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Tém tit: Bai bdo nghién ciru qud trinh ghép ethylendiamintetraacetic axit (EDTA) bién tinh 1én
nhua Amberlite XAD-4 nham ché tao vat liéu polyme hép phu dinh hudng xtr ly va tach cac cation
kim loai trong nu(rc thai bang phuwong phap chiét pha ran. Phan tir EDTA dugc bién tinh gin thém
mdt nhém COOH rdi dugc ghép 1én bé mit nhya da duge amin hoé dé tao thanh lién két amit. Cau
tric phan tr EDTA-COOH dugc khang dinh bdi phd cong hudng tir hat nhan proton va cacbon
("HNMR, "*C NMR). Cic budc ghép 1én bé mat nhya duoc nghién ctru bang phd hdng ngoai bién

ddi Fourier (FTIR).

Tir khod: Chiét pha rin, EDTA, Amberlite XAD-4.

1. Téng quan

Ngay nay, cling v6i sy phat trién ciia cong
nghiép va ndng nghiép, su ton tai ciia cdc cation
kim loai trong nudc thai dang tré nén ngay cang
pho bién, gdy ra nhidu vin d& vé stc khoé va
moi truong, moi sinh. Van & xu ly tach, lam
giau va xac dinh ham lugng cic cation kim loai
trong nudc dang ngay cang tré nén cap béch.
Trong sb céc phuong phdp dang dugc dung thi
phuong phép chiét pha rin (Solid  Phase
Extraction - SPE) c6 vai trd dang ké. Puoc bit
dau phat trién tir nhitng nam 70, nguyén ly chiét
pha rén dya trén viéc chuyén chat can tach tur
trong pha long (mAau) sang pha ran. Pha ran 1a
vat lidu hap phu dang xdp va co thé chira cic
nhém chirc c6 i luc voi chét can tich [1 2].
SPE di khic phuc dugc nhitng nhugc diém cia
chiét pha long (Liquid-Liquid Extraction -
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LLE) nhu han ché sir dung dung méi, giam thoi
gian chiét qua d6 lam giam gid thanh. Hé s6
lam giau cua phuong phdp SPE c6 thé dat to1
1000 1an, rét hitu ich trong _phén tich luong vét
va ¢6 thé dugc sir dung két hop ciing véi céc
phuong phdp nhu sic ky long hay quang pho
hap thy nguyén tir. Hon nita, vat liéu hip phu
trong SPE c6 d9 chon loc cao va cé kha nang
tao phitc bén vimng véi cation kim loai, cho
phép bao vé va tai sir dung vat liéu hip phy sau
khi rura gidi.

Trong céc k§ thuat chiét pha rén, phuong
phép SPE chelat c6 d6 chon lgc cao voi céc dbi
tuong phan tich va kha ning lam giau tot (hé s6
lam giau c6 thé dat 10%) [3]. K¥ thudt ndy sir
dung vat li¢u hép phu chtra cdc nhém chirc c6
kha nang tao phic véi cic cation kim loai.
Ngoai yéu cau vé kich thudc 16 xdp, vat liéu
con phéi c6 tinh chit va nude, bén trong mot
khoang pH rong. Do @6, trong SPE chelat, vat
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liéu polyme hitu co c¢6 nhitng wu diém ndi troi
hon so véi vat liéu vo co nhu silic.

Mot trong céic loai nhya thuong duge su
dung trong ky thuat SPE chelat 1a nhua
Amberlite XAD. DPay la polyme trén co s&
poly(styren-co-divinylbenzene) c6é ky hiéu PS-
co-DVB. Loai nhya nay tdn tai chu yéu ¢ dang
bi nho, ¢ dién tich bé mit riéng rat 16n. Tuy
nhién, ban than nhya lai khong c6 kha nang trao
d6i ion ma can phai ghép thém cdc nhém chirc
c6 kha nang tao phurc mot cach chon loc [4].

Trong nghién clru nay, nhua Amberlite
XAD-4 duogc lya chon do ¢6 do Kkét mang thép.
Céc phan tir EDTA duogc ghép 1én nhya dé lam
vat liéu hdp phy trong chiét pha rin chelat.
EDTA c6 thé tao phirc bén theo ty 18 1:1 véi
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hau hét céc cation kim loai. Tuy nhién, do nhya
sau khi dwoc gin nhém EDTA t6n tai ¢ pha ran
nén chi c¢6 thé nhan biét sy c6 mit ciia nhém tao
phuc bang cdc phuong phap nhu FTIR va NMR
pha rén, nén dé t6i wu hod qué trinh ghép, phan
ung ghép EDTA 1én nhya dugc thyc hién va
khao sit truée hét & quy md phan tir nho [5].
Phan titr duoc lwa chon Ia anilin cé cAu tric
tuong doéng véi Amberlite XAD-4 did duoc
amin hod. Phan t&¢ EDTA c¢é thém mot nhém —
COOH duoc tong hop sau d6 cho phan tmg véi
anilin tao lién két amit. Tir phan ing mau nay,
EDTA-COOH dugc ghép 1én nhua Amberlite
XAD-4 amin ho4 bang phan mg tuong ty giita
anilin va EDTA-COOH (hinh 1).

