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2,4-DICLOPHENOXY AXETIC TRONG MOI TRUONG NU'O'C BANG
HE XUC TAC Fe(lll) - TAML/H,0,

Pao Thé Hiru'", Pinh Ngoc Tan?, Nguyén Hing Phong®
1Tru’(}ng ST quan Phong hoa, Bo Tuw lénh Hoa hoc

2Vién Hod hoc-Méi truong quan su, Bo Tw lénh Hoa hoc
$Vién Hoa hoc Vit liéu, Vién Khoa hoc va Cong nghé quan su

Dén Toa soan 26-11-2014; Chip nhan ding 20-12-2015

Abstract

Iron(I11)-TAML (Tetra-Amindo Macrocyclic Ligand) complex is an advanced green oxidation catalyst and reactive
capabilities of the catalytic through the catalyzed activation process by peroxide to form Fe-oxo intermediates that the
oxidation number of Fe element is +4 or +5. Although many factors influence the of the decomposition kinetic of 2,4-D
in water by Fe(lll)-TAML/H,O, catalytic system but two factors are pH and the concentration ratio of Fe (IIl) -
TAML/2.4-D are more important than the whole. Degradation Kinetics of 2,4-D in water by Fe(lll)-TAML/H,0,
catalytic system are researched by changing of 2,4-D concentration, that changings are determined by using high-
performance liquid chromatography analysis method (HPLC), the peaks of 2,4-D characterized by the retention time t =
4.17 min. With pH values ranging from 7 to 12, kinetic of oxidation reaction fit to the pseudo first-order form. While
changing the mole concentration ratio of Fe(l11)-TAML/2,4-D, if the ratio is low showing that the reaction rate is first-
order but when the mole concentration ratio of Fe(ll1)-TAML/2,4-D is high, the pseudo first-order form is not true.
When change the temperature of the reaction we can calculate the k' rate constants and activation energy of the

oxidation reaction Ea = 17.027 (kJ /mol).
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1. MO PAU

Axit 2,4-Diclophenoxi axetic (2,4-D) la thanh
phan chinh trong mot s6 chat diét co. Pay 1a mot
chat ting duogc str dung phd bién va rong rii cho toi
khi nguoi ta phat hién thdy su c6 mit cia 40 mg/kg
2,3,7,8-tetrachlorodibenzo-pdioxin (2,3,7,8-TCDD)
trong thudc diét co da cam voi thanh phan 1:1 hén
hop cua 2,4-D va axit 2,4,5-trichlorophenoxyacetic
(2,4,5-T). Mic du cac qué trinh tong hop 2,4-D riéng
1& khong thay c6 san pham phy 1a dioxin néu khong
c6 1an tap chat 2,4,5-T. Nhung 2,4-D van duogc ghi
nhén 12 loai thude diét co co doc tinh cao véi nguoi
va qua trinh lan truyén, chuyén héa ciia nd co thé
gdy ra cac 6 nhidm thir cip dic biét 1a 6 nhiém
ngudn nuéc [7]. Bé dam bao cac yéu cau vé modi
truong thi cic ngudn nude nhiém 2,4-D can duge xir
ly triét dé bang cac phwong phap hop 1y. P co
nhiéu phuong phap héa hoc khac nhau duge nghién
ctru dé phan huy 2,4-D trong dung dich, trong d6 cac
phuong phap oxi hoéa ning cao nhu: xlc tac
TiO,/UV, H,0,/UV, O5/UV, Fenton/UV [3, 4, 6, 8-

