEN . 1 3400 ~ 3600 cm ' AbHLAT — AR TE A9 WIS 06 , 32 0 XoF 1 B 5 R T
[ERREFSSE. 2936 F12856 com T YL AMIR S X I T2 N FE T RE 5L A ) —CH, 9 C—H S B FEAE A
PRz, X FRIAAN I 2 2] T SBA-15 BIA-FLSLEE . tbhh, IS 0] LWL E], Benzyl-APS-
SBA-15 Fll Anthracene-APS-SBA-15 7£ 740 11430 cm ™' ZbX)H B T 28I O RRIE 2T MR shidg | JIE BRI A
BEE W] AF] SBA-15 HA-FLFLIE .
2.2 fELEMNE

38 3o T A Y B TR AT T S B A 5 TN 75 558 - B 2R v 2 A B2 AR A BEXT SO A 2. I
ST AT, Stk SBA-1S FEIZSON A ALY, — A RIS A, TS IA 2 N EA
AN 23 [ B A e A ) o0 F I I R B T 3 i fb s . AR 1 il LAE B, A B L
G AL SN M LA A N B N B2 A B R 6 PR . TR AN N ST A4 SRR W,
Anthracyl-APS-SBA-15 H' Anthracyl-APS JEA] (1) 7 5t )i /0T Benzyl-APS-SBA-15 "1 Benzyl-APS 14 7
1w, BIPAA7 Anthracyl-APS H0s LA Benzyl-APS HL BB T T P

Table 1 Reaction of 4-nitrobenzaldehyde with acetone over the catalysts *

Isolated yield® (% Isolated yield® ( %
Catalyst Conv. “(% ) bj; et ;3) Catalyst Conv. “(% ) Ej:d el ];)
SBA-15 0 0 0 Benzyl-APS-SBA-15 75 56 19
SBA-15"""\NH, 40 31 9 Anthracyl-APS-SBA-15 79 56 23

a. Total conversion; yields determined by 'H NMR spectroscopic analysis with THF as the internal standard ;

OHO

(0]
0]
, ' , 4@4 0 50 Adk)k o~ \)k
. reaction equation: 0,N + /|k Calyst. O, N + 0,N P .

(A) (B)

ERENGHERIEET, 2 Fa UL ERREE 9 5| A BN FL-a b, A A HUE Re AU A = 3L D)
REMEARL, HA MR AL TG PE , 1A 25 [ LAY 2 DS IETh A R fb G M. — e T —
PNEEEA R — e R BRI 0, AR TSP I 55— T s TR B S B -Fie =2 1] K e 5 1k 3 T
FEZ [ AR AR RS, 35 T arhu O AR RE. JRIRE T, 5 N TR fe i prkk i g LA
B HLIE ) &2 (R F S R D AR AL AR 0 B N 6 1 5. A BCH i i 0 2 [ AR BRBR, TE 40 B it
PR HE AL 50 B AL A HLE AR A S 3 b (EAE AR )56 A FLA RHECA X i B2
TR R 4645 SO AEALFIRS . Anthracyl-APS-SBA-15 41t Benzyl-APS-SBA-15 ELA Wi A AL TGP, X
Al AE A2 AN [R] 2 A7 B A2 ), o507 T e a5 3 T ek 8 P 8 A R e 2 AT AR BE S, fff Anthracyl-APS-
SBA-15 BRI B HILI 3L 5 e 3k A K i 5 26 1 P2 3 0 Y SR AR XS Benzyl-APS-SBA-15 /)N, & AL
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Anthracyl-APS-SBA-15 A48} E O3 PESE AN, MU SE A ) T BB Al S N ) AT

Li Lpnid, 2B BHEEATE LA, R AR ROM 35 5 b B PERE , I/ N R Z AR EAE T,
ORIV E T A RO, MBI OB 5 B A LT AR RE i) 28 F0PE RE A S A3 108 I, 7
B e A R R LA AR G ) R FH 5
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Synthesis and Characterization of New Organic-inorganic Based Catalyst
—— Effect of Steric Hindrance on Catalytic Performance

SHAO Yan-Qiu'?, WANG Hong-Su', GUAN Jing-Qi', YU Xiao-Fang', LIU Heng', KAN Qiu-Bin"'"
(1. College of Chemistry, Jilin University, Changchun 130021, China;
2. Department of Chemisiry, Mudanjiang Teachers College, Mudanjiang 157012, China)

Abstract Two different hybrid secondary amine-functionalized mesoporous SBA-15 silica materials were syn-
thesized by a direct synthesis method. X-ray diffraction (XRD ), N, physisorption and transmission electron
micrographs( TEM ) showed that the prepared materials possessed similar mesoporous structure to pure sili-
ceous SBA-15. Thermogravimetric analysis(TGA) , FTIR and elemental analysis of nitrogen indicated the suc-
cessful introduction of corresponding organic functional groups into mesoporous materials. In the Aldol conden-
sation of acetone with 4-nitrobenzaldehyde, two different hybrid secondary amine-functionalized mesoporous
materials displayed enhanced catalytic performance in comparison to primary amine-functionalized materials.
The possible reason is that the presence of organic functional groups with larger steric hindrance led to the en-
hanced catalytic performance of basic amino groups.

Keywords Mesopore; Basic catalyst; Steric hindrance
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