Tap chi Héa hoc, T. 46 (5), Tr. 593 - 598, 2008

PONG HOC SU TAO THANH PHUC CHAT TRUNG GIAN HOAT
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SUMMARY

This article exposes studving on kinetics of peroxo complex formation {Per) in the system:

H,0 - Co™ - H,L - H,0, The intermediate peroxo complex has absorption maximum at A = 205
nm. The obtained results have allowed to estublish kinetic model of the speed of peroxe complex
formation on the factors such as concentrations of Co™, H,L, H-05 and plf.

I- DAT VAN DE

Téc do va co ché clha qua trinh xic tdc oxi
héa khir bing phitc chit cdc kim loai chuyén
tiép cé lién quan mat thiét dén su tao thanh cdc
phiic chét trung gian hoat déng gitta phiec xic
tdc v cdc chit phan ting véi sur tham gia cia cic
cip electron khong chia, cdc electron lién két ©
va cic obital tréng. Diéu kién céin dé tao thinh
cdc phic chat trung gian hoat dong 1a noi cau
phiic chat xic tiac con cdce vi tri phoi trf tu do -
phttc chat chua bio hoa phdéi tri. Su ton tai va s6
luong cdc vi tri phéi tri tu do phu thude vao ti s6
néng do diu cua ligand va ion kim loai chuyén
ti€p va hing s6 bén cta phic chat xic tic [2 -
4].

Téc do tao thanh va phan huy cta phic chat
trung gian hoat dong cé anh hudng rit 1én dén
¢ d6 chung cha qud trinh xdc tic. Vi vay, khi
nghién citu sy phu thudc ctia tdc 45 hinh thanh
phiic trung gian hoat dong peroxo (per) vao cic
y&€u (6 anh huong khdc nhau s& cho phép xidc
dinh cdu tao, thanh phan, tinh chat cta phuc
chit trung gian hoat dong, tir dé s& thiét lap
dugc quy luat dong hoc vi co ché cia qud trinh

xuc tac [5].

Bai bdo nay trinh bay két qua nghién ctiu sy
tao thanh phic chat trung gian hoat dong peroxo
{per) dugc tao thanh tir phite xiic tic [Col.]* véi
H,0, va déng hoc cita qud trinh tao thanh per
phu thuodc vio cdc néng do ddu: [Co™],, [H,L],,
[H,0,]o, [H'], (pH) trong hé (1).

11 - THUC NGHIEM

Cic hod chat sur dung trong hé (1) cé do
sach thudc loai PA.

Axit  xitric  HOOCCH,(OH)C(COOH)-
CH,COOH (ky hiéu H,L) déng vai ud ligand
tao phiic véi Co™.

Phuong phdp nghién citu duge sir dung 1a
phuong phdp dong hoc va phuong phap phé hip
thu electron phan tir.

Trinh tu thi nghiém duge tién hanh nhu sau:
cho vio binh phan tmg l4n lugt dung méi nude
cdt hai lan, cdc dung dich H,L, Co**. Dung dich
phéan 1ing dugc khudy lién tuc bing may khudy
tit M10 va nhiét do cha hén hop phan img duoc
git khong doi (30+0,2°C) nhd mdy 6n nhiét
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U.10. Ding céc dung dich HCIO, va NaOH dé
diéu chinh dén pH cén thiét va dugc kiém (ra
trén pH-meter loai HI - 8314. Qua 1-2 phuit thi
cho H,0,, sao cho téng thé tich ciia hén hgp
phan tng la 30 ml. Thoi diém cho H,0, vao
dugc xem 1a mdc bit ddu clia quéd trinh hinh
thanh phic trung gian hoat dong (per). Toc do
hinh thanh phtc trung gian hoat déng (W™)
duge tinh thong qua bién thién mat do quang
AD twong ing v&i cde bién thién thoi gian At(s)
tal dinh cuc dai hap thu 4dnh sing cla (per) trén
méy quang phé UV-VIS 752 va (W™) duge tinh
theo céng thic [3]:
AD
W= —— (M.l 1

Ated ( ) M
Trong dé AD la bién thién mit dé quang ctia per
trong khodng thdi gian At (s), € 1a hé s& hip thu
phan ti chia per = 1,43 . 10° (.M".cm™) [1};d =
1 cm 1a do day cna Cuvet.

