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Nghién ciru sw tao thanh va phan huy géc tw do HO*, dwéi tac dung
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Abstract

Homogeneous catalysts complex is increasingly widely used in many fields. Under the catalytic effect of the
complex, the reaction occurs in softer conditions, so the energy savings for the response process. Using the method, the
inhibitor - competition, special effects with free radicals HO , have demonstrated arising and destroying of free radicals

HO*, under the effect of the catalytic complex [Co(Ac

ac)]”,

there is a change of oxidation of Co®*. Demonstrate,

mechanism of reactions that take place under the original circuit. This paper is the research results arise and destroying
the free radicals HO*, under the effect of the catalytic complex [Co(Acac)]’, has determined the reaction mechanism is
the Circuit of radical and the oxidation rate constants K .o, =5.46x10° (L mol™.s™) .

Keywords. The free radicals formation, the free-radical decomposition.

1. MO PAU

Phtrc xtc tac dugc nghién ciru dya trén co s6 mo
phong thanh phén, cau tric va co ché hoat dong cua
xuc tac enzym. Trong do trung tdm tao phuc la cac
ion kim loai chuyén tlep, con protein duoc thay thé
bang céc ligan hitu co ¢6 chira cac nhom chirc hoat
dong, c6 kha nang phdi tri voi cac ion kim loai, tao
thanh phirc chét c6 kha ning xuc tac twong tu nhu
enzym. Xuc tac phic ngay cang dugc st dung rong
rdi trong nhiéu linh vye nhu: cong nghiép, phan tich
vi lugng, ché tao vat liéu, hoa déu, duoc phém, ché
bién thuc phim, cong nghé sinh hoc, xir Iy nudc thai
bdao v& mdi truong... Dudi tic dung cua xuc tac
phirc, thi cac phan tng xay ra & diéu kién mém hon,
do do, tiét kiem dugc nang lugng cho cac qua trinh
phan tng [1, 3, 5].

Phirc chét XUc tac c6 nhitng wu diém nhu: Thanh
phan va ciu tao phan tir don gian hon enzym, co ché
xuc tac, do chon loc, hoat tinh xuc tac rat gf?m Vo1
xUc tac enzym, nhung do bén nhiét dong ciia phirc
xuc tac cao hon nhiéu so véi enzym, nén cac qué
trinh phan ung khi c6 mat cua xuc tac phic dugc
thuc hién & ngay diéu kién nhiét do va ap sut
thuong. Chinh vi vay, xtic tac phttc dugc xem nhu la
mod hinh héa cua xUc tdc enzym. Piéu nay di tao
nén mot hudng nghién clru moi.

Phtrc xuc tic dugc tao bdi CAC ion kim loai
chuyén tiép véi cac ligan hiru co, sir dung cac phurc
chét nay dé hoat hoa Oz khong khi cling nhu HZOZ,
1a nhitng chét twong ddi ré tién, dé sinh ra cac gbc tu
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do HO*. Cac gbc tu do HO* nay 1a nhitng chat oxi
hoa rat manh, c6 kha niang phan hay cac hop chit
hitu co [3, 5] .

Str dung xtic tic phirc, nham muc dich 13 c6 thé
t6i wu hoa cac day chuyén san xudt, ting hiéu qua va
ning suit qué trinh, giam san pham phy, hudng toi
nén san xuat it chat thai — san xuét sach hon, giam
gia thanh san pham [1, 2].