COOH 1{©}1
NH

Hinh 1. Qua trinh tong hgp EDTA-COOH va ghép 1én nhya Amberlite XAD-4.

2. Phwong phap nghién ctiru

Nhua Amberlite XAD-4 va cidc hod chat sir
dung dugc cung cip boi hing Sigma-Aldrich.
Phdé 'H va “C NMR dugc chup trén thiét b
Bruker Avance 400 MHz trong dung moi
DMSO hodc CDCl; véi tetramethylsilan (TMS)
1a chét chuan noi. Phd FTIR dugc do trén thiét
bi Nicolet Impact 410, ché do do truyén qua
bang phwong phép ép vién KBr.

2,3-bis/di(tert-
propionic

2.1. Tong  hop  axit
butoxycarbonylmethyl)amino ]
(EDTA-COOH)

_ Cho 46,2 mmol tert-butyl bromoacetate vao
hon hop 7,1 mmol axit 2,3-diaminopropionic
hydrochloride va 49,8 mmol

ethyldiisopropylamine (DIPEA) trong 50 mL
acetonitrile. Hon hop phan tng dugc dun hoi
luu ¢ 80°C trong 16h, sau d6 mét lugng tert-
butyl bromoacetate (7,1 mmol) va DIPEA (7,1
mmol) duoc thém vao. Hon hop tiép tuc duoc
dun hdi luu trong 32 h, sau d6 dé ngudi vé nhiét
d6 phong. Dung moi dugc cat loai bang may co
quay. Thém vao 100 mL diethyl ether va tiép
tuc dun hdi luu trong 1 h, dé nguoi 1i loc. Dich
loc duoc rira rodi chiét voi dung dich dém
phosphat 0,1 M pH = 2 (3x40 mL), sau d6 dugc
lam kho bang MgSO, khan. Tiép tuc loc va cit
loai dung moi bing médy cb6 quay. Phan thu
duoc lai dugc hoa tan trong tetrahydrofuran (60
mL) va dung dich LiOH 1 M (7,1 mmol). Hon
hop dugc khudy trong 3h ¢ nhiét d6 phong va
3,6 mmol LiOH tiép tuc dugc thém vao va
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khudy trong 2h. Sau khi két thic, axit acetic
(0,63 mL, 11 mmol) dugc thém vao va dung
mdi dugc cit loai bing mdy co quay. San pham
dugc hoa tan vao 30 ml chloroform va dugc
chiét véi dung dich dém phosphate 0,1 M pH =
2 (3x40 mL). Pha hitu co dugc lam kho voi
MgSO, khan roi dung moi duoc ct loai. San
pham dugc tinh ché qua cot sic ky silicagel v6i
pha dong 14 hén hop chloroform/methanol
(10:1). San pham thu dugc ¢6 dang 16ng nhét,
mau vang. Hiéu suat phan tung dat 20%.

2.2. Phan ung gitta EDTA-COOH va anilin

Hoa tan 100 mmol EDTA-COOH va 100
mmol 1-hydroxybenzotriazole hydrate
(HOBt.H,0) trong hén hop gém 3 mL
dichloromethane va 1,5 mL dimethylformamide
(DMF). Thém vao hon hop 100 mmol
dicyclohexylcarbodiimide (DCC, dung dich 1
M trong dichloromethane) ¢ 5°C. Khudy hdn
hop phan tng & 5°C trong 1 h va 20°C trong 2
h, sau d6 dem loc. Cét loai dung mdi bang may
c6 quay roi hoa tan lai trong 2 mL
dichloromethane va 5 mL DMF. Thém vao hon
hop 120 mmol anilin va 3 mmol DIPEA rdi
khuay hén hgp & 20°C trong 24 h. Sau khi phan
tmg két thic, dung moi dugc cat loai va san
pham dugc hoa tan trong 10 mL ethyl acetate
r0i chiét voi dung dich dém phosphate 0,1 M
pH =2 (3x5 mL). Pha hitu co dugc lam kho voi
MgSO, khan rdi dung mdi duoc cét loai bing
mdy cO quay.

