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SUMMARY

BISMUTH OXIDE — MODIFIED ELECTRODE FOR DETERMINATION OF
METAL TRACES BY ANODIC STRIPPING VOLTAMMETRY

A new chemically modified electrode was constructed for accurate, selective and
sensitive simultaneous determination of cadmium (Cd) and indium (In) by anodic
stripping voltammetry (ASV). The electrode was prepared by multi-walled carbon
nanotubes (58%), parafin oil (35%) and Bi,O3 (7%) in carbon paste electrode. The
linear range between 8.9x10°M to 1.33x10’M for Cd and 4.34x10*M to 2.17x10'M
for In. The 36 determination limit is 1.07x10°°M for Cd and 1.04x10®M for In with
suitable conditions (buffer acetate and KBr 0.1 M, pH = 4.5, deposition at -1.2V for
180s). The proposed chemically modified electrode was used for the determination of
cadmium and indium in several water samples.

1. MO AU

Do thé pic E, cia In va Cd gan sat nhau
nén viéc xac dinh dong thoi In va Cd
bang phwong phap Von-Ampe l1a phic
tap. Bé khic phuc nhuoc diém nay can
c6 thém chét tao phiic thich hop dé tach
pic [2].Phuong phap Von-Ampe hoa tan
s dung dién cuc thuy ngan la phuong
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phap c6 d6 chinh xac, do nhay cao
thuong dugc st dung dé xac dinh ham
luong Vét cac kim loai. Tuy nhién thay
ngan va mudi cua né c6 doc tinh cao,
cho nén di c6 nhiéu nghién cau tim
kiém vat liéu dién cuc méi thay thé
thiy ngan nhu: cacbon, vang, bac, iridi,
bitmut, tantali, antimon [3,4]. Trong s6



do, do it doc, than thién moi truong,
dién cyuc bitmut trong nhiéu truong hop
duogc coi la tét nhat cé thé thay thé dien
cuc thiy ngan voi khoang thé 1am viéc
twong dbi rong, kha nang phan tich dién
hoa tét [3,5].

Trong bai bao nay, chdng toi trinh bay
két qua nghién cau ché tao dién cuc
paste dng nano cachon bién tinh bang
Bi,O3 (Bi,O3 - CNTPE) va tng dung
phan tich dong thoi ham luong Cd, In
trong mot s6 mau nudce véi dung dich nén
la dém axetat cO thém tac nhan tao phirc
KBr dé thay dbi twong dbi thé cua In,
tach hoan toan hai dinh pic cua In va Cd.
2. THUC NGHIEM

2.1. Thiét bi - Dung cu - Héa chat

- Thiét bi cuc phd da ning 797 VA
Computrace do hang Metrohm (ThuyST)
san xut.

- Can phan tich 5 s6 TE 2148, sai sb
0,Img do hang Sartorius (Ptrc) san
xudt; Cac dung cu cdi, chay ma ndo
(Trung Quéc); bng teflon (Puc), dung
cu thuy tinh, micropipet (Ptc),...

- Ong nanocacbon (Han Quéc), dau
parafin (Nhat Ban), Bi,Os; (Puc). Cac
dung dich nghién ciru duoc pha ché tir
hoa chat tinh khiét dung phan tich cua
Merck va nudc cat hai 1an, siéu sach.
2.2. Ché tao dién cuc lam viéc

Vit lieu dién cuc bao gom: ébng
nanocacbon, dau parafin, Bi,Os. Chuan
bi cac dung cu ché tao dién cuc gom:
cdi chay ma ndo, chdt inoc dé nhdi hdn
hop vat lidu vao dién cuc, gia d& dién
cuc, ong teflon, ...(hinh 1a).

