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NGHIEN cU’U, DANH GIA KHA NANG XUC TAC CUA MOT SO PHUC
DONG THE TRONG PHAN U’NG CATALAZA
INVESTIGATION, EVALUATION THE CATALYTIC ABILITY OF SOME
HOMOGENEOUS COMPLEXES IN CATALAZA REACTION

TS. NGO KIM DINH
Bo Giao théng vén tér

76m tit
Két qud nghién curu cho thdy céc phire chét nghién ciu déu cd hoat tinh xuc téc vor qué
trinh Catalaza, hoat tinh xdc tic cua méj phire phu thudc vao ban chdt cia cation kim
Joai, ligan tao phurc va diéu kién phan ung.
Abstract
Stuaying results showed that, all researched complexes regular catalysis action with
catlalaza process, catalysis action of complexes depend on nature of metal cation and
making up complex ligan, and react conditions.
1. Mé dau
H,O, da dwoc loai ngwdi phat minh va st dung tir 1au doi do kha nang oxi héa kha manh va
dé diéu ché cia nd. Pac biét, sau phat minh cia Fenton (1894) vé kha nidng xlc tac cla
FeS0,/H,S0, dbi v&i qua trinh phan hiay H,0, thanh cac gbc tw do, trong d6 cé gbc tw do OH*, da
lam tang kha nang 6 xy hda ctia H,0, 1&n nhiéu Ian. Do vay, trng dung ctia H,0, da dwoc mé rong
trong nhiéu Iinh virc va cho két qua that dang kinh ngac [5,11].
Qua trinh phan hay H,0, xay ra theo so' do:
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H,O, — H,0 "'% 0O, (1)

Qua trinh (1) néu xay ra trong mai truong nwoc thi tée dd phan tng rat cham. Tuy nhién, khi
c6 mat FQSO4/HZSO4 (pH<3) hodc phtrc xuc tac & dieu kién phu hgp thi toc dé phan rng (1) sé
tang Ién rat cao.

Co ché cta phan ng Fenton cho dén nay con chua dugc hoan toan sang td. Vay co ché
phan hay H,0, khi c6 xtc tac phirc xay ra nhw thé ndo va san pham trung gian (gbc tw do) nao sé
dwoc tao ra ciing la nhitng van dé can dwoc nghién cru, lam ré. Ngoai ra, phirc chat nao co kha
nang xuc tac va mirc do hoat tinh xdc tac ctia phirc trong qua trinh déu la nhitng van dé can dwoc
xac dinh [9,12].

Viéc xac dinh kha nang xtc tac cla phirc chat va co ché clia qua trinh phan hay H,0, trong
hé ddng thé co vai tro rat quan trong déi véi ly thuyét va thuc tién. V& mét ly thuyét: N6 1am rd cac
quy luat vé kha naéng, mic do hoat tinh xuc tac cla phirc chat dbi véi qua trinh phan hiy H,0,
trong hé déng thé; tac dong clia cac yéu té cau trdc nguyén tl, phan t& cla cac thanh phan tao
phlrc va clia phan t& phirc xic tac; cac diéu kién nhiét dong hoc, ddng hoc qua trinh phan trng dén
kha nang xuc tac clia phirc chét. Qua d6, co thé xac dinh dwoc cac quy luat thwe nghiém gitp qua
trinh s& dung phtrc xdc tac cé hiéu qua; diéu chinh va duy tri tinh én dinh clia hé théng phan (ng.

2. Phwong phap nghién ciru
2.1. Cdc hé nghién cwru

Dé& lam sang t6 mot sb van dé trén, mot s6 hé sau day (Bang 1) dwoc chon dé nghién ciu.
Cac két qua nghién ctru cu thé da dwgce cong bo trén cac tap chi chuyén nganh, cac hoi nghi khoa
hoc chuyén nganh cap quoc gia.

Badng 1. Cac hé nghién ctru

STT Hé STT Hé

1 H,O- Mn?- Lm- HCOzZ - H,0,| 6 | H,0 —Fe*- H,L - H,0, HL: axit citric
1] [6]

2 H,O- Mn®- Acrylamit (Acry) - H,0,| 7 |H,O - Fe* - DETA- Hy0,
[2] [7]

3 H,O- Mn®*-Histidin (His)- H3BO3- H,0, 8 HZO—COZ+—AxetyIaxeton (Acac)- H,0,
[3] [8]

4 H,O- Mn®*- DETA - H,O,| 9 | H,O- Ni¥- Lm- HCOs* - H,0,
[4] [9]

5 H,O- Mn®— En (Etylendiamin)- H,O,| 10 | H,O - cu¥ - Glu - H,0,
[5] [10]

2.2. Cac phwong phap nghién ctru
) Dé& nghién ctru, danh gia kha nédng xuc tac clia cac phirc xic tac trong qua trinh Catalaza
mét s6 phwong phap sau day da dwgc str dung:

- Xac dinh sy bién ddi thé tich Oxy (Vo) thoat ra tir phan ng phan hdy H,0, theo thoi
gian dé xac dinh kha nang xuc tac cGa phirc chat trong hé.

