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TOM TAT: Qud trinh oxi héa va quang oxi hoéa hgp chdt sulfide xuc tdc boi
Phthalocyanine déng thé da dwoc nghién ciru. Két qua thuc nghiém cho thdy ca phicc Kém-
tetrasulfophthalocyanme (ZnTSPc) va Cobalt-tetrasulfophthalocyanine (CoISPc) déu c6 hoat
tinh xuc tac cho phan ung phan huy sulfide. Hi¢u sudt phdn huy sulfide xic tdc boi phic
ZnTSPc sau 150 phur phdn img khi c6 chiéu sang va khong chiéu sdng tuong umg la 96,61%
va 71,11%, doi véi truong hgp CoTSPc sau 40 phiit phan 1ing hiéu sudt tuwong img la 98,10%
va 96,30%. Phizc ZnTSPc thé hién tinh chat xiic tdc quang va phan wng xdy ra co ché logi Il
(co ché sinh ra oxy singlet). Nguoc lai, CoTSPc khong co tinh chdt xiic tdc quang va xdy ra
theo co ché logi I (co ché chuyén dién ti).
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1.MO PAU

Mot trong nhirng tinh chéat ndi bat cua Phthalocyanine (Pc) 1a tinh chét nhay quang
(photosen51twe) Tinh chit nhay quang cua Pc thé hién khi co su chiéu sang bdi ngudn sang
kha kién (visible light) gay ra su thay ddi cdu tric dién tir va cic mirc nang luong cua dién tir
trong phén tir.

Khi duge chiéu séang, phan tir & trang thdi co ban (SD) nhén dugc nang lugng va xay ra su
chuyén doi 1 electron tir mitc ning lugng HOMO Ién mirc LUMO Khi d6 phéan tir tdn tai &
trang thai singlet kich thich (S;) va trang théi nay c6 thoi gian song rdt ngin (ns). Do trang thai
triplet (T, )c6 mirc nang lugng thdp hon trang thai singlet (S;) nén phan tir & trang thi S, c6
khuynh huéng nhudng bét néng luong dé chuyén sang trang thai triplet bén hon va c6 thoi
glan song dai hon (us). Thoi gian song cua trang thai T, 1a khac nhau d6i vai cac hop chét Pc
¢6 ion kim loai trung tim khac nhau. Khi duoc chiéu sang, cac hgp chat nhay quang Pc nay
duoc kich thich 1én trang thai triplet. Phan tir OXy o trang thai co ban la trang thai triplet (CO,)
s& tuong tac v&i trang théi triplet cta Pc va chuyén thanh trang thai singlet ('O,) thong qua qué
trinh trao déi ning lugng.

Oxy tao thanh ¢ trang thai singlet ¢6 hoat tinh manh hon oxy & trang théi triplet s€ tham
gia vao qua trinh oxi hoéa, dac biét 1a cac hop chit hitu co c6 lién két chwa bao hoa. Qua trinh
nay dugc gol la qua trinh oxi hdéa cam quang va phan ng xay ra theo co ché loai II. Céc phan
tmg chinh cta qua trinh oxi héa cam quang:

P(S) —Y—» P(Sy) — P(T))

P(T) + 0, — P(Sy) + 'O, (P: Chét nhay quang)

Ngugc lai dbi véi cac hgp chit MPc khéng co tinh chét quang hoat, chung c6 kha nang
phdi tri (coordinate) va hoat hoé oxy sinh ra gdc ty do peroxide ngay cé trong diéu kién c6 va
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khong c6 chiéu sang. Goc superoxide O*" tao thanh c6 hoat tinh oxi hoa manh, ching tiép tuc
oxi hoa céc hop chit hitu co theo co ché logi I. So db chuyén héa ning luong duge md ta trong
hinh 1 [1,3,4].

Tiép theo huéng nghién clru vé tinh chat xic tic cia cic hop chit Pc, trong nghién ciru
nay chiing t6i trinh bay mét s6 két qua nghién ciru khao sét tinh chat xac tac quang oxi hoa cua
Cobalt-tetrasulfophthalocyanine (CoTSPc) va Kém-Tetrasulfophthalocyanine (ZnTSPc) trong
phan ttng oxi hoa phén hity sulfide (S*) bing oxi khéng khi trong dung dich nuéec.