Ché tao vé dién cyc: Tién ong teflon cd
chiéu dai 52 mm, dudng kinh ngoai 3,5

mm, duong kinh trong 3,0 mm. Phan
trén 4ng c6 tién cac dodng dé gan voi
mot chdt bang inoc trén thiét bi cuc phod
(b6 phan dién cuc 1am viéc). Phan duéi
dé nhdi vat liéu dién cuc.

Quy trinh ché tgo: Can chinh xac hdn
hop géom 6ng nanocacbon (CNT),
Bi,Os,dau parafin theo ti 1& thich hop
cho vao cbi ma ndo, tron déu bing
chay ma ndo. Hon hop vat liéu (hinh
1b) thu dugc dem sdy ¢ 105°C trong 2
gio. Lip ong dién cuc teflon vao gia d&
dién cuc, dung chét nhdi bang inoc
nhoi hdn hop thu duoc vao ong dién
cuc teflon, mai bong bé mit dién cuc
trén giay loc am duoc dién cuc BiyOs -
CNTPE hoan chinh (hinh 1c). Lip dién
cuc vao vi tri dién cuc lam viéc (WE)
cua thiét bi cuc pho.

3. KET QUA VA THAO LUAN

3.1. Nghién citu anh huéng cia ti 1§ khdi
lwong vat ligu tron toi tin hiéu do cia
Cdvaln

Pé khao sat ti 1¢ khdi lugng cua vat liéu
tron dén tin hiéu caa Cd va In, chiing toi
tron céc ti 1é khéi lugng khéc nhau cua
hdn hop 6ng nanocacbon, dau parafin,
Bi,Os. Theo [5], néng do Bi,Os thich
hop dé ché tao dién cuc cacbon bién
tinh bang Bi,03 1a 0,5 % dén 7 %. Vi
vay chlng toi tién hanh ché tao dién cuc
v6i ndng do BiyOs tir 0.2 % dén 8 %,
sau do ghi do dong I, cua dung dich
gdm [Cd*] = 45.10% M, [In*] =
7,8.10% M trong dung dich nén dém
axetat va KBr 0,1 M, pH = 4,5 trén dién
cuc ché tao duoc. Két qua cho thay khi
ti 1&6 dng nanocacbon, Bi,Os,dau parafin
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la 58:7:35 hoic 58:5:37 (tinh theo phan
tram vé khéi luong) cho tin hiéu I, cua
Cd* va In* tuwong ddi cao, pic thu
duoc can dbi nén ching toi chon cac ti
1& nay dé ché tao dién cuc. Cac nghién
ctru tiép theo sir dung dién cuc c6 thanh
phan éng nanocachon, Bi,Os,dau
parafin 1a 58:7:35 .

3.2. Nghién cttu cau tric bé mit dién

cuc
Dé tim hiéu ciu tric bé mat cua dién
cuc ché tao duoc, ching toi tién hanh
chup anh hién vi dién tr quét (SEM)

Hinh la. Cac dung cu dé
ché tao dién cuc
3.3.Nghién citu khoang thé lam viéc

caia dién cuc va chon nén.

Khao séat khoang thé 1am viéc cua dién
cuc trong 3 moi treong khac nhau: HCI
0,1IM; NaOH 0,1M; dém axetat + KBr
0,1M (pH =4,5). Két qua cho thay nén
dém axetat + KBr c6 khoang thé lam
viéc rong nhat. Biu nay dugc giai thich
la do trong moéi truong axit HCI 0,1M
c6 thé xay ra sy khir hidro tao bot khi
H, bam 1én bé mit dién cuc lam viéc va
trong moi truong NaOH 0,1M c6 thé
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Hinh 1b. Hon hop vat
liéu sau khi dwoc tron deu

ciia 2 mau: mau 6ng nanocabon va mau
dién cuc Bi,0s-CNTPE. Két qua cho
thiy 6ng nanocacbon ban dau cé kich
thudce siéu nho ¢d khoang 50 nm, sau
khi duoc st dung dé ché tao dién cuc
Bi,Oz-CNTPE, diéncuc mai cd kich
thudc ¢& khoang 500 nm, bé mit tuong
dbi dong déu tao diéu kién cho qua trinh
tao mang bitmut cling nhu qua trinh lam
giau kim loai trén lop mang bitmut
duoc hi¢u qua hon.

