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Construction of Cyclodextrin/Aminoclay-based Supramolecular
Hydrogel and Its 157/, Adsorption Property
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Abstract Aminoclay (AC), as a kind of layered silicates with positive charges, shows high dispersity in water and has been
widely applied in the fabrication of intelligent hybrid hydrogel. Herein, heptakis-[6-deoxy-6-(2-sulfanylethanesulfonic
acid)]-g-cyclodextrin (SCD), a kind of negatively charged cyclodextrin, was employed to construct the supramolecular hydro-
gel with aminoclay through the static electronic interactions, and the resultant SCD-AC hydrogel was fully characterized by
means of X-ray powder diffraction (XRD), scanning electronic microscopy (SEM), fourier transform infrared spectroscopy
(FT-IR), zeta potential, rheological test, etc. Significantly, the SCD-AC hydrogel can efficiently absorb not only I3 ion in
aqueous solution but also I, molecule in organic solvent, giving a high adsorption capacity up to 90% with 10 minute.
Keywords supramolecular hydrogel; cyclodextrin; aminoclay; iodine; adsorption
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& rpofs 2 T B A R D RE H KRR 1R R PSR TR . HAT, B TOKEER T4 B T ATINZ K
VE, JRREBUAER BB EHEE MR SRRl R TR R R T 1 7 8 P

ZHEAE L (Aminoclay, AC) 2 —FhEA =R A HLRI L, 1 Mann 205 K [ 300 K& BOHI0ER. %
a2 B EAREERR S A5 M RO BRSNS B k. R, R R R R R R b,
RAEFRT, R R ERE IR, BRI AR R UL, HE R A S LR
AT ISR A PERE, ARG O T N T 2 AN, B N JE g KR T RS E I, AF N SCAE
SCEAHUR I, % RED-RE EAORRT, ARG & R TII 2 fLA R A R . G, IR RS 1 th
Wi R T A K B R 3 rp 234,

AR IRATAERIF TR TIRINE K 6 AL L 5IN T SRR, Y L) 7-[6- i -6-(2- L AHEIR)]-B- MRS (fisk
WIRBINE, SCD) AMUEAA WL & T RGN, 10 H i TR AR 51\ A B AL PRI /) 1 9 B A
MR AT R . RETT, AR AT 5B AR AL PG 5 2R Ty I P A R AT A1, WU T oK
B o B B B ) AR S5 LU R ARG 1) 2 Jls A 45 /K B B AT R B e P o o D SR R I, JRATT R 45 0 7K sk
AL AT RT 13 BT RIS 1 i R MR RS, FL e K B B B R RR RIS O3S i 32 i, 10 HLAE A L
F AR AT — 2 R 1, 7 T R
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SRR - R PRRS AR SOk A& %L, K A AR 3-E I = AR AR R R IR 24
NI, R FFPRIA DT BE T B B . (B S2) , HEMMEKUIHRERE (*HNMR, B S4) R FH-A5 i
A (FT-IR, B S6) HiF. X FHkATHER (XRD, K S5) 7F 20 = 5.79  AHEL—ANSRAIAT ST, 5 B FT il
BB G EA RS, SFEARNEIERN LERERN 1.6 nm. E4 B 7558 (TEM, B S7) fHH#
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Figure 1 Formation of SCD-AC hydrogel

