Tap chi Héa hoc,T. 47 (1), Tr. 34 - 40, 2009

NGHIEN cUU SU TAO THANH GOC TU DO OH* TU H,0, VA
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ABSTRACT

By method of using inhibitors in order to study the catalytic oxidation process of
indigocarmine (Ind) taking place according to the OH" radical chain mechanism. This study was

performed in the systems:

H,0 - Co** -H,L - Ind - Ac -H,0, (1)
H,0 - Co** -H,L - Ind - Hq -H,0, 2)
H,0 - Co** -H,L - Ind - Pa -H,0, (3)

This article presents our results of calculating the rate constant k(Ind + OH*) of oxidizing
Indigocarmine by hydroxyl radicals OH* with the help of Turbo Pascal programming languages.

- MO PAU

Hién nay, phuong phdp st dung céc chéit tc
ché va cédc chit canh tranh gianh goc tu do dugc
xem 1a phuong phdp phé bién, thich hop va c6
hiéu luc nhat dé thiét lap quy luat dong hoc, co
ché&, mo hinh hod céc qua trinh xic tdc dong thé
oxi héa khtr phic tap dién ra trong pha long.
Phuong phdp nay khong chi phdt hién su phat
sinh va huy diét cta cdc goc tu do OH*, HO,*,
... V6i néng do rat nhé (107 - 102 mol/l) va cé
kha nang phéan tng rat cao ma con ¢6 thé xdc
dinh dinh luong hing s6 toc do phan ting gitta
cac gbc nay véi cac chat phan dng c¢6 ban chat
khéic nhau (S) trong hé xic tac (1), (2) va (3) [2,
3]. Trong khoang néng do Co** thap (<< 10™
M), ching toi da nghién ctu thiét 1ap quy luat
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dong hoc phan dng oxi hoda co chat Ind bing
H,0, dugc xtdc tac bodi phic chat xdc tic don
nhan [CoL]* [1]. D€ x4c dinh co ché nguyén tic
ctia phan tng peroxydaza trén, ching toi su
dung phuong phéap cic chat Gc ch€ va cac chat
canh tranh [2, 4, 5]: ba chit tGc ché (In) cé tic
dung dac thu véi goc tu do OH* duge st dung 1a
axit Ascorbic (Ac), Hydroquinon (Hq) va
Paranitrozodimetylanilin (Pa) c6 hing s6 tuong
tac v6i goc tu do OH* tuong ung 1a [2]: k (Ac +
OH*) = 7,2.10°1L.M".s", k (Hg+OH*) = 1,2.10"
LM's", k (Pa+OH*) = 1,8.10" L.M".s"!

I - THUC NGHIEM

Cac hod chat st dung trong hé (1,2,3) c6 do
sach thuoc loai PA.



Chat oxi hoa: H,0,.

Axit xitric HOOCCH,(OH)C(COOH)CH,.
COOH (ky hiéu H,L) déng vai tro ligand tao
phtic v6i Co™.

Chat bi oxi hod: Indigocacmin (ki hiéu Ia
Ind) c6 cong thic nhu hinh 1.
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Hinh I: Cong thiic cdu tao cua indigocacmin

Phan tng xic tdc oxi hod indigocacmin
trong hé (1, 2, 3) dugc tién hanh nhu sau: cho
vao binh phan tng lan lugt dung moi nudc cat
hai 14n, cdc dung dich H,L, Co*, Ind, In. Dung
dich phan tng dugc khudy lién tuc bing mdy
khudy tir M10 va nhiét do ctia hon hop phan ting
dugc git khong déi (30£0,2°C) nhd mdy 6n
nhiét U.10. Dung cidc dung dich HCIO, va
NaOH dé diéu chinh dén pH can thiét va dugc
kiém tra trén pH-meter loai HI-8314. Qua 1-2
phiit thi cho H,0,, sao cho téng thé tich ctia hn
hop phan tng 12 30 ml. Thoi diém cho H,0, vao
dugc xem 1a méc bat ddu cta qua trinh oxi hod
Ind, trong phan tGng xic tdc kém theo su mat

