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Abstract

In this paper, kinetics of H,0, decomposition reaction (catalaza reaction), catalyzed by complex of Co*" ion with
axetylaxetone (Acac) has been studied. Rate of the reaction depends on different factors such as pH, initial
concentration of reactants in the system: H,O - Co*" - Acac - H,0,. On the base of these studied results the kinetic rule

of the reaction has been established.

1. PAT VAN BE

Nghién ctru chi tiét cac yéu t6 anh huong dén
qué trinh phan huy H,0, ctia hé (1), thiét 1ap biéu
thirc dong hoc cho qua trinh phan huy H,0,, dé tir
d6 1am co s& cho nhimng tng dung cac tinh chat méi
cua xuc tac phuc vao thuc tién, tao ra nhiing cong
nghé san xuat méi, sach, than thién v6i méi truong
mang lai hiéu qua kinh té cao, 6 1a mot trong nhiing
hudng moi can duoc nghién ctru mot cach c6 hé
thong. Bai bao nay trinh bay két qua nghién ciu
khong ngoai muc dich trén.

2. THUC NGHIEM

Cac hoa chét su dung trong hé c6 do sach PA;
Dung dich CoSO, dugc dung dé tao Co*"; chat oxi
hoa 1a H,0,, axetylaxeton CsHsO, (Acac) dong vai
tro ligand tao phirc voi Co®"; phuong phap dong hoc
dugc str dung dé nghién ctru; dung dung dich HC1O,
va NaOH dé diéu chinh d6 pH can thiét; d6 pH cua
dung dich phan tng dugc do trén may pH—meter loai
Delta—320; nhiét do ctia binh phan ung duoc gilr
khong d6i (30+0,1°C) nhd may 6n nhiét U10
[1,2,5].

Phan tng duoc tién hanh nhu sau: Cho vao binh
phan tng dung moéi 1a H,O ct 2 lan, cac dung dich
Co™" va Acac, diéu chinh d6 pH can thiét, hdn hop
phan tmg duoc khudy tron lién tuc bang may khudy
tir MM3M, trong khoang thoi gian tir 2-3 phut dé
tao diéu kién cho qua trinh tao phuc chat xtic tac.
Thoi diém bat dau cho H,O, vao binh phan ung
duoc coi 1a mbc bit ddu x4y ra qua trinh phan ng

phan huy. Tong thé tich dung dich nghién ctru 1a 30
ml. Theo ddi téc d6 qua trinh phan huy H,O, trong
hé, bang thé tich khi O, thoat ra doc trén Buret & cac
thoi diém khac nhau, phép do tai mdi thoi diém
duoc lap di lap lai 3 1an dé 1dy gid tri trung binh V°*
[1,2,4,5].

Tdc d6 phan ung duge xac dinh bing cach do
thé tich O, thoat ra doc trén Buret cua thiét bi do
theo thoi gian va dugc tinh theo cong thirc:

AV
= 2)
249.V,, At

Trong d6: 24,9 1a h¢ s6 chuyén doi thé tich ¢ 30°C;

Vaa =30 ml — TOng thé tich dung dich phén ung;

AV °*(ml) — Thé tich O, thu dwoc sau khoang
thoi gian A7 .

Bac phan ung riéng n; dugc xac dinh theo su phu
thudc —1gW** vao —1gC;.

3. KET QUA VA THAO LUAN
3.1. Anh huéng cia pH

Chung t6i tién hanh nghién ctru & diéu kién nhu
sau: [Co™"]y = [Acac], =10"° M; [H,0,], = 1x10™ '
M. Két qua nghién ciru anh huéng ctua do pH dén
tbc do phan tng phan huy H,0, duéi tac dung cua
phire chit xuc tac giita Co®" véi Acac duoc thé hién
trén (hinh 1).

