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NGHIEN CUU SU TAO PHUC VA HOAT TiNH XUC TAC CUA PHUC
Co(ll) VGI AXIT CITRIC (H,L) TRONG HE: H,0-Co(Il)JAXIT XITRIC
(H,L)JINDIGOCARMINE (IND)H,0,

Dén Toa soan 4-2-2008
NGUYEN VAN DUGNG!, TRAN THI MAI', NGUYEN VAN XUYEN?
'Bé mon Hod Moi truong, Truong Pai hoc Ddn ldp Hdi Phong
?Khoa Cong nghé Hod hoc, Truong Dai hoc Bdach khoa Ha Noi

SUMMARY

This article presents the results of complex formation of Co** with citric acid (H,L). The formed
mononuclear complexes [Co(L)]*have been used as catalysts for reactions of Indigocarmine (Ind)
oxidation by H,0, in the systems: H,0-Co**-H L-Ind-H,0, (1)

- DAT VAN BE

Trong cdc phan tng oxi héa hgp chit hiu
co, tac nhan oxi héa thudng dugc st dung la: O,
va cdc hop chat oxi héa giau oxi nhu H,0,,
K,Cr,0,, KMnO,, KCIQ,, ... Tuy nhién, dugc su
dung nhiéu va phé bién nhat 12 H,0, va O,, vi
cdc tac nhan nay c6 thé tao ra cdc san phdm
trung gian c6 hoat tinh oxi héa manh nhu OH’,
0,'Ag [3 - 5], ... Ching c6 thé oxi héa truc tiép
céc chat khtr thanh san pham. Mat khic H,O,,
O, 1a nhiing tdc nhan oxi héa thuan khiét vé mat
sinh thdi hoc, khong hodc it gay ¢ nhiém moi
truong, ¢ thé thuc hién phan ung & diéu kién
nang lugng thdp (nhiét d6 va 4ap suit binh
thuong hay con goi 1a di€u kién mém).

Vin dé c6 y nghia quyét dinh dé tang toc do
phan tng cua qué trinh 1a tao ra dugc tit H,O,
hay O, cac chét trung gian ¢6 tinh oxi héa manh
nhu OH", O,'Ag,... C6 nhiéu phuong phdp thuc
hién diéu nay. Phuong phép uu viét nhét 1a dung
xtic tdc phiic clia ion kim loai chuyén ti€p theo
mo hinh tam hoat dong kiéu men sinh hoc
catalaza, oxydaza, peroxydaza [1, 2]. Phuong
phdp nay dugc ng dung trong nhiéu linh vuc
nhu: hod hoc, sinh hoc, nong nghiép, xit 1y moi

truongl]. Trong bai bdo nay, két qua nghién ctu
su tao phic gitta Co™ vé6i axit Xitric (H,L) va
x4c dinh hoat tinh cla phiic dugc tao thanh d6i
v6i phan tng oxi hod co chat indigocarmine
bang H,0, trong hé (1) cling khong ngoai muc
dich nhiam phat trién huéng nghién ctu trén.

II - PHUONG PHAP NGHIEN CUU

Cidc hod chat str dung trong hé (1, 2) c¢6 do
sach thudc loai PA. Chat oxi hod: H,0,. Axit
xitric HOOCCH,(OH)C(COOH)CH,COOH (ky
hiéu H,L) déng vai tro ligand tao phiic véi Co™.

Chat bi oxi hoa: Indigocarmine (ki hiéu la
Ind) c6 cong thic nhu hinh (1).

NaO3S ? Q SO5Na

NH NH

Hinh I: Cong thiic céu tao ctia indigocarmine

Cac phuong phdp nghién ctu dugc st dung
la: phuong phdp dong hoc, phé hap thu electron
phan tlr, day dong phan tit, dudng cong bao hoa
va xtr 1y s6 liéu bang chuong trinh Pascal.
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Phan ung xtc tidc oxi hod indigocarmine
trong hé da cho duogc ti€n hanh nhu sau: cho vao
binh phan tng lan lugt dung moi nude cat hai
lan, cdc dung dich H,L, Co**, Ind. Dung dich
phan tng dugc khuay lién tuc bang mdy khudy
tr M10 va nhiét do ctia hén hop phan ing duoc
gitt khong doi (30°C+0,2°C) nhd may 6n nhiét
U.10. Dung cic dung dich HCIO, va NaOH dé
diéu chinh dén pH can thiét va duogc kiém tra
trén pH-meter loai HI-8314. Mat d6 quang cta
dung dich xdc dinh trén may UV - VIS 752M
(TQ). Qua 1-2 phiit thi cho H,0,, sao cho téng
thé tich ctia hén hop phan tng 1a 30 ml. Thoi
diém cho H,0, vao dugc xem 12 moc bat diu
clia qud trinh oxi hod Ind, trong phan Gng xuc
tdc kém theo su mat mau ctia Ind. Do d6 c6 thé
xac dinh dugc t6¢c dd qua trinh oxi hod co chat
Indigocarmine theo bién thién clia mat do quang
AD tuong tUng véi cac bién thién thoi gian At
(giay) cta qué trinh [1]. Mbi thi nghiém dugc
lam ba lan dé 14y gid tri trung binh.

