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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(ll)-AXIT XITRIC
(H,L)-INDIGOCARMINE (IND)-H,0,
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SUMMARY

This article presemts 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)
axidation by H,O, in the systems: H,Q-Co™*-H L-Ind-H,0,(1)

- DAT VAN DE

Trong cac phan tng oxi héa hop chit hiu
o, tdc nhan oxi héa thudng dugce sir dung 1a: O,
va cdc hop chit oxi hdéa gidu oxi nhu H,0,,
K,Cr,0,, KMnQ,, KCIO,, ... Tuy nhién, dugc sit
dung nhiéu va phé bién nhit 1a H,0, va O,, vi
cdc tic nhan ndy cé thé tao ra cdc sin phim
trung gian c6 hoat tinh oxi héa manh nhu OH,
0,'Ag [3 - 5], ... Chiing c6 thé oxi héa truc ti€p
cdc chat khir thanh sin phim. Mit khic H,0,,
O, 12 nhimg tac nhan oxi héa thuan khiét vé mat
sinh thai hoc, khong hoic it gy 6 nhiém moi
trudong, c¢é thé thuc hién phin tng & diéu kién
nang luong thip (nhiét dd va dp sudt binh
thudng hay con goi 12 diéu kién mém).

Vin dé 6 y nghia quyét dinh dé ting téc do
phan tng clia qud trinh 13 tao ra duge tit H,O,
hay O, cdc chit trung gian ¢6 tinh oxi héa manh
nhu OH', 0,'Ag,... C6 nhiéu phuong phdp thuc
hién diéu nay. Phuong phédp vu viét nhat 1a ding
xtic tac phitc cla ion kim loai chuyén tiép theo
mo hinh tam hoat déng kiéu men sinh hoc
catalaza, oxydaza, peroxydaza [, 2]). Phuong
phdp nay duge ing dung trong nhiéu linh vue
nhu: hod hoe, sinh hoc, néng nghiép, xi ly moi

trudng.... Trong bai bdo nay, két qua nghién ciu
su tao phitc giita Co™ véi axit Xitric (H,)L) va
xdc dinh hoat tinh cua phic duge tao thanh déi
voi phan ing oxi hod co chat indigocarmine
bing H,0, trong hé (1) cling khéng ngoai muc
dich nham phat trién huéng nghién ctu trén.

11 - PHUONG PHAP NGHIEN CUU

Cic hoa chit st dung trong hé (1, 2) cé do
sach thudc leai PA. Chat oxi hod: H,0,. Axit
xitric HOOCCH,(OH)YC(COOH)CH,COOH (ky
hiéu H,L) déng vai tré ligand tao phirc véi Co™.

Chit bi oxi hod: Indigocarmine (ki hiéu la
Ind} ¢6 céng thie nhu hinh (1).

NaCaS CI) ? SO;Na

NH NH

Hinh - Cong thitc c4u tao cua indigocarmine
Céc phuong phédp nghién ciu duge sit dung
1a: phuong phap déng hoc, phé hip thu electron
phan ttr, ddy déng phan tr, dudng cong bdo hoa
va x1t Iy s6 liéu bing chuong trinh Pascal.
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Phan ng xic tic oxi hod indigocarmine
trong hé da cho duge tién hanh nhu sau: cho vio
binh phan ung lin lugt dung méi nude cit hai
l4n, cdc dung dich H.L, Co™, Ind. Dung dich
phan dng dugc khudy lién tuc bing may khudy
tir M10 va nhiét 46 cla hdon hop phin ting dugc
gilt khong do6i (30°C+0,2°C) nhe mdy 6n nhiét
U.10. Diing cac dung dich HCIO, vi NaOH dé
diéu chinh dén pH cin thiét va dugc kiém tra
trén pH-meter loai HI-8314. Mat do quang ctia
dung dich xdc dinh trén may UV - VIS 7532M
{TQ). Qua 1-2 phiit thi cho H,0,, sao cho téng
thé tich cla hén hop phan tng 1a 30 ml. Thoi
diém cho H,0, vio duoe xem 1a méce bit dau
cua qua trinh oxi hod Ind, trong phan tng xuc
tdc kém theo su mit mau cia Ind. Do dé cé thé
x4c dinh duge toc d¢ qud trinh oxi hod co chét
Indigocarmine theo bién thién cita mét d¢ quang
AD tuong tng véi cdc bién thién thoi gian At
(giay) cua qud trinh [1]. Mdi thi nghiém duoc
lam ba l4n d€ 14y gia tri trung binh.

