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ERAAE da~de, HELS LR SH A SEM S HEWABAAITTRE. B I RNEEALHESHIE
da-de FHIHEERTHRSRERRAE S35 0.75.082 M 037 S EHMFRAERITRERE . #

ERETHIAEEHIR P ERFEN, KESRELS

THEERSERNE ARFHERES . A O0UR

MERSE MAXALBHREEGHEE N FWIE Bded N BTFRANBREIORMEEN 40~ 4c B
Ni** 3 0 0 R IR 4 B0 A B2 96 mmol/g 2. 93 mmol/gfI2.66 mmel/g. 7E pH < 4 B 5 AR Pk % 1 TP AR A R B RE T
W TR s 0% 0 EKRBMEH RO ERERT.

XER KalFRR, HAE, a8, KW, RET

HERREZBAMS 3N EETT T
BECHENRSBEEXMEVIEEN X &4
TEMNHEE R LL T E THFERNERE,
EBETFLHESBRHE BTERS B BEH
BRMEFOESFFEEFREONEANE, A
RERGYNGR S REHER —RBEE FER
RAKRTRFEHN -MXK/NI T THEY,
BER RERETEREAI AL ERXB AN
BERWESEE AT RHENOEARIE
—HERMIEENRE. — 5 HRE A ER
E&2%ZMA TSR E FKAE KAKK

ESRETLABESOHY EXEWHNAR
TRHEGRMESENE —BHE SHRFEERT
AEFLBIFUESWIE, EIHFELTH
#4355 T 2 (8] i U IR) 28 5 7R R, L O B 4 E it
HA—EHEARSE AR ER S, A
REEL AR R R R H AT SOk P i 8 X
AEAWITHNF R RE . AR ISR THF
BENAARESHIE. AN TENE FRK
P, ERFURIEERARKBEAEIRTFMHRE
HETFAEEHRMENDFRAES. S HEEN
W1 RTs .
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¢) NH,CH,;CH;NHCH,CH,NHCH,CH,NH; da~4c
Fig. | The synthetic route of series of cellulose resins grafted with calixarene
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1 XEHHS

1.1 NR5EA

Avatar360 B £T 51 5%V ;S-2700 B H IS & ;
Vairio EL 1 8 B Bh T # 70 H7 0 WFX- 11 BUE F R
B AR R (HERIEH) M S00CH
BELERTHBAERTERRE) HERZRSH[9)
FERARYE; —CEZ RS- Z RN
e, B iR 2 K oy B 4k
1.2 A
1.2.1 EHGEEHREY 1 HER |3
HRL6 1/ ¥, 4% 5.0 g£F 4 Z 1100 mL DMF i A
IS HREET AR AEE MO
L B MAE 0C, ZEBHMIT.5mL_ 8
WM, BmAE.S h, RERFESSCELS. 44
RAE2.5h, B3 — R B, LB AL KR, B
HORGHE A3emEKERIE, BRE84E
ME, HHZEKSNERZEPHERTES 380
RIFECEE, hREHEEMEY L
1.2.2 SHEEEENGEREMED 2a~2cHE
B SBEIXMleIFE B3 2R AFREM
£81mAFEA 100wl DMSO # = 02K+,
WHEMMESCT REMA4mLL —E, %8R
124 h, Y H G4 KA A300 mLE K B, k4
FAECE MR VIEARERERIIEEEEL
LA TR R ARRE K 2a2.64 g FH M
FE,BHEBREEK2b2.72; tHEKIREE
2c2.82g.
1.23 L3 _HEFREK[4]IFREINE
B ZHEXE) s, AKEF T, H¥35¢
(5.4 mmol) #F [ 4175 %5 1150 mL£2 /™ ¥ Xk 4t 38
B 2R MA R 250 LA = OO BEREH , B IMA0.2 g
(1.2 mmol ) KI #11.9 g(13.5 mmol) K,CO,, $if #
0.5hfF, M AL1.5g(16.2 mmol ) R & E A £, i 4
PRkl 3, RRE12 h, TLC BRES R Wi AR (4] 35 20
R wEXEERERTSBEN ROEER. M
3mL 10% K HCl BEfL EMEHE, F 3 x 10 LB %
B3R HEHNERKEEPHE,.GHAHHE,. X
K MgSO, T4 1118, 58 W48, M A 10 mLF A%
MEHE &S SR THEI g BEHE 3. mp 250
~253%C (X #R{H 251 ~ 254°C), '"H-NMR: & 1.08
(s, 18 H, C(CH,),), 1.35 (s, 18 H, C(CH,),),
3.35 (d, J=13.2 Hz, 4H, ArCH,Ar), 4.20 (4, J
=13.2 Hz,4 H, ArCH,Ar), 4.31 ~4.56 (m, 10 H,

