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TOM TAT

Bai bdo nday nham nghién citu dnh hwéng xiic tic cia Se(IV) dén toc dg phdn vmg khir
methylene blue (MB) bang natri sunfua va dinh hwéng cho viéc xdc dinh selen bang
phiwrong phdp tric quang dong hoc xic tic (TQ - PHXT). Toc do phan iing dwoc xdc dinh
bang cdch do sw thay doi d¢ hdp thu ciia san pham phan iing theo thoi gian tai bude séng
663 nm. Anh hieong cia cdc thong sé nhw nong dé cdc chdt phan g, méi truong phan
ung, nhiét do, thoi gian va cdc ion can tro da dwoc nghién ciru va chon lya. Phuwong phap
dé xudt c6 thé xdc dinh Se(IV) trong khodng nong dg 10 — 70 ug/L véi hé sé twong quan la
0,992 va gidi han phat hién la 6,23 ug/L va dj léch chudn twong doi sau 5 lan xdc dinh lap

lai trén mau chuan la 1,17%.

Tir khéa: Pong hoc - xiic tdc, selen, trdc quang,

1. MO PAU

Selen 12 mot trong nhitg nguyén té vi lwong thiét yéu cta co thé. N6 ton tai trong dat,
nudc tu nhién, trong thyc vét va dong vat, dugc cung cép cho con nguoi thong qua ché d6 dinh
dudng hang ngdy va qua mot sd loai duoc pham c6 chira selen. Trong co thé ngudi, nd cé thé
tham gia vao cac qua trinh sinh hoa, can thiét cho chirc nang té bao, tao thanh trung tdm hoat
hoa mot s6 enzym. Trong cong nghiép selen dugc img dung rong rii trong san xuét cao su, ché
tao hop kim thép, trong san xudt thuy tinh, trong héa chat... Bén canh nhiing tac dung c6 loi thi
selen ciing 1a mot doc t6 khi & nhiét do cao [1].

Chinh vi nhitng anh hudéng va vai trd quan trong clia n6 t6i sy séng nén viéc nghién
ctru selen ngay cang duoc quan tdm nhiéu hon. C6 rt nhidu phuwong phép di duoc nghién ctru
va dung dé xac dinh selen nhu phwong phap sic ki [7], phuong phap quang phd hip thu nguyén
tir voi ki thuat hidrua hoa [6], phuong phép quang phd hap thu phan tir UV-VIS [4], phuong
phap khéi phd (MS) [5]... Trong sb cac phuong phap d6 thi phuong phap tric quang - dong hoc
xuc tac 1a phuong phap c6 d6 nhay va d chon loc cao, quy trinh phan tich don gian, chi phi
phan tich thap, c6 kha ning xéac dinh selen trong cac d6i tugng khac nhau.

Trong bai bao nay, chung toi thong bao nhitng két qua ban dau vé viéc nghién ctru xac
dinh selen bang phuong phap TQ - PHXT [3] duwa trén anh huéng xic tic cua selen cho phan
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g khir methylene blue bang natri sunfua. Két qua nay dinh hudng cho viéc xay dung phwong
phap xac dinh selen trong cac dbi twong sinh hoc, méi trudng.

2. THUC NGHIEM
2.1. Thiét bi
- May quang phd V630 UV/VIS Spectrometer Jasco (Nhat);
- May do pH Toledo, MP 120, Thuy Si;
- May cit nudc 2 1an Aquatron, Thuy Si;
- Can phan tich hi€u Precisa XB 2204, d6 chinh xac 0,0001g.

- Céc dung cu thiy tinh: pipet, dng nghiém, binh dinh muc, ... dugc ngdm trong dung
dich HNO, va duoc trang rira bang nude cat 2 1an trude khi dung.

2.2. Hoa chit

Céc dung dich géc: Natri sunfua 0,105M (PA; Lién x06), methylene blue 0,005M (PA;
Lién X6), dung dich gbc Se(IV) 1.000 ppm (Merck).