Phén g loai (I)-Type I
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Hinh 1.So db chuyén hoa ning luong cua electron
2.THUC NGHIEM

2.1. Nguyén liéu va thiét bi

- N,N-dimethyl-p-phenilendiamine.2HCI, Na,S,0; 6ng chuan Zn(CH;COO0), (HCTK-
Merck), FeCl;, (NH,4),HPO,, K1, I,, Na,S.9H,0 (HCTK- Trung Quoc)

- CoTSPc¢, ZnTSPc dugc diéu ché theo tai liéu [5, 7].

- Bén Halogen 150W, pH controller 500 (Hanna).

2.2. Cac phuong phap phéan tich
- Néng d¢ S* duoc do bing phuong phép so mau & budc song 750nm trén may DR/2000
(Harch-USA) v6i thudc thir N,N-dimethyl-p-phenilendiamin.2HCL.[6]

2 3. Khio sat phan irng phan hity $* xiic tic béi CoTSPc, ZnTSPc khi ¢6 va khong co
chiéu sing

Cac thi nghiém duoc tién hanh trong ciing diéu kién theo so dd Aink 2. Cho 500ml dung
dich Na,S 100ppm (twong duong 35,5 mg hay 1,090 mmol sulfide) va 15,0 mg xtc tac vao cde
thuy tinh 1 lit, pH dung dich duoc giir khong d6i bing pH Controller. Dung dich dugrc str dung
diéu chinh pH la dung dich H,SO4 0,05M hodc NaOH 0,05M. Hn hop phan tng ludén dugc

Trang 44



TAP CHi PHAT TRIEN KH&CN, TAP 12, S0 07 - 2008

khuay véi toc dd 800 vong /phut va suc khong khi voi luu lugng 1,51it/phut. Phan ung dugc
chiéu sang bang dén halogen 150 W-220 V, phan img luén dugc on dinh nhiét d6 ¢ 32°C bang
hé thdng bom nude tuan hoan. Theo nhitng nghién ciru truge day [7], ching t8i nhén thiy ring
phan ung oxi hoa S* trong dung dich nudc bing téc nhan oxi héa oxy khong khi va sir dung
chét xuc tac CoTSPc hodc ZnTSPc xay ra nhanh nhat & pH 10. Do d6 tat ca cac thi nghiém
trong bao cdo nay déu dugce thyc hién & pH 10.
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(1) Hé thong giai nhiét, (2) pH controller; (3) Dén Halogen;
(4) May khuay tir, (5) Binh phan tmg-Pyrex, (6) Bom suc khi

Hinh 2. So d6 phan img phan hiy S* xtc tac quang héa ZnTSPc
q

3.KET QUA VA BIEN LUAN

Két qua khao sat phan Ung quang oxi hda phan huy sulfide v&i xic tdc ZnTSPc va
CoTSPc & cic diéu kién phan img khéc nhau dugc thé hién trong céc db thj hinh 4. Trong phan
rng so sanh tmh chét xic tac cia ZnTSPc & diéu kién cé va khong c6 chiéu sang, két qua thu
du‘crc cho thdy téc db phan img quang oxi héa xay ra nhanh hon khi dugc chiéu sang véi hi¢u
suat phan hiy sufide sau 150 phut tuong Ung 12 96,61% va 71,11% (hinh 4a). Ngugc lai, déi
vGi truong horp ctia xtic taic CoTSPc khong c6 su khac biét gitra hai diéu kién c6 va khong cé
chiéu sang v&i hiéu suat phan hiy sulfide sau 40 phut twong g 1a 98,10% va 96,30% (hinh
4b).

Theo co ché phan lmg duge d& nghi bai Iliev [2] phan ng oxi héa sulfide xuc tac bdi
ZnTSPc va CoTSPc vai tac nhan 0x1 héa oxy khong khi xay ra theo nhleu giai doan, trong d6
glal doan diu 1a su phén ly cia S* tao thanh HS". Ion hydrosulfide nay tlep tuc bi oxi héa qua
nhiéu giai doan sinh ra cac san pham SO;> SO,*... (hinh 3).