Tir db thi ta nhan thay rang, d6 pH anh hudng rat
16n t6i téc d6 phan tng phan huy H,0,. Khi d6 pH
ctia dung dich phan tng ting thi tbc d6 phan huy
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H,0, ting theo va dat gia tri cuc dai tai pH = 11.
Diéu nay c6 thé giai thich nhu sau:

- Khi pH < 8 phan tmg phan huy hau nhu khong
xay ra, bdi vi luc nay cac phan tir Acac khong c6 kha
ning tao phirc xtc tic véi ion Co* do d6 toc do
thoat khi W* gan nhu bang 0.

- Khi pH > 8 da tao diéu kién thuén loi cho qua
trinh tao phirc xuc tac va ndéng do phirc trung gian
hoat dong ting 1én, két qua la toc do phan tng ting,
tbc do thoat khi O, ting nhanh.

5 WO%10° (mol. £ "5
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Hinh I: Su phu thuoc W vao pH

- Khi pH = 11 day la diéu kién thuan loi nhit cho
qué trinh tao phuc xuc tac, toan bd lwong Ton Co*
va Acac di tao thanh dang phuc chit [Co(Acac)]*"
va nong do phuc trung gian hoat dong dat gi trj cuc
dai, lam cho sy phan huy H,O, dudi taic dung cia
phire xtic tac [Co(Acac)]”" dan dén tdc d6 phan tng
dat gia tri cuc dai.

- Khi pH > 11 trong dung dich ndng d6 Ton OH"
tang 1én, tao diéu kién thuén loi cho qué trinh thuy
phan, 1am cho phtic chit xtc tac chuyén dan vé dang
hydroxo va bi két tua. Két qua 1a 1am mat tinh dong
thé ctia hé dan dén ndng d6 phirc [Co(Acac)]*" giam.

Tir két qua thu dugc theo cong thirc (2) ta suy ra
duoc su phu thudc cua tdc 6 WO* phan tng phan
huy H,O, vao pH, xdc dinh dugc béc cua phan ng
theo mdi quan hé phu thudc giita —lgW** vao
~lg[H'].

Trong khoang pH =7,5+9,75 bac phan tmg la
n=-0,1965.

Trong khoang pH =7,5+11 béac phan g 1a n
=-0,5185.

Tai pH = 11 thi téc d6 thoat khi V°* 1a 16n nhat,
day 1a diéu kién t6i uu cho qua trinh tao phirc xuc
tac. Chung toi chon gia tri nay dé nghién ciu cac
yéu t6 anh hudng khac cta hé (1), boi tai gia tri pH
nay van dam bao tinh dong thé ciia hé.

Nghién cuu dong hoc phan ung...
3.2. Anh hwéng ciia

C6 dinh [Co™] =10"°M; [Hy0,]o = 1x10" " M;
pH = 11; thay doi ty s6 nong do £ =
[Acac]o/[c&*]o =0,2 - 10; tirc 1a ndng do [Acac], =
(0,2—10)x10"> M.

Chung t6i tién hanh do su bién doi thé tich khi
0, thoat ra theo thoi gian, két qua thuc nghién cho
thdy: Toc do thoat khi O, qua thiét bi do phu thudc
vao gia tri cia S [1 - 3]. Khi B cang ting thi toc
dd thoat khi V°? cia hé cling tang theo rat nhanh,
dén gia tri B =1 thi tbc do thoat khi VO? dat gia tri
cuc dai, sau do6 lai giam di khi 8 cang tang (hinh 2),
diéu nay co thé giai thich nhu sau:

Khi =0, hé¢ (1) tré thanh H,O — Co*" — H,0,
do thiéu ligand nén khong c6 phuc chat duoc tao
thanh dé xtc tac cho qua trinh phan huy H,0,, do dé
toc do thoat khi Vo> = 0.