Dé nghién ciru su phat sinh va hay diét cac goc
tu do HO* dudi tac dung cua xuc tac phiec, thi
nguoi ta hay sir dung phu'ong phap duing cac chat tic
ché — canh tranh gianh goc tu do HO*. Khi c6 mit
chit tc ché, thi toc do phan ung bi kiém ham, xuét
hién chu ky cam @mg. Nguyén nhan 1a do chat trc
ché d3 tranh gianh gdc tw do HO*, nén téc do phan
ung bi cham lai, cho dén khi trong dung dich phan
g khong con chat (rc ché nira, thi toc do phan ung
lai dién ra nhu ban dau. Phuong phép nay, khong
nhitng phat hién su phat sinh va huy diét cac gbc tu
do HO*; HO,*; O,* ~ ... & ndng do rat nho, c& tir
10" ° dén 10" " mol/l, ma con c6 thé xé4c dinh dugce
hang s6 toc do phan g, giira cac gbe tu do nay véi
co chat. Indigocarmin (Ind) 1a chit mang mau
thuong duge sir dung la co chit [2, 4, 5].

Bai béo nay, 1a két qua nghién ctru su phat sinh
va huy diét cac gdc tu do HO*, duéi tic dung ciia
xuc tac phuc [Co(Acac)]” dé oxi hoa Indigocarmin,
ddng thoi xac dinh dugc hing sd tbe do oxi hoa
Indigocarmin Kng + Hox), bang phuong phép ding cac
chat trc ché — canh tranh.
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2. THUC NGHIEM

Céc hoa chat dugc sir dung trong nghién ctru 6
d6 sach PA, do hang Merck (CHLB Birc) san xuat.
Dung dich CoSO, dugc st dung tao nguén ion
*, dung dich H,0, dugc st dung 1a chét oxi héa.
Axetylaxeton (Acac) CsHgO, 1a ligan tao phuc
v6i ion Co®*; pH cua dung dich phan tng duoc do
trén may pH — meter HANNA.

Diéu chinh do pH cta dung dich phan ung bang
cac HCIO, va NaOH. Nhiét do ctua binh phan tng
duogc giir khong dbi ¢ (30+0,1)°C nhd may on nhiét
U10. Indigocarmin (Ind) CisHsN,Na,OgS, 1 chat
mang mau, duoc st dung 1am co chat cho qué trinh
phan tmg. St dung phuong phap phd héap thu
electron phan tir UV-Vis, trén may Angilet 8432
ctia Thuy Si, dé theo ddi sy bién thién mat d6 quang
ctia dung dich phan tng tai budc song hip thu cuc
daicualInd la A =612 nm.

Thyc nghiém dugc tién hanh nhu sau: Cho lan
luot vao binh phan tmg nudc cit 2 lan, cac dung
dich CoSO4; Acac; Ind va chét rc ché In nhu: axit
Ascorbic (Ac) CgHgOs; hydroguinon (Hq) CgsHgO,
va paranitrozodimetylanilin (Pa) CgH;oN,O.

Tong thé tich dung dich nghién ctru 1a 30 ml,
hdn hop phan ung dugce khudy tron lién tuc bing
may khuay tir, dé tao diéu kién 6n dinh cho qua
trinh tao phtrc. Thoi diém bét dau cho H,0, vao,
dugc coi 1a mdc bt dau xay ra phan tng.

Do bién thién mat d6 quang cua hdn hop dung
dich phan tng.

Téc d6 phan tmg W™ duoc xac dinh theo cong
thirc:

Co?

AD
e.d. At

Trong d6: AD la hiéu mat do quang; At la thoi
gian phan ung; d = 1 cm 1a d6 day cua cuvet;
£=1,02.10*L.mol.cm™ Ia h¢ sb hap thu phan tir
cta Ind tai budc song A = 612 nm.

Du6i tac dung cua xtc tac phirc [Co(Acac)]’,
H20, bi phén huy trong ndi cau cua phuc, sinh ra
cac gbe tw do HO*. Chinh cac gbe tu do nay tuong
tac voi nhitng phan tir khac, co phat sinh goc tu do
0,* ~ d& phuc hdi dang xiic tac ban dau [2, 3, 5].