CH,, CH), 6.96 (s, 4 H, ArH), 7.15 (s, 4H,
ArH); 7.76 (s, 2 H, OH).
1.24 HAGEEAERESGNIEa~4cKE
B RSBV T . %053 1,3-“HERER
[4]7542 3,030 g B EAERTEY 2a IMAF|E
FHSOmL 1,4- "8 AN, s 8 # %
48h, TLC RERUIL A IEERNTZE . BE
REKMAER, B, A 100mL 7K U 3E 7=
Y e, AR EHUERAR ] T BRAZRKE
BABER IR, IR, PEABEER, BT, B
0.67 g MO RBA da AR H30.45¢ 1,3-=
HEARRF (4] 5 R IS0 BRAERTLEY
2b 80.64 g IR [E K 4b;0.40 g1 ,3- “HHA
EN[4]F BRI H03 B BEAERETEY 2c B
0.6]1 gl (LB R E & 4c.
1.3 N
1.3.1 REREHATEERGWIEa~4c S
BEFHRMEENE SHEXB[6IFE. T
BEBUMZARBEPIMAIOmgHH,S5 x
107 mol/LEY &R B FIHE W10 mL, 7 30C FHE A
WS h, o 3R 8, B R R IR R B ik
ERMESEETERE, REASEET AR
Q ={c-c")VIW,
AF QO HNIOnEERSx10° ml/LHERE T
BEHNBRHAER, c YEREFOBREE, "X
ERFEEERE FHRE, V AIFROER, w
hBERER.
1.3.2 ¥EEHS5x107° ml/LATE B FHBRAR
fEERE CRAWESBEFHRBEABNS
15 00 78 4 R R B A B AR IR 10 mg B G 4 B A A
BI&4 5,10,15,20,25,30,35,40 mLIKEH 5 x
107 mo/LMBRE FHEM Y. J0CTERERSES,
HEEHMESRETHEE FHTELRHER.
1.3.3 AEpHENKEEEFHEHERNE
TRABOM=AFR P IAL mghd,
[l pH BB TEH % 5% 107 mol/LNS R TR
10mL, 7 30C FHEREGS h, L2 &, BREH
BAEFRWEELNERMSSRBE FIRE, H
HHHEBHER.

2 HRE5ITE

2.1 HFUUIFEREBRAERESHENRITSE
B
WFH e - MERER /DA ILE RS
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EHRGNERE MAEEHTHFHIIKESR
BOFE EHEFISENPRERE . GRS
BN THRE  NANERKDTNER T ML
HE 5 AE LHRER A 5 T R A S R
MERA MAEMNUHAEER —-BRNEELE
PO BT A LR BEERFTE LI AGER
KMFEEREA . AHHEE LSIAS SHEHFI
PSSR, M HETE 8P R &Y
WA S M T -8 2 BRI H
ERTHARENARREAGRE B TEER
TEEBPRR T AN A I R e
SEAN BETHREARSA R, HKEL
HEF o ARG L LRV K TR, T LSRR O
BEYAREATEHRSE T LVBEFF, BT
BAgEETELEANITBEERRENPASEE L
BESIFEREM LS N 121 A, 7T LK 43 2
MR FRERAEEE AW da~de B HINA 1
AT R &5 .
2.2 EMWLINE
EHBR T EERTEEES RIS 4a ~
A WL ANER L R ET R EMEY 2b(2a~c
A AMERAL, L 2b AR WE 2 iR RS 4a
~dc WS EAHEE 20 ML MERMEL . R
BHESFEELOm ' EAEERTHENE
AERFEDHRKMETOem ™ £H HBHA 1,2,3,5-
P LA 3 3 0 4 AT 25 Al B 3 R Wi 0, 5 56 B AR 5
RSN TINENBTREL B4 58ED
2, BEY da~dc lEEFMBEEMR K IERH
REWBAGE, XHARFEEMAERTRE
AEESONE, XU EEERLF LR 2 PR
WAERARE LHS 5T HREIFF .

