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SUMMARY

A remarkably sensitive cathodic stripping voltammetric procedus-
re for ultratrace measurements of selenium in the presence of
rhodium is described. The method is based on the accumulation
and subsequent reduction of a RhySe3 layer on the hanging mer-
cury drop electrode. Optimised conditions include pH 1.0 to 1.8
(HCI concentration of 10 M), 400ppb — 4ppm Rh(III) (depending
on the Se(IV) concentration), and a deposition potential of -0.25V
(vs.Ag/AgCl). The 3 detection limit of 2.2ppt Se(IV) was caculated
from the standard deviation of a low selenium concentration
(0,05ppb) using deposition time of 2 minute. The interference of
some metals were investigated and eliminated by using ion-
exchange resin. The method was suscessfully applied to the ana-
lysis of Se(IV) concentration in some vegatables in region of
Hanoi.

MG PAU

Selen ngay cang dudc ghi nhan 14 nguyén té quan trong trong
cong nghiép, méi truong, sinh hoc va doc chit hoc. Selen 13 mét
nguyeén t6 vét quan trong d6i véi sinh vat trong d6 c¢6 con ngudi. Ham

lugng selen dua vao cd thé con ngudi hang ngay thich hgp déi véi phu
ni va nam gidl tuong ung la 55ug va 70ug [10]. Trong sudt mot thap
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ki qua, d4 c6 rit nhidu cong trinh vé xac dinh lugng vét selen: bao gom
cac phuong phap tridc quang, phudng phap kich hoat notron, phuong
phap quang phd hip thu nguyén ti, sac ki khi va Von-Ampe. Phuong
phap Von-Ampe bao gém phuong phap cuc phé séng xic tac, von-ampe
hoa tan anot trén dién cyc vang, phuong phap Von-Ampe hoa tan catot
trén dién cuc thuy ngan hay trén dién cuc rdn. Xac dinh selen bing
phuong phap Von-Ampe hoa tan catot dya trén viéc két tia lam giau
selenua kim loai M,Se,, trén bé mat dién cuc. Qua trinh khu ion kim
loai trong hgp chat nay cho séng kht tudng tng, tang ti 1&é véi néng do
selen. Bang 1 tém tat mot s6 phuong phap von-ampe hoa tan catot xac
dinh selen

Bdng 1. Tém tat cac phuong phap dién hoa xac dinh selen

M™ | Dién Hop chat tao Gidi han phat hién (thoi | Tai liéu tham
cuc thanh gian tich luy nho hon 3 khao
phiit)
Hg’* | HMD HgSe 1,4nM 3
E <75pM 3
Hg** | MFE HgSe 6,3nM 6
(GO)
Cu’* | HMD Cu,Se 250pM 4
E 60pM 2
25pM |
13pM 7
9pM 8
Ag' Ag Ag,Se 6,3nM 9

Trong bai b4o nay chiing t6i tém tat mot sd két qua thu dude khi
x4c dinh Se bang phuong phap Von-Ampe hoa tan catot khi s dung
Rh lam ion kim loai cung két tiia v61 Selen.

THUC NGHIEM

Hoa chat va thiét bi
Hod chdt
Dung dich chuén 1000ppm Se4* ctia Merck;
Dung dich Rh3* 5g/0,5lit;
Dung dich cdc ion anh hudng dugc chuan bj tir cac mudi tudng tng;
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Cac dung dich axit HCI, H,SO4, H3PO,, HNO; duge chuan bi
tit cac axit dac tuong Ung

Thiét bi
May cuc phé da nang 757VA Computrace cua hang Metrohm,
Thuy S1.

May phan tich dién hoa da nang Voltalab 50 c6 ghép noi véi
may tinh va phin mém diéu khién cta hang Radiometer (Phap).
Hé do gom 3 dién cuc: dién cuc lam viéc: dién cuc giot Hg treo,
dién cuc so sanh: dién cuc Ag/AgCl; dién cyc phu trg: dién cuc pla-
tin.

Bom khi N, sach 99,99%.

May do pH Metrohm 646 (Thuy Si).

Phén xit Iy d6 thi st dung chudng trinh Microsoft Excel va origin.