I - KET QUA VA THAO LUAN

1. Su tao phic cita Co*véi H,L

Co™ la ion kim loat chuyén tiép déng vai tro
quan trong trong thé gidi vo sinh va hitu sinh, 1a
nguyén (8 vi luong trong moi trudng nudc [6].
Do ¢6 kha nang tham gia nhiéu qua trinh oxi
hod-khit trong tur nhién va trong ky thuit nén
nhiing nam gan day cdc nghién ctu ing dung vé
hoat tinh xuc tdc ctia Co™ ngly cing dugc quan
tim nhiéu trong cdc linh vuc sinh hoe, hod hoc,
duge pham, bao vé moi truong.... Ching téi lra
chon ion Co™ 1am ion tao phiic vi Co™ ¢4 thé
tac phirc chit tim hoat déng nhu cic chat xic
tic men {2]. Do d6 ¢6 thé du dodn ring phic
chéit gitta Co™ véi ligand & diéu kién thich hop
s€ 1a phitc chit-xde tdc. Mit khde, ion Co™ ¢4
thé thay doi do oxi hod mot cach thuan loi tuong
ing véi co ché€ van chuyén moét hay nhiéu
electron trong mét giai doan khi tham gia cic
phan ng xic tdc oxi hod-khi |2 - 3].

Dé nghién ctiu su tao phiie giita Co™ va H,L,
chung 161 di ghi phé hip thu phan (r cla dung
dich H,O-H,L (a) va cta dung dich H,Q-Co™*-
H,L (b). Két qua thu duoc trén hinh 2.
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Hinh 2: Phé hip thu cla dung dich H,O - H,L, va clia dung dich H,0-Co™-H.L
(a) He gém H,0-H,L: [H,L|,= 10°M; pH = 11
(b} He gém H,0-Co™- H,L: [H,L], = |Co™],= 10°M; pH = 11

Két qua trén hinh 2 cho théy, axit xiric cé
dinh hédp thu cuce dai dnh sing & budc séng A,
= 295 nm (dudng cong a). Khi ¢6 mit ion Co™
ta thdy dinh hip thu cuc dai cia H,L giam di
(dudng cong b) do mét lugng H,L 43 tham gia
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tao phic v&i Co™. Diy la mot bing chiing vé su
tao phuc giita Co™ va H,L.

Mic do tao phic gita Co® va H,L duoe
ddnh gid theo hiéu mat dé quang cba dung dich
(a) va dung dich (b) & cdc gid tri bude séng khic



nhau.

Tir 46 xéc dinh duge phé hip thu electron phan
tir clia phiic tao thanh giita Co™ - H,L nhu duge

AD=D{ - D (1.1) phéan anh trén hinh 3.
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Hinh 3: Phé hip thu cha phic tao béi Co™-H,L trong hé: H,0-Co™-HL
pH = 11; [Co¥], = [H,L], = 10°M
2. Xac dinh thanh phan ctia phite Co**-H,L khi thay déi ty s6 néng do
Dé xdc dinh thanh phin cla phic ching t6i [H,L]
st dung phuong phdp didy déng phan tr va = — véi diéu kien: [Co™], +
: [Co™ ], +[H,L],

phuong phip dudng cong bio hod.
a) Phuong phdp ddy dong phan i [2, 7]

Chiing t6i theo dbi bién thién mat d6 quang
(AD = DY, - D'™,,) clia hé H,O - Co™ - H,L

[HL), = 2.10°M; pH = 11 tai budc séng A =
295 nm. Két qua duge trinh bay trén hinh 4.
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Hinh 4: X4c dinh thanh phan phite chét tao bdi Co® va H,L theo phuong phép diy déng phan tir
pH=11;[ Co*}+[HL], =2.10°M; A =295 nm
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Tir két qua hinh 4 cho thay, néu giit c6 dinh
[Co™], + [H,L], = 2.10° M déng thai tang déin
nong 46 [H.L], lam cho ty s& néng do

