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Tom tit
Phan wng phan hay hydrogen peroxide (H,0,) thuong dwoc dung nhu mot phan wng chuan dé xac dinh
hoat tinh x(c tac cua cac phtc kim loai. Trong bai-nay ching t6i dé xuat co ché nguyén tic cua phan tng phan
hiy hydrogen peroxide véi sw ¢6 mat cua phirc xic tac Mn(Acry) %*. Co ché nguyén tic cua phan wng nay dwa
trén co so tng dung cac chat e ché va chat canh tranh. Céc chat tc ché dic thu vai goc tu do "OH duoc sir dung

la axit ascorbic (Ac), hydroquinon (Hg). Két qua nghién ciru da xac dinh duoc hé s6 van td¢ King + on Va cho thy
qua trinh phan hay H,0, xay ra theo co ché gic.

Tar kh6a: Mangan, xuc tac phic, phan (ng phan hay H,0..

THE MECHANISM OF H,0, DECOMPOSITION REACTION CATALYZED BY Mn(Acry)2+ IN H,O
-Mn?* - Acry - H,0, SYSTEM

Abstract

The decomposition of hydrogen peroxide (H,O,) is often used as a standard reaction to determine the
catalytic activity of metal complexes. In this study, we propose the mechanism of the hydrogen peroxide
decomposition reaction in presence of Mn(Acry)®* complexes. The reaction mechanism is based on utilization
of inhibitors and competing inhibitors. By using the particular inhibitors such as acid ascobic (Ac) and
hydroquinon (HQq), King + on, Was determined. Beside, this result demonstrated that the hydrogen peroxide
decomposition occured by radical mechanism.

Keywords: Manganesium, catalytic metal complexes, hydrogen peroxide decomposition.
1. PAT VAN DE

Viéc thiét lap co ché cua qué trinh xdc tic oxy hda - khir bang phic chat cd vai tro rat quan
trong trong Iy thuyét va thyc tién. Str dung céc chat tic ché va cac chat canh tranh duoc xem nhu
mét phuong phap hiéu qua va toi wu dé nghién ciru va thiét 1ap co ché nguyén tic cua qué trinh
xuc tac phan huy H,0, bang phuc chét - xdc tac. Phuong phéap nay khong nhitng cho phép phat
hién su c6 mit ciia cac gbe ty do ‘OH, HO'. .. sinh ra trong hdn hop phan tng véi gigi han nong
d6 rat nho (10™2 + 8.10™*M), ma con xéac dinh dugc hing sb tbe do phan ung giira cac gdc
nay véi cac chat phan &ng trong qua trinh xGc tac.
2. PHUONG PHAP NGHIEN CUU

Céc hoa chat sir dung c6 do sach tinh khiét phan tich (PA).

- Chét oxi héa H,0,

- Chét xtc tac: phuc chét caa Mn* véi acrylamit (Acry)

- Chét bi oxy hoa: Indigocamin (Ind)

0O

NaOs I SOs3Na
|

NH NH

Hinh 1. Cong thac hod hgc cia indigocamin
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Thuc nghiém duoc tién hanh nhu sau: cho vao binh phan @ng lan luot nuée cét hai lan,
Acry, Mn**, HCIO, hoic NaOH (dé didu chinh dén pH cén thiét cua hdn hop phan ¢ng). Khi
da dat dugc pH xac dinh, hdn hop phan tng tiép tuc phan ung tir 2 - 3 pht thi cho chat ac
ché, chat bi oxi héa, H;O,, sao cho tong thé tich ciia hdn hop phan ang 1a 30ml. Thoi diém
cho H,0, vao duoc xem 1a mdc bét dau cua qua trinh phan wng, kém theo hién tuong thoat
khi O,. Theo d&i tc do thoét khi O, thong qua viéc do thé tich oxy thoat ra VO (ml) theo bién
thién thoi gian At = 30(s).

Tir gia tri thé tich khi oxy thoat ra V2 ta tinh dugc tdc do cua qué trinh xtc tac phan
huy H,O; dua vao cong thuc:

0,
O :24,%% (mol.I".s™ (1)
Trong d6, W 1 téc do phan tng phan huy H,0,.
At: Khoang thoi gian gitra hai thoi diém do thé tich oxy thoat ra.

AV®% Sy bién ddi thé tich oxy trong khoang thoi gian At.

24.,9: Hé s6 chuyén thé tich oxy ¢ diéu kién tiéu chuan.

Vga = 30 ml: Tong thé tich hdn hop phan tng.