Tét ca cac hoa chat déu thudc loai tinh khiét phan tich va dugc pha bé“mg nudc cat 2 1an.
2.3. Co s& ly thuyét ctia phwong phip

Phuong phap dua trén hiéu tng xtc tac cua Se(IV) dén phan tng khir methylene blue
bang natri sunfua. Khi chua c6 mit chit xuc tac, phan tmg xay ra voi te do cham cho ra HMB
khéng mau: 2MB + S + 2H,0 —2HMB + 20H-+ S

Khi néng d6 sunfua S? 16n, luu huynh tao thanh tir phan tmg nay sé& két hop véi S* tao
thanh polysunfua: S + S — [S...S]*

Khi c6 mat Se(IV), Se(IV) bi khir boi S? tao Se va két hop vé6i cac ion sunfua cho ra
selenosunfua Se + S — [S...Se]*

Sau do6 selenosunfua phan Gng véi MB theo mot cach tuong ty nhu cac ion sunfua:
2MB + [S...Se]* + 2H,0 — 2HMB + 20H- + S + Se

Céc ion [S..Se]* phan tng v6i MB nhanh hon cac ion S?-. Nhu vy rd rang Se(IV) ¢6
tac dung xuc tac cho phan tmg khir MB. Téc d6 phan tng khir nay ty 18 v6i ndng do Se(IV) [3].
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3. KET QUA VA THAO LUAN
3.1. Céc diéu kién toi wu ciia phan ing
3.1.1. Budc song hap thy thich hop
Ghi pho hap thu cta cac dung dich trong binh sau thoi gian 1a 5 phut ké tir khi thém MB

trong khoang budc song tir 400 nm dén 800 nm. Két qua biéu dieén & hinh 1.
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Hinh 1. Céc phd hip thu cia dung dich MB
(1): Phé hép thy cia dung dich MB trong NaOH;
(2): Phd hip thu ctia dung dich MB trong NaOH ¢6 mit Na,S;
(3): Pho hép thu ciia dung dich MB trong NaOH c¢6 mit Na,S va Se(IV)
DKTN: CNazs = 10’2]\/1; CMB = 210’5M CNaOH = IO’ZM' CSe(]V) =52 ﬂg/L, tp,):5ph1/2t,' pH =]12.
Két qua trong hinh 1 cho thdy, do hap thu giam khi trong dung dich c6 Na,S (dudng 2)
chiing té c6 phan tmg xay ra gitta Na,S va MB. Khi c¢6 mit Se(IV) trong hdn hop phan g thi
d6 hép thy giam nhanh hon. Diéu nay chimg t6 Se(IV) da c6 tac dung xtc tac ddi véi hé phan
ung nay.
Duya vao hiéu s6 do hip thu (AA) 16n nhét giita phan mg xtc tic va phan mg nén,
chung t6i chon budc song A = 663 nm do tdc d6 phan Gmg cho céac thi nghiém tiép theo.
3.1.2. Anh huéng cta pH
Methylene blue khong ddi mau theo pH, tuy nhién pH cta mdi trudng cé anh hudng
dang ké dén toc do phan img khir MB bang Na,S. Trong thi nghiém nay, chung t6i khao sat anh
hudng cta pH dén su thay d6i toc do phan tmg c6 xuc tac so voi phan tng nén theo hiéu s do
hap thu (AA). Khoang pH tir 6 dén 12, dung H,SO, lodng dé diéu chinh pH.
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Hinh 2. D6 1éch gia tri do hap thu (AA) theo pH ciia phan g nén va phan tmg xuc tac.
DKTN: CNazS = ]O'ZM' CMB = 210'5M CSe([V) =52 ,ng/L, tpu&: 5ph1/2t

Két qua & hinh 2 ta thay, trong khoang pH < 7, AA thay d6i khong dang ké. Tir pH = 8
- 11, AA bit dau ting va c6 gia tri 1on nhat tai pH = 11. Sau d6 AA lai giam theo chiéu ting
cua pH. Vi vay, pH = 11 la gia tri thich hop dugc chon.

3.1.3. Anh hudng cta nong do Na,S

Trong thi nghiém nay ching t6i khao sat anh hudng ctia ndng d6 Na,S trong khoang
nong do tir 2,5.103 M dén 2.102 M.
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Hinh 3. D6 1éch gia tri do hép thu theo ndng d6 Na,S cua phan tmg nén va phan tng xuc tac
DKTN: Cyp=2.10° M; Csouy) = 52 ug/L; t,e = 5 phiit; pH = 11

Két qua ¢ hinh 3 cho thay: khi ting nong d6 Na,S tir 0,25.102 M dén 1,25.10-2 M thi tdc
d6 phan tng xuc tac ting nhanh hon tdc d6 phan tng nén, nén AA tiang. Con khi nong do Na,S
16n hén 1,25.102 M thi téc do phan Gng xc tac ting chdm din so véi phan ng nén, nén AA
giam. Vi vay chung t6i chon C Nays = 1,23 102 M 1a ndng d6 thich hop nhét.
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3.1.4. Anh huong cta nong d6 thude thir MB