Khi g> 0, tic la tang néng d6 [Acac]y su tao
phuc chét xtc tac duge hinh thanh, lam chuyén dich
can bang sang phia tao phirc xtic tac giita Co™" va
Acac, nhung luong [Co*']y 14 khong ddi, 1am cho
ndng do cua phirc xuc tac [Co(Acac)]” ting 1én, lam
tang kha niang phan huy H,0,, nén toc d6 W°? thoat
khi O, cling tang theo (hinh 2).

u . WO%10%mol. £ 's™)

Hinh 2: Sy phu thuoc W vao [Acac],

Khi # =1 lic nay toan b lugng Acac da tham
gia tao phirc hét v6i lugng Ion Co>" 1am cho ndng do
phuc chit xtc tac [Co(Acac)]2+ dat gia tri cuc dai,
lam ting téc d6 cho phan tng phan huy H,O,, lac
nay toc d6 V% khi thoat ra 14 16n nhét.

Khi B ting, tic 1a tiép tuc ting nong do [Acac],
thi téc do thoat khi O, cang giam di, nguyén nhan 1a
do ndng dd [Co*']y 1a ¢b dinh, nén khi ting ndng do
[Acac]o, chinh chiung géy can tr¢ cho qua trinh phan
huy H,0, lam cho téc do phan tmg W°* giam di.
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Tir cac két qua thu duoc chung 61 da xac dinh
dugc bac ctia phan ng theo moi quan hé phu thude
gitta —1gW®? vao —Ig[Acac], nhu sau:

Trong khoang £ = 0,2 +1,0 thi bac phan ung
lan=+0,8878

Trong khoang £ =1,0
ung lan=-0,759 ) o

Tur nhitng nghién ctru ¢ trén cho biét ty so toi uu
[Co™ o : [Acacly=1: I.

+10,0 thi bac phan
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3.3. Anh huwéng caa [Co*'],

Giit ¢b dinh ty s6 nong 46 S = [Acac]y/[Co™ ]o;
[H,0,]p = 1x10"'M ; tai pH =
[Co™ o = (0,2 = 5)x107° M.

Chung t6i tién hanh thi nghiém theo ddi sy thay
d6i thé tich VO khi O, thoat ra theo thoi gian & mdi
gia tri nong d6 [Co*'], khac nhau thé hién trén (hinh
3), nhan thay rang khi nong d6 Ion Co’" ting 1én thi
tdc d6 thoat khi W ciing tang 1én. Theo cac tai liéu
[1, 3, 5 - 7] thi ban than Ion Co®" khéng c6 hoat tinh
xuc tac cho cdc phan ing hoa hoc, nhung khi da tao
phtre voi mot s6 ligand thich hop thi ching thé hién
hoat tinh x@ic tic rat rd rét, diéu nay co thé Iy giai
nhu sau:

Giir ¢6 dinh . Khi cang tang néng do [Co*'y
ddng thoi ndng d6 [Acac], ciing ting theo, tao diéu
kién tang su tao phirc chat xuc tac trong hé, do dé
néng d6 phuc chat xac tac [CoAcac]*” tang 1€n, x0c
tac cho phan tng phan huy H,0,, chinh vi viy toc
d6 thoat khi O, tang Ién.

Tir cac két qua thu duge tir thyc nghiém chung
t6i da thiét 1ap mdi quan hé phy thudc giita —-lgW*
vao —Ig[Co*]y va dd xac dinh duoc bac phan tng
tinh theo ndng do dau cua Ion Co** 1a n =+ 0,8273.

Tir thuc nghiém co thé khing dinh ring: O diéu
kién h¢ xuc tac da cho, phan ung phan huy H,0,

11, thay d6i ndong do

Lé Van Huynh va cong su

dugc xuc tac bang phic mot
[Co(Acac)]*.

nhan va c6 dang

3.4. Anh huéng cia [H,0,],

C6 dinh nong do [Co™ ]y = [Acac]y = 107 M tai
pH = 11, thay d6i nong d6 [H,0,], = 0,2 - 5)x10" M.

bé ngh1en clru anh huong cua nong do [H>0:]o
dén hoat tinh xuc tac cta hé [1, 4, 6]. Ching tdi tién
hanh do sy bién doi thé tich khi O, thoat ra & mdi
ndéng d6 [H,0,]o khac nhau, két qua thyc nghiém
cho thdy, khi nong d6 [H,0,], ting 1én, thi thé tich
VO khi O, thoat ra ciing ting 1én, chimg to luong
[H,0,]o bi phan huy cang nhiéu (hinh 4). Diéu d6 c6
thé giai thich nhu sau:

Khi tang noéng d6 [H,0,]o trong hé (1) tuc la
tang s6 luong phan tir H,O, 1én, tao dleu kién cho
phan tir H,O, dé dang thdm nhap vao ndi cau phdi tri
ctia phirc chat xuc tac [Co(Acac)]*", do d6 1am ting
néng d6 phuc trung gian hoat dong dang peroxo
[Co(Acac)H,0,]*, dan dén qua trinh phan huy H,0,
dién ra manh liét hon, nén thé tich khi O, thoat ra
tang 1én.

o W10 (mol. £~ "s7")

[H20:]o
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Hinh 4: Su phu thuoc W vao [H,0,],

Khi ndng do [H202]0 =(0-0,15) M con nho, thi
toc do phan (g W ting gan nhu tuyén tinh V61 do
tang cua noéng do [H>O.]o, nhung khi tang nong do
[H0z]p > 0,15 M thi toc d6 phan tmg W°* ting
cham lai va cudi cung gin nhu khéng ting nita, nd
d3 dat t6i mot gia tri toi han mic du nong d6 [H,0,],
van ting. Nguyén nhan 1a do sé lwong phuc chat xuc
tac 1a co han, trong khi lugng [H,O,]o lai du thira
qua nhiéu nén toc do phéan Gng cham lai.

Chung t6i xay dung sy phu thudc giita —IgW®”
v6i —1g[H,0,]o. Tir cac s6 liéu thuc nghiém cho thay
khi ndng d6 [H,0,]o = (0,2 - 1,5)x10" M, thi bac
ctia phan tmg tinh theo ndng do dau cua [H,0,] 1a
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n; =+ 0,8604, khi ndng d6 [H,0,]o = (1,5 — 5)x10™"
M thi bac phan g 1a n, =+ 0,1324.

Tir nhitng két qua nghién ciru thu duoc, thiét 1ap
dugc biéu thue dong hoc cua phan tmg trong hé:
H,0 — Co* — Acac — H,0, nhu sau:

2+7 08273 0,759 + 0,8878 0,1324 + 0,8604
[Co 7], .[Acac], [H,0,],

[H+] —0,1964 + —0,5185

W=

Trong d6: y 1a hang s6 toc do hiéu dung cua phan
ung dugc xac dinh bﬁng thuc nghiém.

4. KET LUAN

- Nghién ctru cac yéu t6 anh huong va da tim ra
cac qui luat dong hoc ctia hé (1).

- X4c dinh duoc diéu kién tdi wu cho su tao phuc
chat xuc tac tai pH = 11.

- Chimg minh duoc phirc chit tao boi Co®* va
Acac 1a phirc mot nhan déng vai tro 1a phirc chat xtic
tac.

- Pi thiét 1ap duoc biéu thirc dong hoc cua qua
trinh xuc tac phan huy H,O, ctia h¢ (1):

Lién hé: Lé Van Huynh
Phong Quan 1y khoa hoc

Nghién cuu dong hoc phan ung...

2+ 0,8273 —0,759 + 0,8878 0,1324 + 0,8604
[Co 7], " .[4cac], [H,0,],

[H+] -0,1964 + —0,5185

W=y

Céc két qua nghién ctru thu duoc 1a co s& khoa
hoc cho viéc tmg dung vao thyc tién trong cong
nghiép, nong nghiép va bao vé mdi trudng nhu tong
hop cac hop chét hitu co, bao quan thyc phé‘im, xac
dinh cac chat vi lugng, xir Iy chét thai doc hai. ...
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NGHIEN CUU PONG HQC PHAN UNG CATALAZA
PUQC XUC TAC BANG PHUC CUA Co** VOI AXETYLAXETON (Acac)
Trong hé: H,0 — Co**— Acac - H,0, (1)
Kinetic studies catalase reaction is catalyzed by complexes of Co*" with Acac in the system: H,0O - Co**
- Acac - H,0,

240