10, 12]... dugc danh gia la cho hiéu qua cao hon ca.
Trong nhitng nim gan day, sau khi duoc hoan thién
quy trinh tong hop dam bao dap tmg cac yéu cau
cong nghé ciing nhu kinh té, xdc tac phirc Fe(ll1)-
TAML (Tetra-Amindo Macrocyclic Ligand) da dugc
nhiéu tac gia tap trung nghién ctru thir nghiém phan
hity cac hop chat clo hitu co kho phan hiy [1, 2, 11].
Theo cau tric, chat xtc tac Fe(l11)-TAML duoc chia
thanh 2 dang chinh 1a dang Fe(lll)-TAML (B) va
Fe(lll)-TAML (D), trong d6 Fe(Ill)-TAML(B) la
loai dugc nghién ctru danh gia nhiéu hon ca, xac tac
nay c6 ciu tric nhu sau:
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Khi nhom thé R 1a nhém CHs, X1, X2 1a Cl ta
duoc loai xuc tac Fe(lI)-TAML (B*) [2, 11]. Trong
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phan mg oxi hoa, chat xuc tac Fe(lll)-TAML dong
vai tro la chat xuc tac dua vao kha nang bi hoat hoa
clia nd boi cac peroxit dé tao ra cac phirc chat trung
gian hoat dong dang Fe-oxo, Fe-peroxo, trong d6 ion
trung tAm sat co sd oxi hoa cao +4 hay +5 theo hinh
1[1,11].
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Hinh 1: Qua trinh hinh thanh Fe-oxo

Chinh céc phuc trung gian nay, vdi hoat tinh oxi
héa manh, trong diéu kién phéan ung thich hop, s€
oxi hoa cac hop chit hitu co [1, 2]. V6i cac dic diém
nhu: 1a mot dang xdc tac phirc tong hop nhung dwa
trén dic diém cua enzym sinh hoc Cytochromes
P450, c6 hoat tinh oxi hoa cao, thoi gian séng dai,
hoa tan tot trong nudc, khong tao ra cac san pham 6
nhidm thir cip khi bi phan hity va c6 kha niang xuc
tac oxi hoa tot mot sd hop chit hitu co, dic biét 1a
cac hop chét clo hitu co bén trong mdi trudong nudce
[11]. Chinh vi vdy, chung t6i tién hanh cac nghién
ctru vé dic diém dong hoc qua trinh phan huy 2,4-D
bang hé xuc tac Fe(l1)-TAML(B*)/H,0, sau diy goi
chung 1a hé xuc tac Fe(I11)-TAML/H,0, nham lam
1d ddc diém dong hoc phan tng ciing nhu kha ning
mg dung cua chat x(c tac trong qua trinh xtr 1y 2,4-
D 6 nhiém trong moi trudng nude.

2. PHUONG PHAP NGHIEN CUU
2.1. Hoa chit, thiét bi
2.1.1. Héa chat thi nghiém

- Xuc tac Fe(I11)-TAML (B") (Téng hop): 90 %.

- Axit 2,4-Diclophenoxi axetic (2,4-D) (Merck): 98 %.

- Hydroperoxit (Sigma): 30 %

- n-Hexan (Merck): d6 tinh khiét phan tich (PA)

- C4c hoa chét khéac: Na,SO,, axit Photphoric... 1a
cac hoa chat hing Merck, d6 tinh khiét phan tich (PA).

2.1.2. Thiét bi thi nghiém

- My sic ky léng hiéu ning cao HP Agilent
1100, sir dung detector chudi (DAD).

- Can dién t& Toledo, d0 chinh xac 10™ gam
(Thuy Sy); May do pH: OAKLON, Series 510 (M¥)
¢6 do chinh xac £0,01; Céc thiét bi thi nghiém thong
dung khac: pipet ban tu ddng, binh dinh mtrc. ..

Pdo Thé Hitu va céng sw
2.2. Phuwong phip tao miu phén ing oxi héa

Dung dich méau duoc cb dinh pH b?mg dung dich
dém photphat, dat trong binh 6n nhiét va dugc diéu
chinh t6i nhiét d6 phan tng theo yéu cau, sau d6 dung
dich Fe(Il)-TAML dugc thém vao, tiép theo thém
H,0, d¢ thyc hién phan (mg phan hity. Theo thoi gian,
mdi lan lay 5 ml miu, dem xir Iy mAu va phan tich
xac dinh lugng 2,4-D con lai. Nghién ctru mét sb yéu
t co ban anh hudng téi dong hoc phan (g qua trinh
phan hay 2,4-D trong mdi truong nude bang hé xuic
tac Fe(lll)-TAML/H,0, dugc tién hanh trong diéu
kién nhu sau:

- Anh huéng cua ty 16 nong d6 mol Fe(lll)-
TAML/2,4-D dugc nghién cliru vdi cac diéu kién
nhu sau: [2,4-D] = 50 (ppm); pH = 10; [H,O,)/
[Fe(II)-TAML] = 50/1; ty 1é nong do mol [Fe(lIl)-
TAML]/[2,4-D] thay dbi tir 1/250, 1/150 dén 1/50.

