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The study of the mechanism of photochemistry and photocatalytic TNR by application of HPLC-MS combine with

methods to examine TOC and quantify TNR with and w
photochemistry and photocatalytic simultaneously is also disc

1. GIOI THIEU CHUNG

Trong thdi gian qua dd c6 nhiéu cong trinh
nghién ctru vé viéc tng dung phan Gmg quang phan
dé xur 1y moi trudng da dwoc cong b [1 - 10]. Tuy
nhién cac nghién ctitu tng dung phan ung quang xtc
tac va quang phan dé xtr Iy cac chat thai, trong do6 c6
nudc thai bi nhiém cac hop chét ¢6 tinh nd, thi du
nhu 2,4,6-trinitroresoxin (TNR) con rat han ché [8 -
10]. Trong cac cong trinh ké trén cac tic gia ciing
chwa di siu nghién ctru cac vin dé lién quan dén
viéc 1am 15 cic san pham trung gian ctia qué trinh
quang phan TNR ciing nhu co ché hinh thanh chung.
Trong bai bao nay chung toi s& gidi thiéu két qua
tmg dung phuong phap sic ky 1ong khéi phd hiéu

ithout oxidants and determining intermediary agents of
ussed.

ning cao (HPLC/MS) va phuong phap xac dinh tong
cacbon hitu co (TOC) dé xac dinh cac san phim
trung gian qua trinh quang hoa va quang xuc tac cta
TNR, trén co sé d6 dé xuit so dd co ché cua céac
phan Ung quang hoéa va quang xUc tac trong dung
dich chira TNR.

2. THUC NGHIEM
2.1. Thiét bi
- Thiét bi quang phan: so d6 h¢ thong thiét bi ding

dé nghién ctru phan Ung quang phan dugc dan trén
hinh 1.
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Hinh 1: So d6 hé thong thiét b thir nghiém phan tng quang hoa

- Thiét bi sic ky l6ng hiéu ning cao (HPLC) sir
dung detecto khdi phé (MS) Varian 320-MS hing
Thermo.

- Thiét bi do téng cac bon hiru co (TOC) TOC-
Vg hang Shimadzu; may do pH MP 220 hang pH
Meter; can phan tich Precisa XT 220% may phat
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ozon Lin 6D.
2.2. Héa chét

TNR ¢4 d¢ tinh khiét héa hoc (Trung Qudc); TiO,
loai Degusa P-25A, dién tich bé mat 50 mz/g, duong
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kinh trung binh 30 nm; H,O, 30% (Trung Qudc).
2.3. Phuwong phap xac dinh TOC

Bom mau vao injecto, chuyén vao 1o ddt, oxi
hoa - xuc tic & 680°C, mau duoc ddt chay thanh
CO,. CO, va cac san pham chay qua hé thong khir
am, dugc 1am lanh dé loai nudc roi chuyén qua hé
thdng loai halogen trudc khi qua dién cuc hong
ngoai gén, CO, duogc phat hién ¢ dang tin hiéu pic
tur d6 xac dinh duogce gia tri TOC.

Téng cacbon v co (IC) dugc xac dinh bang
cach cho miu phan tng véi dung dich HCI rdi dinh
luong CO, theo phuong phap trén.

Gia tri TOC duogc tinh theo cong thic: TOC =
TC-1C

2.4. Phuwong phap xac dinh TNR va cac san phim
trung gian

TNR va cic san phidm dugc phan tich bang
phuong phap HPLC/MS & diéu kién: cot hypersil-
C18: pha dong: nudc metanol, ché do gradient trong
35 phat. Detecto doc két qua khdi phd ghi ¢ ché do
ISA-pullscan negative, thé ion hoa 4,5 KV, nhiét do
hoa hoi 300°C, téc d6 khi 60Au, thé phan manh
10V. Viéc dinh tén cac san pham trung gian qua
trinh quang phadn TNR duogc thuc hién theo nguyén
tic sau:

Str dung phuong phap HPLC dé tach biét TNR
va cac san pham trung gian c6 trong dung dich da
thyc hién phan g quang hoa. Trén sic d6 HPLC s&
xudt hién cac pick véi thoi gian luu (tg) khac nhau.
Bang cach st dung detecto MS ghi ¢ ché do
negative xac dinh duoc gi tri s6 khoi (m/z) img voi
ting chét, tir d6 du doan cdu triic cua san pham va
so d6 co ché tao thanh cac san phdm qua trinh
quang phan.