Pé xdc dinh bac phan dng tao thanh phitc
trung gian hoat dong theo néng dé dau cha chat
i (G, chiing t6i da thiét lap dé thi biéu dién su
phu thuéc cla -1g(W™) vao -lg(C,). Mbi thi
nghiém dugc 1am ba lin dé ldy gid tri trung
binh.

1l - KET QUA THAO LUAN

1. Phé héap thu cia per trong hé (1)

Bing cidc phuong phdp khdc nhau, cong
trinh [5] di ching minh & néng d6 Co™ thdp
(< 10°M), trong hé: H,O - Co™ - H,L di tao
thanh phiic chét xic tdec don nhan [CoL]*. Néu
ti€p tuc cho H,0, vao hé nay thi s€ dugce hé (1):
H,0 - Co* - H,L - H,0,. K&t qua nghién cttu
bang phuong phép phd hép thu electron phan tir
trén hinh (3.1) cho thdy: trong hé d3 cho phic
chat xiic tic [CoL]* tuong tic véi H,O, tao
thanh peroxo (per) c¢é dinh hidp thu cyc dai tai
budc séng V.= 205 nm. C6 thé gia thiét qud
trinh hinh thanh per duge thé hién qua can bing
sau:

o 2 02

HL =— 4H" + LY & [Col]® 227 [CoLH,0.0% (2)

Gia thiét nay s& dugc chimg minh khi
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nghién cttu doéng hoc qud trinh hinh thanh phitc
trung gian hoat d¢ng (per) trong cic phin sau.

2. Su tao thanh va phan hay per

Tir két qua nhin duge trén hinh 2 cho thdy
dudng cong dong hoc su tao thanh va phan huy
per véi céc tinh chat dac trung sau:

+t =0+ 120s: D™, tang dan theo thoi gian
(nhdnh a), tuong ing véi qud trinh tao thanh per,
diéu dé chimg 6 phic xdc tic [CoL}* di tic
dung v6i H,O, dé tao thanh phic trung gian
(per).

+ t = 120s: DM, dat gia tri cuc dai, lic nay
noéng dé cita phite (per) 12 16n nhat.

+ t > 120s: D™, giam theo thoi gian (nhdnh
b), tuong tmg v&i qud trinh phén huy per. Diéu
do chitng to (per) 1a phic trung gian hoat dong
va qui trinh phan hay cta (per) theo phuong
trinh (1.3) s& din t5i su phdt sinh géc tu do *OH
¢6 hoat tinh oxi hod rat cao [2, 3]. Két ludn nay
s&€ duge ching minh trong cic cong trinh sé
dugce cong b tiép theo.

[Col.(H,0,)]> [ICoL] + *OH + OH (3)

Nhu vay can bing (1.2) cdn duge bé sung
thém giai doan phan huy (1.3).

3. Nghién ctru déng hoc su tac thanh per

Pé nghién citu déng hoc su tao thanh (per)
cén tién hanh theo ddi D, phu thudc vao cic
yéu t6 nhu pH va néng do ddu clha: [H,L],
[Co™], va [H,0,], theo thoi gian. Téc dé tao
thanh per (W™, dugce tinh theo céng thitc
(1.1).

a) Sir phu thudce cia W s vao pH

Két qua thu duge trén hinh 3) cho thdy, chi
khi pHZ 9 thi phic (per} mdi dugc tao thanh,
khi pH tang trong khoang tir & + 10, téc d6 tao
thanh per (W™,,.) ting chim do trong khoang
pH nay axit H,L. chua phan ly hoan toan thanh
L* nén trong dung dich 16n tai chi yéu céc ion:
H,L, H,L*, HL* [1, 3] din dén néng do phic
xiic tic [CoL]* thap va néng do cla phic (per)
cling thdp, bac phan tGng tinh theo nong do diu
cua ion H* trong khoang pH nay cé giatrilan =
-0,217.
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Hinh 1: Phé hép thu cha phirc peroxo trong hé (1)
pH = 11; [H,Ll, = [Co™], =10°M; [H,0,], =107 M
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Hinh 2: Pudng cong dong hoc su tao thanh va phan huy phiic trung gian hoat déng peroxo trong hé
(1) theo thi gian tai A =205 nm; pH = 11; [H,L],= [Co™], = 10°M; [H,0,],=10"M
a) Su hinh thanh phitc peroxo; b) Sy phén huy phic peroxo