2b
4a

4b

3000 3500 3000 2300 200 1300 1000 300
Wavenumber {cm™')

Fig. 2 IR spectra of 2b.4a,4b and 4¢

2.3 BREFEE 2a-2c REEBEMESHE 42~
dc PHSEBRENITE

FEIFBTHRESFHEE 2a~c MHIEda~c
METERE SRR ¢—OH # R M# 35 EH
REEMEAE B a~c MASEIITE YL
FHEE D C—OH 2 F IR G B G fy B
(DSY#4 M 0.81 - 0.86. HIE 2a~c FRMNF R IT
BHELNRAY TSR LEERMERE, RE
TR EBTEERNTHRETLELZEK SR
HREERE 1L MEMARTRAENEYD,
PURIEE S W LR EHRETERE S -1 FE
HHE . ATHEEMEYHENRREESRE
FARRMNABIEAL  BEREGY 2 M4 PHAF
BEAHROAREREALAFM > FREE K
A e Ay LR i B A g B ¢, —OH
RS R HBRE R I1TUES, B
ELW LSRR AN, BEMNF S MR
L ER R H 0 B AK da #0 4b LR IL 2a 0
2b BN ATRERE T 2a 1 20 PR R E, F
FREAEERE K, FE— MU HISEOTH
BEWAtoasteds . EEERE 4tk 2¢ M
HUIQBE dR i K, 3 T RE R e T = T 2 5% 70 Jrig o 4%
K AN AN E T EERT LU S SHER
FE, T B B T R A 7 b 3R S R AR D5 i O B
HRSHTAMEHERESHANFEERT LS
A TFFER R, 5 BRI 2 1 T F B g K
FRERA .

TFable 1 The NS content, DS{ ¥-donatar)and NS { calixarene )

in polymers 2a ~ ¢ and 4a ~ ¢

w(N) w{N} Ds*
Polymer DS* { N¥-donator) Polymer
(%) (%) ( calixarene)
2a 11.81 .81 da 4.69 0.75
2b 15.22 0.83 4b 6.4 0.82
1 17.90 0.86 dc 8.03 0.87

" DS: Degree of substitution

231 HHEERERAREMEMITE H
FRESMALHBEHEATESE, TLIA RS
BEEETEY 2 EAHTRERBRENE Y L5
ZEAAN ASEBABLAERBRENT
HEWZEZHPAITHERLL. HIIESY 2a,
HEEASEN 11812, FUER 20 5HHNI 2
BE 422 mmol, WIS BRI EMETRE A
5.18 mmol , B R &5 H B LAY BE UK HE 0.81 B R
LE.
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232 EAEWEREYHAFERAEMEMTE

BT B A 8 BB RN AT e WA R, TG
T ARGE T BB AR R R R

wo(N) + My = ( X+ M2 + M) - o (N),
w, )N REFEREHRVAMEAT TS,
M, AR FREERNITFABIAEER T
(FEE)WFEFHS TR, X ARTEHILE,
MR AT AR ER CEENEIN SRR
TG TR, (NABRERNEAERGE B
EARHES X HMAGE R ERFEORR
B

5um

2.4 E&PlEda~dcIRME

WIENRHMEES KEERESFETHX,
3EMAE da~dc TESOOO SR THEEEER.
MEGAILES, B 3(a) 2R B MR RER
G, XA ERA T 2b ZRIFAERBNGFEEA
AT {08 £F 4 3 4 TR RIS E M 3R 38  TE R (4]
FRERAEZURE, HERETEREREE
F. R RFIBEMZREZEBRRR . X RBAH
FHAFBHSIANAREEZMER S TR
15 B PELES , DA TTS (5 4%) Bl A 5 4 A R WA BB, X
FL BB B 5 H X B T 1 R B R R

Fig. 3 the SEM images of polymers 2b and 4a ~ 4¢
a) 2b; b) 4a; c) 4b; d) 4¢

2.5 MABEd4a-~4dc HEBEFHBRMIELE

2.5.1 WHEENE R 2ILEEARE 2
~cHIEAMIEda~dc HREFILBREFHRKE
BoME2AUES, AEREABE 2a~c BF
REOETFRMES, X H 0% K 65 BT,
(R PE B R B B F1 8 2  BE A RIS da ~ de X BT
ROLBRBFERFORMEN, XEHAETFS
BENKLBRBEFHEEEMESREFHOER
HmEe X—BHEN L HERERREADESRY
ERERECUORBES KX 0.01 -
0.1 mmol/g™) SR BEF 4 HK 2a~ c ML, BIE 4
BRI TFRM A 8 E TR, A N £ 3
AR R R R A, X — R B S e
BEFEDHACBREE R EE Y EERE
AWM RMEHTUARSEH SRS DM
B, AHEARE RN AEERRIEPL %
KETHEBRTH. BHTHRERETSHAE Y
e (6] Y AE B, LA BOAR 95 42 80 51 A B3R £F 4

FPTEANERERSARBMNEHBLAH TR
A TR YRR, AT RER AR REEAHET
REEE ST B — L RS A R B T B Al
HRAFHRFRBTHAFERARETHHFEN
BAREN =BT ETRET LR E Fik
BHEMFEFERE ES5RHAE 4b # 4c t 4a B9 Ni*°
EREEEMRBMEETEREMIE @b
R EEBREER TR EA®A R
WZEZBRM=ZWZENEE  EHER=%%
EHHEAREE AT SBE FESFHENTR.
Table 2 The adsorption capabilities of polymers 2a ~ 2¢
and 4a ~ 4c towards cations (mmol/g)