11 - KET QUA VA THAO LUAN

1. Su tao phitc cia Co**vé6i H,L

Co* 1a ion kim loai chuyén tié€p déng vai trd
quan trong trong thé€ gigi vo sinh va hitu sinh, la
nguyén t0 vi lugng trong moi trudng nude [6].
Do ¢6 kha nang tham gia nhiéu qué trinh oxi
hod-khir trong tu nhién va trong ky thuit nén
nhitng nam gan day céc nghién ctu ing dung vé
hoat tinh xdc tdc ctia Co®* ngly cang dugc quan
tam nhiéu trong céc linh vuc sinh hoc, hod hoc,
duoc phdm, bao vé moi truong.... Chiing toi lua
chon ion Co** 1am ion tao phiic vi Co** c6 thé
tao phtc chit tam hoat dong nhu cdc chat xic
tdc men [2]. Do d6 c6 thé du dodn ring phic
chat gitta Co** v6i ligand & diéu kién thich hop
s& 1a phifc chat-xidc tic. Mat khéc, ion Co™ ¢6
thé thay déi do oxi hod mot cach thuan loi tuong
ting v6i co ché van chuyén mot hay nhiéu
electron trong mot giai doan khi tham gia cic
phan tng xtc tac oxi hoa-khu [2 - 5].

Dé nghién citu su tao phic gitta Co** va H,L,
ching t6i di ghi phd hap thu phan tir clia dung
dich H,O-H,L (a) va cua dung dich H,0-Co**-
H,L (b). Két qua thu dugc trén hinh 2.
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Hinh 2: Phd hdp thu ctia dung dich H,O - H,L va ctia dung dich H,O-Co**-H,L
(a) Hé gébm H,O—H,L: [H,L],= 10°M; pH =11
(b) Hé gébm H,0—Co**- H,L: [H,L], = [Co*], = 10°M; pH = 11

Két qua trén hinh 2 cho thay, axit xiric cé
dinh hap thu cuc dai dnh sdng & budc song A,
=295 nm (dudng cong a). Khi c6 mat ion Co**
ta thdy dinh hap thu cuc dai cua H,L giam di
(duong cong b) do mot lwong H,L da tham gia
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tao phiic véi Co**. Pay 1a mot bang chiing vé su
tao phitc gitta Co* va H,L.

Miic do tao phic gitta Co™ va H,L dugc
danh gia theo hiéu mat do quang cta dung dich
(a) va dung dich (b) & céc gid tri budc séng khac



nhau. Tur d6 xdc dinh dugc phé hap thu electron phan
tlr ctia phic tao thanh giita Co** - H,L nhu duoc

AD = D(xa) _ D&b) (1.1) phan anh trén hinh 3.
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Hinh 3: Phé hdp thu ctia phiic tao bdi Co**-H,L trong hé: H,0-Co**-HL
pH = 11; [Co®], = [H,L], = 10°M
2. Xac dinh thanh phan cua phic Co**-H,L khi thay d6i ty s6 nong do

Pé xac dinh thanh phan cta phic chiing t6i [H,L],
stt dung phuong phdp dday dong phan tr va 25
phuong phip dudng cong bdo hoa. [Co™ ], +[H,L],

a) Phuong phdp day dong phdn tit [2, 7] [H,L], = 2.10°M; pH = 11 tai buéc séng A =

v6i diéu kién: [Co™], +

Chiing toi theo ddi bién thién mat do quang 295 nm. Két qua duoc trinh bay trén hinh 4.
(AD = D(a)z()5 _ D(b>295) cla hé H,0 - Co - H,L