Két qua va thao luan
1. Duong Von-Ampe vong

Ghi duong Von-Ampe vong tit -0.2V dén -0.9V trén may Voltalab 50
dung dich ¢6 thanh phan: 1ppm Se(IV) + HC1 10*M (a); va dung dich c6
thanh phan 50ppb Se(IV) + HC1 10M + 4ppm Rh(III) (b). Cac thong
s6 may do dude dat nhu sau: thé ban dau: -0,20V; thé két thic -0.9V,
ché db do: séng vudng (bién dé xung 50mV, téc d6 phan cuc thay doi
tiz 50, 100, 200mV/s). Két qua thu dude trong bang 2

Bdng 2. Su thay déi thé dinh pic va cudng dé dong vao téc dé phan
cuc dudng von-ampe vong

50mV/s 100mV/s 200mV/s
Ep(mV) ip Ep(mV) ip Ep(mV) ip
a Catot -591 496.6nA -591 631.1nA -588 715.2nA
Anot -533 35.7nA -534 36.2nA -536 35.4nA
b | Catot -723 10.627pA | -721 | 4992uA | -720 | 4.436pA
Anot

124



Trén dudong Von-Ampe vong ching ta nhan thay

Truiong hop khong c¢é Rh(ITD): Khi phan cuc theo chiéu catot, xuit
hién mot pic & -0.591V, thé& dinh pic it bi dich chuyén khi thay déi téc
do phan cuc; gia tri cudng do6 dong giam din trong cac vong quét tiép
sau. Khi phan cuc ngudgc lai theo chiéu anot, xudt hién mot pic co
cuong dd rat nho 6 -0,533V. Tin hiéu thap trong vong quét theo chiéu
anot c6 thé gii thich do H,Se tao thanh do phan tng khit cia HoSeO,
qua Se(Hg) khuéch tan nhanh ra khoi bé mat dién cuc.

Truong hop cé Rh(I11): Khi phan cuc theo chiéu catot, pic bi dich
chuyén vé phia 4m hon trudng hop khong ¢6 Rh(III), Ep = -0.723V, gia
tri cuong d6 dong rat 16n (gia tri cuong d6 dong tang khodng 400 lan
(tdc d6 phan cuc 50mV/s).

Khi ¢6 mét Rh(III), qua trinh két tda trong giai doan lam giiu cé
lién quan dén qua trinh khi cia Se(IV) dén Se(-II), theo cach tuong tu
v6i qua trinh khi trong trudng hop cé Cu[l, 2, 4, 8, 9]:

2H,Se03 + 12H" + 2Rh3" + 18e = Rh,Se; + 9H20

Trong giai doan hoa tan:
Rh,Se,;(Hg) + 6e + 6H" = Rh(Hg) + 3H,Se

Pic hoa tan 6 -0.723V dudc st dung trong cac khao sat t6i wu hoa
diéu kién phan tich Se(IV). -

2. Anh hudng clia thé dién phdn

Su phu thudc cudng dé dong pic hoa tan vao thé dién phan dudc
khdo sat véi dung dich c6 thanh phdn: M HCl 102, 4ppm Rh(III) va

125



néng d6 Se(IV) la 0,1ppb. Thay

25

20 | d6i thé dién phan tir -0,05V dén
";:g /\ -0,5V. Cudng d6 dong pic hoa
= s ‘ tan tang nhanh khi thé thay doi

o 3 tit -0,05 dén -0.25 V va sau dé

-08 -06 -04 -02 0 3

EV) gim véi cac thé dién phdn 4m
hn. Thé dién phan 1a -0.25V
Hinh 1. Anh hudng clia thé duge st dung cho cac kho sat
i ghie ti€p sau.