Trong trudng hop phan lmg xiic tac boi ZnTSPc & didu kién khéng chiéu sang, tc do
phan ting thap hon trudmg hop c6 chiéu sang Diéu nay c6 thé dugc giai thich 1a do ZnTSPc co
hoat tinh xuc tic quang manh hon tinh chit xtc tic chuyén dién tir. Ion Zn2+ c6 cdu trac dién
tir voi van dao d da bao hoa dién tir ([Ar]d"®) nén phan img theo co ché chuyén dién tir rét kho
khan. Nguqc lai cAu triic nay rat thich hop cho phan (g quang hoéa. Theo nghién ciru [1], cac
hop chit MPc v6i ion klm loai trung tdm c6 van dao ngoai cling hay c6 van dao d da bao hoa
dién tir ddu c6 tinh chét nhay quang va trang thai kich thich triplet thucmg c6 thoi gian séng
dai (d6i v&i ZnTSPc ¢6 10 = 245ps). Do d6 ching c6 du thdi gian dé thuc hién qua trinh trao
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dbi nang lugng véi oxy phén tir dé sinh ra oxy singlet dong vai trd 1a tdc nhan oxy hoa chinh
trong cic phan ng quang oxi hoa xuc tac bdi MPc.

Két qua thi nghiém cung cho thév trong trudng hop phan g xuc tac bdi CoTSPe trong
diéu kién c6 va khong cé chiéu sang téc do chuyén héa sulfide la nhu nhau. Két qua ‘nay phu
hop véi co ché phan u’ng cho rang phan ung xuc tac bdi CoTSPc xay ra theo co ché chuyén
dién tir (co ché loai I) va CoTSPc khéng c6 tinh chét xic tac quang. Co® ¢6 céu hinh dién tir
chua bao hoa ([Ar]3d ) do d6 ¢6 su tuong tac gilta hé théng vong electron 7 lién hop cua Pc
vo6i van dao d trong ciia ion Co®* din dén trang thai kich thich triplet bi dap tat. Doi voi
CoTSPc, thoi gian séng cua trang thai triplet la rit ngin (16 ~ 0.065us). Thoi gian nay qua
ngan dé tuong tac Vi oxy tao thanh oxy singlet. Piéu nay ching t6 nhitng phiic chit MPc véi

ion kim loai trung tdm c6 cau tric dién tir chua bdo hoa thich hop cho phan img theo co ché
chuyén dién tir.
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Hinh 3: Qua trinh oxy héa sulfide ¢6 xic tic dugc dé nghi béi Iliev [2]
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Hinh 4: D6 thi biéu dién qua trinh phan img oxi héa phén hily sulfide & pH 10 c6 chiéu sdng va khéng cé
chiéu sang xuc tac boi a- ZnTSPc b-CoTSPc
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4.KET LUAN

CoTSPc, ZnTSPc c6 kha nang xiic tac t6t cho phan ung oxi hoa phén huy sufide trong
dung dich nuéc. ZnTSPc c6 hoat tinh quang oxy héa, higu sut phén hiy sufide khi duge chiéu
sang va khéng dwoc chiéu sang sau 150 phut tuong tng 1a 96,61% va 71,11%. CoTSPc khéng
c6 hoat tinh quang oxy hda, hiéu suat phan huy sulfide khi c6 chiéu sdng va khong chiéu sang
sau 40 phut tuong ng 1a 98,10% va 96,30%.

COMPARISON OF DEGRADATION CAPACITY OF OXIDATION AND
PHOTOOXIDATION OF SULFIDE CATALYZED BY Zn(II)-
TETRASULFOPHTHALOCYANINE VA Co(I)-
TETRASULFOPHTHALOCYANINE

Le Thanh Minh(”, Phan Thanh Thao"), Pham Cao Thanh Tung(”, Phan Minh Tan®
(1) Institude of Chemical Techonology
(2) Department of Technology Science of Ho Chi Minh city

ABSTRACT: The oxidation and photooxidation of sulfide catalyzed by soluble
phthalocynines were carried  out. The  results  showed  that  both
Zine(ID) Tetrasulfophthalocyanine (ZnTSPc) and Cobalt(Il) Tetrasulfophthalocyanine (CoTSPc)
have catalytic activities in the oxidation of Sulfide. The degradation yield of sulfide during 150
minute under the light visible irradiation and in the dark were 96,61% and 71,11%
respectively. Whereas, in case of CoTSPc during 40 minute, these were 98,10% and 96,30%,
respectively. ZnTSPc demonstrates the photoactive property and catalyses the reaction via
type II (singlet oxygen mechanism). CoTSPc has not the photoactive property and catalyses
the reaction via type I (electron transfer mechanism).
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