- Anh huéng cua pH: do pH phu hop déi voi hé
xuc tac Fe(ll)-TAML/H,O, la > 7, nén cac nghién
ctru duoc tién hanh ¢ pH tir 7 d&én 12 (7, 8, 10, 12);
[2,4-D] = 50 (ppm); [Fe(lIl)-TAML] = 2x10° M;
[H20,]/[Fe(1)-TAML] = 50/1.

- Anh huong ciia nhiét do phan tmg: ty 16 nong do
mol [Fe(ll)-TAML)/[2,4-D] = 1/100; pH = 10; [2,4-
D] =50 (ppm); [Fe(lll)-TAML] = 2><10'6 M; [H.0;] =
0,1 mM, nhiét 6 nghién ctru: 25, 40 va 60 °C.

2.3. Phwong phap phén tich

St dung thiét bi sic ky léng hiéu ning cao
(HPLC) HP Agilent 1100 (M) véi detecto chudi
(DAD) dé phan tich dinh tinh, dinh lugng 2,4-D
trong dung dich thtr nghiém. Piéu kién do: cot sic
ky Hypersil C18 (2004 mm), ty 1¢ pha dong
axetonitril/nudc = 70/30 (theo thé tich); toc do dong
= 1ml/phut; tin hiéu do cta 2,4-D & budc song:
212nm. Ham lugng 2,4-D dugc xac dinh theo
phuong phéap ngoai chuan theo phuong trinh:

av

X _dACN XO dHZOVH
Trong do:

X 1a ndng d¢ 2,4-D trong nudc (ppm).

Xo 1a néng d6 2,4-D duoc xac dinh bé“mg duong
chuén (ppm).

V la thé tich mau dung dé phan tich (ml)

a 12 hé s6 pha loing mau ding dé phan tich

v 14 thé tich mu thir (ml).

dacy = 789 mg/ml 1a khéi lugng riéng cta
axetonitril.

dyo= 1000 (mg/ml) 1a khéi luong riéng cua

nude; H 1a higu suat thu hoi (%).
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3. KET QUA VA THAO LUAN

3.1. Pic trung phé HPLC cia cac miu 2,4-D
phan hiy trong méi trwong nwéc bang hé xic tac
Fe(l11)-TAML/H,0,

Nong d6 2,4-D trong dung dich phan tmg dugc
xac dinh bang phuong phap sic ky long hiéu ning
cao, két qua phan tich duoc ding dé danh gia hiéu
suat phan hily ciia 2,4-D theo thoi gian tir d6 nghién
ctru cac ddc diém dong hoc ciia qué trinh. Phé sic ky
long hiéu ning cao ciia mau phan ung theo thoi gian
duoc trinh bay nhu hinh 2.
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Hinh 2: Pho sic ky HPLC 2,4-D bi phan hay bang
hé xuc tac Fe(l11)-TAML/H,0, theo thoi gian

Qua phé dic trung c6 thé thiy, sau khi xay ra
phan tmg phan hity trong phd sic ki s& xuét hién pic
ctia san pham 2,4-diclophenol (2,4-DCP), thoi gian
luu ctia 2,4-D va san phiam phan huy (2,4-DCP) lan
lugt 1a 4,170 (phat) va 4,814 (phut); thoi gian luu
cua 2,4-DCP 16n hon 2,4-D do qua trinh phéan tich
str dung cot C18 khong phan cuc ma 2,4-D c0 tinh
axit manh hon 2,4-DCP (pK, cua 2,4-D = 2,6; pK,
ctia 2,4-DCP = 7,89) tirc 2,4-D c¢6 phan cyc 16n hon
2,4-DCP nén 2,4-D sé& theo pha dong ra khoi cot sic
ki trude 2,4-DCP.