- St dung cac chét (rc ché cb twong tac dac thi véi gbe tw do sinh ra trong hé nhuw
hydroquinon (Hq) va axit ascobic (Ac) co6 twong tac dac thu véi goc tw do OH*, ... dé xac dinh sw
c6 mat goc ty do wu tién tao thanh trong qua trinh Catalaza.

- Phuong phap Dién cwc phd dwoc st dung dé nghién ctru s bién dbi trang thai hoa tri
ctia ion M** trong phirc chat va qua trinh xtc tac; qua d6 cho phép danh gia, suy doan co ché qua
trinh xuc tac.

3. Két qua va thao luan
3.7. Khé ndng xdc tic cia phirc chét trong hé Catalaza

Céac nghién ctru vé qua trinh catalaza xay ra trong cac hé nghién clru néu & bang 1 déu

cho thay réng:
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- Phirc chét tao thanh trong cac hé déu co hoat tinh xuc tac déi véi qua trinh catalaza. Tuy
nhién, mirc d0 xuc tac & phlrc cla cac ion kim loai khac nhau va phu thudc vao cation kim loai tao
phirc. Chang han, trong cac nghién ctru déu cho thay hoat tinh xuc tac ddi véi qua trinh catalaza
ctia phirc chat mot sé cation giam theo trinh ty sau: Mn?"s Fe?* >Co®+ >Ni*+ >Cu? [1]. Quy luat nay
duwoc phan anh qua tbc do phan tng catalaza khi st dung phtrc xuc tac ctia mét sé cation kim loai
chuyén tiép (xem bang 2).

Béng 2. Téc dé qua trinh catalaza vor xiic téc phirc cia mét so cation kim loai

M2+ Mn2+ Fez C02+ Ni2+ Cu2+

Winciiicosy 10 mol s | 1,10 0,85 0,80 0,75 0,69

- Mq’c do xuc tac cua cé,c ph}j’c khac nhau ctia cung mét kim loai la khac nhau. Cac nghién
ctru cla nhiéu tac gia da cho thay diéu nay. Vi du [1,9]:

Mn(HL) < [Mn(HCQ3)] << [Mn(HL)(HCO3)] [1] )
[Ni(HL)] < [Ni(HCO3)] << [Ni(HL)(HCO3)]  [9] @)

Cac nghién ctru nay con cho thay rang, phirc hén hop ligan trong cau néi luén co hoat tinh
xuc tac cao hon rat nhiéu so v&i phire chat don ligan.

- Céc cong trinh [5,6,9,11,12] da xac dinh K, ctia phirc chét nghién clru. Két qua cho thay do
bén clia phirc xuc tac anh hudng dén kha nang xuc tac cha chang. Quy luat chung la khi K, cang
I&n thi phirc cang bén, do dé cang lam gidm hoat tinh xUc tac cla phire [9,12]. Diéu nay ciing cho
nhan dinh vé& ban chét cta ion kim loai chuyén tiép anh hwéng dén kha nang tao phirc, dd bén va
kha nang xuc tac trong qua trinh catalaza.

3.2. Phure trung gian hoat déng

Cac nghién clru déu cho thay rang: Phlrc xtc tac déng vai trd quan trong trong qua trinh
phan hay Hy0,. Trong qua trinh catalaza, phan t&r H,O, da tham gia tao phirc v&i phirc xtc tac vao
cau ndi phtrc dé tao thanh phirc chit méi co thém ligan la H,0,. Phirc méi nay dwoc goi 1a phire
trung gian hoat déng (peroxo). So db tao peroxo:

IM(Ln)] + H20,—=[M(L,)(H202)] (4)
Vi du:
[Co(Acac)]” + HyO,— [Co(Acac)H,0,]" (5)

Cac nghién ctru vé dién cuwc phd va cac dir liéu quang phd (UV — VIS) da chirng minh didu
nay. Vi du hé: H,0O — Mn?*— DETA — H202 [4] dwoc nghién cuu & cac didu kién sau: O diéu kién
sau: pH = 9,5; [Mn2+]0 = [DETA], = 5. 10 % M; [H205]g = 5.10° 2M; cac duwong 1, 2, 3, 4, 5 va 6 tvong
&rng v&i thdi gian ghi phd db 1a 15, 30, 45, 60, 100 va 120 giay.