[H,L],
[Co™], +[H,L],
Hinh 4: Xac dinh thanh phan phiic chat tao béi Co™ va H,L theo phuong phdp ddy dong phan tit
pH=11;[ Co™] + [ H,.L], =2.10°M; A =295 nm
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Tir két qua hinh 4 cho thdy, néu giit ¢6 dinh
[Co™], + [H,L], = 2.10° M dong thoi tang dan
néong do [H,L], lam cho ty s6 noéng do

_[HL],

[Co* ], +[H,L],

d6 quang AD ciing tang dan va dat gid tri cuc
dai tai A = 0,5 sau d6 lai giam dan. Diéu nay
cho thay phtc chit duoc tao thanh giita Co™ va
H,L tai ty 1é nong do t6i wu:

[Co*,: [HL], = 1:1 (1.2)

Mat khéc, theo [1,2], trong moi trudng kiém
(pH =11), H,L phan ly véi cac gia tri pK,, pK,,
pK;, pK, tuong tng béng: 2,68; 4,15; 5,44 va
11,6. T cdc so licu nay c6 thé tinh duoc ty so
néng do [L*],: [HL], = 1.10%, chiing té trong
hé (1), H,L ton tai & dang L*. Vay khi A dat gid
tri cuc dai = 0,5 tai ty so:

[L*]y: [Co™]p=1:1 (1.3)

Tur két qud trén, c6 thé gia thiét phic chat
dugc hinh thanh gitta Co® véi H,L c6 cong thic
1a [CoL]* theo phuong trinh sau:

tang thi bién thién mat

Co* + L* = [CoLJ]* (1.4)

Gia thiét nay s€ dugc chdng minh khi
nghién ctu su tao phiic giita Co** va H,L theo
phuong phdp duong cong bao hoa trong phin
tiép theo.

b) Phuong phdp duong cong bdo hoa [2,7]

Dé khing dinh thém vé thanh phan ctia phiic
chat dugc hinh thanh giita Co** va H,L, chiing
toi tiép tuc tién hanh thuc nghiém theo phuong
phap dudng cong bdo hoa bang cach theo doi
bién thién mat do quang (AD = D®¥,gs — D®,5 )
cta hé (1) tai buéc séng A = 295 nm khi co
dinh néng do [Co™], = 5.10° M, pH = 11 va
tang dan nong do [H,L], tic la tang dan ti s6

[H,L],
[Co* lo

T két qua hinh 5 cho thdy khi tang dan
[H,L],
[Co™ ],
D%, — D®5 ting va AD dat dén gia tri cuc

dai AD,.. khi [H,L],:[Co™], = 1:1 hay ([L“],:
[Co™]y ) = 1 : 1. Néu ti€p tuc tang noéng do

. Két qua dugc trinh bay trén hinh 5.

nong do cua [H,L], ( tang) thi AD =
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[H,L],

[C02+

[H,L], ( > 1), khi d6 hdu nhu ion Co**
0

da chuyén hét vao phiic [CoL]* nén AD thay déi
khong dang ké, do thi biéu dién trén hinh 5 c6
dang gan nhu bao hoa, két qua nay hoan toan
phu hop véi két qua thu dugc tr phuong phéap
day dong phan tir & trén. Nhu vay tir cac két qua
thuc nghiém thu dugc theo phuong phap duong
cong bao hoa va phuong phap dong phan tir cho
phép khéng dinh: phitc chat giita Co** va H,L ¢6
cong thic [CoL]*.

3. Xac dinh hang so bén cua phitc [CoL]* [2]

Theo dinh luat tic dung khoi luong hang s6
bén cta phic [CoL]* dugc xé4c dinh theo cong
thic:

[CoL]*
= 1.5
* [Co™ L") 4
2
hay IgK,, = lg—L 0L (1.6)

[Co™ J[L*]

Do bién thién mat do quang (AD) cta dung
dich ty 1é thuan véi nong do cta phidc chat &
moi nong do ligan cho trudc nén phuong trinh
(1.6) c6 thé viét & dang:

AD
lg——— =1gK, + Ig[L*]
g AD,_-AD gK, +Ig

1 [CoL]* _
[Co™]

(1.7)

Trong d6: AD = D@5 — D™, ting v6i mbi
gid tri [L*],/[Co*], trén hinh 5.

AD,.. 12 gid tri cuc dai cta AD cé gid tri =
0,241.

bat 1 =vy; IgK, = a; 1g[L*] = x.
: gAD Y 18K, g

max - AD
Khi dé phuong trinh (1.7) c6 dang:
(1.8)

Trong d6 a dugc xdc dinh bang phuong phap
binh phuong bé nhat theo cong thiic:

_ 22X X) XY
X -3X)

y=a+Xx

(1.9



V6i n = 9 1a s6 thuc nghiém. S6 liéu thuc
nghiém xdc dinh K, ctia phiic [CoL]* dugc thé
hién trén bang 1.

