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Abstract Mesoporous silica with worm-like pore channels was synthesized using mixed P123 (polyethyleneox-
ide-polypropylene oxide-polyethylene oxide triblock copolymer EO,,PO;EO,y) and ionic cosurfactant {CTAB, SDS or
N-myristoyl-D-alanine (C;4-D-A)} as a structure-directing agent, and the pore-expanding effect of different amount of
PEG-400 on the worm-like pore channels was studied. The synthesized products were characterized using X-ray diffraction,
scanning electron microscopy, transmission electron microscopy, and nitrogen sorption analysis. Moreover, the worm-like
pore-expanded mesoporous silica was extracted with solvent, and the obtained quaternary ammonium functionalized
mesoporous silica with different pore size was applied to immobilize laccase respectively. The stability of immobilized lac-
case, the optimum pH value acquired and reusability for the degradation of 2,4-DCP were also studied. Through comparative
studies, it is found that, matching of sizes between the enzyme molecule and the pore diameter of the mesoporous silica, is
essential for specific activity of immobilized laccase and degradation efficiency of 2,4-DCP by immobilized laccase.
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Figure 1 XRD patterns of samples synthesized by different synthesis
conditions

(a) a typical P123/Cy4-D-A system; (b) P123/C4-D-A/EtOH system; (c)
P123/C4-D-A/TMAPS system
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Figure 2 XRD patterns of samples synthesized by different surfactants
mixed with P123

W, fH MRS (R 7= IAE 20=1.06° Kb AFAE— A SRATH
W, it P123/SDS 44 & Al P123/C 4-D-A/TMAPS 14 % il
B WIAE B e i S9RT S0, Sl )s, Pyl
1E 20=1.02°F1 20=0.90°4b 55 A7 LESRFT I, Vi & %,
PGB S P W B . B =AM SIS
SV — Ao s & L e AT A A, Ui =)
fie HAT IR ORI FLIE S5 0. N XRD & LA H il
P123/C14-D-A/TMAPS 14 & A3 1= e fo 6 e B fee i
222 N, &M -BLH R X 7

K 3 ARG MRS P123 JRA A FE T BRe
Jii PR P S5 2. /N ol T B P — Mo B el e 4 2
I TUPAC 732 1) TV R PR S5 2R IR AIE, A SR (1)
A FUA R R M2, YS9 4h, = ARE S AE A R B B B
AR BN A — AR G B, W a8 T
H, 8, RWHAILEE W MBI A k. H
P123/CTAB 1k % . P123/C;+-D-A/TMAPS 14k % H
P123/SDS 4 Z il 15 7= (P Bt SE R IR K AEAE plpo=
0.3~0.6,0.4~0.7 f11 0.4~0.6 [X 1.

http://sioc-journal.cn 603



MR

¥ F R
450
& 400+ -’
:D T - .:._'(-_-_-.-. IIJ
o -
2 350 | /‘7
< 300 g
S 2501
© i
8 200
£ ] — m— P123/CTAB
ﬁ 150 | &, —e— P123/C_-D-ATMAPS
14 —a— P123/SDS
100 T T T T T

R E— .
0.0 0.2 0.4 0.6 0.8 1.0

PIP,

B3 ARREEEF S P123 WA I S Bebe f5 1 ZUR b A5 2%
Figure 3 Nitrogen sorption/desorption isotherms of the calcined sam-
ples synthesized by different surfactants mixed with P123
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Figure 4 Pore size distribution of the calcined samples formed by dif-
ferent surfactants mixed with P123
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R 1 AFERMGEF S P123 A HIAHRE B S LA 25
Table 1 Porous properties of samples formed by different surfactants
mixed with P123

P123/surfactant doot” SBET"/(mZ-gfl) Vp“/(cm‘q-g*l) Dfnm L¢/nm
P123/CTAB 8.33 780.6 0.591 3.03 5.30
P123/SDS 8.65 655.6 0.522 3.18 547
P123/C,4-D-A/TMAPS  9.81 779.1 0.626 322 6.59

