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SUMMARY

The kinetics of reaction in the H,0-(Me+Me&En-H;BO;-H,0,-Ind systems were determined,
where Me, Me€ = Mn**, Fe**, Co**, Ni**, Cu’*, En-ethylenediamine, Ind-indigocarmine. The
obtained data show an interaction between manganese and iron in the mixed system of Mn’*En;
and Fe**En,. This effect makes a raise of the reaction rate of mixed system. Oppositely, ions Cu**,
N##*, Co** cause a negative effect for catalytic activity of the mixed systems with Mn**En; or
Fe**En; ; however in its mixed systems (such as Cu’*+Ni**, Cu?*+Co’*, Ni**+Co’* with En) there

is feeble positive effect.

- MO PAU

Trong nhitng cong trinh [1 - 3] da dang tai
mot phan két qua nghién ctu vé hoat tinh xic
tac cua cac phiic riéng ré€ giita cdc ion kim loai
chuyén ti€p Mn*, Fe**, Co™, Ni**, Cu** véi
etylendiamin. Bai bdo nay sé€ trinh bay mot s6
két qua nghién citu tinh chit xic tdc ciia nhiing
hé 12 t6 hop chap hai clia céc ion kim loai
chuyén ti€p nay vdi En trong phéan tng oxi héa
indigocarmin (Ind) bang H,O, trong moi trudng
dém borat c6 dang:

H,0-(Me + Meé)En,- H,BO,-H,0,-Ind ©

Trong dé: Me, Meé&= Mn**, Fe**, Co™, Ni*,
Cu’*, En- etylendiamin, Ind-indigocarmin.

Trén co s& nhitng két qua nhan duogc c6 thé
danh gid dugc phan nao su anh hudng 14n nhau
gifta cac ion kim loai nay trong phitc xic tac.
Cong trinh nghién ctu nhiing tuong tac gilta cac
ion kim loai & nong do thap c& 10° mol/l véi hy
vong ¢6 thé tim dugc mién tng dung mdi, nhat
1a trong van d€ vé moi truong.

II - THUC NGHIEM

Céc hoa chit dung trong thi nghiém déu c6
do sach PA.

Dung moi 1a nudc cét hai lan. Moi trudong
phan tng dugc duy tri & pH = 9,3 bing dém
borat.

Néng do ion kim loai [Me], [Meé] = 10° M.

Noéng do ligand [En] = 10 M.

Noéng do [H,0,] =5.10> M.

Th tu tién hanh thi nghiém nhu trong [5].

Hoat tinh xtc tic ctia hé dugc dac trung boi
toc do phan tng (W) oxi hoa Ind. Téc do0 W
dugc xdc dinh bang toc do thay déi mat do
quang cua chit bi oxi héa Indigocarmin tai A =
610 nm trén may UV-VIS 752.

I - KET QUA VA THAO LUAN
Dé ngan gon cong thic ky hiéu cdc hé xic

tdc nén tir day chung toi xin khong viét H,BO;
trong cong thiic cac hé nita. V€ vai trd cta dung
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dich dém borat da dugc trinh bay trong [6].

Trude hét, ti€én hanh xdc dinh téc do phan
ung W clia cac hé riéng biét H,O-MeEn;-H,0,-
Ind véi timg ion kim loai trong cuing diéu kién,

két qua trinh bay ¢ bang 1.

Tiép theo, toc d0 (W hon ngp) U@ cdc hé hon
hop hai ion kim loai H,O-(Me +Meé&)En;-H,0,-
Ind ciing dugc xac dinh va dugc ghi trong bang
2 cling vdi téng toc do hai hé rieng r& (IW) dé
so sanh.

Bdng 1: Téc do cla cac phan ting H,O-MeEn;-H,0,-Ind

H¢ xitc tic phic Mn-En Fe-En Co-En Ni-En Cu-En
W.10'(M.I""s™) 4,66 2,45 4,56 3,3 421
Bdng 2: Toc do phan tng cua cac hé H,0-(Me +Meé&)Eni-H,0,-Ind
S6 thit Toc do TW.10, Wi hon h(A,p.107,