Pé khao sat anh hudng cua ndng d6 MB ching t6i tién hanh khao sat trong khoang
nong d6 0,8.10-° M — 4.10°5 M. Két qua thu duoc & hinh 4.
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Hinh 4. Dg 1&ch gia tri do hép thu theo néng d6 MB cua phan uing nén va phan tng xuc tac.
DKTN: Cy, s = 1,25.10% Csoyy= 52 ug/L; tpi= 5 phiit; pH = 11

Két qua trén hinh 4 cho thiy ring, khi ting ndng do MB tir 0,8.10°° M dén 2.10- M thi
toc d6 phan mg xtc tic ting nhanh hon tdc d¢ phan tng nén, nén AA ting. Con khi nong do
MB 16n hén 2.10°5 M thi téc d6 phan (mg xtc tac ting chdm dan so v4i phan Gmg nén, nén AA
giam. Vi vay ching t6i chon C,,, =2.10° M 1 nong do thich hop.
3.1.5. Anh huong cua thoi gian phan timg

Tién hanh do d6 hap thu ciia dung dich phan tmg nén va phan tng xtic tac trong thoi

gian tir 1 - 7 phut, v6i cac diéu kién phan tmg thich hop di chon. Két qua thu dugc & hinh 5.
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Hinh 5. D 1éch gia tri d6 hap thu cua phan tmg nén va phan tng xuc tac theo thoi gian
DKTN: CNHZS =1,2510°M; Cyp=2.10°M; Cseqy= 52 pug/L; pH = 11

Tir hinh 5 ta thdy toc d6 phan Gmg ting dan khi ting thoi gian phan Gng, dén phut tht 6
thi tdc d6 phan Gng dat cuc dai. Sau do6 toc d6 giam dan khi thoi gian phan Gmg ting 1én. Do d6
chung t6i chon thoi gian dé do téc d6 phan tng 14 6 phut.
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3.1.6. Anh huong cia nhiét do

Téc d6 phan tng hoa hoc chiu anh hudng cua nhidu yéu té trong d6 c6 nhiét do. Dé
khao sat yéu t6 nay dén toc do cua phan tmg xuc tac ching t6i tién hanh do do hép thu cua dung
dich phan tmg nén va phan tng xtc tac & cac khoang nhiét ¢ khac nhau. Két qua thu dugc &
hinh 6.
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Hinh 6. D0 1éch gia tri 6 hap thy ciia phan tmg nén va phan mg xtic tac theo nhiét do
DKTN: Cy, o= 1,25.10°M; Cyp=2.10°M; Couy = 52 ug/L; tp= 6 phuit; pH = 11

Tir két qua hinh 6 cho thay nhiét d6 phan tmg anh huéng manh dén toc do phan tng.
Nhiét d6 cang cao toc d6 phan tmg xay ra cang nhanh nhung dén 30°C téc d6 phan Gng cham
dan. D6 chénh léch AA dat gia tri 1on nhit tai 30°C. Do d6 ching t6i chon nhiét d6 thich hop
cho viéc xéc dinh toc d6 1a 30°C.

3.2. Anh hwéng ciia cac chét gy can tro
3.2.1. Anh huong céc ion can trg

Két qua khao sat anh hudng can tro ciia mot sd anion va cation thudng gip trong mot sb
dbi twong sinh hoc, méi trudng thu duge ¢ bang 1. Gi6i han ion can Ung v6i ndng do chit gy

can c6 mit lam thay doi > 10% tin hiéu so véi mau khong cé mit cua ion gay can.

Bing 1. Gii han ndng do cho phép ciia cac ion gy can tré dbi v6i phép xac dinh

STT Ton can Gidi han ion can (ppm) Ti sb ion can (Cean/Csev))
1 Na', K% NO; 314 6038
2 Ca?t, Mg?* 98 1884
3 A", Fe3* 5,8 111
4 7n2* 4,6 88
5 Cu?*, Cr** 0,4 7,7

DKTN: Cy, = 125.10°M; Cyz=2.10° M; Csuyy = 52 /L t,,= 6 phiit; pH = 11; t=30°C
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Phén g gitta MB va Na,S bi anh huong 16n bdi cac ion kim loai, cac ion kim loai co
thé phan tng v6i Na,S hodc xuc tac cho phan tng gitra MB va Na,S. Vi vdy su c6 mit cua cac
ion kim loai v6i ndng do khac nhau 1am cho tc d6 phan tmg khong 6n dinh. Trong nghién ctru
nay chung t6i st dung EDTA nhu 1a mét tac nhan che dé han ché anh huéng cia cac ion can.
Két qua khao sat cho thay khi thém mot luong EDTA c¢6 ndng d6 2,5.10-3 M thi d6 6n dinh cua
cac dung dich c6 ndng do ion kim loai can khac nhau it thay d6i hon. Vi vy, chung t6i str dung
dung dich EDTA co6 néng d6 0,25.102 M nhu 1a mét tac nhan loai anh hudng can trd ctia cac ion
kim loai.