2.
~JMn(DETAH,0,"*

0.035 7 {_31\\ RS

MnDETA)]™

pz=- 1114

-1.0§ -1.25 -1.45 -L.65 p(V)
Hinh 1. Cire phd dé cia hé nghién ciru theo thoi gian [4]
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Cung vai [4], cac cong trinh [6,7,10,..] thong qua két qua nghién clru cuc phd cla phire tao
thanh trong hé catalaza da chirng minh dwoc rang qua trinh xdc tac c6 di qua giai doan tao peroxo
[Mn(DETA)H,O.F* (xem hinh 1).

3.3.8w phét sinh géc tir do OH* va chu trinh oxi hda - khw thudn nghich
3.3.1. Sur phét sinh goc tir do OH*

Trong phtrc peroxo, si phan bé lai mat do electron gitra cac thanh phan tao phirc trong ndi
cau, trong doé cé H,0, da dan dén sy phan hiy H,0, thanh cac gbc tw do chira O. Cac nghién cliru
néu trén da chirng minh dwoc rang: Qua trinh catalaza chi yéu hinh thanh géc tw do OH*. Trong
qua trinh nay da co6 sw chuyén electron tir M?* cho ligan H,0, trong ndi cau phlrc peroxo theo so

do sau:
M(Lo)(HzO)" "= M(L)I”* + OH" + OH ®)
Vi du:
[Mn(DETA)H,0,]" ~[Mn(DETA)]** + OH*+ OH’ )

Cwc phd db trén hinh 1 cling cho thay diéu nay.

Géc tw do OH* la tac nhan oxy hoéa rat manh. Sy phat sinh tac nhan nay tir phan &rng (6) 1a
co sc’y,khoa hoc quan trong dé (rng dung qua trinh catalaza vao nhiéu qua trinh khac nhau trong
thyc té.

3.3.2. Chu trinh oxi hoa - khir thudn nghich

Sy tao thanh g{Sc tw do OH* tir phirc peroxo lam xuét hién trang thai oxy hoa cao hon cla
ion M* trong phrc chat tao thanh sau qua trinh (6).

- Trong qua trinh phan (rng, théng qua g)hl’l’C trung gian hoat déng cé sw chuyén dich trang
thai oxi hoa ciia M** sang M** va phuc hdi M** thanh M** & cac dang phtrc twong (ng nhér chét
khe O*Z_ theo so dd:

ML + 07, ML) + O, (8)

(M(L)(HO2) = ML) + H* + H* + 0%)) (©)
Vi du:

[Mn(DETA)]** + 0*2' - [Mn(DETA)I* + O, (10)

(IMn(DETA)H,O,1*' = [Mn(DETA)]* + H* + H' + 0*2_) (11)

Cac qua trinh (6) va (8) lap di lap lai s& tao nén chu trinh oxi hoa - khir thuan nghich trong hé
catalaza. Vi du trong hé H,0 — Mn?*~ DETA — H,0, [4], qua trinh c6 thé biéu di&n bang so dd sau:

H'+ 0, [Mn(DETA)>" o,
2+
X [Mn(DETA)H,05]
HOQ\ [MnETA)]* OH+ OH"
H>0-

Hinh 2. Chu trinh oxy héa — khir thugn nghich trong hé H:0 — M~ DETA — H:0;
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4. Két luan

1. Céac qua trinh catalaza trong diéu kién nghién ciru xay ra véi tbc d6 cao chi yéu nhe xdc
tac phtre tao thanh gitra cation kim loai chuyén tiép véi anion hiru co hodc véi hep chét la ligan ma
phan ttr co tinh am dién cao.

2. Hoat tinh xuc tac ctia phirc phu thudc vao nhiéu yéu té khac nhau nhwng chi yéu la vao
ban chét cation tao phurc, ligan va diéu kién tao phirc cling nhw phan (ng catalaza.

3. Qua trinh xuc tac co tao thanh phirc trung gian hoat dong (peroxo) theo chu trinh oxy hoa
— kht thuan nghich la tac nhan chuyén héa H,O, thanh gbc tw do OH* cd hoat tinh oxi hoa rat
manh.
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