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Interaction of Hydroxypropyl{8-cyclodextrin Modified Multi-walled
Carbon Nanotubes and Mandelic Acid
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Abstract Carboxyl groups are oxidized by nitric acid and introduced onto multi-walled carbon nanotubes (MWNTs). Catalyzed by
ptoluenesulfonic acid (PTSA), the oxidized MWNTs (MWNTs-COOH) are reacted with hydroxypropyl-8-cyclodextrin (HP-8-CD) to obtain
HP-B-CD-g-MWNTs with good dispersivity. The prepared composites are fully characterized by Transmission Electron Microscopy (TEM),
Fourier Transform infrared (FT-IR) spectroscopy, and thermogravimetric analysis (TGA), the results indicate that HP-8-CD is successfully
grafted onto MWNTs. The dispersion performance test indicates that HP-8-CD-g-MWNTs are well-dispersed in the aqueous solutions, thus
the composites are able to find their potential applications in biomedical materials or drug deliveries. The interactions between HP-8-CD-
g-MWNTs and mandelic acid are investigated by using Ultraviolet-Visible light (UV-Vis) absorption spectrum. The results indicate that
mandelic acid is adsorbed on the surface of HP3-CD-g-MWNTs by conjunct interactions, such as -7 stacking, polar interaction, and
hydrogen bonding. Due to the molecular interactions, the absorbed molecules are able to realize controlled-releasing or sustained-
releasing from the surface of MWNTs.
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Fig. 1 Chemical structure of mandelic acid
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LI HP-B-CD 5 Ak 2 BE ik 49 K 45 (MWNTs-COOH ) £ fig 1k )2
N B A IR AT (B A AR, IR SR A L AR 4 41 5
T RS A 0T S T BORAE TR MR 38 1T 43 i
PESZI0 25 48 T AR E KW P i A ik o e A DU Ak R R
L 254 iz 5 A =11 L6 3% 7% (UV-Vis spectroscopy ) B 5
TGRS R R M B S AR, IR T /R BLE A
e 20 KA 3 2 40 oK A4 R A I TR IS B A W 4 4 MR TE AR
’ft5%
1 XRIH
1.1 RFIRAEE

ZRER IR AT (MWNTs; 218 =95% , K & 5~15um, HAZ
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L3060 BT (H A By A vl )

1.2 HP-B-CD {&1fi & B8k 4 K & (HP-8-CD-g-MWNTSs) &y

H&

MWNTs-COOH 2 % Sz Bk[1 1]#4 77 3 1 45 . 100mL [5 JFE 58
A in A 200mg MWNTs . 20mL HNO;, # 7 73 1% 30min J5 , FF
% 120°C, B FE R N 24h, RS HE B H R =0 %Y
A 500mL B FoK, g H 258 7K R E vER gD,
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B E IR P R VR B TS T T 80T T
48h, 53 7= MWNTs-COOH,

TRE YR 100mL B EHH, It A MWNTs-COOH
60.0mg .SOCI, 25.0mL . DMF 2 ¥ , #8743 8 30min )5 , Jh iR &
80°C , Pk I 24h, ik Fe 2% 1R B 2R S 19 SOCI,, 4k 28 i A

MWNTs:

HP-f-CD:

HP-3-CD 1.0g, = &} (Et;N)0.5mL .DMF 10.0mL, Ft i % 80°C
PRI 96h, N 25 5 B0 4 B A K R
BFOKBERE, RS TR T T 80°C T T4 48h 134
HPB-CD-g-MWNTSs 64mg (/& 2).

DMF, Et;N, 80°C
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DMF: \
CH;
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B2 HP-B-CD-g-MWNTs K #ll & i 2
Fig. 2 Road map for the preparation of HP-3-CD-g-MWNTSs

1.3 HP-8-CD-g-MWNTs B R fiE 5 47

14 L 8% (Scanning Electron Microscope , SEM) 43 #7 i} | 7€
WA F 1 4 e L R R  R AR 4 ) A
MR F R DRSS, RIRETE R, A JSM-
6510LA B i+ i S st A7 40 .

il B AR £L A (FT-IR ) S35 43 W 4% LA T 20 SR B A7 JR T
F#1Y HP-B-CD-g-MWNTs #E4il (29 1~2mg) . T4 KBr (£
100mg ) T+ 19 39 B Dt ok vp B0 T 20 AT R RS ARt fy . B
R A T TSR R R A HLINR 2 10MPa
FE 1249 208, il 55 B R EE o 0% S 1 KBr i FII R 43
B AERE L SR 1 78 I B 400~4000em™ #EAT FT-IR YGilk H13H

ﬂﬁﬁﬁ(thermogravimetric analysis, TGA) i, SR HE A
RS, LA 10°C/s 1 3 N 2= TR THE 2] 1200°C, 328 FE
i Bt 9 R AR Ak 2k T il 2 L
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I RUB o 3B B o B RN DTN o e i A= S ap O
— S TR 1 016 R IR S D R 0 B X A D A AT e R TR
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T AT ST 2 TR A T B AN K A T SO TS

o — e EmAKRER A LB FKPBEELE I G,
B MO AT UV-Vis JGIE 4, 20 B MWNTs 7E& 1 1l 506
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10mg/mL Jii Bk B2 7K ¥ W vh 8 A5 4L ¥R 1h J5 ,8000r/min 5 /L