WP 107 mol.l".s™
14 ]

* H
R P
*[ 9 95 10 105 1 115

Hinh 3: Sy phu thuoc W™ vio pH trong hé (1) tai A = 205 nm
[H,L],=[Co™], = 10°M; [H,0,],= 10" M
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Khi pH 210, téc d6 tao thanh per (W™")
tang rat nhanh do: Theo [2, 3], trong méi trudong
kiém (pH = 11), H,L phan li v6i cdc gid tri pK,,
pKa, pK, pK, tuong tng bing: 2,68; 4,15; 5,44
va 11,6, Tir cdc s6 liéu ndy c6 thé tinh duge ty
s6 néng do [L*], : [H,L], = 1.10%, ching to
trong hé (1), H,L t6n tai & dang L*. Khi pH
tang, can bing phan ly ctia H,L chuyén dich vé
phia phai tirc 14 theo chiéu 1am ting néng d6 chia
L* déng nghia véi viéc tang néng dé phiic xiic
tdc [CoL]* va néng do clia phirc (per). Bac phan
Uing tinh theo néng do diu cla ion H* trong
khoang pH nay c6 gid tri lan = -0,483.

Khi pH 2= 11,5 thi phic (per)} bi thuy phéan

tao thanh két tia Co(OH), lam mat tinh déng
thé ctia hé.
b) Sw phu thugc cria W', vao ndng do [H,L],

Trong hé (1), vé1 néng dé dau [Co™], = 10
M, ching 6i d3 khdo sit su phu thuéc cha téc
do tao thanh per (W™} khi 1dn luot ting néng
doé ligand [H,L], = (0,25; 0,5; 0,75; 1; 1,5; 2. 4:
6; 8; 10).10° M, nghia 12 ting din ty s6 néng do
ddu cta H.L va Co™ (twong tng véi P=

[H,L],
[Co* To

10). K&t qua nghién ciu duoc thé hién trén hinh
4.

=025, 0,5, 0,75; 1; 1,5; 2; 4; 6; §;

WP 107 mol. s
12

0 2 4

5} 8 10

Hinh 4: Sy phu thuéc W™ vio Beta trong hé (1) tai A =205 nm
[Co™], =10°M; pH = 11, [H,Q,] = 107 mol/l

Tur két qua trén hinh 4 cho thay, khi B > 0,
tiic nong do ligand L* tang ddn. Can bing (1.2)
dich chuyén vé phia phai lam tang néng do cta
phite xiic tdc [CoL]” va néng d6 clia phtic trung
gian hoat dong per. Vi viy, tdc do tao thanh
phirc per tang dan. K&t qua thuc nghiém trén
ciing cho thily phic trung gian hoat dong (per)
dugc tao thanh o ty s6 néng do t6i wu (B = 1),
tic la:
L7 [Co™fp=1:1 (4)

Trong khoang B = (0 + 1), bac phan tng tinh
theo ndng do ddu clia L* ¢6 gid tri n = 0,786
(= 1).

Khi B > 1, W, gidm din cé thé do hai
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nguyén nhan sau:

- Phitc trung gian hoat dong (per) rit kém
bén nén chi tén tai trong mot thai gian rat ngin
sau dé phan huy theo phan ting (1.3) sinh ra géc
tw do OH’ 12 tdc nhéan oxi hoa rdt manh, sé oxi
hod luong H,L du thira [1,3] 1am cho can bing
(1.3) dich chuyén vé phia phai va lam giam
néng do cta phic trung gian hoat dong (per)
dan dén W', giam.

- Khi luong ligand H,L du thita cé thé tao
véi Co® thanh nhing dang phic khéng hoat
dong va lam giam W™,,. Trong khoang f§ > 1,
bac phan tng tinh theo néng do ddu cia L* ¢6
gid trin = - 0,635.



¢) Sie phu thuse ciia W5 vao nong do {Co™™ ],

Chung t61 khao sat sir phu thude clia WP,
khi ting din néng dé [Co®], trong khodng (1
+10).10° M, két qua nghién citu dugc thé hién
trén hinh 5.

Tir két qua trén hinh 5 cho thdy, khi néng do
[Co™], ting din (déng thoi ciing tang din néng
do (H,L], dé git cho B = 1) thi t6c d6 tao thinh
per (WP"5) tang ti 1¢ thuan véi néng do Co™.