3.KET QUA VA THAO LUAN

Trén cac hinh tir 1 dén 7 la sic @6 HPLC cua
dung dich sac d6 HPLC cua dung dich TNR co6
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Hinh I: Sic &6 HPLC cua dung dich TNR 10™*M

Nguyén Van Chdt va cong s

thanh phan khac nhau sau khi chiéu tia UV ta nhén
thdy voi dung dich c6 cing ndong do TNR ban dau,
cung thoi gian birc xa nhung ¢ cac thanh phan phan
mg khac ta thu dugc cac sic do khac nhau. Nhin
chung pic TNR (tg = 18,06 phut) trén sic do déu
giam dan theo thoi gian chiéu buc xa UV. Tuy nhién
trong cac hé c6 bo sung thém chit xuc tac TiO, nano
hodc hé co chira ddng thoi ca TiO, va cac chit oxi
hoa nhu H,0,, Os thi téc d6 suy giam pic TNR ludn
cao hon hé khong c6 chung.

San pham trung gian va co ché phan ung trong
cac hé¢ quang hoa va quang xuc tac dugc ching toi
nghién ctru tai 3 thoi diém: giai doan sau khi quang
phan 15 phut, 30 phat va giai doan khi ham Iugng
TNR con lai khong dang ké. Két qua xac dinh sy
bién d6i ham lugng TNR va gia tri TOC trong qué
trinh phan rng quang hoéa cua cac hé phan ting duoc
trinh bay trong bang 1.

Tir két qua dan ra trong bang 1 cho thay toc do
quang phan TNR trong hé khong c6 chat oxi hoa
hodc khong c¢6 xuc tac TiO; ludn thép hon so véi hé
¢6 bo sung chat oxi héa hodc chét xuc tac.

Két qua nghién cu cac san pham trung gian
quang phan bang phuong phap HPLC cho thiy qua
trinh quang phan TNR hé TNR/UV ¢6 su gidm ham
luong TNR cung véi sy khoang héa cac san pham
trung gian tic la TNR quang phan thanh cac san
phim trung gian dong thoi véi sy khoang hoa cac
san pham trung gian ndy vi vdy ma khi TNR bi phan
huy hét thi cac san pham trung gian ciing bi khoang
héa hoan toan nén gia tri khao sat ham lugng TNR
va TOC & cac thoi diém chiéu UV déu c6 su giam
dong thoi twong tng ti 1. Pbi véi cac hé quang va
quang xuc tac c6 mit chat xac tac thi ham lugng
TNR giam rat nhanh trong khi gia tri TOC lubn
giam cham, ddc biét 1a cac thoi diém ddu do TNR
chi bi quang phan thanh cac chét hiru co khac trong
khi téc do khoang hoéa cac san pham trung gian lai
xay ra cham. Két qua phan tich sic d0 6 hé quang
héa & cac thoi diém quang phan 15 phat, 30 phut va
khi TNR con khong dang ké dugc trinh bay trong
bang 2.
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Hinh 2: Sic d6 HPLC hé TNR/UV sau 210 phut
chiéu UV
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Bang 1: Két qua xac dinh (%)TNR va TOC con lai sau qua trinh quang phén