2.3. Phan ung khir nhom nitro thanh amit

Nhya XAD-4 dugc nitro hod theo quy trinh
da trinh bay tai [4].

Cho vao binh phan ung 1 g XAD-4 di nitro
hoa, 42,2 mmol ,SnClz, 9 mI: axit HCI dac va 10
mL con tuyét doi. Khuay hon hgp trong 18 h ¢

— —
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t-Bu—0,C
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90°C. Sau d6, cht ran dugc loc va rira véi 300
mL nudc cit va 100 mL ethanol. Tiép theo,
nhya duoc khudy véi dung dich NaHCO; 1 M
trong 10 phiit rdi loc va rira voi 300 mL nudc.
Cudi ciing, nhya dwoc khudy v6i dung dich
NaOH 0,2 M trong 1 h roi loc, rra vo1 300 mL
nudc cit va dem say chin khong trong 24h.

2.4. Phan ung ghép EDTA lén nhuwa XAD-4

Phan ung ghép EDTA 1én XAD-4 duogc
thuc hién twong tw nhuw phan ung cdng véi
anilin.

Hoa tan 100 mmol EDTA-COOH va 100
mmol 1-hydroxybenzotriazole hydrate
(HOBt.H,0) trong hdén hop gom 3 mL
dichloromethane va 1,5 mL dimethylformamide
(DMF). Thém vao hon hop 100 mmol
dicyclohexylcarbodiimide (DCC, dung dich 1
M trong dichloromethane) ¢ 5°C. Khudy hdn
hop phan tmg & 5°C trong 1 h va 20°C trong 2
h, sau d6 dem loc. Cét loai dung mdi bang may
cd6 quay rdi hoa tan lai trong 2 mL
dichloromethane va 5 mL DMF. Thém 1 g
XAD-4 d3 dugc amin hoa va 3 mmol DIPEA
roi khudy hdn hop & 20°C trong 24 h. Sau khi
phan ung két thic, loc 1y XAD-4 va rira vé6i
300 mL nudc cat va 100 mL methanol.

3. Két qua va thao luan

2,3-bis/di(tert-
propionic

3.1 Tong  hop  axit
butoxycarbonylmethyl)amino ]
(EDTA-COOH)

Axit EDTA-COOH duoc tong hop tir tert-
butylbromoacetate va 2,3-diaminnopropionic
monohydrochloric & 80°C sau d6 1a phan ung
véi LiOH 6 nhiét d§ thuong theo so dd sau.

t-BuO,C
N LiOH SN

N N” “COOH
J % t-Bu'O,C*
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Két qua phé '"H NMR va *C NMR cho thiy
cac pic dac trung cua nhoém tert-butyl (xuét hién
& 1,46 ppm & phd 'H va 81,8 ppm & pho 13C)
cua nhém CH2—N (6 3,15 ppm & pho 'H va
54,8 ppm & pho C), nhom -CH-N- (& 3,73
ppm 'H va 63,1 ppm "°C). Ngoai ra, két qua con
cho thdy cic pic dic trung ctia nhém -CH,-

(COO)- (xuat hién & 56,6 ppm va 54,7 ppm 13C)
va ba nhém carboxyl khdc nhau (xuét hién lan
lugt & 170,0 ppm, 171,4 ppm va 173,2 ppm
Q). Céc gid tri tich phan & phd NMR proton
cho phép khing dinh 1a chi c6 mot nhém este
tert-butyl bi thuy phan thanh axit [5].

56632

54847
30904

&1.78

N 4858

ppm 1)

Hinh 2. Phé '"HNMR (tréi) va *C NMR (phai) cia EDTA-COOH.

3.2. Phan ung gitta EDTA-COOH vdéi anilin

Phan ung gitta EDTA-COOH véi anilin
duoc thuc hién Véri~ su ¢6 mdt cua DCC, HOBt
va DIPEA trong hon hop dung mo6i gom DMF

t-BU'Ozc?\l NH,

t-Bu-0,C*
tBu: OSC,l *

t-Bu-OZC"

DCC, HOBt.H,0, DIPEA

DMF - dichloromethane B
20°C, 24h 7

va dichloromethane. Dau tién, axit EDTA-
COOH phan trng véi DCC va HOBt tao thanh
mot este hoat dong. Este nay s& tiép tuc phan
(g vé6i anilin tao thanh san pham amit.