3.2. Nghién ciru dong hoc qua trinh phin hiy
2,4-D trong moi trwong nwéoc bang hé xic tac
Fe(111)-TAML/H,0,

3.2.1. Anh huéng cia tp 1 nong dé mol
Fe(ll1)-TAML/2,4-D

Dé nghién ctru dic diém dong hoc phan g, két
qua nghién ctru anh huong cua ty 1é nong d mol

Nghién ciru dac diém dong hoc...

Fe(l1l)-TAML/2,4-D dugc bicu dién duéi dang do
thi moi twong quan t (ph) - In(Cy/C) trong hinh 3.

In(Co/C)

10 A

2 _
g | WTye1250 R®=0.9332

‘T_\" 121/150 RZ=0.9994

6 9 xTy131/504didm 9997
4 * Ty 181/50 3 diém

R2=0.9974
2

t(ph)

O 1

Hinh 3: B thi t — In(Cy/C) phu thude vao ty 1& ndng
d6 mol Fe(I11)-TAML/2,4-D

Qua d6 thi hinh 3 cho thay, Véi cac ty 18 Fe(III)-
TAML/2,4-D 1a 1/250 va 1/150 thi qua trinh tuwong
dbi phu hop v6i dang phan tmg gia bac mot, con ddi
voi ty 1€ 1/50 thi dang gia bac mot chi phu hop véi 3
diém dau tién tinh tir thoi gian 0 phat dén 50 phut
khi nong d6 2,4-D giam tir 50 (ppm) xudng con
0,11(ppm). Khi xét dd thi 4 diém & ty 18 1/50 thi hé
sd twong quan phu hop véi dang phan tmg gia bac
mot 13 twong ddi thap (0,933). Nhu vay voi ty 18
Fe(lll)-TAML/2,4-D = 1/50 thi toan bg qua trinh
phéan ng khong phu hgp v6i qué trinh phan tng gia
béc 1. Pidu nay c6 thé dugc giai thich nhu sau:

Theo tai liéu [1] thi qua trinh oxi hoa 2,4-D bang
hé xtic tac Fe(Il)-TAML/H,0, c6 thé dugc tom tit
qua cac phuong trinh phan ung sau:

H,0, + Fe(lll[)-TAML :I‘ Fe-oxo+H.0 (1)

ey

L
2,4-D ~Fe-0x0 ——— Sp ~H,0 )
k
H,0; —— 120, +H:0 (3)

Tir cac phuong trinh phan tng trén c6 thé tinh toan
va dua ra phuong trinh tdc do phan ung tong quat
nhu sau:

_ d[24-D]_ kgkn[Fe(ID -TAML] [H:0,].[2.4-D] ()

dt kg Atk [FO :]—k]I.[Z:-l—D]

Trong dé: [Fe(II) — TAML] bang tong ndng do
chét xtc tac phuc Fe(III)-TAML va céc trang thai
hoat héa cta n6 (Fe-0xo).

Trong diéu kién pH = 10, & 25 °C, hang s6 toc
do k, = 10°M7s™ [1], két hop véi [H,0,] == [Fe(lll)-
TAML] (ty 1é [H,O,)/[Fe(I1)-TAML] =50) nén co
thé coi:

I:k:_k::][H:O:] - L:_;—l«::[? A- D] (“)

Khi d6, phurong trinh (1) s& dugc viét lai 1a:
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d[24D] _ kpkpp.[Fa(I)—TAML][2,4-D]

T a —

=k [Fe(Il)— TAML].[24— D] (mn

Trong thoi gian dau cia phan tng khi ndng do
[2,4-D] = [Fe(lll)-TAML] két hop véi diéu kién
phéan tng phu hgp (moi tru(‘mg kiém, nong do H,0,
khong qua 16m) thi v6i vai tro chat xuc tac nén tong
nong do cua chat xuc tac Fe(lll)-TAML va dang
hoat hoa Fe-0x0 gan nhu khong ddi. Do vy cé thé
bod qua dai luong [Fe(Ill)-TAML] trong phuong
trinh (111), khi d6 phuong trinh tdc do phan tng c6 thé
dugc Vié_t lai nhu sau:

— M k. [".I 44— D] (V)

Trong dleu kién nhu trén, qua trinh phan ing phan
huty 2,4-D bang hé xtc tac Fe(Ill)-TAML/H,0, 1a qua
trinh phan Gng gia bac 1 theo 2,4-D. Tuong Gng vadi
qué trinh phan Gng véi diéu kién ty 1& nong d6 mol
Fe(lll)-TAML/2,4-D 1a 1/250, 1/150 va thoi gian
dau (t < 50 phit) cia phan tmg co ty 1& ndng do mol
Fe(111)-TAML/2,4-D = 1/50.

Tai thoi diém cubi cta qua trinh phan ung, ndng
d6 hydroperoxit giam nén toc dd qua trinh hinh
thanh Fe-oxo trong phan tng (1) giam tic diéu kién
(I1) khong théa man nén phuong trinh tdc do phan
(g s& khong con phu hop véi dang gia bac nht.

3.3.2. Anh hwéng ciia do pH

Két qua nghién ctru anh huong cua pH dén dic
diém dong hoc cua phan tng duoc tong hop dudi
dang do thi mdi quan hé In(Cy/C) theo thoi gian t
(ph) trong hinh sau:

In(Co/C)
6 - R2=0.9978
WpHS
5 -
ApH10
4 -
X pH12
3 R?=0.9997
® pH7
2 A RZ=0.9973
1 RZ=0.9999
t (ph)
O T T 1
0 20 40 60 80

Hinh 4: D5 thi t-In(Cy/C) tai cac pH khac nhau

T cac két qua trén cho thay, & pH thich hop (pH
> 7) dic diém dong hoc ciia phan tng phan huy 2,4-
D bang hé xtic tac Fe(III)-TAML/H,0, khong phu
thuc vao pH va & dang phan mg gia bac nhét. Gia
trj pH phu hop cho qua trinh phan huy 2,4-D béng

Pdo Thé Hitu va céng sw

hé¢ xuc tac Fe(Ill)-TAML/H,0, 1a khoang 10 v&i
hing s6 toc do phén tmg & 25°C tai pH nay bang
khoang 0,07 ph* so V01 0,0082 ph™ (pH = 7), 0,02
ph™ (pH =8), 0,036 ph™ (pH = 12).

Theo s6 liéu thue nghiém cling cho thay hang sO
tbc 6 phan mg ting dan khi pH ting tir 7 dén 10
nhung giam khi pH = 12.

Céc két qua trén c6 thé duogc giai thich nhu sau:

Theo tai li¢u [1], sy hinh thanh trang thai hoat
hoa trung gian cuia chét xuc tac (Fe-oxo) chi xay ra
trong moi truong trung tinh va kiém va toc do phan
ung (1) ty 1€ thuan vdi pH cua méi truong. Chinh vi
vay khi pH ting luong Fe-oxo ting dan toi ting toc
d6 phan ung (2) hay ting téc do cua toan bd qua
trinh.

Theo tai liéu [5], H,O, vira c6 tinh oxi hoa vira
thé hién tinh khtr nén trong dung dich phan tng vira
xdy ra phan ung (1) hinh thanh dang hoat hoa
Fe-oxo0 vira x4y ra phan tng khir dang hoat hoa Fe-
oxo0 cua xuc tac theo phuong trinh:

H: O: T ].'_EI:]_—‘L'] — 0X0— D: T H:D

+ Fe(III)}-TAML (4)

Ma tinh khtr cua H,0; lai ty 1€ thudn voi pH cia
moi truong dac biét & pH cao, nén khi pH qua cao
thi tbc d6 phan tmg (1) giam con toc do phan tng (4)
tang. Nén lugng Fe-oxo sinh ra tir phan tng (1) thay
vi oxi héa 2,4-D s& bi tiéu tén trong qua trinh oxi
hoa H,0,. Piéu nay din t6i giam hing s téc do
phan trng oxi hoa 2,4-D ¢ pH = 12 so véi pH = 10.