STT Thoi gian Thoi diém
H¢ 0 phut 15 phut 30 phat | Két thac chiéu UV
%TNR 100 94,12 85,83 2,02 (210 phiit)
1 TNR/UV
%TOC 100 98,45 90,02 25,53 (210 phiit)
. %TNR 100 53,75 4323 1,89 (120 phiit)
2 TNR/UV /TiO,
%TOC 100 79,60 70,99 14,45 (120 phiit)
%TNR 100 81,90 62,12 1,30 (120 phiit)
3 TNR/UV/O;
%TOC 100 90,10 80,31 20,52 (120 phiit)
%TNR 100 2,97 0,0 0,00 (90 phiit)
4 TNR/UV/H,0,
%TOC 100 75,38 60,24 1,54 (90 phiit)
. %TNR 100 64,72 12,81 0,0 (90 phiit)
5 TNR/UV/T102/03
%TOC 100 70,70 65,23 17,35 (90 phiit)
. %TNR 100 45,04 0,0 0,0 (60 phiit)
6 TNR/UV/T102/H202
%TOC 100 72,10 56,83 1,28 (60 phiit)

Bdng 2: San pham trung gian ciia cac hé quang hoa

Hé Thoi gian luu va s6 khoi tuong g

15 phit | 1,60 (245); 27,43 (255); 29,71 (229)

30 phit | 1,58 (245); 27,49 (255); 29,46 (229)

1,71 (245); 13,15 (311); 14,76 (326); 24,09 (234); 25,95 (251); 27,17 (299);

210 phit| ¢ 33(229). 28.86 (281): 30.44 (257)

15 phit | 1,67 (245); 26,33 (233); 27,34 (257); 28,69 (281); 29,61 (229)

TNR/UV/TIO, | 30 phit | 1,64 (245); 26,23 (233); 27,52 (257); 28,69 (281); 29,48 (229)

120 phit | 1,41 (147); 1,69 (202); 26,28 (233); 27,60 (257); 29,50 (229)

1,71 (245); 19,34 (313); 20,32 (326); 21,75 (294); 26,21 (234); 28,20 (256); 29,32

ISphit | 56212971 (229)

INRUUVIOs 7730 Dhit | 1,59 (245); 26,24 (233); 28,18 (257): 29.23 (281); 29,61 (229)

120 phitt | 1,67 (147); 26,25 (233); 28,19 (257); 29,19 (282); 29,61 (229)

1,62 (245); 19,34 (313); 20,33 (325); 21,88 (293); 26,29 (233); 28,40 (257); 29,37

ISphit | 567y 29.80 (229)

INRUVERO: 7730 hat | 1,85 (243); 21,49 (325); 26,21 (233); 27,93 (257); 29,02 (281); 29,62 (229)

90 phut | 1,85 (147); 2,75 (121); 26,24 (233); 27,85 (257); 29,54 (229)

15 phat | 1,60 (245); 26,17 (233); 27,64 (257); 29,47 (229)

INRIUV/TiOy0, 30 Phit | 160 (245); 19,10 (313); 20,77 (325), 26,15 (233): 27.52 (257); 29.42 (229)

1,77 (147, 232, 315); 18,98 (313); 19,98 (326); 21,19 (294); 26,36 (233), 27,83

0phit | 599\ 29,56 (283)

1,904 (245); 2,54 (297); 21,27 (325); 26,25 (233); 28,13 (257); 29,12 (281); 29,79

15 phut (229)

TNRUV/TIOY

HO, 30 phat | 204 (245) 1875 (313); 21,26 (325); 2623 (233); 27.83 (257); 29,03 (281); 29,72

(229)

60 phut | 1,66 (147); 26,22 (233); 27,55 (299); 29,50 (283)
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Hinh 3: Sic d6 HPLC h¢ TNR/UV/TIO,
sau 120 phut chieu UV
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Hinh 5: Séc d6 HPLC h¢ TNR/UV/H,0,
sau 120 phat chieu UV

Dua vao tac nhan phan tng cho thdy, quang hoa
hé TNR khéng sir dung xtc tac va chit oxi hoa xay
ra theo co ché quang phan truc tiép tirc 1a TNR nhan
nang luong birc xa UV chuyén sang trang thai kich
thich va tir trang thai nay hinh thanh cac gbc tuw do
nhu CsH(NO,);(OH), , C¢(NO,);(OH),", O,", HO
.... Pay 14 cac tac nhan ban ddu dé khoi mao phan
tmg quang phan TNR, co ché hinh thanh cac san
pham trung gian duoc mo ta trong so do hinh 8.
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Hinh 7: Sic 46 HPLC hé TNR/UV/TiOy/H,0, sau
90 phut chiéu UV