Qua trinh dién ra nhu sau:

[Co(Acac)]” + H,0,—> [Co(Acac)H,0,]"
[Co(Acac)H,0,]*—> [Co(Acac)]*" + HO* + HO
HO* + H202 —> HOZ* + Hzo

HO,* —>0,* + H’

[Co(Acac)]** + O,* —> [Co(Acac)]” + O, 1

Str dung cac chét tc ché co tac dung dac thu voi
géc tw do HO*, dé xac dinh h?mg s6 tdc do oxi hod

nd (mol.It.s™)

1)
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Ind Kgng +Hox). Khi su dung cac chét e ché (In), thi
¢6 sy tranh gianh gdc ty do HO* dién ra nhu sau:
Ind + HO* —» SP1; W, = kl [lnd]o [HO*]o,

ky = k(lnd +HO*) (2)
In + HO* — SPy; W, = ky.[In].[HO*];
Ky = Kin (3)

Acac + HO* —» SP;; W3 = ks.[Acac]o.[HO*],
voi ky, =1,2.10° Lmol s (4)
H,0, + HO* — SP4; W, = K4.[H,02]0.[HO*]o
voi k, =3.10" L.mol*.s™ (5)
Bién thién ndng do AC cua Ind sau nhing
khoang thoi gian At, ing voi mdi gia tri ndng do cua
cl}at trc ché [In]o, d = 1 cm 12 d6 day cuvet v6i hé s6
hap thu phén tur € cua Ind, dugc tinh theo cong thuc:

ac, -2, o
e.d

Mat khac theo [2, 5], ta co:

1 _ .. 2 k[In},+kAcac], +k,[H,0,], -
Aci - |(1 [|nd]0
Néu dat: yzi; b @
AC, "
VA X = kz -[ln]o + k3.[AC3.C]0 + k4 [H 202]0
[Ind],

Phuong trinh (7) ¢6 dang: y =a + b.x.
Trong do6 a, b dugc xdc dinh theo phuong phap
binh phuong bé nhat:

NDRADREIRINS

8

N> x*-(>.x)° ®)

NORSEORIN )
> x*-(>.x)°

k, = alb (10)

_ Su ’du’ng 1ap trinh Pascal, ta c6 thé xac dinh duge
hang so6 toc d§ phan ung oxi hda Indigocarmin (Ind)
K(ind + Ho®)-

3. KET QUA VA THAO LUAN
3.1. Anh hwéong ciia chét tre ché axit ascobic (Ac)

Thém chét trc ché (Ac) vao hdn hop dung dich
phan ung. Theo doi su bién thién mat do quang AD
ciia hon hop dung dich phan tng theo thoi gian At
& diéu kién sau:

Ndng dé [Co?'o = [Acac]o = 10°° M:

[Ind]o = 1,5%10™* M; [H,0,]o = 10° M; pH 11;
ndng do cua chat tc ché [Ac]o = (0-30)x10°° M.

Két qua nghién ctru duorc thé hién trén bang 1 va
hinh 1 cho thay:
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Khi chwa c6 chat trc ché Ac trong hdn hop dung
dich phan ung, sy bién thién mat do quang AD la
16n nhat tng véi duong cong s (1).

Khi néng dd chit tre ché [Ac]o tang dan, su bién
thién AD cua dung dich gidm cham dan, ung véi
dudng cong tur s0 (2) dén (10) (hinh 1a).

Nhu vay khi ndng d6 chét trc ché cang 16n, do
giam AD cang cham, nguyén nhan 13 do chét irc ché
Ac d3 tranh gianh gbc tu do HO*.

Mit khac, khi st dung nong do chat tc ché
[Ac]lo = 10° M va tién hanh theo ddi sy bién thién
mat d quang cua dung dich phéan tng tai budc song
hép thu cuc dai cia Ac la A = 265 nm, nhan théy
rang: ban thin chét (rc ché Ac ciing bj tiéu hao trong

Nghién cuu sy tao thanh va phan huy...

qua trinh phan tng (hinh 1b).

