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MCM-41 fL8 PN i M 3k A B AR BAE B R ADFGE . RS0 R
BB PR 2 22 KR Y BB AL T MCM-41
W, G EAR R 2O, 4 Tl MCM-41 98 6 {0 B 348 7
FIAE AL B 5T 43 F O 0 25 4 4 7 S A A R L, SR R
MCM-41 /3 25 B 25 HLER . A& L MCM-41 S 8844 1 22
ST BB 2 4 7 4R AR A

I i

1.1 SIS FKF

WS B HE: 2008-03-28, &ITH#A: 2008-06-29

F BN TR A 2 A Ak 2 SR AR TCMC-204 (3 3 ¥
TLRHEIF R A B3R A 7). D/MAX-1T CX il 55 48 717 551X
(HARIEAFD . AUTOSORB-1 %W B 43 Br A% (3 [ 15 58 2%
), 5DX, 550 [T %L {8 BL 21 403 2 T A28 (2 2 & 14
A, RF5301 2 AL CH A & H) , DTG-60H #4 2% A A F 4y
FrAY (i[5 NETZSCH /A 8)), KXX-5-12A % I g 4

FEH : Na, SiO;, 75 ket = H 591 fk £ (CTAB) ,
LEEARVE, 1,3,5-=HHEE(TMB),

1.2 MCM-41 BI80K & 5

% 3.64 ¢ CTAB T 120 mL 781K, R 2%
. ZEINA 4.2 mL TMB 4k£: 64 0.5 h, Z 5 M E#
I A 21.42 g Na,SiO; , $FE 2 hy i 2 mol « L™ "R R
W pH 10, B WA TCMC-204 #1545 3 300 16 2% 52 I 2
s RO R A A T B 300 W, %R E 120 °C, iR
FETCY; BFE] 2 5 min, 7E 120 “C T f4F 15 min; 45 & i B %
BRI TR 60 W, &5 iRy 100 °C, BERAESE 5 min,
100 ‘C AR FF 25 min, K HT 15 7= 4 R A, FLas Hhok
Ve 7E 100 CHYMEMR THRAM N T — %, AN O ENn
KILA DB, 78 550 CHBEEE 6 h, 145 MCM-41,

1.3 ES®IE MCM-41 fyHEZE

HEeHH: EXARPFIESTH (207759096) FRF 3 E Br-& 7EH H (2006DFA43520) %% i)

EE® N & W, 1963 4F4:, HR R b Tor Be il oz
* 18 IR A
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PRECS ¢ LVFX % T 30 mL MW kd, InA 5 g
MCM-41., ZiR FHFE 24 h, L 12 000 r « min™ ' & .0 40 min,
FHZEK VR B ULTE . 18, 76 90 C FIJE A2 T4, 24 h, 18
B3R 8 AR AR
1.4 H1E

X S8 K R AT HE 41 R CoKas B HUE N 35 kV, &
HLWE 35 mA, R 2° - min ', ARG E 20=2°~10°,
SR O B B SE2 By, I RR PR ER 0. 112 3 g, BT 56.664 7, X
WA 100 °C, 77 KGEZD Tl . A BIH 33t B pres 2.
B 2148 61 SR FH KBr R R 3, 78 400~4 000 cm ™ 1
Hith. 28 EWEIEF R 35~800 C, FHiR# %R 10 K
min~', WESHANEHAERS, KHEHN 20 mL » min™',

1.5 %KX ENE

LRBUBEW ., WEHN 10 pg e mL', pH 4. 05 A=
294 nm, A, =496 nm , BRAETEE N 10 nm, [E KT8 Kk D
£ H A =300 nm, jME MCM-41 B, Ex 24 =5 nm fl Em
BedE =5 nm, M H Ay BARE S, Pest S Ex=3 nm,

Em=1.5 nm,
2 HR5WE

2.1 MCM-41 B3R 4E
2. 1.1 XRD 2 #7 = § R M 5 H7

mE 1R, 78 20=3 A — A Him g (100 W), HAE 20
=5~6 235 AT B i (110, 200 i8), 53CERL9]—B. %
HIRE 5 A L T3 MCM-41, MCM-41 1 B ZS80R a0 =
2dyo0 /A3 s a0 HILFE 1,

Table 1 Crystallographic parameters and structural
characteristics of the MCM-41

MCMAL d @ ?Lﬁi i LR H:?%fﬁi i
(hkl) /(nm) /(em® « g= 1) /nm /(m? g 1)
dioo 2.959  3.467 4.0 0. 810 2.382 1015
dio 4.929  20.802
d200 5.730 18.198