3. Anh huéng ciia pH va néng dé Rh(IID)

Khao sat 4nh hudng déng thdi cia ndng do Rh(I1I) va pH dén pic
hoa tan ctia Se(IV) véi dung dich ¢6 néng dé Se(IV) 1a 0.3ppb. Thay déi
pH tit 1 dén 3.5 (nén HCI va H,S0, 0.05M sau dé chinh bang dung
dich NaOH). Két qua dudc téng két trong bang 3 va bang 4

Bang 3. Su p!u_:. thudc cudng 4o dong vao pH
va nong do Rh(III) (nén HCD)

i.10%(A)

PH  "OppmRh lppmRh | 2ppmRh | 4ppmRh | 6ppmRh | 8ppmRh
1.08 | Khong xuat | 364 472 743 68.3 59.4

hién pic
1.50 57.1 80.3 63.5
1.80 50.1 65.2 525
2.25 20.4 29.3 30.5 30.7 28.1
2.50 208 19.7 15.6
2.88 9.79 177 144 113 11.0
3.16 13.9 9.6
3.50 313 8.01 4.7 2.1

Tu két qua & bang 3 va bang 4 chiing t6i nhan thay, trong khoang
pH khao sat, khi tang nong d6 Rh(III) cudng d6 dong ting, tuy thude
vao pH, téi mot ngudng néng §6 Rh(III) thi cudng do dong sé giam. Véi
méi khoang néng do Se(IV) x4c dinh sé c6 mot khodng néng 6 Rh(IIT)
thich hgp, ty 1é tudng tng v6i néng dd Se.
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Bdng 4. Su phu thudc cuéng ddé dong vao pH
va néong dé Rh(III) (nén H,SO,)

1.10%A)
pH OppmRh | IppmR | 2ppmR | 4ppmR | 6ppmR | 8ppmR | 10ppmR
h h h h h h
1.01 | Khéng 65.7 70.0 150.0 170.0 14.4 12.4
xudt hién
pic
1.2 47.0 70.0 100 100.0 92.3 83.0
1.48 39.9 68.7 81.4 67.0 57.4
1.8 31.3 56.3 61.0 53.0 42.2 38.2
2 9:9 26.4 48.0 37.4 31.0 32.7
2.25 20.2 35.1 42.5 30.1 23.5 23.0
2.65 11:5 22.2 23.0 16.2 13.3 12.9
3.06 6.9 11.6 9.6

Mic du gia tri cudng do dong trong nén axit HoSO,4 cao hon so véi
cuong d6 dong ghi duge trong nén HCI, nén axit HC1 duge lua chon vi
nén nay thudng dugc stt dung dé khit Se(VI) vé Se(IV) trong qua trinh
chuén bi mau.

4. Khodng tuyén tinh va gidi han phdt hién

Pudng chuin xac dinh Se dude xay dung trong hai khoang ndng
do: 0,1-1,0ppb; va 0,1-1,0ppb Se(IV). Cac diéu kién nhu sau:

Nong dé tiz 0 dén 0,1ppb (a): dung dich do c6 thanh phan 400ppb
Rh(IIT), HC1 10 M, ghi dudng hoa tan theo ky thuat séng vuong (SqW)
thé dién phan -0.25V, budc thé 0,006V, bién d6 xung 50mV, tin sé
16.7Hz, toc dd6 quét th& 100mV/s

Néng dé ti 0,1 dén 1,0ppb (b va c): dung dich do c¢6 thanh phan
HC1 102M va 4ppm Rh(III), ché d6 do xung vi phan (DPP) (b) (thé&
dién phan -0.25V, budc thé 0.006V, bién d6 xung 50mV, thdi gian
tén tai xung 0,04s, téc dd6 quét thé 15mV/s) va SqW(cac théng so
nhu trong a).
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Hinh 2. Puong chuin va pic dudng chuin xac dinh Se(IV)

D6 lap lai va gidi han phdt hién

Do lap lai:

Do lap lai cia phép do duge danh gia qua hé s6 bién dong, ghi
duding von-ampe hoa tan cla dung dich Se(IV) 0,05ppb 10 lan véi cac
diéu kién do nhu trong muc 4. Két qua dudc dua ra & bang 5

Bang 5. D6 lap lai cua phép do

Lindo | 1| 2 | 3| 4| 5| 6| 7] 8 |19 10
i.10%A) |10,8(10,6{11,0/10,9(10,9{11,2|11,1{10,9{10,9(11,0
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Gia tri trung binh cudng dd dong qua cac 1an do la: i,= 10,93.10-%A)

Db léch chudn:

Pl - ’Y_l e ~ ~ ~
S = \/Z((YN' - ])) = 0.1636 (trong dé N la s6 lan do)