Cations 2a 2b 2c 4a 4b 4c

Na* 0.202 0.288 0.180 0.085 0.074 0.163
K* 0.562 0.410 0.238 0.098 0.342 0.310
Ag* 0.574 0.964 0.628 0.194 0.139 0.474
cd* 0.444  0.706 0.558 0.786 0.423 0.233
He?* 0.926 1.053 0.839 0.624 0.317 0.280
Ph%* 0.727 0.754 0.821 0.706 0.344 0.188
NiZ* 0.238 0.431 0.305 1.040 1.093 1.186
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2.5.2 WHRHER RTESHA 42~ ¢
WNCAHRARMEES, B e fIR
NP HERRE AR SRME 4R AE A
PAE B AR 4b 3F Ni°° B B 735 mLBf JLE 2 15
Bt 0, 0 R B B 294 2.93 mmol/g, W AR 4
%t Nit* BT B TR B 230 mLAEY 35 B, 4 AR
B2 B 249 252,66 mmol/g, M IE 4a REEBEHR
K EAXEARMEENRS, E30 L 2 A%
A AR AR 2982.96 mmol/g. SHERE
POF bR R AE AR, B S da ~ o Xt
NI AR EEFEHK 4a~dc Wi
MEMAREKTHRNERNTELEENIREGY T
KRBT EREE R T FREMRKRE X,
SEERMIEPHNEE U H TR, N
W AR TEE.

)

=io0r A— 4a
g a4
E sk T %4
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Z 'y

3 20r ./
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Fig. 4 Saturated adsorption curves of 4a ~ ¢ wards Ni?*

2.5.3  pH {& % IR B 4 R B B i h TEA&R
BG4 o & R 3, pH {8 X 0% B BE T e m B A
5 BREAWIE 4a ~ ¢ X N fEAR A pH (AT K
WM RE AE A LIFL, pH AT 4 o IR B
H2aB TR XEEAIERRE FHIEPEREER
HRE T B# R EN NG BEERED .

1.4}
dc

—
[

i —
= oo e D
T

et
N
T

=
=
T

Adsorption capacities of Ni*' (mmol/g)

Fig. 5
4a - ¢ towards Ni**

The effect of pH value on adsorption capacities of

2.5.4 HEMFEHHE WERM S mE /5, M
10% MEKFRH, EEMKEEEATRM. 0
ETEGRIEda-cHeREF N EE/AS
TP EHER, &R 42 57050 % 1.040,0.921,
0.904, 0.857, (.825 mmol/g, 4b 4+ B & 1.093,
0.936, 0.910, 0.873, 0.837 mmol/g, 4c 4+ B H
1.186,1.033,0.926,0.863, 0,823 mmol/g, T 8 %
IR ERIFHER FRAE.
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SUPRAMOLECULAR CHELATING RESINS —— DESIGN,SYNTHESES AND
ADSORPTION PROPERTIES OF CELLULOSE GRAFTED WITH CALIX[4]ARENE

YANG Fafu, CHEN Xilei, GUO Hongyu, CAI Xiugin
( College of Chemistry and Materials Science . Fujian Normal University . Fuzhou  350007)

Abstract A series of novel cellulose resins grafted with calix[4 ] arene 4a ~ 4¢ were obtained by reactions of
cellulose poly( ethyleneimine) derivatives 2a ~ 2¢ with 1, 3-bis-epoxypropy! Calix[4 ] arene 3. The structure and
appearance of the chelating resins were characterized by IR, element analyses and SEM images. The degree of
substitution of calixarene in 4a ~ 4¢ was (0.75,0.82 and 0.87, respectively . The adsorption experiments of 4a ~ d¢
towards a series of cations showed that the calixarene units played an im}:;ortant role in adsorption. These resins
combined the adsorption advantages of cellulose derivatives and calixarene polymers, exhibited not only high
adsorption capacities, but also high adsorption selectivity. Chelating resins 4b and 4¢ showed very high adsorption
selectivity towards Ni'* . The saturated adsorption capabilities of 4a ~ 4c were as high as 2.96, 2.93 and
2.66 mmol/g, respectively . The adsorption capacities of 4a ~ d¢ decreased remarkably when pH < 4, and they can be
reused by desorption with aqueous solutions of 10% ammonium hydroxide .

Key words Calix[4 ]arene, Cellulose, Syntheses, Adsorption, Ni’*