mau cua Ind. Téc do cla phan ung oxi hod Ind
(W™ duoc tinh thong qua bién thién mat do
quang AD tuong tng véi cdc bién thién thoi gian
At(s) tai dinh hap thu cuc dai cua Ind (A,,,) =
612 nm trén mdy quang phé UV-VIS 752 va
W™ duoc tinh theo cong thitc [1, 3]:

Wlnd — AD (M 1-1 S-l) (1)
CAted

Trong d6 W’ 1a toc do phan tng oxi hod
indigocarmin & cung di€u kién nhung khong cé
xudc tdc (phan tng nén). Ddi véi hé da cho, khi
chua c6 mat xic tdc, toc do phan tng oxi hoa
indigocarmine rat nho va c6 thé coi W’ =0 [1],
€ (M.I'.cm™) - hé s6 héap thu phan tir gam cla
Ind, d (cm) - do day cuvét. Méi thi nghiém déu
duoc tién hanh ba lan dé 14y gid tri trung binh.

111 - KET QUA VA THAO LUAN

1. Anh huéng cia chit tc ché axit ascorbic
(Ac) dén toc do qua trinh oxi hoa
Indigocarmin
Khi thém chit dc ché€ (Ac) vao hé: H,O -

Co* - H,L - Ind - H,0, s& thu duoc hé (1):

H,0 - Co* - H,L - Ac - Ind - H,0, (Hé 1).
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Hinh 2a: Su bién déi cuia Dgldz trong hé (1) theo thoi gian: [Co**], = [H,L], = 10°M; pH = 11;
[H,0,] = 10°M; [Ind],=1,5.10"M [Ac],=(0; 1; 2; 3; 5; 7; 8; 10; 15; 20; 25; 30).10°M,

ung vGi cac duong cong: (1; 2; 3; 4;5; 6; 7; 8; 9; 10;

11; 12).
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Hinh 2b: Su tiéu hao chat tic ché Ac trong hé (1) theo thoi gian: [Co™], = [H,L], = 10°M; pH = 11;
[H,0,] = 102 M; [Ind], = 1,5.10*M; [Ac], = 10*M

Tai mdi gid tri nong do dau cta [Ac],, su
bién d6i mat do quang cta Ind tai budc séng
612 nm (Dy3) theo thdi gian dugc thé hién trén
hinh 2a. Két qua trén hinh 2a cho thay:

- Khi chua c¢6 mat chat tc ché ([Ac], = 0
M), qua trinh xdc tic oxi hod Ind dién ra nhanh
nhat Gng véi dudng cong dong hoc s6 (1).

- Thém chat tc ché Ac vao hé (1) v6i nong
do tang dan trong khoang (1+ 30).10° M, toc
do6 cua qua trinh xtdc tdc oxi hod Ind bi cham lai.

+ V6i nong do chat tc ché nho ([Ac], = 107
M), t6c do oxi hoa Ind gidm khong déng ké so
v6i truong hop khong c6 tc ché (duong cong
dong hoc s6 (1), (2) nam rét gan nhau).

+ V6i ndng do chat tc ché 16n ([Ac], = 3.10°
*M), toc do oxi hod Ind gidm xuéng rat manh
(dudng cong dong hoc s6 (12) gdn nhu nam
ngang) nghia la gan nhu @c ché hoan toan.

Ngoai viéc theo ddi su bién déi mat do
quang cta Ind khi ¢6 mat chét tc ché Ac, ching
toi con theo ddi su bién déi mat do quang clia
chat tc ché Ac trong hé (1) theo thoi gian tai
budc song hap thu cuc dai A, (Ac) =265 nm.

