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ABSTRACT

The photocatalytic degradation of the azo dye reactive red 2 (RR2) was investigated in an
irradiated titanium dioxide aqueous suspension. The mechanism of mineralization of the nitrogen
heteroatoms during the photocatalytic degradation of the 3 aminophenol, ammelid and reactive
red 2 was proposed based on experimental results and calculated charge density and frontier

electron density.

1. GIOI THIEU

O nhiém mo6i trudong 1a mot trong nhiing
nguyén nhan cha yéu anh huong dén sirc khoe
con ngudi va lam bién d6i khi hau toan cau.
Trong ba loai 6 nhiém chinh 12 & nhiém khong
khi, nuée va dat thi 6 nhidm khong khi va nudc
dugc quan tim nghién cGu nhiéu nhit do
nhiing tic dong nghiém trong cta chiing dén su
bién ddi khi hau va sic khoe con nguoi va
dong vat. Hop chit mau duoc su dung rong rai
trong nganh cdng nghiép dét nhuom. Hang
nam, trén 10.000 loai chat mau dugc san xuét
trén thé gidi, trong d6 khoang 20% chét thai
cong nghi¢p tir dét nhuém khong duge xur 1y la
mot trong nhimg nguyén nhan giy 6 nhiém
nuée [1]. Chinh vi vdy, van dé xir 1y 6 nhidm
nudc, dac biét 1a cac hop chét mau thai ra tur
cdc nha may dét nhuém rat duge quan tam.

Phuong phdp oxy héa tién tién (AOPs) 1a
phuong phép xir Iy hidu qua cdc hop chat hiru
co 6 nhiém trong d6 c6 cic hop chat mau [2-5].
Xuc tdc quang hoa 1a mot trong nhiing phuong
phép oxy hda tién tién dugc dung dé xur ly céc
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hop chit mau do ¢6 uwu diém vuot tréi 1a
chuyén héa hoan toan cdc hop chat hitu co
thanh cic san phdm cubi 1a CO,, H,0, N, va
cic ion SO,, NH," va NO; [6, 7]. Vi vay,
ngy cang c6 nhiéu cdc nhém nghién ciru
trong va ngoai nudc su dung phuong phap
xuc tdc quang héa dé xir ly céc hop chat hitu
co 6 nhiém.

Reactive red 2 1a chat mau duoc su dung
nhiéu trong nganh cong nghiép dét & nudc ta,
ngoai cc cacbon hitu co, hgp chét nay con chira
nito hitu co va luu huynh. V6 co héa cacbon
hitu co va cac nguyén tir nito hitu co trong hop
chit mau reactive red 2 béng phuong phép xuc
tdc quang hdéa da dugc nghién ctru [7]. Tuy
nhién co ché su tao thanh ion NH," va/hoic
NO; trong qud trinh phan hay hop chat RR2
chua c¢6 nhém tic gia nao dua ra. Bai bdo nay
dé cap dén co ché vo co héa cdc nguyén tir nito
hitu co trong qud trinh phan huy hop chat mau
reactive red 2 béng phuong phép quang héa
Xuc tac.



2. THUC NGHIEM
2.1. Chuén bi vat liéu

Xic tac dugce st dung cho phan ing quang
héa la titanium dioxide P-25 Degussa, cé di¢n
tich bé mit riéng 50 m%g. Reactive red 2
(RR2) do cong ty Aldrich cung cép, c6 cong
thirc chung la C;9H;j0O;N¢S,Na,Cl, va cong
thirc cdu tao duoc dua ra trén hinh 1. Hop chét
3-aminophenol va hop chat ammelid c6 cong
thire cu tao duoc dua ra trén hinh 2.

Nuéc cit 2 1an cia mdy Milipore Waters
Mili Q purification unit duoc ding dé chuan bi
dung dich mau.
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Hinh 2. Cong thirc cdu tao
cua 3-aminophenol va ammelid

2.2. Thiét bi phan g

Phén ung duoc thyc hién trong binh phan
g c6 thé tich 1 lit (hinh 3), den UV la deén
thiy ngan Philips HPK, 125 W.

Thé tich dung dich chat phan tmg 13 750 ml,
khdi luong xidc tic TiO, 1a 375 mg tuong tng
v6i ndng do xic tic 1a 0,5 g/L. Nong d6 ban
dau chat RR2, 3-aminophenol, ammelid dé
thuc hién phan tng 1a 84,4 pmol/L. Phan trng

duoc thyc hién ¢ nhiét d6 phong. Dung dich
chit phan tmg va xiic tic dugc khudy déu bang
mdy khudy tir trong béng tdi trong thoi gian
60 phiit d dat can bang hap phu.