Bang thyc nghiém cé thé khang dinh rang:
Trong quéa trinh oxi hoa Ind da phat sinh ra gdc tu
do HO*. Pic trung cua co ché 14 trong phan mg ¢
su tao thanh céc géc ty do HO*, HO,*, O,*"
dong thoi co su thay do6i sé oxi hod ctia ion kim loai
M. Chimg t6 co ché cua phan tmg dién ra theo co
ché mach géc.

Tir cac s6 liéu trén bang 1 va theo cic phuong
trinh phan tmg (2-5) va cac cong thire (1-10), ta xac
dinh duoc hang s6 tbe do oxi héa Kgng + How.

Bang ngdn nglr 1ap trinh Pascal xac dinh dugc
hang s6 tdc do oxi hoa Ind di véi chat e ché Ac 1a

k =5,25.10°.mol™*.s™.

Ind +HO*

Bang 1: Bang so liéu xac dinh hang so toc do oxi héa Kgng + o+ d0i véi chat trc ché Ac

(@) Sy phu thugc cua AD vao [Ac]o

N [Ac]o AD AC Ko[Hale | Ks[Acacly | Ki[H20:]o X Y
x10°M | x10°M | x10°M x10° M x10° M x10° M x107° x10*
1 0,25 0,257 2,520 0,18 0,12 3 2,20 3,969
2 0,50 0,217 2,127 0,36 0,12 3 2,32 4,700
3 1,00 0,181 1,774 0,72 0,12 3 2,56 5,635
4 3,00 0,143 1,402 2,16 0,12 3 3,52 7,133
5 4,00 0,114 1,118 2,88 0,12 3 4,00 8,947
6 7,00 0,084 0,823 5,04 0,12 3 5,44 12,143
7 10,00 0,067 0,657 7,20 0,12 3 6,88 15,224
8 15,00 0,052 0,510 10,80 0,12 3 9,28 19,615
9 30,00 0,033 0,324 21,60 0,12 3 16,48 30,909
ADyg, DA
15 E
0.6 4
13 4
11 4 04 4
09 4
0.2 4
0.7 4
t (s)
0.5 T T T T T 0 T T T T T
0 20 40 60 80 100 0 60 120 180 240 300

(b) Sy tiéu hao chit trc ché Ac

Hinh 1: Xac dinh hang s6 Kgng + How) v6i chét tic ché axit ascobic (Ac)

3.2. Nghién ciru anh hwéng ciia chit e ché
hydroquinon (HQ)

Thém chit (¢ ché hydroquinon (Hg) vao hén
hop dung dich phan tmg. Theo dbi sy bién thién mat
d6 quang AD theo thoi gian & diéu kién

Nong d6 [Co*]o = [Acac], = 10 ° M; [Ind], =
1,5x10"* M; [Hq]o = (0-40)x10° M; [H,0,], = 10 2
M; pH = 11. Tai budc song hap thu cuc dai ciia Hq

1a A = 288 nm. Két qua nghién ctru duoc thé hién
trén bang 2 va hinh 2 cho thay:

Khi chua c6 chét e ché Hq, qua trinh oxi hoa
Ind dién ra nhanh nhét duoc thé hién trén hinh 2a,
mg v61 duong cong s6 (1).

Khi ndng d6 chét wrc ché [Hq]o tang 1én, sy bién
thién mat dd quang AD cua hon hop dung dich phan
(g giam cham dén, c6 nghia la tc do phan tng oxi
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hoa Ind giam cham dan, khi nong do chit trc ché
[Hq]o ting 1én. Piéu nay chimg t6, su c6 mit cia
Hq, dd tc ché qua trinh oxi hoa Ind, lam cho hén
hop dung dich phan tmg chim méit mau, tmg voi

Lé Van Huynh va cong sy

dudng cong tir s6 (2) dén s (9) va bj e ché gan
nhu hoan toan, img véi dudng cong sé (10). Nguyén
nhan 14 do hydroquinon (Hq) da tranh gianh gc tu
do HO*, dan dén qué trinh oxi hoa Ind giam.