3.3. Khoang tuyén tinh, giéi han phat hién, giéi han dinh lugng

Ap dung cac diéu kién t6i wu da chon va tién hanh do do héap thu cia dung dich Se(IV)
ndng do trong khoang 10 - 70 pg/L. Xay dung phuong trinh dudng chuan va v& d6 thi biéu dién
sur phu thudc cua AA — Cgeqry).
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Hinh 7. Buong chuan biéu din sy phuy thudc cia tée do phan ing vao nong do Se(IV)
DKTN: Ay = 663 nm; C, = 1,25.10°M; Cyp = 2.10° M; t,;= 6 phiit;pH = 11, t = 30°C

Tir phuong trinh ¢6 thé rat ra két luan nhu sau trong khoang noéng do Se(IV) tir 10 - 70
ug/L mbi quan hé gitra AA va Csyqy, tuyén tinh t6t (R = 0,992). Theo dudng chuan nay, gisi han
phat hién (LOD) 1a 6,23 pg/L va gidi han dinh lugng (LOQ) 1a 20,77 pg/L.

3.4. Danh gia do tin ciy cia phuwong phap
3.4.1. B¢ lap lai

Tién hanh do 13p lai (n = 5) mAu dung dich Se(IV) c6 ndng do 1a 35 pug/L. Két qua thu
dugc ¢ bang 2. Két qua cho thay phuong phap c6 do chinh x4c cao.
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Bing 2. Céc két qua phan tich 1ap lai trén mau Se(IV)

Thi nghiém AA Cseav) (ng/L) RSD(%)
1 0,4413 35,45
2 0,4537 36,34
3 0,4540 36,36 1,17
4 0,4469 35,85
5 0,4480 35,93

DKTN: Apar = 663 nm; C,,

0S5 = 1,25.10°M; Cyg= 2.10°M; t,;= 6 phut; pH = 11; t = 30°C

3.4.2. D6 ding

Do ding ctia phuong phap phan tich duoc danh gia bang cach phan tich mau that (mau
dat) duoc thém chudn Se(IV). Mau duoc xir bang phuong phap v6 co hoéa kho [2]. Ham luong

selen duge xac dinh theo cac diéu kién di tim duge. Két qua phan tich thu dugc trong bang sau:

Khéi luong mau ban dau Ham lugng selen xac dinh dugc (ug/g)
(8) X X, X3
2 0,1250 0,3653 0,4833

Voi : X;: Ham luong Se(IV) dua vao mau
X,: Ham lugng Se(IV) xac dinh duoc trén mau that
X5: Ham luogng Se(IV) xéc dinh dugc trén mau that thém chuin

Két qua cho thay phuong phap c6 do ding dat yéu cau v6i Rev = 94,4%.

4. KET LUAN
Vi cac két qua da thu dugc nhu trén, co thé di dén két luan nhu sau:

- P tim duoc cac diéu kién thich hop va ndng d6 gidi han cia cac chat can trd dé phan
tich Se(IV)bang phwong phap tric quang - dong hoc xuc tac

- Két qua danh gia do tin cdy ctia phuong phap cho thiy phuong phép c6 do chinh xac
va do dung t6t véi RSD = 1,17 % va Rev = 94,4%.
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DETERMINATION OF SELENIUM BY CATALYTIC KINETIC
SPECTROPHOTOMETRIC METHOD

NguyenVan Ly", Nguyen Thi Luong
Department of Chemistry, Hue University of Sciences
* Email: nguyenvanly1955@gmail.com

ABSTRACT

A simple and sensitive catalytic kinetic spectrophotometric method was developed for the
determination of selenium. The method is based on the catalytic effect of selenium on the
reaction of methylene blue (MB) with sodium sulfide. The reaction was monitored
spectrophotometrically by measuring the decrease in absorbance of methylene blue at 663
nm. The effects of important parameters such as reaction time, concentration of reagents,
pH and foreign ions on the reaction rate were studied. A plot of absorbance versus
selenium concentration constituted the calibration graph, which was linear in the range 10
-70 ug/L selenium with detective limitation of 6,23 ug/L. The relative standard deviation of
the determination is 1.17% (n=35).

Keywords: Catalytic, kinetic, selenium, spectrophotometric method.
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