Két qua nghién ctu trén hinh 2b cho thay
trong hé (1), ngoai mat do quang cua Ind giam
dan thi mat do quang cua Ac ciling giam dan
theo thoi gian, nghia l1a ban than chat dc ché Ac
ciing bi tiéu hao theo thoi gian. Diéu nay ching
t6 trong dung dich di phét sinh tiéu phan tuong
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tdc véi axit ascorbic. Mat khac, do kha nang
tuong tac dac thu cha chat tc ché axit ascorbic
v6i goc tv do OH" (kAc + OH = 7,2.10°
L.M".s™") [2] nén c6 thé két luan trong dung dich
da hinh thanh goc tw do OH” va goc tu do OH”
khi tic dung v6i Ac di bi giam nong do tac
dung v6i Ind nén da lam cho t6¢c d6 phan tng
oxi hod Ind (W™) bi giam di rd rét.

Dé khang dinh thém vé su phat sinh goc tu
do OH* trong qua trinh phan dng, chiing t6i da
thay chét c ch€ Ac trong hé (1) bang chit tc
khéc ciing cé tuong tac dac thu véi goc OH* d6
la hydroquinon (Hq) vé6i k(Hg+OH*) = 1,2.10"
LM's' va p-nitrozodimetylanilin (Pa)  véi
k(Pa+OH*) = 1,8.10" L.M"'.s" [2].

2. Anh huéng cua chét @c ché hidroquinon
(Hq) va para-nitrozodimetylanilin (Pa)
dén toc do qua trinh oxi hoa indigocarmin

Khi thay chat tc ch€ Ac trong hé (1) bing
chit tc (Hq) va (Pa) s€ thu dugc hé (2) va hé
(3). Két qua nghién cttu anh hudng cua (Hq) va
(Pa) dén dén toc do qua trinh oxi hoa
Indigocarmin trong hé (2) va (3) dugc biéu thi
trén hinh 3a va 3b.

Két qua thu dugc trén cdc hinh 3a va 3b
tuong tu nhu két qua khi st dung chat tic ché
Ac, nghia la:

- Khi chua c¢é mat chat tc ché Hq va Pa
([Hq], = 0 M, [Pa], = 0 M), toc do qua trinh xtc
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Hinh 3a: Su bién déi cha Dé”ldz trong hé (2) theo thoi gian:
[C02+]0 =[H,L], = 10°M; pH=11; [H,0,] = 102 M; [Ind], = 1,5.10*M
[Hql, = (0; 0,5; 1; 2; 3;4; 5; 6; 7;10; 12).10°M,
ung véi cac duong cong: (1; 2; 3; 4; 5; 6; 7; 8; 9;10; 11)
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Hinh 3b: Su bién déi clia Dleqdz trong hé (3) theo thoi gian: [Co™*], = [H,L], = 10°M; pH =11;
[H,0,] = 10°M; [Ind],=1,5.10*M [Pa], = (0; 0,5; 1,0; 1,5; 2; 3; 4; 6; 8).10° M ting véi c4c dudong
cong: 1;2; 3;4;5;6;7; 8;,9)

tdc oxi hod Ind trong hé (2) va (3) dién ra nhanh
nhit @ng véi duong cong dong hoc s6 (1).

- Khi néng do cédc chat tc ché Hq va Pa tang
dan thi toc do cua qua trinh xudc tac oxi hod Ind
bi cham lai.

Tuy nhién, néu so sanh kha nang tc ché ctua
Ac v6i Hq va Pa, c6 thé nhan thay: kha nang tc
ché ctia Hq va Pa manh hon Ac (Hq va Pa c6 thé
ttic ché & nong do rat nhé (0,5.10°M), Ac bat

dau gay tic ch€ ¢ ndng do cao hon (10° M)). Két
qua nay hoan toan hop 1y vi hiang s6 tuong tac
v6i goc tw do OH* cua Hq va Pa 16n hon cla
Ac.