Bl 62

30min, MU I35 W #F 17 UV-Vis % HHH, 5 HP-B-CD-g-
MWNTs 2 & T 7K 2808 s BhIR /K % W UV-Vis Y61 HL ik,

2 HR5ITR
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HP-8-CD-g-MWNTs 1) £L ) St i an & 3 iR o A i 7
3450cm™ A O—H (1 i 455 Ik 5 ;2920 F1 2850cm™" W i 16 43 5]
R C—H A X B A 4 31 30 1 X B 10 46 418 201 5 1640cm™ 1L
WELb SRR C=0 1 45 P 3l 5 1460em™ W2 AL e Ay e 44 K
B FF T BR AR W Wi 0% 5 1200~1000cm™ Ab TE 2 fin W i i
a-ME g Y C—O0—C &5 il 2 3 .C—O0—H 2 fifi 3% 297 ;980cm™
e AT N 553cm™ b WU O oo ML RS B A B BRAIR Bl LBk
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Fig. 3 IR spectrum of HP-B-CD-g-MWNTs composites
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VR UE T HP-B-CD ##E K fE MWNTs KM,

H TGA £ & (& 4) 7T %1, HP-B-CD-g-MWNTs & 4 1 )
B AL EIX 8], B — N X E] O 200~320.5°C, KE Y
HP-8-CD-g-MWNTs & & # ¥} 7 ff 4 19 HP-B-CD 41 ¢, K
R 37.2%; HAKREXEM 320.5~510C, KHE5 HPS-
CD-g-MWNTs & & £ 41 WBF ) HP-B-CD 4 fift A5 ¢ , 2k R Y
H20.4% ., TGA 43 Hr3¢B , MWNTs 2 i 4% 17 K& HP-B8-CD,

J 43 3 %o

50
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R/ C

4 HP-3-CD-g-MWNTs £ & #1 #l # & ih &
Fig. 4 TGA curve of HP-8-CD-g-MWNTs composites

[FIERF Ay 4 308 B A T B 1 05 HP-B-CD.
MWNTs # it (19 SEM E 4n & 5 JF 7R . MWNTs 78 324 HP-
B-CD J5 , MR AN TE S0 ol As R I (g (HAS 42 0 B 0L, o HLE

(a) R% MWNTs
(a) Pristine MWNTs

(b) HP-8-CD-g-MWNTs £ & # 1t
(b) HP-B-CD-g-MWNTSs composites
5 ZERMARERAHBIEER
Fig. 5 SEM images of MWNT samples
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R FAE R HP-B-CD B i £ 4% 31 MWNTs £, 4
MK, & W HP-B-CD-g-MWNTs 78 7K 7% W ' 89 43 1 Rk /1 ik
2.3mg/mL,

2.2 HP-B-CD-g-MWNTs % Mt /5 Bk B 9 15 F 150 5 35

J5 i MWNTs MWNTs-COOH . HP-8-CD-g-MWNTs & & #f
BHE KW T 28 8 75 4 8UE W R E AR F T Tk R
YK RE A R BE A 22, T LT AR O3 B0V W AE 58 b -]
DS S TR PN 19 W A DA 1 R 4K 9 (225~275nm) (B 6 B 7). i
BEIR T 77 A6 2R 3R SR L 7 252,258 ,262nm 17 7F 3 A1k
W, 24 MWNTs-COOH 5 Ji Bk BRVE WO 75 2 B &) ) Wi e
RIEWR X 50 KRE ARG R AR F 320k iR 2
R BT AR G, (A5 WPk BR 19 o B ) e 40 K 35 5
B, T e BE AR vh i BT kA BRGT T T BE BB, Bk g
W AR

M0 0K A H B HP-B-CD JE % HP-8-CD-g-MWNTs & &
W oEHE ,HP-B-CD #4580 25 48 MWNTs 2% 11, AT KK
W0 T ML AR KV W (VA P . HP-B-CD-g-MWN'Ts & & #F
BT e Bk R VS R 7R A IR S0 a0 A g o 4 i — >

fl — AR RERARE
B: i bk
—— Cr AL ZRERARET
—— DAL Z RE AR
— I BERRAR il

0.5 F
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6 ZEERAIK ERE ML SR TR I i fh 2k
Fig. 6 Curves of UV-Visible light absorption spectra for

MWNT samples
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5 \ B FE P - BRI - 2 RERR A A4
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Fig. 7 Curves of UV-Visible light absorption spectra
for the mixture solutions
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SLIUEDT T 257 5nm A0, BEEA R B R 19 o TR A3 1 e A4 oK
R S5 LSRR ENE G, AP mkm i
KAE Je HP-B-CD (L5 7] & 30, Jwi Bk 2 5 HP-B-CD-g-MWNTs
AR BT BEAEAE - MEAR | WM AH BAE R SRR
H i,

3 %ig

AL FE S T HP-B-CD &1l 2 BERR 98 K&, R £
B2y B K T BEn SEM FT-IR St TGA 285 7 High #y |
B A0 BABM L1 1o A1 A A 5% L 58 A1 — 1T D56 3% o R I WA g
KIER IR T B T B9 oK 4 I L2 6 6 B S Ak 1R 1Y
YERBLET, 2 T 200 H 20 F ke e vk i 0 I 3 B Sl 1 48
Ah=TT ULCTE R . AR SCES SRRk 9 K B A AR OGS R
WHE A B T 52 50 A B AR 4k .
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