3. KET QUA VA THAO LUAN
3.1. Anh hwéng ciia chat vic ché Axit ascorbic (Ac) dén hé (1)

Khi thém chat tc ché Ac vao hé (1) chling ta sé& thu dugc hé:
H,0 - Mn% - Acry - Ac - H,0, (1)
Thuc nghiém duoc tién hanh trong didu kién: [Mn*]o = 10 M; [Acry]e = 6.10* M;
[H202]o = 1.10™ M; pH = 9; [Ac]o. 10°= (0 — 6,0)M.

Su bién d6i cua thé tich oxy thoéat ra theo thoi gian khi c6 mat Ac trong hé (II) duoc thé
hién & hinh 2.

Hinh 2. Sw bién doi thé tich oxy thoat ra theo theéi gian tei méi gia tri [Ac]o.

[Aclb,10°M 0 05 1 15 2 25 3 4 5 6
Puongcong 1 2 3 4 5 6 7 8 9 10

Tir cac sb liéu trén hinh 2, 1iy At = 60s, ap dung cong thuc (1) ta tinh duoc tée do thoét
khi oxy cia qua trinh xtc tac phan huy H,0,. Két qua dugc thé hién trong hinh 3.
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WO 10°
M.11sh

o ] 4 6 [Ac],. 10°M
Hinh 3. Sw phu thugc ciia W2 vao [Aco.

Tt hinh 3 cho thay: khi chua c6 mit chat wc ché ([Ac]o = 0) thi tbc d6 phan ang phan
huy H,0, (W°?) dat gi4 tri 16n nhat (duong sé 1). Khi thém chat Gc ché Ac vao hé (11), thé
tich oxy thoat ra giam dan theo chiéu ting ctia [Ac]o, do d6 tdc d cua qua trinh catalaza ciing
giam dan (duong s 2, 3, 4,5, 6, 7, 8, 9, 10 trén hinh 1a). Biéu nay c6 thé giai thich 1a chat uc
ché (Ac) c6 mit trong hé (II) da canh tranh gianh gdc ty do sinh ra va phan ng theo phuong
trinh:

Ac+ OH —>P;  Vv&iky=7,2.10° mol.I"s* (2)

Do d6 gdc ty do "OH sinh ra bi mat dan, qua trinh chuyén tiép ‘OH thanh O, giam, téc
d6 cua qua trinh phan huy H,O, giam (hinh 3). Diéu nay ciing khang dinh rang géc tu do ‘'OH
cling duoc tao ra trong hé (11) va da tuong tac véi chat tc ché. Noi mot cach khéc 1a qué trinh

phan huy H,0, caa hé (I1) phai trai qua giai doan tao goc tw do ‘OH.

Mt khac, dé khang dinh su phét sinh goc tu do "OH, bang cach do do hap thu caa chat
trc ché Ind. Khi @0, hé (I1) s& chuyén thanh hé (111):

H,0 - Mn?* - Acry - Ac - Ind - H,0, {an
Xay dung dugc cac duong cong dong hoc D'ng:; - t phu thuoc vao [Ac]o, thuc hién do &
budc sONg Amaxac) = 265nm trong khoang thai gian 180 gidy twong tng véi diéu kién:

[Mn®*]o = 10°M; [Acry]o = 6.10*M; [H202]o = 1.10M; [Ind] = 2.10°M; pH = 9. Két
qua nghién ciru dugc thé hién trén hinh 4.

T T T T T T
0 30 60 80 120 150 180 t(s)

Hinh 4. Sw bién di ciia Dy theo théi gian tei méi gia tri [Aclo.

[Ac]o 0 0,5 1 1,5 2 2,5 3 4 5 6 7
buong cong 1 2 3 4 5 6 7 8 9 10 11
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Tir s6 liéu hinh 4, chiing t6i chon [Ac]o = 2,5.10°M dé do mirc d6 tiéu hao wc ché theo
thoi gian. Két qua duoc trinh bay trén hinh 5.

DL

0.3 4

0.1 4

0 60 120 150 240 1(s)
Hinh 5. Sir tiéu hao sc ché Ac theo thai gian.

Tu két qua trén hinh 5 cho thiy: mat d6 quang ciia Ac giam dan, nong do chét tc ché
Ac giam dan theo thoi gian. Nhu vay, trong khi H,O; bi phén huy thi Ac cting bi tiéu hao.
Mt khac, do tuong tac dic thi cua chét &c ché axit ascorbic (Ac) véi goc tu do "'OH (Kac + Ho'
= 7,25.10° mol.I"'s") [2]) nén mot 1an nira khing dinh ring c6 sy phat sinh va huy diét gbc tu
do ‘OH trong hé (1) va qua trinh dién ra theo co ché mach - géc.