D6i véi hé phan tng quang xuc tac
(TNR/UV/TIO;) xdy ra theo co ché quang phén gian
tiép. Duéi tac dung cua buc xa UV, TiO, nano nhan

Nguyén Van Chdt va cong s
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Hinh 4: Sic d6 HPLC h¢ TNR/UV/O;
sau 120 phut chieu UV
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Hinh 6: Sic 40 HPLC h¢
TNR/ UV/TiO,/O;5 sau 90 phut chiéu UV

nang luong hinh thanh céc electron quang sinh (e ., )
va 16 trong (h ,z)- Céc tac nhan nay phén ung véi

oxi khong khi va nudc hinh thanh cac gc ty do moi.
Co ché hinh thanh tac nhan phan tng nhu sau:

. uv + - + 02 .
TiO, —_— hVB * € ——— 02
J + Hy0
OH’

Trung tdm phan Gng cla cac tdc nhan l1a su
chuyén hoa ciac nhém —-NO, thanh cic nhom
—N(OH),, -N(OOH),, -NO va —NH, va nhon —OH
thanh cac nhém —OOH, =0 hoac su tach loai cac
nhom —NO, va —OH cung su hidro hoéa vong thom vi
vay ma co ché va cac san pham trung gian so v&i hé
TNR/UV. Co ché quang phan c6 thé dwoc hinh
thanh theo nhu so d6 hinh 9.

DPé nghién cru anh huong cua chat oxi hoa,
chung t6i da khao sat va cho thiy nong do t6i wu cho
qué trinh quang héa TNR trong h¢ TNR/UV/O; va
TNR/UV/H,0, 1a Os 50 ml/phut va H,O, 0,01 M.
Theo [1], co ché hinh thanh cac tac nhan phan tng
xay ra nhu sau:

H,0, — 5 20H"
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0; + H,0—“ H,0,
H,0, — 5 20H"

Nhu vay tac nhan quang hoéa TNR hé
TNR/UV/O; va TNR/UV/H,0O, khong c6 gi khac
bi€t ngoai qua trinh hinh thanh nhém OH" cua H,0,
1a tryc tiép con O; la gian tiép. Nguyén nhan nay

Ung dung phwong phdp sdc ky long...

giai thich vi sao téc d0 quang phan hé
TNR/UV/H,0, nhanh hon h¢ TNR/UV/O;. Géc HO™
¢6 thé oxi hoa 2,80 V trong khi thé cua H,0, 1a
1,78 V va O3 1a 2,07 V, trung tdm phan trng ctia cac
tac nhan chu yéu 1a cac nhdom —-NO, va nhém —OH
vi vdy ma cac san phdm trung gian cta hai hé nay co
ban giéng nhau va khac nhiéu co ché hinh thanh cac
san pham trung gian cia hé TNR va TNR/TiO,.

4’ OH — = —> CO, + H,O+ N,
-H,0
2 2
He ; m/z 185 m/z 155
OH —HZO m/z 215
O,N NO, \©/ ©/ :
m/z 245 O\‘
NOp  m/z229 0, miz229 on
(HO)N N(OH), (HO),N N(OH), (HO),N N(OH), _
" L __, CO, + H,0 + NO3
OH
N(OH), N(OH)2 N(OH)z
OH m/z 251 m/z 255 m/z 257
O2N N(OH), N(OH), (HO),N N(OH)2
Oz
HO OH OH 4»
N(OH), N(OH), N(OH)Z
m/z 265 m/z 281 m/z 299
Hinh 8: Co ché hinh thanh céc san pham trung gian trong h¢ TNR/UV
O,N NO,
+ - - NO,
4" de_ oH' 2eCB M 200,
— [N — " —> CO, + H,0
. - Noz
2H,0 NO, -NO,
m/z 123
oH OH
O,N NO, . O2N N(OH), NOH), | (HO)N NO
2H 2H 2eCB
oH . OH H 5 OH
NO, 26, N(OH)Z "2 N(OH),
m/z 233
m/z 245
_, CO, + H,0+ N
OH OOH 2T 2
O,N NO, . O,N NO,
. o —_
OH 2 N
H,0 + NO
—— Ho OH — HO ooH » €Oz * 0+ N0
NO NO
2 2 miz 203
OH OH
O,N , O:N
-OH 2H
oH —= o —> v — COp * H 0+ Np
NO, zeca NO,
m/z 200 m/z 202

