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Preparatlon, of Catalyst Cyclodextrm Ee-TAML to Activate H,0, and Oxidize Organic

Mlcropollutants in Water

LIU Qing*quan, CAI Ben-zhe, CAI Xi-yun *

(Key Laboratory of Industrial Ecology and Environmental Engineering ( Ministry of Education), School of Environmental Science and Technology, Dalian University of
Technology, Dalian 116024, China)

Abstract: In order to improve the stability and catalytic activity of Fe-TAML, mono-6-oxy-cyclodextrin bonded Fe-TAML catalyst ( CD-Fe-TAML) was prepared by honding
Fe-TAML with cyclodextrin (CD) through chlorosulfonylation reaction, metal chelation reaction, and nucleophilic substitution reaction. The catalytic activity and stability of
CD-Fe-TAML and the oxidation degradation efficiencies of 34 organic micropollutants such as antibiotics and pesticides by activation of H,0, in water were studied. Compared
with that of Fe-TAML, CD-Fe-TAML at pH 7.0 had a 49-fold and 25-fold increase in the rate of activating H,0, to produce iron ( V/IV)-oxo intermediates and the
degradation rate of the substrate, respectively, and its self-oxidation rate was reduced by 70%. The stability of CD-Fe-TAML was 0. 7-699 times higher than that of Fe-TAML
in the pH range of 3. 0-10. 0. Specifically, the stability of CD-Fe-TAML was 33-699 times higher than that of Fe-TAML in the pH range of 3. 0-7. 0. The sulfonic acid group
in the molecular structure of CD-Fe-TAML had an electrophilic effect, which could increase the positive charge density of Fe in the active center, accelerate the 0-O bond
cleavage of H,0, and the generation of iron( V/IV)-oxo intermediates, improve the catalytic activity of Fe-TAML, and also improve its hydrolysis stability. Meanwhile, the
CD group in the molecular structure had the “electron shuttle” effect and inclusion effect. The former could accelerate the electron transfer between the active center Fe-TAML
and H,0, to improve the catalytic activity of Fe-TAML. The latter could inhibit the hydrolysis and self-oxidation of the active center Fe-TAML by inclusion or binding of the
hydrolysis sites and oxidation sites, thus improving its stability. The degradation efficiencies of micropollutants by CD-Fe-TAML/H,0, under weakly acidic and neutral
conditions (in the pH range of 5. 0-7.0) were 0. 4-59 times higher than those of Fe-TAML/H,0,. The degradation efficiencies of CD-Fe-TAML/H,0, on nine micropollutants
with a molar volume less than 0. 20 L-mol ™", such as acetamiprid and sulfadiazine, were 0. 3-1. 1 times higher than that of Fe-TAML/H,0, at pH 8.0, and there were no
significant differences between CD-Fe-TAML/H,0, and Fe-TAML/H,0, for micropollutants with a molar volume greater than 0. 20 L-mol ~". The results of odide oxidation
by CD-Fe-TAML/H,0, showed that I~ was not oxidized to produce iodo-disinfection byproducts (I-DBPs). The degradation of micropollutants by CD-Fe-TAML/H,0, in the
surface water sample was not disturbed by water components. The CD-Fe-TAML/H,0, system has a potential application in the removal of organic micropollutants from water.

Key words; CD-Fe-TAML; catalyst; H,0, ; organic micropollutants; oxidation degradation
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15 YL R i S

KA T R KK 3R 27K FE (BE/KTH 0 ~ 20
em) , SR PR PR AG A A5 7K A pH R 7. 3, FELBHL
ZR1 931 Q-em. B 0.45 pum BEIELT GRS K RE
PEATIE0E , R EIEURAY). A ATHREE multi N/C 3100
TOC 53 A7 A3 I 75 35 38 J5 W K AE 19 p [ B AT WL B
(TOC) 1(Lh C i) H(8.85 +0.15) mg-L~". 7E4d &
JEZKEEHINA 34 Fiidors Y priR bR il 450 4 100
pg- L™ BANLGYIKEE. 76 pH 24 5.0, 6.0 F17.3 2%
FF ,JFE T CD-Fe-TAML/H,0, & Z Xf /K AL s i35
YW RS SE UG AR S 25 B8 oK AR

