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Study on Inclusion Interaction of f-Cyclodextrin/Magnetic Nanocopolymers to
Acridine Yellow

WANG Zhonghui', ZHANG Guoshuai', WANG Songbai’
(1. Department of Chemical and Material Engineering, Lyuliang University, Lishi 033001, China;
2. School of Chemistry and Chemical Engineering, Shanxi University, Taiyuan 030006, China)

Abstract: This article adopts a layer by layer assembly method to synthesize f-cyclodextrin/Fe;O, nanocomposite (f-CD-MNPs)
with magnetic core and inclusion adsorption active outer layer. The magnetic nanocore makes separation more convenient, while the
active layer enhances the adsorption selectivity of the target analyte through host-guest supramolecular chemical interactions. First,
Fe;O, magnetic nanoparticles (MNPs) were prepared by chemical coprecipitation method; Second, Fe;O, magnetic nanoparticles
(APTES MNPs) with surface modification of 3-aminopropyl triethoxysilane (APTES) were obtained; Next, the synthesized 6-p-tolu-
enesulfonyl-f-cyclodextrin (6-TsO-4-CD) undergoes covalent condensation reaction with APTES-MNPs to obtain f-CD-MNPs. The
average particle size of f-CD-MNPs copolymers is (10.91 + 2.41) nm. UV-Visible spectrophotometry was used to detect 5-CD inclu-
sion of carcinogenic alkaline fluorescent dye acridine yellow (AY) by f-CD-MNPs in NH;-NH,Cl buffer medium (pH 10). The re-
sults indicate that the inclusion process of -CD-MNPs for AY basically follows the Langmuir monolayer adsorption mechanism,

with a maximum inclusion amount of 28.9 mg-g ' and the recovery rate of the inclusion agent f-CD-MNPs can reach 93%.
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Fig. 1 Schematic structure and synthesis diagram of f-CD-MNPs

e 27 0 A R (R B AR B B R ey AR
] ) ; PERKIN ELMER TGAG6 # & 43 H7 4% ( 314
WIRBR LA R A ) 5 Versalab 7 sl # 5% 11
( 3¢ [# Quantum Design 23 A ) ; UV-1801 %l 4 4|
AL 0L 3 96 56 BE T E (A6 3 36 R 4 B A 4% ) 5 PHS-
3B MR (¥R REERT ) .

LKA i MR BR (0 At 46 (Analytical re-
agent, AR) , iR B A RAF) , NKA =
AL (AR, REEILR 7 B F ) 5 3-& N %
= LR RERE (AR, BB Hr T A A B %
AR F] ), N-H b g e i (AR , 8 77 b2 B
A BRAFD) , R (AR, 22 s M7 ), 6 HE R
itk o 55 (AR, 22 s palon] ) , & e (AR, & 58
MR F)) L B- RIS (AR, i BT T A AL B4
Bty A R R 5 Y E B (AR, b 5t 4k T 5
J7) s &K (AR, 25%~28% , b ig Bl fr T A4 AL Bl
F A BR A ) s E A (AR, g BT fr T 4E
R Bt A IR D .

1.2 p-CD-MNPs #9%i%&
1.2.1 APTES-MNPs #j %) %

=B A 200 mL ZE 4K, 7ER TR
SR A Z 85 °C, Bl J5 A FeCly;6H,O (2.919 g,
0.010 8 mol) fl FeSO,-7H,0 (1.502 g, 0.005 4
mol) , I E fl A 6.5 mL & 7K . 85 “CHH i 2 25
min, fF1E ARG RAH EZE, B E
250 mL BE AR rh, o i A A BV, BR R
EUTTEMR IR H KR 2 Ik TEK SR 1 IR
JETE60 CF H235 T4 3 d, BIFS MNPs .