3.2. Anh hwéng ciia chat wrc ché Hydroquinon (Hq) dén hé (1):
Khi thém chit tc ché Hg vao hé (1) ching ta s& thu duoc hé:
H,O - Mn* - Acry - Hq - H,0, (1V)
Két qua thuc nghiém nghién ctru hé (IV) trong didu kién: [Mn?*]o = 10™*M; [Acry]e =

6.10°M; [H20,]o = 1.10™M; pH = 9. Su bién ddi cua thé tich oxy thoat ra theo thoi gian tai
mdi gié tri [Hg]o trong hé (1V) dugc thé hién & hinh 6.

6 o 0 © b & b o
L T O

0 60 120 180 240 300 t(s)

Hinh 6. Sw bién doi thé tich oxy thoat ra theo theéi gian tai méi gia tri [Hq]o.
Tir cac sé liéu trong hinh 6, ldy A7 = 60s va &p dung cong thizc (1) ta thiét ldp duoc
méi quan hé giiza W2 véi [Hq]o. Két qua diroc trinh bay ¢ hinh 7.

WO 10°
(molI's?)

6
4

2

0 10 20 30 [Hal,10°0M)

Hinh 7. Sw phu thugc ciia W2 vao [Halo.
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Tir s6 liéu thuc nghiém phan &nh trén hinh 6 va hinh 7 cho thiy: thé tich oxy thoat ra
(V%) dat gia tri Ion nhat khi ndng d6 [Halo (duong 1 - hinh 6). Khi tang [Hq]o thi V°? sinh
ra do phan tng phan huy H,0, giam dan (dwong 2, 3, 4, 5, 6, 7, 8 & hinh 6). Chiing to, téc do
phan g W2 giam dan theo chiéu ting ndng d6 Hq. Hon nita, twong tu nhu trong trudng
hop Véi chit tc ché Ac, chung toi ciing theo ddi duoc sy bién ddi mat do quang cua chat wc
ché Hq tai budc song hap thu cuc dai cia N6 Amaxrg = 288nm trong khoang thoi gian 180
gidy ng véi cac didu kién: [Mn®]o = 10™M; [Acry]o = 6.10°M; [H20:]o = 1.10™M; [Haq]o =
1,5.10°M; pH = 9. Két qua nghién ctru dwoc biéu din trén d6 thi hinh 8.

Ha
D

0.40 4

0 ‘ 6‘0 I 1"20 ‘ 18‘0 I Z;O ‘ 3(;0 t(s)
Hinh 8. Sw tiéu hao chdt irc ché Hq theo thei gian.
Theo cac két qua trén, ta ciing di dén két luan rang trong hé (1V) c6 su phat sinh gbc tu
do ‘OH. Chét tc ché Hq da tuong tac canh tranh dé gianh ‘OH 1am kim hdm su tao thanh O,
theo phuong trinh:
Hg+ OH— P,  voik;=1,2.10" mol.I's! (3)

Do d6, W®? giam xudng va ndng do cua Hq ciing giam déan theo thoi gian do Hq bi oxy
hoa bai géc "OH. Piéu nay ciing khang dinh co ché ciia qua trinh phan huy H,0, theo hé (1)
1a co ché mach - géc.

3.3. Xac dinh kind + .OH dwavao hé :
H,O - Mn* - Acry - Ac-Ind - H,0, (Il
Déi vai he (111) c6 cac phan tng canh tranh gbc tu do "OH sau [2], [6]
Ind + OH ——>P;; Wy =ki.[Lm]o.[ OH];  ki=Kmgson «=?
Ac  + OH —% 5P,y W, = ko [Aclo[ OH]; ko =7,2.10°1/ mol.s
Acry + ‘OH —P3: W3 = ka.[Acry]o.[ OH]; ks =4,1.10°l/ mol.s
H,0, + ‘OH —< 5P, W, = ka.[ H202]o.[ OH]; ks =3.10"l/ mol.s
Tir c&c phan tng giai doan trén va theo [3] ta rat ra dugc cong thac tinh King + on. nhu
sau:
i: a_i_l.kz[AC]o +k3[Hzoz]o
AC, k [Ind],

Trong d6: AC; 1a bién thién néng do cua Ind tng véi mdi gia tri nong do dau [Ac]o sau
khoang thoi gian At = 60s; AC; duoc xac dinh theo cong thuc [8]:

(8)
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AC, = AD,
ed

véoi AD; 1a do giam mat do quang cua Ind trong khoang thoi gian At = 60s va ¢ =
1,02.10* I/ mol.cm, d = 1cm.
1 a | X= K,[Ac], +k,[H,0,],

AC, K, [ind],

9)