tu Hé xic tac MI's™! Ml 's™!
1 (Mn-En), (Mn-En) 9,32

Mn-Mn-En 5,6
2 (Mn-En), (Fe-En) 7,1

Mn-Fe-En 7,89
3 (Mn-En), (Co-En) 9,2

Mn-Co-En 4,03
4 (Mn-En), (Ni-En) 8,87

Mn-Ni-En 4,1
5 (Mn-En), (Cu-En) 7,96

Mn-Cu-En 4,28
6 (Fe-En), (Fe-En) 4.9

Fe-Fe-En 5,34
7 (Fe-En), (Co-En) 7,01

Fe-Co-En 4,7
] (Fe-En), (Ni-En) 5,75

Fe-Ni-En 5,1
9 (Fe-En), (Cu-En) 6,66

Fe-Cu-En 5,34
10 (Co-En), (Co-En) 9,12

Co-Co-En 9,6
1 (Co-En), (Ni-En) 7,86

Co-Ni-En 8,35
12 (Co-En), (Cu-En) 8,77

Co-Cu-En 8,65
13 (Ni-En), (Ni-En) 6,6

Ni-Ni-En 7,92
14 (Ni-En), (Cu-En) 7,51

Ni-Cu-En 7,65
15 (Cu-En), (Cu-En) 8,42

Cu-Cu-En 8.85

K&t qua & bang 2 cho thay:

1) Trong s6 cac hé tir 1 dé€n 9 thi chi c6 hé 2
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1a hén hgp Mn-Fe cho hiéu tng tang cudng xtc
tdc Weentn > Wg + Wy, cdc hé con lai déu c6



hi¢u tng ngugc lai: ZW > Wy 15, 10p-

Néu ta coi phitc cua Fe va Mn 1a nhiing doi
tuong dang nghién ctu, con cic phic cua Co,
Ni, Cu la nhiing tdc nhan anh hudng thi tir cac
s6 liéu & bang 2 c6 thé thiét lap duoc cdc so do
nhu trén hinh 1 va 2 14n luot d6i véi cdc hé
(Mn**-Me*") va (Fe**-Me*"). Rd rang 1a chi ¢6

W.L0 (ML sec ™)

[ B . T PR O, R - LR |

Mn-Mn  Mn-Fe  Mn-Cu ' Mn-Ni  Mn-Co

Hinh I: Toc do phan tng hé hén hop
Mn2+ _ M62+

Theo [4], cédc tdc gia da chi ra rang trong hé
xtc tdc men (chia Fe), khi thém mot luong xac
dinh Mn*', s& hinh thanh va t6n tai cic dang héa
tri khac nhau cua Fe vd Mn nhu: Fe*O,” <>
Fe™, Fe**, Fe**=0, Fe’*, Mn*", Mn. Chiing c6
thé thuc hién chu trinh oxi héa khir lién hoan
tuong ho6 1an nhau, tao nén mot moi trudng xtc
tac hiéu qua cho cdac qua trinh oxi hda cac co
chat chita goc phenol. B&i vi su ¢6 mat clia Mn**
trong hé xtc tac chita Fe khong nhiing cuing véi
Fe’* 1am cho chu trinh phuc héi xtdc tidc xdy ra
nhanh hon ma con sinh ra cap oxi héa khu
Mn’*/Mn** ¢6 thé oxi héa khit ¢ ~ 1,5 V. Gia tri
¢ kha cao nhu vay tao cho hé xic tac kha nang
oxi hoa ti€p nhitng san phdm trung gian cla céc
hop chat hitu co khong thé bi oxi héa béi phiic
ctia Fe’* nhung s& dugc oxi hoa t6t boi phiic clia
Mn’* [4].

Chiing toi cho rang, hé xdc tac phic hén hop
(Mn**- Fe’")En c¢6 thé mang tinh déng dang vdi
xudc tdc men néi trén. D61 v6i hé xic tdc hon
hop Fe-Mn-En, nhu trong [5] da ching minh
ring trong hé H,0-Mn**-En-H,O,, ion Mn*
chuyén Ién Mn** va Mn*"; cdc trang thdi héa tri
cao ndy cua mangan duoc duy tri 6n dinh nhd
hiéu tng tao phiic mach vong 5 cdu tir v6i En la

Fe hoac Mn méi tao ra hiéu ing duong cho hoat
tinh xdc tdc cua hé hén hop v6i Mn hoac Fe.
Diéu d6 c6 nghia la giita Mn va Fe da xuét hién
mot tuong tac hd tro nao d6 lam cho hoat tinh
xuc tac ctia hé hon hop tang 1én 15 rét. Nguyén
nhan tao ra hiéu tng tich cuc nay c6 thé dugc
giai thich nhu sau:

W.10'(MIMsec™)

Fe-Fe Fe-Mn Fe-Cu Fe-Ni Fe-Co

Hinh 2: T6c d6 phan ting hé hén hop
FeZ+ _ M62+

mot trong nhitng tac nhan oxi héa cao cua hé.
Do d6, su ¢c6 mat cia Fe** thém vao hé xiic tac
c6 kha nang tham gia thic ddy qud trinh phuc
hoi xdc tdc. Két qua 1a hé xdc tdc hon hop Mn-
Fe c¢6 tinh cuong xtic tdc nhu hinh 1 va 2.