16 R SR T ¥ 150 mg MNPs B3 K i A%

A 300 mL ZBEFN 2 mL 7K B9 = SR, A A
60 pL APTES, HLATHE 7 h J5 ¥ 18 A5 W 25 0 41
B (1 200 r/min, 30 min) , T 15 30 0€ 76 8 5 & 10F
T T ICK B, I 38 2 B R A 5 WS TR E
M B2 T 3 d, BIAS APTES-MNPs,
1.2.2  6-TsO-B8-CD ##] %&-

£ 250 mL B R B, 4% 13.0 g WKW (Tm)
W50 mL s e, %22 0°Ci 6 16.0 g Xf
21 ik 0 ( TsCD) ¥ T 50 mL CHLCL, J& 32 i il
A LR R BER, 5 T #1842 b, dhug Ak
FE VAR ETR Y K T A VR 4R B 2R R AR TR AR
=25, il A 10 mlL Z R Z #1100 mL ¥R &
Jot VB A3 VO, B 6 PR RS i R 5 K s (Ts—Im)
EULVE kG BT EA TEA, =R T8

FREU Ts-Im (7.109 4 g) f1 ~CD (2.650 4 g)
BT 60 mL /K (Y BB, #E 144 2 h, ik
H 20 min J& 0 A NaOH #¢ 7 ¥ (8.59 mol-1. 1)
4k 22 J2 10 min, R SN 4 1A T 3% 5 T -
i B8 Bk 25, OB NHLCL(3.215 8 g) i A i 38 J5
TR A5 W, FHIE % 28 e SR TR 5 W1 1R AR
a4 Sy JER 0 — 2 T B 5 U S R R
W UUTE FH vKOK PE % 22 )5 15 FH 3 A ok 445 21 7= )
6-TsO-p-CD, B T 25 TH46 () T T8
J &
1.2.3  f-CD-MNPs #9545,

FRE 34 41 £ 4 19 6-TsO-5-CD(0.189 3 g)
Ml APTES-MNPs (0.120 7 g) & T 6.0 mL J& /K
N- 35 i 0% o il (NMP) 7, 8 75 15 min Ji5 , il
AKI(0.004 g) , #4185 Wom#H] 70 °CIH- 14 1 4
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FE6 he SRIF KR A WA EE = I AR
I3 E30% 1Y CWERR R, T 3090 1 & T A R
B 7 Pk ¥ 3 WK, B A3 -CD-MNPs, 7 H. %5 T 1§
W) h T TR S & H .

1.3 MNPs #1 3~-CD-MNPs B £5# R AE

K FH % G i 5 (TEM) | {8 BL 725 6 21 41 S
WAL (FT-IR) | A 53 #7325 DL R 4R 20 w5 11 %t
MNPs Fil 3-CD-MNPs 3 178 $i . 45 /) R A | 14
P 6 FURL FE 43 #

1.4 B-CD-MNPsXf AY #BEE4=MNE
1.4.1 AY T

WERRFRIL0.100 2 g AY B3 K, TEE IR T —
K ZE R KOk H g, 100 mL ¥ AT AR
1.002 mg-mL ' B fiff & W ; #% HL 10.00 mL f# £
W T 100 mL 45 m )i, JF FH IR 8 K 2 4%
B 1 8% 0.100 2 mg - mL ™ B FE IR 77 1 .

B B — 22 R R AR W, 43 90 76 B 2] 0.016 0,
0.0200.0.024 0,0.028 0,0.032 0F10.036 0 mg-mL ",
EHE AY fe KW P K (442 nm) Sy K
A3 I WO BE A A bR fE i 2 n & 2 PR
WY BE #7E 0.016 0~0.036 0 mg - mlL ' ik & 7 Bl 2k
PR BRI, &M B A=19.0c +0.039 (1
KRB r 70999 7).
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Fig. 2 The calibration curve of AY