I

Hinh 3. Phd 'H NMR (trdi) va ?C NMR (phai) ctia san phdm cong EDTA-COOH va anilin.
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Két qua phd NMR (dung mdi CDCl;) cho
thdy tit ca cdc nhém tert-butyl déu duoc giit
nguyén. Céc pic dic trung ctia vong thom (xuat
hien & 7,67 ppm, 7,29 ppm, 7,06 ppm trong phd
'H va 138,1 ppm 118,8 ppm, 128,1 ppm, 122.,8
ppm trong pho "°C), so sanh véi phé cuia anilin,
déu it nhiéu bi chuyén dich. Ngoai ra, tin hi¢u
dac trung ctia nhém NH, ¢ 3,67 ppm khong con
nira, thay vao d6 la pic ¢ 10,53 ppm dac trung
ctia proton trong nhém —CO-NH-. Diéu nay cho

acetic anhydrous

phép khing dinh san pham cia phan ung giita
EDTA-COOH va anilin.

3.3. Ghép EDTA-COOH lén nhwa XAD-4 bang
lién ket amit

Trudc khi ghép EDTA-COOH, nhua XAD-
4 phai dugc amin hod. Qua trinh amin hod trai
qua hai giai doan gdm: nitro hod va khir nhém
nitro thanh amin [5].

SHC12 - ’d A

+ HNO;,

Két qua khao sét bang FTIR cho thdy nhya
XAD-4 sau khi nitro hod, trén phd xuét hién cic
bing séng dic trung cua nhém NO, ndi véi
vong thom & 1524 va 1344 cm’. Sau khi khir
nhém nitro, cdc bang séng cia nhém NO,

H-

2 HcL90c U NH

khong con xuat hién, thay vao d6 1a bang séng
dic trung ctia nhém amin & 1623 cm™ cho phép
khéng dinh sy hinh thanh ctia nhém NH, &
vong thom cta nhya XAD-4.
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Hinh 4. Pho hong ngoai ctia nhya Amberlite XAD-4. Tréi - XAD-4 trudc va sau khi khir nhém nitro.
Phai - XAD-4 trudc va sau khi ghép EDTA.

Qua trinh ghép EDTA-COOH dién ra &
cling diéu kién voi phan tng véi anilin. Két qua
phan tich ph6 FTIR cho thay sau khi ghép c6 su
xudt hién thém biang séng ¢ 1730 cm™ dic
trung cho nhém este va & 1147 cm™ dic trung
ctia nhém tert-butyl. Két qua nay budc dau cho
thiy dd ghép thanh coéng phan tt EDTA lén
nhua XAD-4.

4. Két luan

Phan tt EDTA c¢6 thém mét nhém -COOH
& vi tri cacbon cua nhém —N-(CH,),-N- da duoc
t6ng hop thanh céng. Ciu tric ctia phén tir duoc
khing dinh bang ph6 cong hudng tir hat nhan

a C. Phan tir EDTA-COOH phan tng tbt
v6i anilin, 1am tién dé cho viéc ghép 1én bé mat
nhuya XAD-4 amin hod. Qué trinh ghép thanh
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cong EDTA 1én XAD-4 da dugc khing dinh
thdng qua phd hong ngoai.

Loi cam on

Nghién ctru nay nhan dugc su hd tro tai
chinh tir truong Pai hoc Quodc gia Ha Ndi trong
khuon kho dé tai ma s6 QG.14.17.
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Grafting of EDTA on Amberlite XAD-4 Resin
for Solid Phase Extraction

Pham Quang Trung, Nguyen Minh Ngoc

Faculty of Chemistry, VNU University of Science, 19 Le Thanh Tong, Hoan Kiem, Hanoi, Vietnam

Abstract: The solid-phase extraction (SPE) is an efficient technique for decontamination and
elimination of metal cations in the polluted water. The objective of this work is to develop a resin
allowing the decontamination of polluted water by SPE metal cations procedure. For that, we realised
a covalent grafting on a commercial poly(styrene-co-divinylbenzene) resin named XAD-4, of an
organic chelating agent, the ethylenediamintetraacetic acid (EDTA). Firstly, the EDTA molecule with
an additional carboxylic acid group on the carbon atom of -N-(CH,)-N- group was synthesised, Then,
the obtained EDTA-COOH was grafted on a XAD 4 resin previously functioned by a -NH, group. The
NMR spectroscopy has been used to characterise the molecular synthesis procedure and the grafting
procedure on the resin has been validated by FTIR spectroscopy.

Keywords: Solid-phase extraction, metal cations, polluted water, graft polymer.