Tit bo s6 liéu thuc nghiém & bang 1 va xic

dinh a theo (1.9), x4c dinh K, thong qua lap
trinh pascal [3] thu dugc hang s6 bén cta phiic
[CoL]* c6 gia tri K,= 1,27.10°. Két quéa nay cho
thay phiic [CoL]* tuong d6i bén vitng.

0.3 4 AD
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0.2 1
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0.1 |

[H,L],

[Co™],

0 0.5

_‘>§_____________________

1.5

Hinh 5: Xac dinh thanh phéan phic chat tao boi Co** va H,L. theo phuong phdp dudng cong bdo hoa
pH = 11; [Co™] = 5.10°M; A = 295 nm; [H,L], = (0+7).10°M

Bdng 1: S6 liéu thuc nghiém x4c dinh K, ctia phitc [CoL]*

[L*].10°M | 0,5 1 1,5 2

2,5 3 3,5 4 4,5 5

ADph 0,021 | 0,045 | 0,069 | 0,094

0,119

0,145 | 0,172 | 0,199 | 0,223 | 0,241

4. Hoat tinh xic tac cua phirc [CoL]*

Pé xdc dinh hoat tinh xuc tdc cla phiic giita
Co** v6i H,L, ching toi tién hanh nghién ctu
dong hoc qué trinh oxi hod indigocarmine trong
hé (1) bing céach theo ddi su bién thién mat do
quang cua indigocarmine theo thoi gian tai
budc séng hap thu cuc dai A = 612 nm, két qua
thu duogc trén hinh 6.

Tt cdc két qua thu dugc trén hinh 6 cho
thdy, néu khong c¢6 mat ligand tao phic H,L
hoac khong c¢é mit ion trung tam Co®* thi mat
do quang cua indigocarmine gan nhu khong
bién déi, dudng s6 (1) va so (2) trén hinh 6 gin
nhu ndm ngang vi trong trudng hop nay phic
xuc tdc chua dugc tao thanh.

Khi ¢6 mit dong thoi ca Co*™ va H,L, do ¢6
su tao phtc gitta Co®* va H,L (phtic [CoL]*) nhu
nghién cttu & phan trén sé 1am ting do bén thuy

phan va ddm béo cho tinh dong thé ctia hé. Mat
khac, khi c6 su tao phic gitta Co** va H,L thi
mat do quang cua indigocarmine giam xudng rat
nhanh theo thoi gian (duong cong s6 (3) trén
hinh 6. Diéu nay chiing t6 phitc [CoL]* chinh la
phic xdc tic cho phan tng oxi hod
indigocarmine biang H,0,. Pong hoc va co ché
clia qué trinh xic tdc oxi hod indigocarmine
bang H,O, duéi su xic tdc cta phitc Co™ v6i
axit H,L. s& dugc ching toi ti€p tuc nghién ctiu
va cong bo & cdc cac cong trinh sau.

VI - KET LUAN

D4 nghién cttu su tao phitc giita Co®* va H,L
bang phuong phép phé hap thu electron phan tt,
phuong phdp duong cong bdao hoa va phuong
phédp day dong phan tir. K&t qua cho thay cé su
tao thanh phitc chat [CoL]* véi dinh hdp thu cuc
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dai tai budc séng A, = 295 nm va phiic phic xic téc\ cho phan tng oxi hgé
[CoL]* c6 hing s6 bén (K, = 1,27.10%). indigocarmine bang H,0, trong hé (1) & diéu
Da ching minh phitc [CoL]* déng vai tro 12 kién nhiet  do va dp sudt  thudng.
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Hinh 6: Hoat tinh xic tc cta phic: [CoL)]* d6i v6i su oxi hod indigocarmine
bang H,0, trong hé (1)
(1): pH = 11; [Co**], = 10°M; [H,L], = 0 M; [Ind], = 1,5.10*M; [H,0,], = 10°M
2):  pH=11; [Co*]y =0 M; [H,L], = 10°M; [Ind], = 1,5.10*M; [H,0,], = 10°M
(3):  pH=11; [Co*]y = 10°M; [H,L], = 10°M; [Ind], = 1,5.10*M; [H,0,], = 10>M
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