Bang 2: Bang s6 liéu x4c dinh hang s6 toc do oxi hoa Kng + o= d0i v6i chét tic ché Hq

(a) Su phu thudc cua AD vao [Hq],

N [Hg]o A]SD ASC Kz[I‘LQ]o Ks[ACSaC]o K4[H2502]o X . Y \
x10° M x10° M x10° M x10° M x107° M x10° M x10~ x10~
1 0,50 0,246 2,411 0,6 0,12 3 2,48 4,15
2 1,00 0,211 2,069 1,2 0,12 3 2,88 4,83
3 2,00 0,171 1,676 2,4 0,12 3 3,68 5,96
4 3,00 0,125 1,226 3,6 0,12 3 4,48 8,16
5 5,00 0,087 0,853 6,0 0,12 3 6,08 11,72
6 7,00 0,055 0,539 8,4 0,12 3 7,68 18,55
7 10,00 0,039 0,382 12 0,12 3 10,08 26,15
8 20,00 0,026 0,255 24 0,12 3 18,08 39,23
9 40,00 0,016 0,157 48 0,12 3 34,08 63,75
Dost
15 03 4
13 -
0.2 -
114
0.9 4
0.1 4
0.7 4
05 — % I O
0 30 60 90 0 60 120 180 240 300

(b) Sy tiéu hao chit wc ché Hq

Hinh 2: Xac dinh hang s6 Kgng + How v6i chat ttc ché hydrogquinon (Hg)

Mit khac, theo ddi sy bién thién mat do _quang
AD ctia hdn hop dung dich phan tng, v6i nong do
chat wrc ché [HqJo = 10* M theo thoi gian, tai budc
song hap thu cuc dai cta Hq 1a & = 288 nm, dugc
thé hién trén hinh 2b, nhan thay rang: Ban than chit
{rc ché Hydroquinon (Hq) ciing bi tiéu hao trong qué
trinh phan ung.

Két qua nghién cru ching to rang: Pa co su
phat sinh gbc ty do HO* trong qua trinh phan tng
oxi hoa Ind. Pic trung cta co ché 1a trong phan tmg
¢O su tao thanh cac géc ty do HO*, HO,*, O,* ...
ddng thoi co su thay dbi sb oxi hoa cia ion kim loai
M#*. Chimg t0, co ché ctia phan tmg dién ra theo co
ché mach goc.

Tur két qua nghién ctru thuc nghiém duoc thé
hién trén bang 2, c6 thé xac dinh dugc héng sb tbe
do oxi hoa Kng+Ho+ theo cac phuong trinh phan tmg
(2-5) va céac cong thirc (1-10).
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Bing ngdn ngir 18p trinh Pascal, ta c6 thé xac
dinh dugc hing sé téc do oxi hoa Ind la:

k =5,7.10°I.mol s .

Ind +HO*

3.3. Nghién ctru anh hwéng cia chit e ché
paranitrozodimetylanilin (Pa)

Thém chét tc ché Pa vao hdn hop dung dich
phan tng. Theo ddi sy bién thién mat d6 quang AD
theo thoi gian At ¢ diéu kién sau:

Nong d6 [Co**]y = [Acac], = 10° M; [Ind], =
1,5x10* M; [H20,]o = 10° M; pH = 11; Nong do
chat trc ché [Pa], = (0-30)x10° M. Tai bu6c séng
hép thu cuc dai cia Pa 1a A = 440 nm. Két qua
nghién ciru thé hién trén bang 3 va hinh 3 cho thay,
Khi chwa c6 chat trc ché Pa, bién thién mat d6 quang
AD cua dung dich phan tng 1a 16n nhét, ing voi
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dudng cong s (1), tdc dd phan tmg oxi hoa Ind 1a
16n nhét, toc 14 mau cta hdn hop dung dich phan
ung nhanh méat mau nhat. Khi c6 mat chét tc Pa, su
bién thién mat d6 quang AD cuia hdn hop dung dich
phan mg giam dan, chtng t6 Pa da kim ham toc do
phan tng oxi hoa Ind. Khi cang ting néng do cua
[Pa]o, mat do quang ctia dung dich phan tng giam
cham dan, tmg voi dudng cong tir s6 (2 — 9) va tc
ché gan nhu hoan toan tng véi dudng cong s6 (10).