ZR5itie
2.1 CD-Fe-TAML R4 M F4F

2

100% [ G m/z F1 622, CD 5 Fe-TAML fiff
Pk S A SR R g B 2 — A~ HCL 2 F A5 2 7=
YI[ M BRI 20T 1 623, [M—H* ]~ (R §E
WERY m/z 91 622, 3 BT il 45 M A 1L 7 o CD R
UG Fe-TAML [ 8l 2 (a)]. FTIR FAE45HFH,
A WA CD-Fe-TAML 2% T CD (—OH, —CH,—
il C—O0—H) A Bt {k Fe-TAML ( %K¥F . —C =0
—S0,—) WA 454 [ 8] 2(b) ]. XRD FRAELS
RFEH, CD-Fe-TAML % T CD Fl Fe-TAML B /i
A [ K 2(c) ]. 7E5ACH Fe-TAML fiff [ 52
5 B-CD (55 A% BUR B B AH R B 2506, X FR R Ak
WA 5 B-CD S5t ity 6 i B 3L & Ak T S8 1% BUAR
JNE il 45 T B 6400 B R Tk o 3k -B- 3R RS (6-
0-monotosyl-B-cyclodextrin ) 1*0*01 " 0 A HfF 5% il
# I CD-Fe-TAML b #i- 6-%-CD-fif_JiR H-Fe-
TAML. ( ]

e
e .‘\ F

CD-Fe-TAML By MS & & &7~ , AH X =
B 1622.42
100 (a) MS
80 [
| 623.44
£ 60
=
o
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40 1 624.45
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546.37 1134.25 1625.51
489.02 40 211048
o L500%% 150438 | | 13531 [ 162141 Jl 626.46 10
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(b) FTIR ““\J‘/ i
CD-Fe-TAML i CD-Fe-TAML
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Fig. 2 MS, FTIR, and XRD images of CD-Fe-TAML

2.2 CD-Fe-TAML fEfLF By fifbPERE

# 1 WL#® T CD-Fe-TAML, Fe-TAML, Fe-
TAML/CD AR A BRI & 1) Fe-TAML B4 1L
Wi 3h J1 2% 2805 S5 AL R 1c M L, CD-Fe-

TAML f#AEFIIE AL H,0, &R M 8k A R &, 425
49 fi5, A B R Rk, BEAR 70%, it ¢ CD-Fe-TAML
TR S 0 1 A AL B fie %6 & 2055 25 1. 5
HHGIF &1 Fe-TAML f#E{b74H LE , CD-Fe-TAML & %
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F) Iy T deg B[ 435904 1460 Le(mol-s) "' A1 1.5 x10°  L-(mol-s) ~' J4%if. MM CD-Fe-TAML ¥ k, 8 (8.0 x
L-(mol-s) ~" ¥ GRS AHALF 2b [k M ky2r 1070 ™) 5 HELREM I N2 1a (k ] 9.0 x
141850 Le(mol+s) ' F12.6 x 10°L-(mol-s) " JFI 1077 s ") A4, b 2b Al 2¢ (k; 73510 2.0 x107% 5™

2¢ [k A1 ky 43 5 1900 L (mol-s) ' il 5.2 x 10°

F18.5%x1072 s ") /IMRZEP!,

%1 CD-Fe-TAML Hifis{ BRI RE S HRTbL
Table 1  Comparison of kinetic parameters of CD-Fe-TAML

