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SUMMARY

RESEARCH FORMATION OF HIGH VALENT IRON - OXO IN AQUEOUS
SOLUTION OF Fe-TAML/H,0, CATALYTIC SYSTEM

Iron(l11)—tetraamidomacrocyclic ligand activators (Fe(l11)-TAML) of hydrogen
peroxide are the members of the new class of ‘green’, nontoxic catalysts and since a
few years are the subject of great interests and it’s applications is very wide [5,6].
Reaction mechanism of Fe(l11)-TAML catalyst is not the same mechanism of Fenton
reaction, Instead of generating free radical 0H", Fe(lll)-TAML catalyst react with
peroxides to generate high valent iron-oxo intermediates [1-7]. Although the formation
of iron-oxo intermediates occur in very short time but the studing of the formation of
iron-oxo is very important to understand reaction mechanism of Fe-TAML catalyst. In
this article we will present research results of the formation of iron-oxo in aqueous
solution of Fe-TAML catalystic system, such as the spectral changes of Fe-TAML
catalystic solution with different pH values; the spectral of the formation of iron-oxo,
the spectral changes of the formation of iron-oxo with different pH values and the
spectral changes of iron-oxo with different rate of H,O,/Fe-TAML.
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1. MO PAU cao d6i voi nhiéu chat & nhiém khéc
Xuc tac Fe(l11)-TAML la mét dang xuc nhau nhu cic hop chét clo hitu co, cac
tac oxy hda tién tién, than thién véi moi hop chat mau, cac hop chat hitu co chira
truong va ¢ hoat tinh xdc tac oxy hda luu huynh [5,6]... V& mat co ché qua
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trinh phén huy, xuc tac Fe(lll)- TAML
hoat dong khong gidng co ché caa phan
tng Fenton, gdc tu do duoc tao ra &
phan &ng Fenton c6 thé c6 hoat tinh cao
va c6 kha ning lam sach nhiéu chat hitu
co nhung né lai khdng co tinh chon loc
cao trong qua trinh phan ung. Thay vi
tao ra goc tu do , xtc tac Fe(11)-TAML
khi dugc hoat hda boi cac chat oxy hoa
nhu ROOH, H,0, sé& tao ra dang chat
trung gian sit 0xo, per oxo Véi s6 oxy
hoa cia nguyén tir Fe 1a +4 hay +5, chat
trung gian nay sé la tac nhan oxy hoa
trong qué trinh phan huy céc hop chat 6
nhiém [1,2,3,4]. Mic du, qua trinh hinh
thanh céc tac nhan trung gian oxo va per
oxo dién ra trong thoi gian vo cling ngan
nhung viéc nghién cau sy hinh thanh
c4c tac nhan nay la rat quan trong trong
qua trinh nghién ctru co ché phan tng
cua hé xuc tac Fe(lll)-TAML. Dé hoan
thién qué trinh nghién ctu x0c tac
Fe(lII)-TAML, tién téi dua xtic tic nay
vao tng dung thuc té nhom tac gia cua
gido su Terrence J.Collins da tién hanh
nghién ctu vé su hinh thanh céc san
pham trung gian cua hé xdc tac Fe(ll1)-
TAML/H,0,, ciing nhu co ché cua qua
trinh phan tng caa hé xuc tac Fe(lll)-
TAML/H,0; véi mot s6 chat hitu co 6
nhiém dién hinh [1,2,3,4,5,6]. Tuy
nhién, cac nghién cau vé co ché phan
g, sy hinh thanh san pham sat oxo, sat
per oxo cua xuc tac Fe(lll)-TAML tai
Viét Nam con chua dugc tién hanh.

2. THUC NGHIEM

2.1. Ho4 chit, thiét bi
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+ Hoa chat thi nghiém:

- Xic tac Fe(lll)-TAML (B") (Téng
hop): 98%

- Hydroperoxit (Sigma) : 30%

- NaOH (Sigma): 98 %

+ Thiét bi:

- Can dién tir Toledo, d6 chinh xac 10™gam
(Thuy S3).

- May phan tich quang phé UV

- Céc thiét bi thi nghiém théng dung
khéc: 6ng nghiém 10, 20ml, pipet ban tu
dong, binh tam giac 50ml, binh dinh
muc...