Ta s€ dugc phuong trinh dang: y = a + bx
Véi a, b & dugc xac dinh theo cong thuc:
2 J—
an ZX 22X (1)
N x*-(3.x)
b= ”zxyz_zxzzy (12)
n> x*-(.x)

n- 1a s6 diém do duoc va bang sb gia tri nong do cia Ac dugc su dung

Tir c&c dit kién thu dugc khi nghién ctiru dong hoc caa hé (111), cac hang s6 toc do & cac
phan tmg giai doan (4) + (7) va theo cé&c cong thirc ¢ trén ta cd thé tinh duoc cac cap gié tri X,
y twong tng véi mdi ndong do [Ac]o va cac gia tri AD; duoc tinh tai At = 30 gidy. Cac gia tri
X, y duoc tinh ¢ bang 1:

Bang 1: Cac gia tri x va y trong phwong trinh y = a + bx cua hé:

H,0 — Mn®* - Acry - Ac - Ind — H,0, (1)

n [Aclo  AD; AC, Y ka.[Aclo  Ks.[Acrylo  ki[H205]o X

1 0510° 0452 44310° 2726.10" 3,60.10°  2,46.10° 3,1.10° 14,0.10%
2 1010° 0446 437.10° 22910" 7,2010°  2,46.10° 3,1.10° 14,2.10"
3 1510° 0434 4,2510° 23510* 108.10°  246.10° 3,1.10° 14,4.10"°
4 2010° 0306 3,0010° 3,33.10" 144.10° 2,46.10° 3,1.10° 14,6.10"
5 2510° 0297 291.10° 343.10* 18,010°  246.10° 3,1.10° 14,8.10"
6 3010° 0217 213.10° 47010" 21,6.10°  2,46.10° 3,1.10° 14,9. 10"
7 4010° 0208 204.10° 4,90.10* 28810°  246.10° 3,1.10° 15,3.10%
8 5010° 0,196 19210° 520.10" 36,010°  246.10° 3,1.10° 15,7.10%
9 6010° 0,186 18210° 54810" 43210° 246.10° 3,1.10° 16,0. 10"
10 7,010° 0179 1,75.10° 57010 50,4.10°  2,46.10° 3,1.10° 16,4. 10"

Sau khi lap trinh cho may tinh PC [3] chung t6i tinh dugc hang s6 toc d6 King + Ho. =
5,985.10° (I.mol™.s™). Két qua nay phu hop véi cac két qua cua [4]: King + Ho. = 7,1.10°
(1.mol™.s™). [5] :King + Ho. = 1,87.10° (I.mol™.s™).

3.4. Co ché nguyén tic ciia qua trinh phan hity H202 bing phirc [Mn(Acry)]2+

Trén co sé tong hop céc két qua thu duoc, chang t6i dé nghi co ché cua qua trinh xuc
tac phan huy H,0, (qué trinh catalaza) dugc x(c tac bang phirc mot nhan [Mn(Acry)®*] dién
ra theo co ché mach goc nhu sau:

Sinh mach:

Ky
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Mn* + Acry [Mn(Acry)]**
[Mn(Acry)]** + HO, K, [Mn(Acry)HO,]*
[Mn(Acry)HO,] * ks o [Mn(Acry)]" + H" + Oy~
Phit trién mach:

0,” + [Mn(Acry)]* Kq ;[Mn(Acry)]++ 0,
[Mn(Acry)]" + H,0, Ks ;[Mn(Acry)]“ +OH + OH

‘'OH + H,0, "%02: + H,0
HO,' Kz _y 07 + H
Dut mach:

k
[Mn(Acry)]®* + 'OH ———> [Mn(Acry)]** + OH’
k

[Mn(Acry)]* + 0,7  ———> [Mn(Acry)]** +0,

k
Acry + OH ——> p

OH + H K_ HO

—
—

Trén day 1a so d6 co ché nguyén tic ctia qua trinh catalaza & dang don gian nhat, co ban
nhat. Trén thyc t€, so d6 co ché ctua qua trinh c6 thé phuc tap hon nhicu.

4. KET LUAN
Dua vao cac két qua nghién ciu cho phép ta rit ra cac két luan nhu sau:

- P chimg minh duoc su phat sinh va huy diét cac goc tu do ‘OH véi kha niang oxi
hoa cao, cd thé st dung dé oxi hoa nhiéu hop chat hiru co khac nhau.

- P ching minh dugc qué trinh catalaza trong hé dién ra theo co ché mach - goc va
tinh dugc hang s tbc @6 phan g oxy hoa co chat Ind boi goc OH:

King + Ho- = 5,985.10° (L.mol™.s™)

Cac két qua nghién ctru thu duoc cd thé 1a co sé khoa hoc dé tng dung giai quyét nhiéu
van dé thuc tidn khac nhau trong cong nghiép hda chét, thuc pham, dugc pham, oxy héa phan
huy cac chat doc hai trong xir 1y nudc thai céng nghiép, du béo 6 nhidm va bao vé mai
truong.
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