_ [H,L], 5 S s -

= 5 ang thi bién thién mat

[Co™ ], +[H,L],
dd quang AD ciing tang dan va dat gid tri cuc
dai tai A = 0,5 sau d6 lai gidm dén. Diéu niy
cho thiy phitc chét duge tao thinh gita Co™ va
H,L tai ty 1& néng do t6i uu:

[Co™,: [HL], = 1:1 (1.2)

Mt khdc, theo [1,2], trong méi truding kiém
(pH =11), H.,L. phan ly véi cdc gid tri pK,. pK,,
pK;, pK, tuong dng bing: 2,68; 4.15; 5,44 va
11,6. T céc s6 liéu nay cé thé tinh duogc ty s6
néng do [L*],: [H.L], = 1.10, chimg (6 trong
hé (1), H,L t6n tai & dang L*. Vay khi A dat gid
tri cue dai = 0,5 tai ty sé:

[L*],: [Co™l= 1: 1 (1.3)

Tir két qua trén, c6 thé gia thiét phic chit
duge hinh thanh giffa Co™ véi H,L ¢6 cong thiic
14 [Col.]* theo phuong trinh sau:

Co**+ L* O [CoL|* (1.4)

Gia thiét nay s& duge ching minh khi
nghién ciiu sur tao phite gitta Co™ va H,L theo
phuong phip dudng cong bio hoa trong phin
ti€p theo.

b) Phuong phdp dudng cong hio hod [2, 7]

Dé khing dinh thém vé thanh phén cta phitc
chit duge hinh thanh gitta Co™ va H,L, ching
toi ti€p tuc tién hanh thyc nghiém theo phuong
phip dudng cong bdo hoi bing cich theo ddi
bién thién mat d6 quang (AD = D'y, - D™5p5 )
cua hé (1) tai budc séng A = 295 nm khi c6
dinh néng do [Co®], = 5.10° M, pH = 11 v
ting ddn ndng do [H,L], tic la tang din ti s

H,L
[—‘ﬁﬂb— . Két qua dugce trinh bay trén hinh 3.
[Co™ ],

Tt két qua hinh 5 cho thdy khi tang dan
[H,L],
[Co™ ],
D@, - D%, ting va AD dat dén gid tri cuc dai
AD,.. khi [H,L]:[Co™}, = L:1 hay ([L*]:
[Co™]py ) = 1 : 1. Néu tiép tuc tang ndng do

néng do cha [H,L], ( tang) thi AD =
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[H, LY,

[H,LI, ( s > 1), khi d6 hiw nhu ion Co™

0

dii chuyén hét vio phiic |CoL]* nén AD thay doi
khong ding ké, dé thi biéu dién trén hinh 5 cé
dang gin nhu bio hod, k&l qua niy hoin todn
phtt hop véi két qua thu duoe tir phuong phap
day dong phan t o trén. Nhu vay tir cdc két qua
thuc nghiém thu duge theo phuong phap duong
cong biio hoa vi phuong phdp dong phan t cho
phép khang dinh: phic chat gitta Co™™ va H,L c6
cong thite jCol]™.
3. Xac dinh hang 56 bén cua phic [ColL]* [2]

Theo dinh luat tic dung khéi lueng hing s6

bén cua phitc [Col]” duwoe xdc dinh theo cong
thic:

K, = LCoL (15)
[Co™ L]

[CoL]’

hay e K, =1lpg—r——
R TS

(1.6)
Do bién thien mit dé gquang (AD) cda dung
dich ty 1& thudn vdi néng do cua phice chit o
médi néng do ligan cho trude nén phuong trinh
(1.6) co thé viét & dang:
AD
ADmilK - AD

]g[CoL]‘ - g

1 = 1gK, + lg[L*]
[Co™ | =

(1.7

Trong dé: AD = D',5 - D™, ling véi méi gid
tri [L*]o/ICo™], trén hinh 3.