MCM-41 fi4 Z W B LB 53 = A BB . 72 P/P° (>
0. &) I A — 53 LR R IR R AE . BIFET N,
EALEPEHER, LSBILE 1.
2.1.2 FTIR 5 #F

WE la fra, 3 460 cm 'R FEIE AT 1 640 cm ' 4Gl K
MCM-41 FH B —OH @i e sk . MRzl ig; i 1 080
em™ 'R T FE 0 AN 803 AN 465 em ! Y I A B & Si—O—Si Ft
B R R FR A 4 I 3l o % B A 446 i 2l A th PR sh i, 969 cm !
WEL N —Si—OH R 3 51 d2 ., 5 Jiang %5707 W0 45 1
MCM-41 W {37 & — %, b & LVFX B2 4h i, 3 442.6
em 'HRIGENE . 1709 cm ' BRIE R B SIAE, 2 925, 2 855,
1472 em™ ' 2&—CH, ¥#Ezhi&, 1 300 ~910 cm™ ' 42 HL & il it
HEREh . T ERIRS, 910 em ' LT 2 AR BART R 50 IR
g, WK c Sa. oA, H%EK LVFX/MCM-41 K215

e MCM-41 #% K AL, LVEX By 36 43 58 A o i 90 78 3 |
I, n2931.3,1472.5, 1384.7 cm ' ¥ 2—CH, 3|& 1 #E
hik, 562.5, 475.5, 451.5 cm ' i LVEX 20 T4 3h 16 o Y
IMAEAEAR L. R LVFX 5 FE LA 38 0 i fLiE .

Transmittance/%

4000 3000 2000 1000
Wave number/cm ™
FTIR spectra of MCM-41 a,

LVFX b, LVFX/MCM-41 ¢

Fig. 1

2 2k LVFX/MCM-41 # l MCM-41 Fl[# & LVFX %
BRI LR 2. fEAL SR, LVFX 1Y 1 709.4 cm ™!
FRFA B ILIE, 1 306. 1 A1 1 055.2 em 'f£E M C—0—C i
Wg, 1530.5 Ml 1622 cm UK PRI IRUE, B A 7r 4 %
TR 1R ok, e W 5 2 0 B 40 4 7F MCM-41 FL3E B i L JF:
M 7E e . B4 Si—OH ZI8 9 A= 20 nm) A &
KO, £ LVFEX f1 MCM-41 | T HELIER, X &
PRI TER Ty, FTERAR. AR/MMIE (<10 em DY
FE A A% 32 B2 32 A FLA R 35 A A 7L PN 2 1 3 A 184 255 ) 7 B
BB IR I T

Table 2 Main peaks of FTIR spectrum of
LVFX/MCM-41, MCM-41 and LVFX

LVEFX/MCM-41 MCM-41 LVFX % A6

/em ™! /em ™! /em ™! Jem ™!
3 438.6 3 454. 0 3442.6 15, 4
2 931.3 2 925.0, 2 855 6
1472.5 1478.2 6
1384.7 1361.8 23
1636.8 1636.5 1709, 4R %) 0
1559.8 1563.6 1530.5, 1622 3

(€ 373/ 378:))

- 1306.1, 1055.2

1412.9 1459.8 (C—O—C) i e 47
1062.8 1089.3 26
787.3 803. 3 16
464. 1 465. 6 1(Si—0O—Si)
949. 1 969. 5 (%;;gﬂzg> 20(Si—OH)

1 259.0(C—N)
689. 6 669. 2 20(Si—C)
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2.1.3 HEHH

& 2 AT A, MCM-41 HEE/NF 100 CAH 16. 681 % Mk
K, Hh o0 2 W ke K S 3T, 100~800 C
e B B B E G, B MCM-41 76 800 C LT B4 R4
WA E M. LVEX/MCM-41 7F 68.51 ‘C 4 19.866% [ i &
B, SR BRI K AR s 7E 600~800 CH 13.674 %
W BRI, B LVEX 40 B8, Sesilfs LVEX 40 F/h T
£ 250~400 °C B i 5 3 2 S 12. 960 % . X Hb 20 2% fK #£ 600
~800 CH 13. 674 % Wy F it 2 . vl LA T 25 9 43 F 43 fift e
T 0 T B R el B IR (250 ~400°C ) B % 1] 5 R X (600~
800 °C)H, IXAZE K25 W) 43 T A4 T 0 v 2 T 3k [ 7= 4 T A
HAEM, ATREIE R T AR, BR TE o MR Sk Y 43 5 8] g A
ISR LA A1 1 B R IR A T IR AR, S B R e BT
TR TE . A 2 I ES mve/ muveosen s K 17.06%
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Fig. 2 TGA and DTA profiles of LVFX
MCM-41and MCM-41

2.2 WHKRES

Shen"™ 7E 477 nm (2.5 V)45 T MCM-41 3 {65 &
S, TA Ry R 1 RN RE i 2T Y R ¥R 3 A 96, B NBOHC
(A RENE T L=S—0" ) S&%. Li" @dLrtss
RENTE 470 nm(4y 2. 65 eVOPARSEECR G, ASLIR I H5¢
A 468 nm(UNE 3 frR), 5 3CHkEIT . H 3k LVFX/
MCM-41 %} F MCM-41 45 17 nm W40 %, HJEF 2 MCM-
41 WRMEW Si—OH MY v H%E, 5495 FH i F
AOH, BB T A4, n BF = M Si—OH #%15 LVEX 4

a

Intensity
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Fig. 3 Fluorescence spectra of MCM-41 (a) and LVFX (b),
LVFX/MCM-41 (¢) and liquid LVFX (d), A, =468,
458, 485 and 496 nm, respectively

T FRA%ER, 8T HAKE SiOH & i 4%
B, Wl T2y r s, FfLHE %A M LVFX 455 1
OH 7z [A] {3 BAS K5V, i 7 5 ) o = A B PR . A
DA %G A I B IE a .