Céc nguyén t6 con lai 1a Cu, Co, Ni déu lam
cho hoat tinh ctia hé hén hop vé6i Fe hoac Mn
giam di so v6i hé don kim loai Mn-Mn, Fe-Fe.
Hiéu tng xtc tdc am ctia Cu, Co, Ni d6i véi cac
hé hén hop v6i Mn hodc v6i Fe nhu vay ciing
giong nhu két qua cua cdc tac gia [7] thu duoc
khi nghién cttu anh hudng nong do Cu* t6i phan
ting phan huy H,0, xdc tdc boi Fe**. Trong do,
ion Cu** chi c6 tdc dung tang cudng xiic tdc cho
Fe** khi néng do [Cu*] >10”° M nho téc dung
ctia ion Cu™ dugc tao thanh va tham gia ca vao
giai doan phat trién mach ciling nhu ddt mach,
déng thoi, téc do chuyén héa goc HO', xiic tdc
boi Cu®* nhanh hon béi Fe* rat nhiéu bac. Khi
dua vao phan tng néng do [Cu**] thdp thi co ché
phan tng thay déi, nhitng phan ting phat trién
mach va didt mach véi sy tham gia cta Cu’
khong xdy ra, con ion Fe®* lai khong tham gia
vao phan tng dit mach lam cho t6c do phan tng
giam.
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Xét vé mic do anh hudng cta Cu, Ni, Co
doi v6i hé Mn-En hay Fe-En (ciing dua trén
hinh 1 va 2), ta thdy ring Cu** ¢6 anh hudng yéu
hon c4, manh hon mot chit 1a Ni**, con su ¢
mat ctia Co™ 1am gidm manh hon ca hoat tinh
xuc tdc ctia hé hon hop, cé nghia 1a mic do tc
ché tang theo thi tu sau: Cu* < Ni** < Co™*. Qui
luat anh hudng nhu vay c6 thé lién quan t6i miic
do tuong tac giita cic ion trong dung dich. Tham
khdo céc thong s6 c6 tinh chat cé dién nhu trong
bang 3 cho thay, mic do anh hudng xic tic am
cta Cu, Ni, Co d6i v6i cac hé chira Fe hoac Mn
tang theo chiéu tang cta ban kinh ion kim loai
R,,, va theo chiéu giam do bdo hoa dién tir (tién
vé phia Fe va Mn) ciing nhu theo su giam do
bén phitc. C6 nghia 1a & day c6 xu thé anh
hudéng manh cua nhitng ion c6 ban kinh gan
nhau va do chua bao hoa dién tir gin bang nhau.

Trong truong hop nay thi khdi niém éxich lai
gin nhaué clia nhitng phan tir c¢6 kich thuéc va
tinh chit gin giong nhau lai khong mang lai
hiéu qua duong trong xdc tdc hon hgp. Tinh ébat
hop tdcé nhu vay c6 1€ twong dong véi do ting
trang thdi chua bao hoa 16p dién tir 3d" theo thit
tu trén; khi ma dién ra qua trinh bién déi cho
nhan dién tr sao cho cac nguyén tir kim loai c6
thé bén vitng & mot trang thai héa tri ndo do thi
su canh tranh giita cac ion chua bao hoa dién ti
cang gin nhau s€ xay ra cang 16n, tic la ton tai
qud trinh écanh tranh tic chéé. Két qui 1a Co™
da kim ham manh hon Cu*" va Ni** d6i véi kha
nang xdc tdc ctia Mn** va Fe*. Ngoai ra, cling
cén phai tinh dén nhiing tuong tdc phu ma hon
hop ion 1am cho thé€ oxi héa khir cia cac cap ion
bi thay ddi theo nhitng cung bac khac nhau doi
vGi moi kim loai.

Bdng 3: Céc thong sd vé cac ion kim loai [9]

Tinh chat Mn?** Fe’* Co™ Ni** Cu™

Cau tric dién tir 3dn 3d° 3d° 3d’ 3d* 3d’
Ban kinh Rion (AO) 0,91 0,83 0,82 0,78 0,70
Thé ion héa (eV) 33,68 30,64 33,49 35,16 36,83
2pKi 53 9,7 14 18,8 20,2

(ZpKi 1a téng do bén cdc phitc Me*Eni).