Fe-TAML X]/X2/Rl) kI/L'(mnl-s)’l ky ><104/L-(mnl-s)’1 kiXIO’S/s’l LYEiES S
CD-Fe-TAML CD-S0,/H/Me 1 460 +60 15 +2 0.08 =0.01
le H/H/Me 29.4+0.3 0.573 0. 005 0.27 +0.03 SR
Fe-TAML/CD H/H/Me 19.8 0.2 0.387 £0.009 0.10 £0.02
la H/H/EL 1.8+0.1 0.28 £0.01 0.09 +0.01
b NH,/H/Me 28 +2 0.42 +0.02 1.15 £0.07
le H/H/Me 31.4£0.1 0.495 =0. 002 0.30 £0.01
1d €O, Me/H/Me 381 0.73 £0.01 0.11 £0.01
le Me/Me/Me 49 +3 0.90 +0.05 0.42 £0.01
1t NO,/H/Me 152 =5 2.7+0.2 0.34 =0.02
lg NO,/H/F 350 +2 4.1+0.1 1.1+0.3 kL399
1h Cl/CVF 361 x1 121 2.50 £0.03 —
2a Cl/Cl/Me 1490 =20 4.0+0.2 11.0£0.4 =/
2b CN/H/Me 1 850290 26 1 o 20 £1 v
2% NO,/H/Me 190012400 52+7 : ), 8526 Ve =
3a H/H/Ph 85 x3 0.19 +0.01/ 0123 £0.05 A A
3b H/H/Me : 140 £ 20 2.3+0.2/ . 3.040.4 W i
3c 7 NOL/H/ Me 150030 6.8 £0.7 V' % Ar=:p3 P
4 E RV F0.634070207  (1.19+0.03) %1042’ (4,1 +041) x10~*

1) 0, 10y o Gt e LA TAEHAR A KD o PANLS 5 (O Ao
AT F 5T ﬁz“ﬂ:*ﬂzlm S M 2,3 70 Tl Fe-TAML, K Aol W & '

Y

TR IMN HB‘M&% Iz 1% f%&ﬁﬁgméﬁ
Tiﬁlﬂ’“*ﬁ?iﬂ I T Ik, 5 1gh, 539 1L ﬁt(a)
(R¥=0. 748 P <0.001) 1t (4) (R?=0.605, P <
0. 001) FISEFR. Igh y F1 lgk, 5 1ok, 25 IEHIK, 3
WAL TG A HL0, A8 s Mk i M ey, RIS
FA) A O i 35 1 R E Io T A T A A 5 o
£ 1) CD-Fe-TAML ()4 1k B fife 16 PR 8w, 10 H R A
HREAR. VW] CD #EA AL R T Fe-TAML (14

G dE i 1 AR .
lgk, = 1.935 + 1. 061 lgk, (3)
lgk, = - 5.086 +0.907 lgk, (4)

Collins AIBAHIE T 7F Fe-TAML 431 3k 3" ok
AR AT IR | A SR R A U
A, B WL T30, RE WS H2E = Fe-TAML (1.0 Fe
B IE LT 2 R Fe-TAML 35 1k H,0, JZ )i
P AT e E K, O 4R v A AN T PR
A B, 3 Fe-TAML A9 4 4k 3% 1E7°" . CD-Fe-
TAML 2548 5 A B4 5 I H 7 356 A it i ikt B 1 10
Fe-TAML % 4t H,0, B9 KN, £ &5 3 P ol Fe-
TAML WAL TR . A BFEER 1 CD RIAE R« 72
AR IPRERR IR Fe 5 H,0, Z A0 F 56808
A, D AR A R A £ B B CD-Fe-TAML

=

LR €D T A HLF o A R T
FURERS AR M L Fe-TAML 3% 4k 1,0, 152 7 , i
ML RESE 25 1% PR 0 Fe-TAML F4 {4k 35 1. ]
W H T2 A 51 AT Fe-TAML 17K fift )2 1 B4
%B’Jﬁﬂ%ﬂ’ﬁﬁﬁ“ﬁ SU B CD-Fe-TAML 2544 v ()7t