Nghién cuu sy tao thanh va phan huy...

Thuc nghiém chimg t6, Pa da (rc ché qua trinh
oxi hoéa Ind, 1am cho hdn hop dung dich phan tng
cham mét mau. Pa da tranh gianh gbc tu do HO*
cta Ind, dan dén tdc do oxi hoa Ind giam.

Tinh tc ché cua Pa 16n hon rat nhiéu, so véi Hq
va Ac, diéu nay hoan toan phu hop khi ma: k

_ 9 -1 -1
Kiigeror < Kpaupor =18.10° L mol™.s™.

Ac+HO*

Bang 3: Bang s6 liéu x4c dinh hang s6 toc d0 kgng + Ho= vOi chat trc ché Pa

(@) Su phu thugce cua AD vao [Pa],

N [Pa]() AD AC Kz[Pa]o K3[ACﬂC]0 K4[H202]0 X Y
x10° M x10° M x10° M x10° M x10° M x10° M x107° x107*
1 0,10 0,232 2,275 0,18 0,12 3 2,20 4,397
2 0,25 0,193 1,892 0,45 0,12 3 2,38 5,285
3 0,50 0,154 1,510 0,90 0,12 3 2,68 6,623
4 0,75 0,111 1,088 1,35 0,12 3 2,98 9,189
5 3 0,081 0,794 5,40 0,12 3 5,68 12,593
6 7 0,049 0,480 12,60 0,12 3 10,48 20,816
7 10 0,034 0,333 18,00 0,12 3 14,08 30,000
8 15 0,021 0,206 27,00 0,12 3 20,08 48,571
9 30 0,013 0,127 54,00 0,12 3 38,08 78,461
Do
15 1 9
0.3 A
13
11 0.2
0.9
0.1 -
0.7
t(s
os . e (s)
0 30 60 90 0 60 120 180 240 300

(b) Su tiéu hao chét trc ché Pa

Hinh 3: Xac dinh hang s6 Kqng + Ho» vOi chét tic ché paranitrozodimetylanilin (Pa)

Mit khac, theo dai su bién thién mat do _quang
AD ctia hdn hop dung dlCh phan ung, voi nong do
chat trc ché [Pa], = 10° M, tai budc song hap thu
cuc dai & = 440 nm dugc thé hién trén Hinh 3b cho
thdy, ban than chét rc ché paranitrozodimetylanilin
(Pa) cling bi tiéu hao trong qua trinh phan tng.

Bing thuc nghiém da chung to rang, da co sy
phét sinh va phan hity gdc tr do HO*. Pic trung cua
co ché 1a trong phan tmg c6 su tao thanh cac goc tu
do HO*, HO,*, O,* ... ddng thoi c6 su thay d6i sb
oxi hod ctia ion kim loai M**. Chimg t0, co ché cua
phan tmg dién ra theo co ché mach gbc. Bang ngon

ngit lap trinh Pascal, ta c6 thé xac dinh duoc hing sd
toc d6 oxi hoa Ind 1a k., o =5,43.10°1.mol s ™.

4. KET LUAN

Béng phuong phap ding céc chét e ché - canh
tranh, da chirmg minh dugc c6 su phat sinh va hiay
diét géc tu do HO* va ¢o su thay ddi hoéa trj cua ion
Co*, ching té co ché phan tng dién ra theo co ché
mach gdc.

Tinh chit wc ché cua paranitrozodimetylanilin

612
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(Pa) 16n hon rat nhiéu, so véi hydroquinon (Hag) va
axit ascorbic (Ac).

Pi xac dinh duoc hang sb toc d6 oxi hoa Ind 1a

King-+How = 5 46.10° (L.mol™s™) -
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