Ngoai ra, trong dung dich nuéc, H,O, co thé bi
phéan ly theo cac phuong trinh sau [5]:

HOOH+-H —H:0; (5)

HOOH-+OH — HOO —+H.C (6)
Theo tai liéu [4], thi tinh oxi hoa cua H,0,, H: 05,
HOO™ giam dan theo thir ty sau H: O3 > H,0, >
HOO™. Khi pH cta dung dich cang cao thi phan Gng
phan ly cua H,0, theo phuong trinh (6) tang [5], do
d6 dan toi tinh oxi hoa chung cua H,0O, giam. Bleu
nay ciing dan t6i giam toc do phan tng (1), tang tbe
d6 phan ung (4) va giam hang sé toc do phan tng
oxi héa 2,4-D.

3.3.3. Anh hwong ciia nhiét do

pé nghién ctru tinh toan cac dai lugng dong hoc
dic trung cua phan Gmg oxi héa 2,4-D bang hé xac
tac Fe(l11)-TAML/H,0,. Chiing t6i tién hanh nghién
clru qua trinh oxi hoa voi cac thanh phan phan tng
t6i uu & didu kién nhiét d6 phan ung khac nhau. Két
qua duoc tinh toan va biéu dién dudi dang dd thi
moi twong quan 1/T va - In(k) trong hinh sau:

Trong diéu kién phan tng: ty 1¢ ndng do Fe(Ill)-
TAML/2,4-D nho, nong d6 [H,0,] cao, diéu kién pH
=10, nén dic diém dong hoc phan ting c6 dang gia
bac nhéat.

677



TCHH, 53(6), 2015

- In(k)
3 S
¥ =2048.3x- 4.2077
7 R? =0.9978
UT
1 T T T T 1

0.0029 0.003 0.0031 0.0032 0.0033 0.0034
Hinh 5: D6 thi mdi trong quan giita 1/T va - In(k)

Tir d6 thi hinh 5, ta ¢6 thé xédc dinh gi4 tri h¢ s6
goéc ctia duong thing trén d6 thi 1a tglo) =2048
Theo phuong trinh Arrhenius ta co:

— E: 1
Ink =Ink; — T V)
Eal

— Ink;

Nén tir tir dd th1 4taco: E.=R.tz(u)

Suy ra: E;=8.3 ].—1120—13 = 17027 (J/mol)
17,027 (KJ/mol)

Nho ¢6 kha ning xitic tac cuia chit xuc tic phirc
Fe(ll)-TAML ma gié tri ndng luong hoat hoa cua phian
tmg oxi héa 24-D bang hé xuc tic Fe(ll)-
TAML/H,0, c6 gié tri twong ddi thap so voi mot sd hé
phan mg oxi hoa khac nhu: hé xuc tac Fenton (E, =
105,15 kJ/mol) va Co/PMS (E, = 34,3 ki/mol) [4].

(V1)

4. KET LUAN

1. Véi ty 1 ndng d6 mol [Fe(lll)-TAML]/[2,4-
D] nho thi qué trinh phan Gng tudn theo quy luat
phan Gng gia bac nhat, khi ty 1& [Fe(Ill)-
TAML]/[2,4-D] 16n thi toan bo qua trinh khong phu
hop v6i didu kién gia bac nhit. Diéu nay phu hop
vGi cac co so 1y thuyét phan tng cua hé xuc tac
Fe(l11)-TAML/H,0,.

2. pH khong anh hudng tdi quy ludt dong hoc
clia phan {mg trong dai pH > 7, pH t6i uu ciia phan
tmg = 10. Téc do phan Gmg ty 1¢ thuan véi pH khi
pH < 10 nhung khi pH qua cao (> 12) thi téc do
phan ung giam.

3. Gia tri nang lugng hoat hoa E, cia qué trinh
oxi héa 2,4-D bang hé xuc tac Fe(Ill)-TAML/H,0,
1a twong d6i thap, diéu nay chimg t6 xtc tac phirc

Lién hé: Pao Thé Hiru

Nghién ciru dac diém dong hoc...

Fe(l11)-TAML ¢ vai tro rat 16n trong qua trinh giam
nang lugng hoat hoa cua phan ung oxi héa 2,4-D.
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