© 2013 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences

“ The interplanar spacing of 001 surface; * specific surface area, calculated
according to the BET method; ¢ pore volume; d average pore size, according to
the BJH method from N, adsorption-desorption desorption branch calculation;
¢ pore wall thickness.
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Figure 5 TEM patterns of calcined samples synthesized by different surfactants mixed with P123
(a) P123/CTAB, (b) P123/SDS, (c) P123/C14-DA/TMAPS (calcination method), (d) P123/C14-DA/TMAPS (extraction method)
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Figure 6 XRD patterns of calcined samples synthesized by different

PEG volumes
(a) PI23/PEG=1 : I; (b) PI23/PEG=1 : 5; (c) P123/PEG=1 : 10; (d)
P123/PEG=1 : 15; (¢) P123/PEG=1 : 20
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Table 2 Porous properties of samples with different PEG volumes

P123/PEG

C o Sperf(m?eg ) VpMem’eg ) D/nm  EEELIE/(Ueg )
(moral ratio)

K PEGY 779.1 0.626 3.22 165.0
1:1 841.9 0.749 3.56 2475
1:5 918.4 0.736 3.20 2532
1:10 768.0 0.601 3.64 375.7
1:15 806.8 0.633 3.68 410.0
1:20 914.3 0.742 3.25 216.2

© 2013 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences

“ Specific surface area, calculated according to the BET method; ° pore vol-
ume;  mean pore size, according to the BJH method by N, adsorp-
tion-desorption, adsorption branch calculation obtained; ¢ data from Table 1.
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Figure 8 Nitrogen sorption/desorption isotherms and pore size distribution of the calcined samples synthesized by different PEG volumes
(a) P123/PEG=1 : 1; (b) P123/PEG=1 : 5; (c) P123/PEG=1 : 10; (d) P123/PEG=1 : 15; (¢) P123/PEG=1 : 20
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PEG volumes
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R /NEE T 5 L B2, FLARUR K S84 176
FLE A R AEMER, VA SN RE s 4 B R R IR R
2,4-DCP 45 S AF B R %, B4, Rs AT Ry R FLAE R
H 320 nm /ity, 5 AAHILAL, {2 Rs HT Ry Sh
R K, TAF] 918.4 m¥/g oA, VRS> T AT LA
& T AL Sio, ShF M, P Rs AT Ryp [ 52 44 fify Xt
2,4-DCP (MR B L s (LK 11).
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Figure 11 Effect of different volumes of PEG on the 2,4-DCP removal
by immobilized laccase
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Eimd ok 291.3 Ulg, [ e AR By A 4R 5w, b B[]
TEAEE I EEVERR s L 1 e B T

Acta Chim. Sinica 2013, 71, 602—612



% F F HK | #REX
550 T S R 5 BT R T 1
| —e— Free enzyme
~ 5004 —e— Immobilized enzyme " Immobilized enzyme
L. — " A - VR
> 4504 7470 || / TR ST
> l — S ! Cross-linking\ * o
2 4004 & . g \ Carrier H
8 i § (!
GEJ 350 ;:(g Carrier
Z | €
c 2
w300 I
4 =] =
250 |
L T T T
4 5 6
T T . T T T
pH 4000 3000 2000 1000

B 12 AR g 1) B R T AT pH
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Figure 13 Immobilized enzyme operation stability
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em ' AR IRIE S Si0, FFACIE, 800.3 F1 462.5 cm ™' Ak (1)
N Si—O—Si B FR AR 45 P sh A1 25 P st

AT BRARAR I L AN R B R, A AE 1719 A
1560 em ™' A HELPHANBIIE, BT 8 T R — N
BRI, WSRO R ) — AN S S
- LA FH R B 28 A 6. 0E W G I 3o A
B O AR LA T AL Si0, Eidk L.
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AbZEA SR L) C—H B PRSI AR IR FE AN,
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Figure 14 Infrared spectra of quaternary ammonium salt silica,
crosslinking carrier and immobilized enzyme
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Figure 15 Continuous use immobilized laccase to elimination 2,4-DCP
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