WA BT T KB TR Bk, TE— 2 AR, o £ sLr (1 SCD RIS IE FL ) AC BT &
TV E NI R HI W B R R BT (B S9) o TE/MIEH 2 BIFREUZ 4, 1 50 mg. 60 mg. 70 mg. 80 mg 7% 6
AL 24 8, AN I 400 uL 5B FK, IIANBERET IESERE 5 /R, B BARCR RN RN SR E
2.66 mg/uL 1] SCD 7K. LA 50 mg 2841, 17) 6 & A 2 A2 L 70 HoR i AN 43 i 5 pL 10 uLy 15 pL.
20 pL. 25 pL. 30 pL SCD /KVEWUG 4k 435 £ 2 /Nf. 60 mg. 70 mg. 80 mg ZH4 41 50 mg ZHACFE, [FIRiC a4
AN R TR T BGRER, VE R ANER 1 TR, R 1 AT LA, 76 AC FI SCD & S AR s I A4 T Re g T Biok e
fie, JEHIEIN AC H B NS BRI BOEEIR I 75 22 1) SCD &8, IX A2 KA SCD /)N M Bt 5 A5 48 o FEL ) 2 152 114 47 LA
AC TEKH T R TH A1 I FLAa (1 7 JE R, — 3 a5 i r A R A BRI B AT /K A TR G, 24 AC & B RUD I,
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i S 2 1) SCD R ALl A4 RERF HAZ O BUBEI: ez, 25 AC S EIGINI, TR AHX B/ SCD Hlgefl AC
ARG BENR o« 09 1 DR PG SESEI0 B — 20k, RATIEFEIFRIE T — MR BUKBUR I (Wsep = 1.70%, Wac =
12.82%) HKAEATH T RAILK .
K1 AN
Table1 Test of hydrogel formation

ACImg—3CD/mg 1.33 2.66 3.99 5.32 6.66 7.99
50 S S S S S G
60 S S S S G G
70 S S S G G G
80 S S S G G G

(S: sol, VWi: G: gel. W) AJMEEIL, SCD 5 AC MAREARE (mg) For, Jk24 Mitksh, FomBmsEA/MiT SCD MR &, AN
AN AC (1

BATVFIF A O 15 1) SCD-AC /KEIRIR AR T REREAT TR, 7620 'CF, BN () N 1% TR
SeG, A UAER 2 ORI —E APRTEE N (o = 0.08-100 rad/s) EfEfHE (G) KA K THFERE (G ,
Wt BA BT il 25 PR AT R S AT SR (MR . I LR SR 1) A AT Y Tl P9 il A7 B B AN PR PR R I LA (tand = 0.15) %
AR AR, IEW] SCD-AC /KER B & — e faett. Bk, ENAEENRS, BEEHMEN 1 Hz, a7 LW
5251 SCD-AC /KERIZ REMEE NLAS /N T 439% 0 4E Rl I (I VERE, AEN AR KT 43% 2 )5, A e/ N THikeiiE, Bk
VAT 7367, k2 i, BERMLEEERAE T RN . i, FRATIER T [ 5E M SN 2% 3% 4% 5% 8%-:
10%. 15%. 20%. 25%. 30% I, SCD-AC /K& MHRGANFE R . oI LLIEERI/E 8% JJulH iy, Al i
FEME L LA tand YA W AR L, NI 10%A5 5] 20% VU Y, AR R S BURE R R LU AE tand B HTE) ,
PERBIZWT T B 4R J7ik B 259%0T, fif 715 i 5 BRI S 7E Ry AR NI AR S N )ik B 30%H0T, filAF R
TR, B ORI nT DLHEN,  7EMNRIR AR 40T, 7R B J17E 8% ulH Py, SCD-AC /K
B A BT 0 1 VERE, Ml e BT R T 25%N), BRI BIRIR . A, FRATENR T [ 2 RN 2 Hz,
5Hz. 10 Hz. 20 Hz. 30 Hz. 40 Hz. 50 Hz N, SCD-AC 7K ¥k i) N AR g FE 145 . n] DA 21 7F [ 2 F 55K 30 Hz
CAPIEF, K (0 B A 4 AR B A1 IR B 2 40%IS, W] LAERRBEIR G PERE s 7EIE @ A% 40 Hz I, 1X—36A8 RN
A3 30%; TE[E E A 50 Hz BF, B4R B O VAR T 70 i[RItk SCD-AC 7K & it ] LAAE [ 52 #9512 40 Hz LAk
17 NARR FEFH, I BT DA 738 BITE 300% 70 A7 B CR-FF it 45 44

(a) (b) . ©
10 10
e 10;rllllllllllllllllllllllllll!llll 10°kF
lllllllllllllllll-..-.
S . oo 9 © "y
%102r .....'00.00000000.‘..‘..... . %102!' o.o:l!l
o . ) s0e0s00000000s0s0e®’ i3,
° . G" e =
F10'f s10'f 5 o
o o . G"
10°F 10°
10" L 1 1 L 10° . A i
10" 10° , 10 10° 10" 10° 10' 10°
olrads” v1%