1.4.2 p-CD-MNPs 2 AY FH 62 0l 2

7 25 mL FL @4 fF 0.063 3 g /~CD-MNPs
MR T &S &M THT 125 mlL, 1 mol-L '
NH,-NH,Cl 2% #h % (pH 10) , BRI A K 7518
KEARZE 25 mL, #5)&M. 3E1.4.1
B AY AR AEE R4S 5 mL BT 6 32 10 mL He 4%
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L U A8 0 I R TS A 8 L
T AY B O G AL AR 4R b o 2 4 3
T AY B R E L (A (D) i
45 9L 2 -CD-MNPs B3 1K BT 60 & 32 F AY 9
i, M A Q (mg-g'):

Q== V. (1)

m

Ko, AY QbR IR BT W E (mg-mL ') L ¢,
R AL A B A FE W AY R R
J# (mg-mL "), VA& EBAKB(7 mL) , m
WAL A (B~CD-MNPs) i (g) .
1.5 BAFIR-CD-MNPs B R HINE

K RGO B AW S R W R
£-CD-MNPs-AY & 91, 5 H oK £ Bk ik it
S, B F S TR (IR b TG, R
I B A4 F S-CD-MNPs [0l i %

2 FRHWE

2.1 MNPs#18-CD-MNPs HI& B

K AL 27 R U0 TE 20 A R MNPs,
Xh:

Fe?"+2Fe* +80OH =Fe,0,+4H,0O .

JH APTES % & fif: b 4 15 77 X MNPs 47 3
T i, A5 B R A A R R & W APTES-
MNPs , 5 6-TsO-£-CD F: 4 45 4 5 0 A %
B-CD-MNPs'*! . & i i) MNPs Fl1 8-CD-MNPs
3 59 SR FH WG AR 1k AT o B, AR 3. AR X Lk
R, E A Fe,O, R 2 APTES, 8 )5 i
— W 6-TsO--CD LB T 224 % .

2.2 MNPs#13-CD-MNPs 34
2.2.1 BEESH

MNPs 5 8-CD-MNPs & 5 H1 7 . f 45 M
ke oA B il 4 (a) (B4 (b) B4 (c)
K 4(d). AW, MNPs 5 #-CD-MNPs 4t
o EEA AL, H 2Rk, 1 R w5,
TR ) A8 A JR 3 L 3R o UKL ST MR AR 4y Sl AE
(11.4142.20) nm 1 (10.914+2.41) nm, ¥t W B
~CD %I MNPs #% I °F- ¥ R0 42 52 i AR K K, X 7]
AE 2 P o p-CD By JE AR A2 AL 25 R 1 nm ~2
nm"* R R DU A G KO I Sk, ORE [] 1Y
Jri H A SR B4, FTRE SR I Ry T AR BT B Ak RN
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IRAYITERER Y8 (o) -CD-MNPs 5ZBHR A
FERERR I e o s

Fig. 3 Separation process by magnetic pouring method

(a) p-CD-MNPs and ethanol mixture; (b) separation process of
S-CD-MNPs and ethanol mixture on magnet; (c) f-CD-MNPs

and ethanol mixture standing and separated on magnet
2.2.2  LrshRiE ST

Kl 5% 3 -CD. ATPES. MNPs ., APTES-
MNPs 1 2-CD-MNPs {19 i B i 25 46 217 4 5 1%
P, i MNPs (9 204065 &1 5 (¢) 75 1, 570 em ™
1624 cm YA AU JE S Fe—O £l i 45 R 3 Tt

Wb, 3 420 em ! A5 T TE B4 WA U TR SR 4 3 A i
4 P s Wi . 181 5(d) S MNPs B APTES &
M I B8 21 0 56 35 18], Fe—O S 4 45 A1 1 i i 78
500 cm'~650 cm I Bl A IS —2825 4k, 2 820 cm !
A2 900 em ™" IH J& S 9 2 B iy C—H B o 4
51,830 cm A1 050 cm &4 A HJE A Si—O—H
F Si—O—Si K A1 /Y i 45 = 2y i, 1 650 em ' I
3430 cm 43 1 H J& T —NH F1—NH, 1) {1 45 $iz
B, 7] W APTES s &4 7 MNPs, & 5(e)
H1,1 010 em "HJE N B-CD B R-1, 45 18 42 Y
4R 4R 3%, 1130 em 4 19 W Wi & Sl B-CD 1Y
FF B 4 (C—O—C) 1y 4 9% 3h g, %
B 3-CD i Zh 4 4% 8] APTES-MNPs & fij 7%
2.2.3 HEHHMH