AD, . 1a gid tri cue dai cha AD ¢d gid tri =
0,241.

AD
& AD_ . -AD
Khi d6 phuong trinh (1.7) ¢6 dang:

Dat | =y; IgK, = a; Ig[L*] = x.

(1.8)

Trong d6 a duge xdc dinh bang phuong phdp
binh phuong bé nhit theo cong thic:

XY XD XY
0T ny X? - X)?

y=a+x

(1.9)




Véin = 9 la s6 thue nghiém. S8 liéu thue
nghiém xac dinh K, ctia phic [CoL]™ duge thé
hién trén bang 1.

Tir b s6 liéu thue nghiém ¢ bang 1 va xdc

dinh a theo (1.9), xdc dinh K, thong qua lap
trinh pascal [3] thu dugc hing s8 bén clia phitc
[CoLj™ c6 gid tri K= 1,27.10%. K&t gqua nay cho
thily phic [CoL.|* tuong déi bén viing.
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Hinh 5: Xéc dinh thanh phin phic chit tao béi Co™ va HyL theo phuong phédp dudng cong bio hoa

pH =11, [Co™] = 5.10"M; ) =

Bdnyg I: 88 ligu thue nghiém xdc dinh K, cia phic [CoL]

295 nm; {H.L], = {0+ D.10°M

2.

[L¥Y].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 1 0,172 | 0,199 | 0,223 | 0,241

4. Hoat tinh xtic tac cua phite [CoL]*

Dé xdc dinh hoat tinh xtic tdc cla phitc giita
Co™ véi H,L, chiing toi tién hiinh nghién ctiu
déng hoc qud trinh oxi hod indigocarmine trong
hé (1) bang cdch theo ddi sy bién thién mat do
quang cia indigocarmine theo th&i gian tai
budc séng hip thu cuc dai A =612 nm, két qua
thu duge trén hinh 6.

Tir cdc két qua thu duge trén hinh 6 cho
thdy, néu khong cé mat ligand tao phic H,L
hodc khéng ¢ mit ion trung tam Co™ thi mat
d6 quang cua indigocarmine gan nhu khong
bién déi, dudng s6 (1) vi s6 (2) trén hinh 6 gin
nhu ndm ngang vi trong trudng hop nay phie
K¢ tac chua duoe tzo thanh.

Khi ¢6 mat déng thoi ca Co™ va HL, do cé
su tao phic giiia Co** va H,L (phttc [CoL]*) nhu
nghién ciu ¢ phén trén sé lam tang do bén thay

phén vi dam bao cho tinh déng thé cha hé. Mat
khdc, khi ¢6 su tao phic gitta Co™ va H,L thi
mat d6 quang cla indigocarmine giam xudng rat
nhanh theo thoi gian (dudng cong s6 (3) trén
hinh 6. Diéu nay chiing t6 phiic {CoL.]* chinh la
phiic  xic tic cho phin tng oxi hod
indigocarmine bing H,0,. Pong hoc va co ché
cia qud trinh xiic tdc oxi hod indigocarmine
bang H,0, dudi su xiic tic cla phitc Co™ véi
axit H.L s& dugc chiing t6i ti€p tuc nghién citu
vi cong bd & cdc cdc cong trinh sau.

VI - KET LUAN

Da nghién citu su tao phire giita Co™ va H,L
béng phuong phdp phé hap thu electron phan tir,
phuong phip dudng cong bio hod va phuong
phdp diy dong phan tr. Két qua cho thiy cé sy
tao thanh phtic chit {CoL]* véi dinh hap thu cuc
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dai

[CoL)” ¢é hiing s6 bén (K,
Pi chimg minh phitc [Col.]* déng vai trd la
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tai budc séng A, =

1,27.10%.

295 nm va phic

40

60

phic xic tic cho phin dng oxi hod
indigocarmine bing H,O, trong heé (1) & diéu
kién nhiét do vd 4dp sudt  thuong.
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(2}

i
(3} 1(s)
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Hinh 6 Hoat tinh xiic tac cla phic: [CoL)]™ d6i véi su oxi hod indigocarmine
bing H,O, trong hé (1)

(1)
2y
(3}
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