READRIIE ML Fe-TAML 97K fift , 42 25 LK figt
%é"“”@ SCHRHE T 5 Fe-TAML 45 #2500 4 8k bk
HEATE CD /NH bl A VR BRI T 3 2 s
Fe 5 [ S A B A7 0 0 22 o, 30 T H: B E 4k
N4 CD-Fe-TAML 5 #4 w1 () CD 3% A1 1 i X 3%
rw iL> Fe-TAML [ H A7 5 1047 25 I8 sl &5

B L B AR RO, AR i AR A AR M R 4

CD Fe-TAML ) k, 4& =5 Fl k. M&fﬁﬁ,ﬁ\xﬂ”%éﬁ
PEAL R it S g bR, A5 &y $28. BEAh, CD R
YA & RIS CD BB (A 35 e
A S, PR B A AR S B ~*3 CD-Fe-TAML
o Fe-TAML ## & 7F CD B9/ B IRPIEEM CD K
FLaE AR 23 i R ) 5 36 4 o0 Fe-TAML /9
FEES AR HF 3 A Bz fl, n R RS 4 ) A Ak %
S .

X HRSCG R, 5 Fe-TAML #H Lt , Fe-TAML/CD

RAWERN b, F1 k235 TR T 33% M 63%, 3

Hoky FRET 35% (1), XUTFE5 (098 & M
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B-CD A 3 3k ot B 7 A ) ' i 4 A7 st U B
SN TLA, BRI 5 06 i, 2 400 ] e
PRI IOGAR. X CD X Fe-TAML 1404 545
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() k, N F%. Fukushima %5 [OBIFSE & BLES N 2E-B-30
BPKG (HPCD ) v] DL 3 3k 55 8k O 1l B 45 4 1 il 4k
NSRRI SR AR RA . X 16 CD X Fe-TAML W4
AL B A SO fH45 Fe-TAML 1) k, T F%. Fe-
TAML/CD JBSIR RN k, FIESSEH b PR I
A1, CD 38 0] 38 3 X6 TS 40 A0 B A B o S 9437 A5 5 7%
PEY IR B fih | S0 RS 4 P47 A Possetto 250
WF5E & B B-CD 3t 1 A A 1 FHAM i A= 90 V3 945 46 i
[ 5-Fenton Ak, X ULRH CD X9 A9 25 s 11 4 fiE
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0.14 B
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£ 006
<
0.04 f )

3 4 5 6

g 11—

U y'ﬂ =
Y o )|
CD-Fe-TAML {¥) 7K i 52 3 2 B pH () F} 5 7%
WA, 76 pH ]9 3.0 ~7. 0 BY7EREI A M 0. 013 min ™
BT FIES] 5.7 x10 ™ min ™' 7E pH 8.0 K& VA I
ff CD-Fe-TAML (1) 7K fift 380 3R 7] Z 0% (€] 4) . CD-Fe-
TAML 7E pH 24 3. 0 ~ 7. 0 BT P G 7K i g 1 kb
Fe-TAML #2547 (pH 4 7.0) ~703 (pH 4 3.0)

12 —
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0.14 j -
0.12 f
_ 010 i B
‘E 004 1 -
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BRI 5 M AR IS PR AR G B i, th 2 58k,
TR,
2.3 CD-Fe-TAML AL A2 E 1

FEMEAL R A H,0, ¥R EE 435024 0. 25 mmol - L™
F12.5 mmol - L™ 54 F , CD-Fe-TAML [ [ [ fift 3
FAE pH 3.0 ~7.0 BIFEFE A M 0. 013 min =" & #i
FRE3 8.2 x 10~ min ™', 7E pH "~ 8.0 ~10.0 17E
FIKM 1.0 x 10 min ™" & @ F-%] 5.1 x 107
min "' (& 3). CD-Fe-TAML fJFa M7 pH 4 3.0 ~
7.0 BYFE B N HE Fe-TAML 27 33 (pH 5 7.0) ~
699 (pH 4 3.0) 1%, 75 pH 4 8.0 ~10. 0 Y7L Fl Y
H Fe-TAML $2£# 0.7 (pH 4 8.0) ~3.1 (pH K
10.0) 1.