Hinh 9: Co ché sy quang phan TNR trong hé TNR/UV/TiO,
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Dbi voi phan tmg quang xuc tac co ca chat oxi
héa dién ra nhanh hon cac phan ing quang xuc tac
va phan tng quang c6 mat chit oxi hoa trén ca
phuong dién khoang hoda va phan huy TNR (xem
bang 1). V& co ché phan tng co ban do tac nhan
OH lam chit khoi mao va duy tri phan g day
truyén dé phan huy TNR va cac san pham trung
gian. Do d6 két qua phan tich trén sic d6 HPLC-MS
cho thdy cac hé quang déu tao ra cic san phim
twong tu nhau, sy khac biét chi 1a huéng uu tién tao

Nguyén Van Chdt va cong sw

ra cac san pham nao 1a chu dao hon. Vi du cac phan
g c6 mit chit oxi héa thi san pham c6 m/z = 256
duoc vu tién tao ra nén cac sic dd ghi tai cac thoi
diém khac nhau pic san pham nay luén 16n hon cic
san phim trung gian khac con cic phan ung quang
XUcC tic ngoai san phim co gid tri m/z = 256 con san
pham c6 m/z = 228 wu tién dugce tao ra. Co ché quang
phan TNR hé TNR/UV/O;, TNR/UV/H,0,,
TNR/UV/O4/TiO, va TNR/UV/H,0,/TiO, 6 thé
duoc mo ta nhu sau:

~ OyN NO, _ O5N
4H " 4e 2H" 2ecg oH 26 NO;
cB €cs
— NO ' - — " — CO, + H,0
- 2H,0 NO, 2 NO, -NO,
m/z 282
OH OH OH OH
O,N NO, . OoN N(OH), + OoN N(OH), _ (HON NO
2H 2H 2H 2ecs
OH I OH - OH e OH
NO, 2e NO, 2 N(OH), “H20 NOH),
m/z 233
m/z 245
— — CO, + H,O + N,
OH OOH
O;N NO, O,N NO,
. O —
OH 2
cO, + H,0+ NO
HO OH — Ho ooH —* 7 T T2 TR 3
NO, NO,
m/z 293
OOH
. N N02
20H
HO OOH
N02 m/z 293
o OOH
0, ot e 20 O " H,0 + NO3
+
— — COy 20 + NO3
HOO QOH 2e HOO OOH
N02 CB NO
m/z 309 2 m/z 313
Hinh 10: Co ché hinh thanh san pham trung gian hé¢ TNR/UV/O;, TNR/UV/H,0,,
INR/UV/ 03/ T102 va'l NR/UV/HQOQ/ TlOz
4. KET LUAN Cong trinh dwoc hoan thanh voi su tai tro kinh

Bing phuong phép do TOC di so sanh dugc tc
d6 khoang hoa TNR trong 6 hé quang hoéa, trong do
tbc do khoang hoa TNR  trong hé
TNR/UV/TiO»/H,0; la cao nhit.

Bang phuong phap xac dinh ham lwong TNR
con lai sau cac thoi diém chiéu UV khac nhau da xéc
dinh duoc tdc d6 quang phan cua TNR trong d6 toc
dd quang phéan trong h¢ TNR/UV/TiO,/H,0, la cao
nhit.

St dung phuong phap HPLC/MS da xac dinh
cac san pham trung gian va dé xudt co ché hinh
thanh chiing trong qua trinh quang phan & cac hé
quang hoa khac nhau.

phi ciia Quy phat trién Khoa hoc va Céng nghé
quoc gia.
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