Hé s6 bién dong (hay db léch chuén tuong ddi):

V = —_6:-100% =1.49%
Ly

Gidi han phat hién

Chung t6i tinh gidi han phdt hién bang cach do lap lai 10 lan d6i véi
dung dich Se(IV) 0,05ppb vdi céc diéu kién nhu trong muc 4. Xac dinh
giéi han phat hién theo quy téc 3o,

38,C

GHPH = = 0.0022 ppb

6. Cdc yéu té'anh huong va cdch loai tric

Pia khao sat anh hudng ctia mét s6 ion kim loai thuong c6 mit
trong tu nhién: Fe3*, Cu®, mot sd ion cé tinh chat tuong tu Se: Te(IV),
mét s6 ion quy hiém nhu Pd(II), Au(III) dén phép xac dinh Se, dung
dich do c6 thanh phan 1ppb Se(IV) + 4ppm Rh(III) + HC1 10°M, két
qua thu dudc trong bang 6.

Badng 6. Tong két cac yéu té anh hudng

Ion | Tylé | % anh Ion Ty l¢ % anh | Jon | Tylé % &nh
nong | hudng noéng d6 | hudng nong hudng
do do
Fe'* 10 -2.5 Te(IV) 1 Pic mat | Au™ 10 +1.9
200 -22.0 cén doi 1000 | +44.4(pi
500 | -44.8 10 | Mat pic ¢ mit
can do6i)
Cu®* 10 -2.4 Pd* 10 +6.1
1000 -38.4 1000 124.3
20000 Mat.
pic

129



Qua khéo sat ching ta nhan thay Fe(III) va Cu(Il) c6 anh hudng
dén phép xac dinh chi khi néng d6 16n; Te(IV) c¢6 danh hudng manh rat
r6 rét khi ndng dé chi bing néng do Se(IV); Pd”" va Au®" ¢6 anh hudng
lam tang cuong dd dong, tuy nhlen cung véi su ting cudong d6 dong la
su m4at can déi va doang pic. Anh hudng cua Cu va Fe dugc loai trix
hoan toan bing cach tach qua cét nhua chelex 100 6 pH,tu 6-7, cac 1on
kim loai sé bi giit trén cot con Se(IV) sé dude ra ngoai. Anh hudng cia
Te duge loai trit bang cach tach qua c¢6t nhua cationit axit manh
Dowex 50 hay IR120 trong méi trudng axit lodng (0,02-0,03M), khi d6
Se(IV) ciing dudc giai hdp ra ngoai, con Te(IV) sé bi giit trén cot (chi
ti€t vé cac diéu kién tach Se(IV) va Te(IV) dudc trinh bay trong [12].

Bdng 7. Anh hudng ctia pH dén kha ning thu héi Se(IV) trén nhua
chelex 100

pH 3,94 | 4,52 | 5,32 6,1 6,45 7,1 7,64 8,1

H(%) 50 40 73 80 92 100 77 70

7. Ap dung phén tich méu thuc té

Véi cac diéu kién t6i uu trong muc (4), chiing t6i xac dinh ham
lugng selen trong mét s6 mau rau ¢ ngoai thanh Ha néi. Quy trinh
phan tich nhu sau:

MAu rau lay phan an dude, riia sach bing nudc cat 1 l1an, trang
bang nude cat 2 1an, sdy kho & 60-65°C dén khd, xay min dudc bot rau.

Xac dinh hiéu suat thu hoi:

Dé danh gia d¢ tin cay cia phuong phap phan tich, ching t6i xac
dinh hiéu sudt thu hoi cia phuong phap. Quy trinh duge ti&n hanh
nhu sau: Can 0.3 g mau (c6 ham lugng Se duéi gidi han phat hién) vao
binh nén 100ml chiu nhiét, thém mot lugng Se(IV) chinh xéc sao cho
nong d6 dung dich cudi ciing sau khi dinh mic 25ml 14 0,4ppb, ngdm
béng axit 5ml HNO3 qua dém. Dun cach cat (day binh nén bing phéu
loc ¢6 duéi dai dé tranh bin miu), thém dan axit HNO3, trong qua
trinh dun thém tir t&t HNO, (tranh dé khé mau). Néu miu chua trang,
them vai giot HNO3+H30,. Tiép tuc dun cho dén khi thu dude mudi
4m tring. Hoa tan bing 5ml HCIl 4M, dun nhe dé khtt Se(VI) vé Se(IV)
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trong khoang 20 phiut. Dinh mtc dén 25ml (tach loai cac ion anh
hudng néu can) va ghi duong Von-Ampe hoa tan va xac dinh néng do
(Cy) bang phuong phap thém tiéu chudn. Lam lap lai 3 14n 14y két qua
trung binh. Hiéu suit thu hdi cia phuong phap dude tinh:

H(%) = ﬂ*100% =
0.4

0.37

*100% = 92.5%

Xac dinh ham lugng Se trong mau thuc t&

Quy trinh phéan tich tuong tu nhu trong phan xac dinh hiéu suit
thu héi. Trong bang 14 két qua ham lugng Se trong mot s6 mau rau cu.

Bdng 8. Két qua phan tich ham lugng Se trong mét s6 mau rau cu

Tho1 gian

Tén mau Vi tri 1ay mau e g/kg kho g/kg udt
lay mau

Cai bap Dang Xa-Gia Lam 8/12/2002 37,50+2,68| 2,14=0,19

Ca1 bap Mai Dich- Cau Giay 5/1/2003 67,50+£3,66| 2,88+0,19

Cai bap Chau quy-Gia Lam 8/1/2003 42,33+2,99| 2,18+0,19

Cai1 bap 1én Phuong- Thuong|22/12/2002| 902.503+9,66 |55.056+2,96
Tin

Cai be Song Phuong - Hoa1 [22/12/2002 135,83+6,09| 6,63+0,36
Dic

Ca1 tau Kim L - Séc Son 10/12/2002| 999,17+26,47[57,05+1,85

Ca1 bap Song Phuong - Hoa1 |[22/12/2002 45,00+4,06 | 2,88+0,32
Dic

Cai1 xanh Yén Thuong - Gia Lam | 8/12/2002 15,83+2,30| 0,85+0,40

Cai be Lién Phuong- Thuong|22/12/20021266,67+33,40 |60,17+1,99
Tin

Cai canh Phu Dién- Tu Liém 5/01/2003| 199,70+11,20|11,40+0.60

Cu ca1 Van Duc - Gia Lam 8/12/2002| 165,30+10,00| 7,40+0,40

Xup lo Xanh[Van Dac - Gia Lam 8/12/2002 392,30+7,60|37,50+0,70

Kinh gig Yén Thuong - Gia Lam | 8/12/2002| 344,17+12,46(24,19+1,07

Xz Tach Van Noi - Dong Anh | 10/12/2002|  127,504,87] 6,89=0,32

Ca rot T Liem - Tay Ho 5/01/2003 6,67x0,54 | 0,64=0,06

Ca rot Van Diuc - Gia Lam 8/12/2002 — —

Khoal tady |Doéng Xuan - Soc Son | 10/12/2002 — —

To1 tay Van Noi - Déng Anh [10/12/2002 — —

(-): Nho hon gidi han phat hién
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KET LUAN

Trong bai bao nay da tom tat cac két qua thu dude khi xac dinh
lugng vét Se(IV) bang phuong phap Von-Ampe hoa tan catot khi cé
mat Rh(II). Phudng phap dua trén quéa trinh lam giau RhySeg trén
dién cuc giot Hg. Piéu kién t&i uu ca phuong phap 1a pH tu 1.0 dén
1.8 (ndng d6 HC1 10 M), 400ppb — 4ppmRh(III) tuy thudc vao néng
do Se(IV), thé dién phan la -0.25V (vs.Ag/AgCl). Giéi han phat hién
tinh theo quy tac 3 1a 2.2ppt Se(IV) (thdi gian dién phéan 1a 2 phit)
dude tinh tit d6 léch chudn khi do lip lai dung dich 0,05ppb Se(IV).
Anh hudng cia mot s6 ion kim loai dude nghién citu va loai trit bang
cach st dung nhua trao d6i ion. Phuong phap da dudgc iing dung dé xac
dinh ham lugng Se trong mét s6 mau rau 6 ngoai thanh Ha néi
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