Két qua nghién citu sy bién déi mat do
quang cuda hai chat tc ché€ Hq va Pa theo thoi
gian tai budc séng hap thu cuc dai cua Hq
(Amax =288 nm) va Pa (A max = 440 nm) trén
hinh 4a va 4b hoan toan tuong tu nhu su bién
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doi mat do quang clia Ac. Nghia 13, trong khi co  ciing bi tiéu hao.
chét Ind bi oxi hod thi cac chat tc ché Hq va Pa
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Hinh 4a: Su tiéu hao chat tic ché Hq Hinh 4b: Su tiéu hao chit tc ché Pa
trong hé (2) theo thoi gian: [Hq],=5.10°M  trong hé (3) theo thdi gian [Pa], =3.10°M:
[Co™*], = [H,L], = 10°M; pH = 11; [Co*™],=[H,L],=10°M; pH = 11;
[H,0,] = 10°M; [Ind],=1,5.10*M [H,0,] = 10°M; [Ind],=1,5.10"M

3. Tinh hang so6 toc do k(Ind + OH*) bang ngon ngit lap trinh Pascal

Phuong phédp st dung cac chat tic ché va cdc chat canh tranh khong nhitng duogc ding dé xéc
dinh su phat sinh va ton tai ctia goc tu do OH ma con c6 thé duoc ding dé x4c dinh dinh luong hing
s6 tuong tac (hing s6 toc do) giita goc tu do OH' véi co chat Ind. Trong cong trinh nay chdng toi
xdc dinh k(Ind + OH") theo phuong phap binh phuong bé nhét, nhd 1ap trinh Pascal dua trén cc s6
liéu dong hoc thu dugc khi nghién ctu cac hé (1), (2) va (3).

D6i v6i he (1,2,3) sé c6 cdc phan ting canh tranh goc tu do OH sau [1 - 3]:

Ind +OH —< p, W, =k,[Ind],[OH];  k, = k(Ind + OH*) =? (1.2)
In +OH —2 5P,  W,=k[In][OH]; k,=72.10LM"s" (1.3)

V6i: Ac (k, = 7,2.10°LM "), Hq (k, = 1,2.10° 1.M"s™), Pa (k, = 1,8.10"° LM".s™).
HL +OH — 5P, W,=k[HL][OH]; k;=54.10.M"s" (1.4)
HO, +OH —5p,  W,=k[HO0,][OHT]; k,=3.101LM"s" (1.5)

Theo [2,3] c6 thé xac dinh duoc k, theo phuong trinh sau:
1 :a+i kZ[AC]O+k3[H4L]o+k4[H202]o
AC, K, [Ind],

(1.6)

Trong d6: AC, la bién thién noéng do cta Ind tng v6i mdi gid tri ndng do dau cla chat tc ché [In],

sau khoang thoi gian At= 15s; AC, xdc dinh theo cong thic AC, =

L v6i AD, la d¢ gidm
ed
mat do quang cla Ind trong khoang toi gian At= 15s va €= 1,02.10* (I.LM".cm™), d (do day cuvet
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3 1 a kz[AC]o + ks[H4|—]o + k4[Hzoz]o .
=lcm). Dat y = ACl ; b= kl X = [|nd]0 . Nhu vay,
phuong trinh (1.6) sé& c6 dang:

y=a+bx (1.7)
Trong d6 :
IRINEDRIN
= HZXZ—(ZX)Z (1.8)
DI EIRIN
(1.9

n la s6 thi nghiém .

b= n> x*=(>.x)?

Tinh k(Ind + OH*) khi sit dung chdt vic ché Ac:

T cac dit liéu thu dugc trén hinh 4) va nho 1ap trinh Pascal [3], cac cap gia tri X va y ting véi
moi nong do [Ac], dugc cho trén bang (1).