700 9

680 k- § kre-tamu/KFe-TAMLCD

660 | \ 8 kretamu/kep-FetamL i
100 |

80 H

b

]

B3 RF pHAR S TOD-Fe- TAML fEHL AT
Fig. 3 Stability of CD-Fe-TAML catalyst at different pH values

5,76 pH 24 8.0 ~ 10. 0 78 [l P 1 7K fif et o2 ek 45 0
MR RTC B B2 45 RV, CD fik & B &R
{5 1 Fe-TAML 7ERRYE R 254 T 17K AR Tk
Fe-TAML 73— DU 28 35 2k 78 12 1 58 b M v
T2 5 R AE R K R RN, T30 Fe®* A TAML i
A T 2 2530 T R SCHE S CD-Fe-TAML 4%

700 =
680 % kretamu/kreTaMLCD
660 \ B Are-tami/fcp-FeTAML

100 |}
80 H
60 H
40 |

i

AN

E4 [ pH EEMHT CD-Fe-TAML &4 7k fRiaE
Fig. 4 Hydrolytic stability of CD-Fe-TAML catalyst at different pH values
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Fig. 5 Degradation rates of organic micropollutants by CD-Fe-TAML/H,0, under different pH values
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JKf#. i CD-Fe-TAML 2544 T i CD th 5B X 1% 4 th
> Fe-TAML [ 7K A0 mi AT B B A sk 25 5, kil
HIKA# ;. CD-Fe-TAML 7E pH } 3.0 ~ 7.0 ({78
FEL DA ) 7K A i P A 42 T2 B 2 Fe-TAML/CD £
ZI0 4 ~8 15, 101 CD-Fe-TAML 5] AG 2 KL i 15 1%
PRy Fe-TAML %) 45 #4 F2 e 14 0 42 i 02 % Pk o
Fe-TAML P 7K fifeFo g P& T (%) =22 [ 1AL

HRAE B B4 i S I 3R 56 F1 K A 2 07 3 2R % CD-
Fe-TAML 1 H % Ak S b # %2 17 T 1158, CD-Fe-
TAML ) H %Ak S 1 #3278 pH 4 3.0 ~10. 0 A9l
BN 1.0 x 107 min ' & @ EFFE 5.1 x107°
min ~'. CD-Fe-TAML 7£ pH 4 3.0 ~7. 0 5B N A48
AEFEPE L Fe-TAML #2155 0.26 (pH 4 7.0) ~39
(pH }3.0) 4%, 76 pH 4 8.0 ~ 10. 0 JLH M 8 & 4k
FasE M b Fe-TAML $25 0.7 (pH 4 8.0) ~3.1
(pH 9 10.0) f%. 7] W, CD-Fe-TAML 7£ & 11 Fi1 b
ZRUETT R Ak A B R R T A AL Fe-
TAML BY7K 5% S5 R0 30 3, 5 B 46 T R 1
P EEE R TSP L Fe-TAME 1 H & 4L 52 17
Bl ' N A

LR i %%’fm‘"{fk % B Fe-TAME FFHA 2K o5 3
PET. CD-FE-TAML 45# 1 1) CD SERAR i bt
T o S R AL 59 0 g i,

S Py Fe-TAML/# H SFA S Fe-Té.MLg,(;D"‘;,-

AR AR S CD-Fe-TAML {h R ABET
K ALPET T CD X [ S 5 1 A S A
CD-Fe-TAML (48 Ak A2 e P4 =1 A 32 2 A
2.4 CD-Fe-TAML/H,0, #& R X4 HLITS Y21 i
i g

FEREALT] . H,0, NG LIRS Ye ¥ (0 ¥R B 43 5l
9 10 nmol-L™" | 10 pmol-L ™" 1 100 wg-L ™' &1
T ,CD-Fe-TAML/H,0, & & Xf 34 A HLIKTS G4
P4 o4 figp 3 A B A R 2 Bt pHL (T 13 1 5. 7 pH
5.0 B, 34 Fhisis B e 60 min P I A Rk 5]
14% ~ 100%, — 2% W% fift 3 2 35 5] 0.002 ~ 0. 47
min ' 24 pH FHE 5] 8.0 BF,60 min PN /Y [ R A
£ 35% ~ 100%, % fift 3 #6355 0. 011 ~ 2.3 min"'
(Kl5).