—elle |

Hinh 3. Thiét bi phan mg

1 -Deén UV

2 — Ong quart

3 — Phan than thiét bi phan tng

4 — Puodng vao cia oxi

5 — Mdy khuéy tir

6 va 7 — Hé thong 1am lanh bang nudc

2.3. Cac phwong phap phan tich

Dung dich mau truéc khi phan tich mau
duoc loc qua gidy loc ¢ 0,45 pm milipores dé
loai bo TiO,.

Sic ky ion dugc thuc hién trén mdy
Dionex DX-120. Ion NH," dwgc phan tich
qua cot sic ky TonPac CS 12A véi chiéu dai:
250 mm, duong kinh trong: 4 mm, pha dong:
H,SO,, toc d6 dong: 1 ml/min; ion NOj
duoc phan tich qua cot sic ky IonPac AS
14A véi chiéu dai: 250 mm, dudng kinh
trong: 4 mm, pha dong: Na,CO3;/NaHCOs;,
tdc d6 dong: 1 ml/min.

Mit @6 dién tich va mat do dién tir bién
phéan tir cta hop chit 3-aminophenol va hop
chat ammelid dugc tinh todn bang pham mém
MOPAC version 6 sir dung hé CAChe.
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3. KET QUA VA THAO LUAN

3.1. Co ché tao thanh ion NH,* vi/hoic NOy
trong qué trinh phan hiiy hop chiat RR2

Pé giai thich co ché tao thanh ion NH,*
va/hoac NO;™ trong qué trinh phan hiy hop
chit RR2, ching t6i da nghién clru su tao thanh
ion NH," va/hodc NO;  trén hai hop chét 1a 3-
aminophenol va ammelid.
3.1.1. Qud trinh phdn hiy hop chit
3-aminophenol va ammelid bang phwong
phdp xic tac quang hoa

Phan hay hop chit 3-aminophenol va
ammelid da duoc thyc hién bing phuong phap
Xuc tdc quang hoa tuong ty nhu hop chit RR2.
Két qua chi ra rang nhém amin (-NH,) trong
hop chit 3- aminophenol chuyen héa chu yéu
thanh ion NH," va mot lugng nhd ion NO;.
Téng ham lugng NH,* va NOs™ thu duoc twong
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Khi nhém amin ndi tryc tiép voi vong
thom, su tao thanh ion NH," theo co ché thuy
phan. Nguoc lai, khi nhém amin nbi véi vong
triazin, co ché thuy phén rat khé xay ra do
orbital cia nguyén tir oxi trong phan tir nudc
lai héa voi orbitan cua nguyén tir nito trong
vong triazin can tré sy tin cong cia phéan tur
nude dén nguyén tir cacbon duge ndi truc tlep
v6i nhém amin. Trong trudong hop nay, su tan
cong cia goc ty do OH® dén nhém amin dan
dén sy tao thanh ion NO;".
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ung 100% qua trinh v co hdéa nguyén tr nito tir
nhém —NH, trong hop chat 3-aminophenol. Dbi
v6i hop chat ammelid, két qua phan hiy hop
chat nay bang phuwong phép xic tic quang héa
chi ra réng su tao thanh ion NO; tir qué trinh
chuyén héa nhém -NH, 14 95%. Nhu vay, vong
triazin anh hudng dén su tao thanh ion NH,*
hodc NO5". Néu nhém amin ndi v6i vong triazin
(hop chat ammelid), su chuyén héa nhém amin
nay tao thanh chi yéu ion NOs, nguoc lai néu
nhém amin ndi véi vong thom (truong hop hop
chat 3-aminophenol), ion NH,* dugc tao thanh
chu yeu tir qud trinh chuyen héa nhém amin. Co
ché cua su tao thanh ion NH4* vivhoic ion NOy
trong qud trinh phan hdy hop chat
3-aminophenol va ammelid dugc ching t6i dé
xuat theo so do sau:

N C:OYNTOH
\‘/

OH

Q/- NHy —H o NH,

3.1.2. Tinh todn mt d¢ dién tich trong hop chit
3-aminophenol va trong hop chit ammelid

Chiing t6i da tinh todn mat d§ dién tich
trong hop chit 3-aminophenol va trong hop
chit ammelid bang phim mém MOPAC
version 6 sit dung h¢ CAChe dé kiém tra su c6
mat cua vong triazin da lam thay dbi mat do
dién tir cia nhém —NH,. Két qua tinh mat do
dién tich va mat d¢ dién tir bi€n phan tr cla
hop chat 3-aminophenol va ammelid dugc dua
ra ¢ bang 1.



Tam phan Gng cua hop chat 3-
aminophenol va ammelid c6 thé dugc danh

gid thong qua mat do dién ti bién phan tu
(hinh 4).