Bl 6 thab.c i £ 5 5 MNPS | APTES-
MNPs LA} f-CD-MNPs 9 5 5 i1 48 . i & A
UL, =Rk AR T 200 “CH, 3 1 BT — R &858
1y % 8 2R A8 RN T AR Kl p~CD-MNPs >
APTES-MNPs>MNPs , J& H1 T 7 3 1 W Fff 1)
— S ) (A K B R 4 W) 28k 8k, B-CD-
MNPs & 5 3 7 K, 02 B8 FORRG 25 15 ik

d=(11.41£2.20)nm

Distribution/%
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10 11
Size/nm
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d=(10.91£2.41)nm

Distribution/%
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B4 MNPs (a) 1 5~CD-MNPs (b) [ TEM [E; MNPs (c) fi1 3~-CD-MNPs (d) fHife s34l
Fig. 4 TEM micrographs for MNPs (a) and -CD-MNPs (b); Particle size distribution diagram of MNPs (c) and f-CD-MNPs (d)
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— (@ BCD
—— (b) APTES
— (¢) MNPs
—— (d) APTES-MNPs
—— (¢) B-CD-MNPs a
16451417 758 579
b 4157
3427 1o
=
i 71
1600
d S5 570
3420 Tei0Y
e
3430 50
1710 1 400 630
1628
3410

4000 3500 3000 2500 2000 1500 1000 500
Wavenumber/cm-'

B5 (a)B-CD, (b) APTES, (c) MNPs, (d) APTES-
MNPs #il (e) B~CD-MNPs fI£L4M G E
Fig. 5 FTIR spectra of (a) f-CD, (b) APTES, (c) MNPs,
(d) APTES-MNPs and (e) f-CD-MNPs

K o3 HE X — i BE U N A #8425 & MINPs
(a Hi £k ) 7E 200 ‘C~360 CYL [N, HELE K
R NEHBE A, RERAH 1.2%, v e &
TRL -2 T 2 53 i i B0 ; APTES-MNPs (b
2 ) B 55 U 4R T AR 240 C~560 Cix — 3t [l Y
RERAN 20 N AR, JEH -2 WD
P E . f-CD-MNPs (c Bik) 5 4k
A 220 “C~560 CIEE N, /E B [ A, R &
L5700, T4 £-CD AH: At — L A HL
Yo o i T B . DS AN AR B il RLER B p-CD
Ty b B2 B TR M AN KR SR
2.2.4 HRPERESHT

Kl 7 & MNPs, APTES-MNPs f1 3 -CD-
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B6 MNPs (a), APTES-MNPs (b) #1 /-CD-MNPs (c)
A A i 2%
Fig. 6 TG curves of (a) MNPs, (b) APTES-MNPs and
(c) f-CD-MNPs

MNPs 1 2 I @ i |l 26 . 25 1R W, & i =
Tl 4 J53 %) 5 i g #0 R 5, H AE H X = RR A T
HB LA R IF AR S B R 4 R
753 i, MNPs 191 #1826 2R 4 65 emu/g , 7F i i
APTES 1 p-CD X H #F 47 & 1 2 5 , 1 F # Ak
4390 R 60 emu/g F145 emu/g . 9 HIRE 1K R )
AR =8 2 il T APTES Ml p-CD #8 K~ B A7
P, AT ST AR S T MNPs 098G, I H B &
A6 1 1) 3G, JHE 2 M 8 Y B2 e G OK