B2 (a) SCD-AC /KEHICHIIE A (b) FEER TN 1%}, SCD-AC /KERIRGIMEARE; (o REEHMIEN 1 Hz i,
SCD-AC /KEER N /1 E . 7R G (B, n), HiFlHEE G (Af, o), LR N 20T
Figure 2 (a) Image of SCD-AC hydrogel; (b) Oscillation frequency sweep of SCD-AC hydrogel at a constant strain of 1%, (c) Strain
sweep of SCD-AC hydrogel at a constant frequency of 1 Hz. (storage modulus G’ (black, m), loss modulus G (red, e, all the experiments
were carried out at 20 C)

Bl S5, FRATE KB T 5 IR T XRD WK, a1l 3 fis, HH4iff) AC (1) XRD i AHLL, SCD-AC /K
BRI IR /N AT S AT R I 0, [RIIN L8 (R AR AT S e BB W ARk, SRR T AR R I AR R, R SRR
(1 JE R A A O o T, AR Y SR B 2 J5, JEAEE B LART ) 1.6 nm 3402 1.8 nm, A RESE H
T BT RS N B EER L E S E 2 8], TR L2 R . N SEM EUEH, FRATRT DU 5 E)
TR 2O A LR FOIREE ), RPFTE SR L2 R AC B F 245115 LLORER . XFEL AC F1 SCD-AC 7K1
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ZrAMER (& S10) , AT LLIELE] Mg-O H454R%N (535.05 cm™) , Si-O-Si &3 (1119.53 cm™) 54 AE Wil A
B ARk, D U SR, I S A E KB P AR DUGR R . BRATHERT SCD A1 AC 22 8] 1% H A FH 2 e A J
FEIKFN Ty, B EEEHTES AC ZIKERERLE, REBRTEAZLEMMRKER. &5, BALEX
il £ (YR I 1) 2 THI FLART 3 A HEAT TRIFST, WA 3L zeta FE#A9+11.58 mVv (1] S11) . Z5& LA Lsess, AT LS
Yl % 1) SCD-AC /KEERHAT LU FRRE: 1 BHA LML 2) REEIIEREM: 3) FOBIR 12 I8
FH o IR A A FRATT 1) 25 1) 7KVt PR A0 W B 45 G 0 T 26 W E IO S F AR, 0% — R /K 5y f A &40
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Figure 3 (a) XRD pattern of the SCD-AC hydrogel; (b) SEM image of the SCD-AC hydrogel

MR N AP —REENMETCR, Bl e EaS NMEGEREEMEM, J LT BNt SmRng, &
BRI AR S P4 . H A2 E RTAROE IR B R AT RL, a2 FLAEE MOFs R BELEAT LA R B, 75 7K AH H I e
BHRPERE KRR, JT3 SCIRIRE I R 231 1A 2R BRI, (2 78 7KAR o B B AT 25 Bl BT AR — A e A 38400
RFTREN, |y BB K R VA R E IR, KM S E 1T 3 B TR ISR, X 15 8 AW BIAE 72 0 25 B
K& AR L, B — 28 S8 L. SHRANEF RIS, SCD-AC /KB KB AT 158 7 B 1R 4 i B L
e