Chiing toi thay rang, qui luat dc ché cla cdc
kim loai chuyén ti€p trén giong nhu qui luat anh
hudng cua cac nguyén td dat hiém RE = Pr, Nd,
Sm, Eu, Tb, Er, Tu, Yb d6i v6i qua trinh chuyén
héa photphat ctia loai xdc tdc men tuong Ung
[8]. Cac tac gia tim thay 2 quan hé phu thuoc
sau:

- Mutc d6 tc ch€ UC cua cac kim loai RE
nay giam theo chiéu giam cua R,

- Pai lugng UC c6 moi quan hé véi dién tich
ion Z, R,,,, E ( E- thé€ ion hoéa thit nhat va tha 2
ciia nguyén tir kim loai) va AH (nang lugng
hidrat hoa):

UC=Z7*R,, + (E - AH)

Doi chi€u cac gia tri E, R,,, trong bang 3 va
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biéu do6 bién thien AH cua cac KLCT trong [9],
ta thdy rang nhitng qui luat xdc tdc quan sét
dugc c6 thé 1a két qua twong tdc t6 hop cua
nhiéu yéu t6 va bao ham tit ca cdc yéu to trén.
Nhimng t6 hop tuong tdc t6i uu s& thé hién hiéu
ung xuc tdc duong va nguoc lai.

2) Céc hé tir 10 dén 15 thé hién (bang 2) qui
luat sau:

- ZW < Wy pon ngp tlic 12 sy c6 mat dong
thoi cla cac ion kim loai nay trong dung dich c6
thé da tao ra nhitng phtc trung gian hoat dong
hon hay nhiing cap oxi héa khir thuan lgi hon
cho qué trinh hoat héa dudi su anh hudéng cta
nhiéu tdc nhan tuong tu nhu da dé cap 6 trén.

3) So sanh toc do (bang 2) cac hé don kim



Me-Me = Co-Co, Ni-Ni, Cu-Cu véi téc do cac
hé hon hop da kim Me-Meé€ cho thdy, cdc hé
hén hop da kim déu cho téc do phan ting nhd
hon hoac xdp xi toc do ctia hé don kim: Wy yee
< Wyene (trlr trudng hop Wy, > Wying). Qui
luat ny c6 thé ciing twong tuw nhu trudng hop
noéng do Cu** thap lam giam toc do hoat héa
H,0, ctia Fe** nhu da trinh bay & trén.

IV - KET LUAN

Nhitng két qua nghién ctu trén day cho
phép dua ra mot s6 két luan sau:

1. Qua trinh anh huéng la4n nhau gifta cdc
ion kim loai chuyén ti€p trong hén hop cac phiic
vGi etylendiamin dién ra theo nhitng xu huéng
khéac nhau: hodc la tang cuong xuc tdc hodc co
xu huéng can tré:

- Da tim duoc qui luat hd trg xdc tic gitta
phtic Mn-En va Fe-En. Nho kha nang oxi héa
cao clia cip Mn**/Mn** va vai tro hd tro xtc tdc
cuia Fe**, hé xiic tdc hdn hop (Mn**- Fe**)En hia
hen kha nang tng dung tét cho cdc qua trinh oxi
héa cac hgp chat hitu co, dac biét 1a nhitng chat
thai chita nhan thom.

- Céc ion Cu*, Ni**, Co*™ c6 tuwong tic lam
giam hoat tinh xdc tdc ctia hé hén hop véi Fe*
hoac Mn*".

- Hai qui luat trén giong nhu mot s6 qui luat
ctia nhitng dang xdc tdc sinh hoc dd cong bo
trong tai liéu.

- D6i v6i hau hét cac hé phic cta Co, Ni, Cu
v6i En thi su ¢6 mat cha ion kim loai chuyén
ti€p khac lam giam toc do phan tGng cta hé hon
hop.

2. Hoat tinh xtc tdc tang trong cdc hé hén
hop Fe**-Mn*" & viing néng do ion kim loai thap

(10°M) va vé6i néng do ligan nho hita hen nhitng
ting dung thuan lgi trong viéc xu ly chat thai
lam sach moi truong.

3. Nhiing két qua budc dau trén day goi y
nhitng nghién cttu tiép theo sau sic hon bing
nhitng phuong tién hitu hiéu hon dé hiéu 6 hon
ban chét phiic tap clia cac tuong tic trong céc
phtc xiic tac hén hop.
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