2.2. Phwong phap thi nghiém xac dinh
dang hoa tri cao caa Fe

- Pha dung dich xuc tac Fe(lll)-TAML
(B*) gdc: can 65mg xuc tac cho vao
binh tam giac c¢6 dinh mac 100ml, thém
100ml nuéc cat 2 lan roi lic déu dung
dich ta dwoc dung dich gbc Fe(lll)-
TAML c6 ndng do 10 M.

- Dung dich phan @ng: liy 5ml nuéc da
dugc diéu chinh pH cho vao éng
nghiém, sau d6 dung micropipet thém
vao dung dich 1 lwgong dung dich xdc tac
Fe(Il)-TAML (B*) va lic déu dng
nghiém. Ly 3ml dung dich trén cho vao
cuvet thach anh, dung micropipet thém
vao 1 luong dung dich H,O, nhat dinh
réi cho cuvet vao budng do cua may
phan tich quang phd UV. Po sy thay doi
cua phd trong dai séng tir 600-250nm.
2.3. Phwong phap phan tich xac dinh
Fe (I1)-TAML va Fe(IV) oxo trong
dung dich

Dung dich phan mg dugc danh gia sy
thay d6i caa phd hap thu anh séang ¢



budc song thay doi tir 600nm dén
250nm.

Po cuong d6 xac dinh néng do xdc tac
tai budc song 368nm

Do sy thay d6i nong do Fe(IV) oxo tai
budc song 408nm.

3. KET QUA VA THAO LUAN

3.1. Phé hap thu dic trung caa xuc
tac Fe(11)-TAML (B*)

Dung dich xdc tic Fe-TAML (B*) nong
doc 10° M trong méi truong pH khac
nhau, duoc do do hap thu cuc dai trong
giai song tir 600nm dén 250nm. Két qua
phd phan tich nhu sau:
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Hinh 1. Phé hdp thu cua dung dich Fe(l11)-TAML (B*) tai pH khac nhau

Tir két qua cho thdy: dung dich Fe(lIl)-
TAML (B*) c6 do hap thu cuc dai tai
budc song 368nm, cudng do hap thy tai
buéc song nay giam dan khi pH cua
dung dich giam. Trong mai truong kiém
va trung tinh d6 hap thy cua dung dich
Fe(l11)-TAML khéng thay ddi, tuy nhién
trong moi truong axit mot phan Fe(l11)-
TAML bi phan hay nén néng do
Fe(11)-TAML giam dan nén cuong do
thap thy anh sang giam.

3.2. Sw hinh thanh Fe hoa tri cao (Fe
(IV)-oxo) caa hé xuc tac Fe(ll)-
TAML/H,0,

Dung dich Fe(lll)-TAML (B*) trong
moi truong pH = 10, dugc thém vao mot
lugng H,0, thi dung dich chuyén tir mau
vang sang mau xanh nau, déng thoi c6
su xuit hién bot khi. Két qua sy thay

d6i do hap thy anh séng trong giai phd
tr 600nm dén 250nm duoc thé hien
trong hinh sau:
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Hinh 2. Phé hdp thu cua dung dich
Fe(I11)-TAML (B*) khi phan itng véi
H202
Tir két qua cho thiy, do hap thu cuc dai
tai budc song 368nm giam va xuét hién
pic hap thu cuc dai tai budc séng 408nm
khi dung dich Fe(lll)-TAML (B*) tai pH
10 dugc thém H,0,. Tir d6 cho thay c6
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phan tng gitra Fe(lll)-TAML (B*) voi
H,0, @ hinh thanh san pham mai. Theo
tai lieu [1,2] cho thdy san phim c6 do
hip thu cuc dai tai budc séng 408nm

Hydrogen
peroxide

—

trong moi truong nudc chinh la Fe(1V)
0x0. Qué trinh hinh thanh Fe(IV) — oxo
tir phan ung cua Fe(111)-TAML (B*) véi
H,O, trong nudC dién ra nhu sau:

Hinh 3. Qua trinh chuyén héa cua xic tac Fe(ll)-TAML (B*) trong niréc
a:dang Fe(lll)-TAML tan trong nuéc; b: dang trung gian cua phan wng Fe(l11)-TAML

voi Hy0; ; ¢: dang Fe(IV) oxo

O dang hoa tan trong nudc, nguyén tir
Fe trong phac Fe(lII)-TAML s& két ndi
véi 2 phén tir nwde va cé dang a; Khi
H,0O, dugc thém vao dung dich thi s& cé
su thay thé phan ti H,O boi H,0, va
hinh thanh dang trung gian b; dang trung
gian b tiép tuc tach 1 phan tir nudc dé
hinh thanh dang Fe(IV) - oxo (c).