Kl-1, ([KIJ/[1,] = 6/1) VAW Ah-1] WSO i 76 288 nm AT 351 nm &b HF AN = B R AE R i e . 9 7
TE Ja 85258 UG 5 T30, FRATBERCT 288 nm Ab 1R WA 068 5 P55 15 1) 15755 75 7KV I iR B A v 26 ( 18] S12.
S13) . B J5 7E KT T SCD-AC /K ERIRAT 157551 [ W Bt B DA W B 2423 o #4312 mg 7K BRI (Wsep = 1.70%, Wac
=12.82%) HIAF] 15 B F/KEW (0.029 mg/mL, 100 mL) H, /KRB AR R MAZLL EBAT NI, [FI R A
Bl ABEANEE. BEEF K -T WG S50 % KB R B e g AT T AT, TEAHR AT, it 288 nm Ak
W A e 5 P o i T 1) 28 s 0 SR M M Fe P IR PR R 45 6B, SCD-AC 5 AT LA KA W Fp B b 25 kil . A
Kl 4 FTLUE i, SCD-AC BEIRTE 10 F5 i P KT 13 Bt 28026 mT LLIS 31 90%, I HLAE 20 4384 N I& 2423 100%
IR . ik FH B 22 101 mg ZKEERR, &8s 1 B T 260 BB, TR B AR AE 15 8P N IA 2 90%, 1E 30 400 i
ISB T 100% (K 4). IR SREGFR ] SCD-AC 43 T /K EE R TE /K R B HE AR5 v (% 15 (R B 28505
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Bl 4 (a) I 312 mg /KEEE 13V MR B I R) 32 A0 48 Ah-m] RIS I, P e R PR 7 J RV R ) AR
(b) 7£ 288 nm AbFE I A AR LRI B 208 s (o) BN 101 mg 7K RIS fe 17 0 P i o 1700 A8 4 14 48 4= 1T DL it ]
PIEL: TR B AT R AR S (d) 7E 288 nm &b B B [8]1725 £ IR B 250 %

Figure 4 (a) Time-dependent UV/vis absorption spectra of 15~ aqueous solution upon addition of 312 mg SCD-AC
hydrogel, inset: images of I, aqueous solution before and after adsorption is taken, and (b) Time-dependent I5” adsorp-
tion percentage at 288 nm; (c) Time-dependent UV/vis absorption spectra of 15" aqueous solution upon addition of 101
mg SCD-AC hydrogel, and (d) Time-dependent I;” adsorption percentage at 288 nm

BAVFTE T SCD-AC /KEERAE KT 15 BB R Bt & o 5 iR SIS ARRL, K 155 mg 7K & (Wsep = 1.70%, Wac
=12.82%) JIAF] 178 F/KEW (0.76 mg/mL, 40 mL) 1, #ediidt 24 /NF. BT I8 FRERIKE L &, BERR
FiBE 15 % )5 F T AR A -m] RSO i 3 (P S14) , 1931 SCD-AC /KBS 15 5 KRt & 84 1 =7 SCD-AC
TR B 0.095 ZZ Tt 157,

B, BN P AL RS (ARG B 8, P DAZR PR = 1 i KR P . &5 gm0 1. 2. 3. 4.
5 [FFLAEER, 43 BIFREL 20 mg AC FA4L/NEH, FEIN 133 L 287K, fiFEE, 2% 1. 2. 3. 4. 5 5/h
PN 1.33 mg, 2.66 mg, 5.32mg, 7.99 mg, 10.65 mg SCD, |4 H— RINNIARIRE & A F I A4 4b KB . Ky
BRI A 138 TR, BECHEEE 12 /N, R BRI S B A S A B R - m Lo g, T SR
YIRS 15 FR d KR & JEN A2 P AC Ji & SCD i ) 15 A KR B i B B T35 2 vh, R IR 5 il
IR RIRS (0 S R IE n, 1 s KR B R e 2 38, 2B AR (B S15) o X ANEE FRIFRAIH| &
(BRI T 15" PRI R B AN A AR S R A 1B 2 B ) VR, FORRE 76 IR B 2 b e 3 2 O e .