LVFX BA M Y50 29500, &b LVFX 4+ B &
BN, ZRILL TR A LR, MR T SR I Bk R, AR
BB IR  MAW S TFRANILE. 485
T F R OH. R 5F1 43 7 0 8 2 10 09 EFR L AH BEAE T, B
BT S, B 5T 0 P9 FLBE I Tk R S 25 4 T IR BR L 4%
FAER F A OH JE BUE Z 09 R EF, W&l 4 fFros . i 4t A 2
Hl—SIOH I n ¥ = F. BRI DR EMENR L3,
HFEMNHY B FILTFSH LN B FHEE 1T, kL
Si—OH T ] 34~ g7, FIAFY KT 500Uk R
520 %% F MCM-41 fL3 b A9 LVFX A% F R 4 10 & 2 1R
KL H . Zhang ™' 2505 HA 435 fE MCM-41 fLi h, #F 5T
N HA #2365 . MCM-41 H s IR s i HA dh A B3l
TREERE, 54 MCM-41 fLh HA () 1>arx BRF T B2
P p 1AL PE Y BHEE . T LLE 425 05 R R4y 7 o 4k i
RSB RFY K, FIASCHFF 45 35— 5. LVEX 7E/R
PEIREE T T HY B/ AR L IR F e A, (5
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T KRS B

b

. | :
/N/ﬁ 0/\r‘
K/N 1

Fig. 4 Combination of LVFX and the hydroxy group on the in-
ternal surface of MCM-41 (the dash lines represent the
hydrogen bond)

MEA LVFX 5 LVFX W Z M A 38 nm L8, &
PR A LVEX RERERREMZGY 5 TR, a2
B JH I 5, % LVEX f1 LVEX/MCM-41 #95% 3%
SR 0 B AR T (Adew = 11 nm), A HEN LVFX/MCM-41
R 32 B IR 9 VR A A LVEX % 52 31 8 B R 5 9 A 281, 4
LVFX & B . 8 LVEX % i 8 B R o 3R 5% f1 MCM-41
A FLBR IR B R R R s, 0 B2 ) B B 5 A Y A
L B E A LVEX M LVEX 38 LVEX/MCM-41 %
HREE IR, WA T, LVFX 4 F B fe7e, T LU
£ MCM-41 fLiE . LVFX 45 F F 9 2 10 09 RE R R4 4
#1453 LVEX 2 F % H P AE7E .
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Study on the Interaction of Levofloxacin and MCM-41 by
Fluorescence Spectrum
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1. Institute of Chemistry and Chemical Engineering, Chongqing University, Chongqing 400030, China
2. Bioengineering College, Chongqing University, Chongqing 400030, China

Abstract The mesoporous molecular sieve MCM-41 was synthesized by hydrothermal method under microwave irradiation and
the levofloxacin was encapsulated in the hexagonal ordered channels of MCM-41 using pickling process. The structure and prop-
erty of MCM-41 and LVFX/MCM-41 were characterized by means of small-angle X-ray diffraction(XRD), Fourier transform in-
frared spectroscopy (FTIR) . N, physical adsorption, and thermogravimetric analysis-differential thermal analysis (TGA-DTA).
The pore diameter and the specific surface area of the mesoporous molecular sieve MCM-41 synthesized under microwave irradia-
tion were 2. 382 nm and 1 015 m® * g ' respectively. The fluorescence spectra of MCM-41, LVFX/MCM-41, LVFX (solid) and
LVFX (solution) were investigated. The results indicated that there were some visible red shifts in the fluorescence spectrum of
the composite of LVFX/MCM-41 as compared with the samples before being encapsulated. It was inferred from the results that
hydrogen bonds were formed between levofloxacin and the hydroxy group in the inner pores, and the electron cloud could trans-
fer from the hydroxy group to electro-attracting group. At the same time, the electron cloud could transfer in much larger annu-
lations, and the conjugated system of LVFX was extended because of the new annulations formed, which contributed to the red
shifts of the fluorescence spectra. The strong interactions between the LVFX and MCM-41 provided the theory for developing a

novel delayed release drug using MCM-41 as the carriers.
Keywords MCM-41; Composite; Fluorescence spectrum; Red shifts; Interaction
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