3.3. Anh hwéng caa pH dén sw hinh
thanh Fe (1V) oxo

Dung dich phan ung caa xuc tac Fe(ll1)-
TAML (B*) véi H;0; duoc tién hanh
trong moi trudng pH thay doi lan luot
la: 10, 7, 5. Sau khi thém H,0,, mau
dugc tién hanh do d6 hip thu quang
trong giai song tir 550nm dén 250nm.
Két qua dugc trinh bay trong hinh sau:

54

pMD MipH=10

N M2 pH=T

M3 pH=5

Hinh 4. Phé hdp thu cua dung dich
phdan ung giza Fe(l11)-TAML (B*) va
H,0, Tai pH khac nhau
Tur két qua cho thay: qua trinh phan @ng
gitra Fe(I11)-TAML (B") véi H,0; phu
thuoc nhidu vao d6 pH caa moi trudng,
vai pH trung tinh phan tng xay ra cham,
V&1 moi truong axit [5] thi phan ang hinh
thanh Fe (IV)-oxo gan nhu khong xay ra,
su hinh thanh Fe (IV)-oxo chi xay ra rd
rang voi pH = 10. Cac tht nghiém vai
C4C MAu c6 moi truong kiém cho thay,
pH cang cao thi phan ung gitra Fe(lll)-
TAML (B") véi H,0, xay ra cang nhanh



va r0 rang, vai pH > 12 thi qué trinh phan
{ing gan nhu khong thay doi.

3.4. Anh hwéng caa ty 1&¢ Fe(lll)-
TAML/H,0, dén sy hinh thanh Fe
(1V) oxo

Cac mau dung dich Fe(lll)-TAML (B*)
c6 ndng d6 10° M, pH = 10 va ndng do
H,0, khac nhau theo ty 1¢ mol thay doi
nhu sau: 0 M (M0); 1.107 M (M1); 3.10
M (M2); 4107 M (M3); 5.107 M (M4).
Két qua do do hap thu dung dich trong
giai song 550nm dén 250nm nhu sau:

Wavelength [nm]

Hinh 5. Phé hdp thu cia dung dich phdn
ung giira Fe(111)-TAML (B*) va H,0,
Véi ty 16 H04 /Fe(111)-TAML khac nhau
Két qua cho thay: khi ty 1& H,0, /Fe(l11)-
TAML tang tir 0,1 dén 0,5 thi do hap thy
tai budc song 408nm ting dan va dat
muc hap thu cuc dai khi ty 18 dat 0,5.
Nhu vay véi lugng H,0; bang 0,5 lugng
xuc tac Fe(ll1)-TAML trong dung dich
c6 pH = 10 & diéu kién nhiét do 25°C s&
dat dugc su chuyén héa tdi da tir Fe(I11)-

TAML sang dang Fe(lV) — oxo.

4. KET LUAN

D3 nghién ctu danh gia chat luwong
Fe(111)-TAML (B") bang phuong phép
phan tich quang phé UV-VIS trong cac
diéu kién pH khéc nhau cua dung dich.

ba nghién ctru xac dinh cac budc song
hép thu cuc dai dac trung cho qua trinh
chuyén hoéa tr Fe (I1)-TAML (B*)
thanh Fe(lIV)-oxo trong nudc.

D3i nghién ctru xac dinh duoc cac yéu to
anh hudong dén mac do chuyén hoa tir Fe
(I)-TAML (B*) thanh Fe(IV)-oxo nhu
pH =10, ty I& H,0, /Fe(ll)-TAML
=0,5,

Pi budc dau nghién ciru xac dinh sy
hinh thanh nhém trung gian hoat dong
Fe(IV)-oxo trong nudc cua hé xdc tac
Fe(l11)-TAML/ H,0; bang phuong phap
phan tich quang phd UV-VIS
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