CD-Fe-TAML/H,0, 14 % 78 55 % 1 A1 v 4 2% 14
(pH 735145.0. 6.0 F17.0) T X 34 Fhisis YL
Wi R4 [ Fe-TAML/H,0, 7K 2 & 45 &, Hirb
16 pH K 5.0 W45 2.8 ~59 £, 7E pH K 6. 0 42
1.0 ~22.3 fi%, 76 pH A 7.0 ABHEE 0.4 ~7. 3 £i5.
CD-Fe-TAML 7£ 55 B 5 A e P 28 T 5 30005 4 14
TEALPERE 1 45 R 32 B2 96 M oD Fe-TAML (17K

JFeTAML TR SR i A WA T I

fipp A M (4 B R TR 1.

FEFIRE 2 F (pH 4 8.0) F, 5 Fe-TAML/
H,0, 1K Z A I, CD-Fe-TAML/H,0, 1A Z& %} 10 Fh %
1Y IR BUR AR T 0.3 ~ 1. 1A% W A5
14 o4 i 56T B M 2 5 (BT 5 )L P 9 Rl fi
TR A0S S P i EE JR AR FR/NT 0.20 Lemol ™', 16
T AR ok 3R I Sk e 2 ) 4 BT e 14 P R AR
F0.23 Lemol ' iS5 R, BEIRIRBUINA TS G
I 5 I CD K 1 E A 31 %5 1 Hh 55 Fe-TAML
F fl RN S TR R AR FRUR A ls Ye W) AN 25 5 i
CD 23 BRI H 5 Fe-TAML B4 fil | 40 LR A
2.5 CD-Fe-TAML/H,0, & & 7=/ 1-DBPs Y 11
PEAG

CD-Fe-TAML/H,0, A& Z S fb L i - 55 46 2%
R TERAE B TR (1.0 ol - LZY R /4
5 AR b 6). FE T (20 wmol=E S 1 50
ol - L") FRY Pl 5 IO I 1 ¥ W AT 5
At 2 AR 0 4B 1 1 2 1 (AR TR £l
0.2 mg-L~}) , VLT H4U0k B2 107 o 1RV LR AR
i HIO 510 . 1 FL WS e b A 1 1005 (1
B 0. 01/mgr L7 )b Skin %50 iR 3¢ % B ik
otk 2K T AL R IO 3210 o b
UL 10; (BT HI0 55 10~ 75255 DOM & iz
A= i 1-DBRs. 17 Shin 25 (58 & BL O, . KMnO, .
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10~ (BANA H0, o Rsgan ik 1. 5 R Ui,
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Fig. 6 Experimental results of iodide oxidation
in CD-Fe-TAML/H,0, system

2.6 CD-Fe-TAML/H,0, {4 Z X Hi /K AKFE H A5 HL
T e B

£ pH 5 5.0, 6.0 Fl 7.3 %1 F, CD-Fe-
TAML/H,0, K F 1 h N XTHb R KK BE 34 FhA L
TT5 G 9 25 B 53 Bk H) 13% ~ 100% , 17% ~
100% F1 31% ~ 100% , B i 3 #8535 15 ] 0. 002 ~
0.47.0.003 ~0.64 F10.009 ~2.3 min~' (K 7).
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Fig. 7 Degradation rates of organic micropollutants by CD-Fe-TAML/H,0, system in surface water samples
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