Bdng 1. Mat do dién tich va mdt do dién tir bién phdn tir cua hop chat 3-aminophenol va ammelid

3-aminophenol Ammelid
Nguyén i Mat (}i(} dién Ma?lf do dAién }fr Nguyén ti Mat (}i(f) dién Méf do dAién }&
tich bién phan tir tich bién phan tu

0O-1 -0,32600 0,03273 N-1 -0,41070 0,26037
C-2 0,15630 0,23611 N-2 -0,42940 0,25513
C-3 -0,30860 0,33633 N-3 -0,41940 0,29707
C-4 -0,32690 0,26475 N-4 -0,30620 0,44975
C-5 0,13310 0,22716 C-5 0,28620 0,20262
C-6 -0,32290 0,36369 C-6 0,29860 0,23383
C-7 -0,05460 0,21745 C-7 0,30200 0,23402
N-8 -0,40320 0,32159 0-8 -0,26740 0,03268
H-9 0,27970 0,00005 0-9 -0,26770 0,03296
H-10 0,15970 0,00000 H-10 0,29140 0,00043
H-11 0,16700 0,00000 H-11 0,29070 0,00041
H-12 0,16580 0,00000 H-12 0,31590 0,00037
H-13 0,16060 0,00001 H-13 0,31600 0,00036
H-14 0,20640 0,00007

H-15 0,25970 0,00006

Tir két qua thu duoc, ddi v6i hop chat
ammelid, géc tw do OH" tin cong chu yéu vao
nguyén ti nito & vi tri s6 4 (nguyén tr nito
trong nhém amin). Nguoc lai, d6i voi hop chit
3-aminophenol, sy tin cong cua gdc tw do OH'
duogc thyc hién trén nguyén tir cacbon & vi tri
s 3, nguyén tu cacbon ¢ vi tri s6 6 va nguyén
tir nito & vi tri s6 8 (nguyén t nito trong nhém
amin). D6i voi hop chit ammelid, sy tan cong
ciia gbc ty do OH® vao nguyén tir nito cua
nhém amin dan dén tao thanh nhém
hydroxylamin va nhém hydroxylamin nay
duoc chuyén héa truc tiép thanh ion NOj.
Nghién ctru ciia nhém tac gia [8] duogc thuc
hién trong qud trinh phan hiy hop chat pyrrol
va imidazol bﬁng cach tinh mat do dién tich da

chi ra réng su tao thanh ion NH," hodc ion
NOj; ciing duge dinh hudéng theo ciu tric phan
tir cia hop chét pyrrol va imidazol.

Nhu vay, su tao thanh ion NOj™ 1a do su
tan coéng cua goc tu do OH® vao nguyén tur
nito cia nhém amin va sy tao thanh ion NH,*
1a theo co ché thuy phan. Dbi véi hop chét
ammelid, trung tdm mang dién tich 4m hon
nim trén nguyén tr nito. Sy tin cong duy
nhat 12 sy tdn cong cua goc ty do OH® vao
nhém —NH, tao thanh -NH,OH, -NO, -NO,
(hinh 4). Di voi hop chat 3-aminophenol, su
tao thanh ion NOs™ va ion NH," 14 do su tn
cong cua géc te do OH" vao nguyén tk nito
cia nhém amin va co ché thay phan dugc
dién ra dong thoi.
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Hinh 4. Mat d¢ dién tir bién phin tir ctia hop chét: (a) 3-aminophenol va (b) ammelid

3.2. Su tao thanh ion NH;" va NO; trong
qué trinh phan hiy hop chit RR2 bing
phuong phap xiic tac quang héa

Hop chat RR2 c¢6 chira 1 nhém amin
(-NH-), 1 nhém —N=N-va 1 vong triazin (hinh
1). Khi nghién ctru qu4 trinh chuyén héa nguyén
tir nito' ciia nhém amin ddi véi hop chit RBS
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[6], két qua thu duogc sy tao thanh cha yéu 1a ion
NH,". Péi véi hop chit RR2, két qua thuc
nghiém chi ra rang, nhém -NH- dugc chuyén
héa chu yéu thanh ion NOj, chi ¢6 mot luong
nho ion NH," dwoc tao thanh (2 umol/L twong
tmg voi 2,4% dbi véi nong d6 84,4 pumol/L
phan hay hop chit RR2). Nhu vdy, su c6 mit



cuia vong triazin trong hop chit RR2 da anh
hudng dén sy tao thanh ion NO;™ trong qud trinh
phan hity hop chit nay. Két qua nay hoan toan
phit hop véi co ché tao thanh ion NH," vivhoic

4. KET LUAN

Su tao thanh ion NH,* va NO; trong
qué trinh phan huy hop chét 3-aminophenol,
ammelid va hop chit RR2 béng phuong
phép xic tdc quang héa da duogc nghién cuu.
Két qua thuc nghiém va két qua tinh todn
mat d0 dién tich va mat do dién tir bién
phan t& cua hogp chét 3-aminophenol va
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