2 BRI B R R B R PR
Table 2 The SCD content of hydrogels and the max adsorption quantity

Quantity/m YTl 1 2 3 4 5

AC 20 20 20 20 20
SCD 1.33 2.66 5.32 7.99 10.65
Max adsorption 14.75 15.79 16.46 17.64 19.08

BRAE KIS W B 1572 51, SCD-AC BEIIE e FE A HLIE IR 1, 0o BT /KFIIE S AMT, RATEH
T SCD-AC T-#E AT 7 LAR 5280 . SeF] FH L4 -n] WO 523 nm AL, THEARE] T 1, 78 1E Sl iAR
HERTZE (K S16-S17) . #RJE¥ 10 mg T-HERINEIME (1) KIIE kel (0.094 mg/mL, 3 mL) H, R — 5& B 1]
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A

V) B P 1E e 3 TR 28 b= ] LSOOG 1%, A 523 nm ARSI LR (1) FOIREE, HEmHEAR TR (1) fY
WP Ze (] S18-S19) . 4nf&] S14 flrz, SCD-AC BEIKAE 390 73 N RETE IR BT IE b is i h £ 60% 0 1, Has
B T SCD-AC BEIAE KA X 15 B B 30 . ¥ 9.39 mg T2t (1,) Y 1E SE 747 (0.094 mg/mL, 3 mL)
o, EERE 12 /NEE, TR IR () R R (B S200 A 1 =S R FT 0.19 =5 1. b
RIS A SCD-AC BE AT LLEEA HUAFI R (1), BE—2D9 @ T IR I T R 4K B8 23 Tk i B 78
Fl o

2 45ig

FEARTCH, AR — s S s PR RIRS R 11 i R R DA 3R T 2 A 7B, iz B e Bl T
MR . H T R AR T I AR RIS S I SIN AR I SRR A T G IR BN 7 T R LR IR
It /5 (W B R ) S8 E ] SCD-AC A AN ELREAE /K IR R SRS 19 AR DR e 2 25 B T ELAE AT HLI R R B — 5
(IR 1, BUBEST o ASSCIIBIE TR LA 4 o M SRRAT D e 2 [ 1) 2% A e S A1 1) AE it

3 XIEES
31 XE5RH

WM AR 1% A Bruker AV400 spectrometer . 58 41-11 WL 7300 3% 4 A Shimadzu UV-3600 spectrometer (it 72
B: PTC-348WD), FRAGIKKEE N 1 KA BE LG, 96 8i(SEM): KM JSM-7500F 94t i 1 S fsi . )
FEWAEI 5 uL BRI T o8 b, BT . B HE(TEM): FEI Tecnai G2 F20, JIiEHE 200 kV . HBFEFR
2 0.675 nm/min; EUE M HER: R 0.24 nm, Z855HF3R 0.102 nm. FI AL IBARIRER 5wl A% b T B S H LA
WL, ERIET . WA AR 2000ex (TA Instrument) Z4¢ bf# ] 40 mm “FAGHEAT R AR 240K . Zeta HLA7: 7F Zeta
PALS+BI-90 instrument (Brookhaven Company) HLA74X « 25 “C 4644 Tl 5E . Rigaku D/max-2500 X S £k AT5HY AE 18KW,
60KV, 300mA FillliX. £L4M6IE(FT-IR): Bruker TENSOR 11,
32 ZWHE
3.2.1 SCD-AC /K& 1A ik

FREX 60 mg 2 AR T/, IO 400 uL EBTK, FHMABRETHHRE 5 /AN, HENERASREE, [
I 30 L #<FE R 0.266 mg/ul BIREAVIRIRE KIS, Jadkaimist 2 /NeE, LSRR 0Bl K A AC e, IR
B SRR AL, FE 2 DN AERHR AR 5K, BRI R T KBRS

RB#Rk(Supporting Information)  $RAH T A6 PRRIIRE RS S RG 1) B AR SRAE LA 7K R IS R B S B 0HE « X 2Lt
BT LU 3% WA T 9938 (http://sioc-journal.cn/)_E T % .
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The positive-charged aminoclay and the negative-charged sulfonated cyclodextrin were
employed to construct the supramolecular hydrogels by the static-electronic interactions,
And the resultant SCD-AC hydrogel was fully characterized by means of X-ray powder
diffraction (XRD), scanning electronic microscopy (SEM), fourier transform infrared
spectroscopy (FT-IR), zeta potential, rheological test, etc. Significantly, the SCD-AC
hydrogel can efficiently absorb not only I3 ion in aqueous solution but also I, molecule
in organic solvent, giving a high adsorption capacity up to 90% with 10 minute.
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