Bdng I: Cac gia tri x va y nhap vao phuong trinh y = ax + b ctia hé (1)

H,O - Co** - H,L - Ac - Ind - H,0,

[H,0,], = 2.10>M; [Ind], = 1,5.10*M; pH = 11; [Co™*], = 10°M; [H,L],= 10°M;
[Ac]y= (1,0; 2,0; 3,0; 5,0; 7,0; 8,0; 10; 15; 20; 25; 30) .10°M

n [Ac] AD, | AC.10° | Y.10* | k,.[Ac]y.10° | ks [H,L] .10* |k,.[H,O0,] .10° | X.10°

1 1.10° | 0,281 | 2,755 | 3,630 7,2 5,4 3 6,804

2 2.10° | 0,252 | 2,471 | 4,048 14,4 5.4 3 11,604
3 3.100 | 0,222 | 2,176 | 4,595 21,6 5.4 3 16,404
4 5.10° | 0,169 | 1,657 | 6,036 36 5,4 3 26,004
5 7.10° | 0,136 | 1,333 | 7,500 50,4 5.4 3 35,604
6 8.10° | 0,115 | 1,127 | 8,870 57,6 5.4 3 40,404
7 | 10.10° | 0,095 | 0,931 |10,737 72 5,4 3 50,004
8 | 15.10° | 0,073 | 0,716 | 13,973 108 5,4 3 74,004
9 | 20.10° | 0,053 | 0,520 | 19,245 144 5.4 3 98,004
10 | 25.10° | 0,036 | 0,353 |28,333 180 5,4 3 122,004
11 | 30.10° | 0,018 | 0,176 | 56,667 216 5,4 3 146,003

Sau khi nhap cdc gia tri trong bang 1 vao
chuong trinh, ching t6i tinh duoc hing s6 toc do
k(Ind + OH*) = 6,57.10° Lmol'.s™.

Tinh k(Ind + OH*) khi su dung chdt iic ché

Hgva Pa

Bang céch tinh todn tuong tu nhu khi st
dung chat tc ché Ac. Nho 1ap trinh Pascal [3] va
céc dit liéu dong hoc thu dugc trén hinh 4a, 4b,
tinh duoc hang s6 toc do k(Ind + OH*) =
5,46.10° 1.mol™".s™ véi chét tic ché Hq va k(Ind +
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OH*) = 5,84.10° L.Lmol".s™ vé6i chat tic ché Pa.
Cac két qua nay ciing phut hop véi két qua thu
duoc khi diing chét e ché Ac.

IV - KET LUAN

- Bang phuong phdp st dung céc chat tc ché
va cac chat canh tranh (Ac, Hq, Pa) ¢6 tic dung
dac thu véi goc te do OH”, da chitng minh dugc
phan tng peroxydaza dién ra trong hé (1), (2) va
(3) phat sinh ra goc tu do OH*,

- Bing ngon ngit 1ap trinh Pascal va két hop
v6i cic s6 liéu dong hoc thu dugc khi nghién
cltu qué trinh oxi hod co chat indigocacmin
trong cdc hé (1), (2) va (3) bang H,0, da xac
dinh dugc hang s6 toc do: k(Ind + OH*) =
6,57.10° 1.mol s - khi sir dung chat tic ché Ac,
k(Ind + OH*) = 5,46.10° L.mol'.s" — khi sl
dung chat tc ché Hq, k(Ind + OH*) = 5,84.10°
l.mol™".s™" — khi st dung chat tic ché Pa. Céc két
qua nay tuong d6i phu hop nhau va ciing phu
hop véi két qua ciia mot s tac gia khac.

- Hang s6 k(Ind + OH*) rét 16n, ching to
goc tu do OH™ - mot tdc nhan oxi héa manh
duoc phat sinh trong hé xidc tdc néi trén c6 thé
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duoc st dung: polime héa, tdy mau cic vat lieu
trong cong nghiép dét, gidy, xi 1y nudc thai bao
vé moi truong!’
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