80
B-CD-MNPs
60 |——— APTES-MNPs
MNPs
40 +

\S]
(=]
T

M/(emu/g)
o
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_80 1 1 1 1 1 1 1
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Fig. 7 Susceptibility curves of MNPs, APTES-MNPs and
B-CD-MNPs

2.3 B-CD-MNPs3tAY B EER G EHIERT

CODS&EEKPFMNOGENELEERTH
SFHEKNESEKRSFOMEEERT, £
L E R R B o A AR ) B
45 fEpH 10 A MEZ vhis b, AY S5 a0 A
SN, Wi, B-CD 1 AY # 42 LA % 4 I 1K
FETE, BE AT 0 H A (R B B K ¥, A T
WAER . #1420 5% Ik X (1) 353145
#| p -CD-MNPs X A [F] % B2 AY 19 & & &
m#kE 1.

R LM QX ERFRIEI9, Hutkal I,

\ ‘
/
N NH,

B8 AY T4ty
Fig. 8 Molecular structural of AY
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A 1 0.003 90 mg * mL~'~0.007 80 mg - mL ™' ¥ J&
T FEL A O, A Al PR 1 B A G Y R Y
B~CD-MNPs X AY Byt -& A, 5, b
A AY WL A E WO, 2ol 1 TP 22 W
AY ¥ B {E 0.007 80 mg-mL ' Z J5 , #-CD-
MNPs 3 HAD & 7% i T4 A
F1 [-CD-MNPs #FAY 49 6065 R R AY kA
#4948 X% b
Table 1 The correlation between the inclusion capacity of AY
by CD-MNPs and the concentration of AY dyes

5 ¢,/(mgomL™") Q./(mgg™)
1 3.90x10 14.0
2 4.90X10°° 16.7
3 6.00<10 19.3
4 7.80%10° 20.9
5 10.8X10*° 21.0
22
21+
20
~ 19F °
§ 18
;; 17 + o
16
15
14 +
13 : : : : : : : :
0.003 0.004 0.005 0.006 0.007 0.008 0.009 0.010 0.011
¢, /(mg-mL™")
9 A-CD-MNPsXfAY (At QB AY W ¢, 1)
LS N

Fig. 9 The curve of the relationship between the inclusion
capacity O, of AY by S~CD-MNPs and

the concentration ¢, of AY

B-CD-MNPs X AY #4145 HL B Al £ Bl
Langmuir 1 Freundlich Wt Fff ~F 5 2 i o 17 8
T IR B 2 2 O
Q.Kc.
1+Kie,”

1

Freundlich: Q,=K,c,", (3)

X Q.: f-CD-MNPs xF AY (1) F 5 W B &
(mg-g '), c: W B 5 J5 7 W b AY 1 ¥k B
(mg-g '), Q,: 3-CD-MNPs A fix K W Fff &
(mg-g '), K, : Langmuir B B % 50 (mL - mg ") .
K J2 5 W B 00 L W B4 Joi A 25 R R

(2)

Langmuir: Q,=

I B2 A G 1Y Freundlich W BF 5 4%, Hovbn s 1
W B 500 ) W B AR D — A R, S 1<e<<10 B,
K (2) Fn X (3) ] 43 ) AR 8

C, C, 1
S = 4
Qy Qm QMKL ( )
anFZIHKf+%lnce . (5)
7

B4R (4) i %Xa‘ cAEEMIE 10 (a) , 4R

P (5) H InQ, ¥ Ine AEETFE 10(b) o
K110 (a) BYLRPERE G R 7 0.944 4, 21k

5 é — 3.46 X 10 %c, + 1.28, 5 10(b) H

e

Fe&s, AL A VE O #2308 T Langmuir W% B F 4
PR 1 AN £F A Freundlich W fif A #Y . (28 (4)
gk v 7 B2 T8 T 15 8-CD-MNPs # K & &
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