Nguyén nhan do khi néng dé6 Co™ ting, can
bang (1.2) chuyén dich vé phia phéi s& 1am ting
néng do phitc xic tic [Col.]* va phic per dan
dén (W™, ) tang. Tir cdc s6 lidu nay ching toi
da xdc dinh bac phan ting theo néng do ddu cia
[Co™],c6 gid tri bing 0,825 (=~ 1). Day chinh la
biing chiimg khang dinh sy tao thanh phitc chat -
xuc tic don nhan [CoL]”, phi hop véi két qua
nghién citu sy phu thude cia W™, vio B & trén.

: 12 WP 10" mol.l.s!

[Col,.10°M

Hinh 5: Sy phu thudéc W™ vio ndng do Co™ trong hé (1) tai 4 = 205 nm
pH=11, B=1; [H,0,],= 10°M

d) St phuy thuéc ciia Wo' s vao nong dé [H,0,],

Két qua nghién ctru su phu thude clia W,
khi thay déi néng do6 H,O, trong khoang 10°-
5.10?mol/l dugc thé hién trén hinh (6). Két qua
trén hinh (6) cho thay, khi nong do [H,0,], ting
din trong khoang 107 - 10° M thi téc do tao
thanh per ting nhanh do: khi néng dé (H,0,],
tang, can bing (1.2) chuyén dich vé phia phdi s&
lam tang néng do phic per din dén (WP7)
tang. Bac phan dng tinh néng d6 dau cua H,0,
6 gid tri 1a n = 0,857 (= 1) nghia 14 mot phén tir
H,0, s& di vao ndi clu cha phitc xic tic don
nhan [CoL]* dé 1ao thanh phic trung gian hoat
dong peroxo cé céng thitc [CoL(H,0,)}*. Nhu
vay, théng qua viéc nghién ciu déng hoc qua
trinh tao thanh per (bac riéng ca Co™, L* va

H,0, déu la bac mét) di chimg minh thé gia
thiét qud trinh hinh thanh per duoc thé hién qua
can bang (1.2) 1a ding din.

Khi néng do [H,0,], > 107 M, W™ tién
din dén gia tri cye dai va gn nhu khong thay
déi, lic ndy bic phan ng tinh theo néng do diu
cua H,0; ¢é gid tri bing 0 nghia la phic trung
gian hoat dong peroxo [CoL (H,0,)]* di dat dén
néng do bio hod, néu tiép tuc ting néng do
H,0, thi t6c d& tao thanh per gin nhu khong
thay déi [1, 4].

Trén co s& tong hop cdc két qua nghién ciiu
sy phu thudc cia W™, vio cdc yéu 6 anh
huéng nhu: pH vd néng dé [Co™],, [L*],
[H,0;}p, chiing toi da thiét 14p duoc biéu thitc
déng hoc cta phan ung tao thanh per theo cé
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dang nhu sau:

[C02+ ]3,825 % [L4— 50,635+0,786 x [1_1202 ]g+0,85?

per _—
W05 =% X

%, 12 hing s6 téc do méu dung.

&)

[H+ ]0,217»:-0,483
0

T mol.I'.s

MO 10 |

30

40 50 g0

Hinh 6: Su phu thugée W™ vho néng d6 H,0, trong hé (1) tai A =205 nm
[H.L],=[Co™],= 10°M; pH = 11

IV - KET LUAN

1. Bing phuong phdp déng hoc di ching
minh phitc trung gian hoat dong peroxo (per)
dugc tao thanh do su két hop giita phitc chit xiic
téc [CoL]* vi H,0, cé cong thiic [CoL(H,0,)]*
véi dinh hép thu cuc dai tai budc séng A =
205 nm va hé s& hép thu phan tr ™ = 1,43.10°
(LM .cm™).

2. Phuc trung gian hoat déng per dugc tao
thanh trong khoang thoi gian t = 0 =+ 120s, dat
néng do cuc dai tai t = 120s va bi phan huy khi t
> 120s.

3. Pi nghién ciu téc d6 phan tng tao thanh
phitc trung gian hoat dong [CoL(H,0,))"
(W™"55) phu thudc vio cdc yéu t6 nhu: nong do
[Co*1,, [L*),, [H,0,], va pH va thiét lap biéu
thie dong hoc tao thanh (per) theo phuong trinh
(5).
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