Hén hop vt kéu

Ong
teflon B
Chét kim loal

Hinh 1c. Hinh anh dién
cuc Bi,O3- CNTPE

tao Bi(OH); lam giam luong Bi trén bé
mat dién cuc, do do giam kha nang lam
giau cua kim loai. Mat khéc, khi khao
sét tin higu 1, caa dung dich gém [Cd*"]
= 4,5.10°M, [In*] = 8,7.10®M lan luot
trong mot s6 nén do nhu dém axetat
0,IM (pH = 4,5); dém axetat va KCI
0,1M, dém axetat va NaNO3 0,1M, dém
axetat va KBr 0,1M (pH =4,5) thi chi c6
néndém axetat 0,1M va KBr 0,1M (pH
= 4,5) cho 2 dinh pic cua 2 kim loai
tach riéng biét, pic thu duoc cao va can



dbi, cac nén con lai c6 su chen lan pic
cta 2 ion. Pidu nay duogc giai thich Ia
do Cd va In c6 thé gan nhau nén ¢ céc
nén KCl 0,1M, NaNO;z 0,IM, dém
axetat 0,1M (pH = 4,5) c6 su chen lan
pic cua 2 ion; trong nén dém axetat va
KBr, KBr da tao phuic véi indi 1am thay
do6i thé dinh pic cua indi nén da tach
hoan toan 2 pic cua In va Cd ra khoi
nhau. Chinh vi thé ching t6i chon nén
dém axetat 0,1M+ KBr 0,1M (pH = 4,5)
cho cac nghién cuu tiép theo.

3.4. Pac tinh Von-Ampe hoa tan caa
Cd(II), In(IIl) trén dién cuc Bi,Os-
CNTPE

Khao sat duong Von-Ampe vong (hinh
2) trong 2 truong hop: (1) nén dém
axetat va KBr 0,1M (pH =4,5); (2) nhu
(1) nhung cho thém [In*"] = 3,05.107
M; [Cd**] = 3,12.107 M.Két qua cho
thay ¢ (1): chi xuat hién dinh cua kim
loai Bi tai E, = +0,004 V chung to trong
khoang thé nghién ctu, trén dién cuc
lam viéc nén dém axetat khong gay ra
phan trng dién hoa nao khac ngoai phan
ung dién hoda cua Bi nén khoéng anh
huong dén tin hiéu hoa tan cua Cd, In.
O (2): xut hién 3 dinh pic cua Bi, Cd,
In voi thé dinh Ep(Cd) = -0,746V,
Ep(In) = -0,645V. binh hoa tan cua Cd,
In kh& 16n nén hoan toan co thé &p dung
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dé dinh luong Cd, In trong dung dich.
3.5. Nghién cirucéc diéu kién ghi do
Pé xay dung quy trinh xac dinh ham
lwong Cd, In bang phuong phap Von-
Ampe hoa tan, ching téi tién hanh
nghién ciu cac thong sé ghi do thich
hop nhu: khoang quét thé, toc do quét
thé, thé 1am sach, thoi gian lam sach,
thoi gian nghi, bién d6 xung (hinh 3a),
thoi gian tao xung, téc do quay dién
cuc, thoi gian suc khi nito (hinh 3b).
Két qua nghién ctu cac duong Von-
Ampe hoa tan anot xung vi phan thu
duoc khi ghi do dung dich chua [Cd*] =
1,78.10% M, [In**] = 8,7.10® M trong nén
dém axetat (CH3;COOH 0,1 M va NaOH
0,1 M, pH = 4,5) va KBr 0,1 M cho thay
cac diéu kién thich hop ghi do la:

- Thé dién phan lam giau: -1,2 V

- Thoi gian dién phéan lam giau: 180 s

- Khoang quét thé tur: -1,2 dén +0,3 V

- Téc do quét thé: 0,015 V/s

- Thé 1am sach: +0,3V

- Thoi gian lam sach: 30 s

- Thoi gian nghi: 10 s

- Bién d¢ xung: 0,03 V

- Thoi gian tao xung: 0,04 s

- Téc d6 quay dién cuc: 2000
vong/phat

Thoi gian syc khi nito: 350 s
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3.6. Khoang tuyén tinh,dd 13p lai, d¢
nhay, gi¢i han phat hién va giéi han
dinh lwgng

Bang thuc nghiém, khi dién phan dung
dich chira Cd, In & thé -1,2 V ching t6i
di xac dinh dwoc I, phu thuoc tuyén
tinh vao ndng do cua Cd tir 8,9.10° M
dén 1,33.107 M va nong do cua In tur
434.10° M dén 2,17.10° M (hinh 4).
Lap phuong trinh duong chuan cua 2 ion
nghién ctu trong khoang tuyén tinh nay
dugc cac phuong trinh duong chuan véi
hé s6 R?twong ttng (hinh 5a, 5b).

Tién hanh ghi do 1ap lai 8 lan dung dich
chra [Cd*] = 1,78.10° M, [In*] =
8,7.10° M thu duoc RSDcy = 2,42 %;
RSD), = 3,66 %.

D6 nhay cua phuong phap tuong dbi
trong khoang tur 0,77 + 1,87 pA/ppb vai
Cd va tir 0,028 + 0,388 pA/ppb Vvéi In.
Gi6i han phat hién (LOD) va gi6i han
dinh luong (LOQ) cta phuong phap xac
dinh theo qui tac 36 1a LOD¢q = 1,07.10°
9 M; LODy, =1,04.10% M va LOQcq =
3,57.10°M; LOQ), = 3,48.10° M.
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3.7.Két qua phan tich miu that

MAu nudc phan tich 1 mau nudc HoO
Tay (liy vé tr ngay 24/01/2014 -+
26/01/2014) va mau nudc thai khu
Cong nghiép Yén Phong, huyén Yén
Phong, tinh Béc Ninh (ldy vé tir ngay
20/3/2014 + 26/3/2014). Mau nudc sau
khi léy ve, XU ly, loc. Nudc loc thu
dugc dem xac dinh ham luong Cd, In
bang phuong phap DP-ASV trén may
cuc phd da ning 797 VA Computrace.
Két qua phan tich cac mau nudc theo
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phuong phap thém chuan cho thay: cac
mau nuéc hd Ty déu c6 ham luong In
nhé hon LOD, ham lugng cua Cd nam
trong khoang tir 0,82 pg/l d&én 3,44 pg/l;
cidc mau nudc khu Céng nghiép Yén
Phong déu ¢6 Cd, ham lugng Cd nam
trong khoang tir 3,89 pg/l dén 8,42 pg/l,
chi ¢c6 mot mau c6 In (ham luong 0,97
ng/l (hinh 6)), cic mau con lai ham
lwong In déu nho hon LOD.
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4. KET LUAN

D3 nghién ctu ché tao thanh cong dién
cuc paste ong nano cacbon bién tinh
bang Bi,03; (Bi,03-CNTPE) voi khbi
luong bitmut 1a 7 %; xay dung cac diéu
kién thich hgp cho qua trinh phan tich
ham lwong In** va Cd** bing phuong
phap DP-ASV. Cac diéu kién thich hop
bao gdom: dién phan ¢ thé -1,2 V trong
thoi gian 180 s, bién d6 xung 30 mV;
tbc do quét thé 0,015 V/s; tc do quay
dién cuc 2000 vong/phut, thoi gian suc
khi nito 1a 350 s, thé 1am sach dién cuc
14 0,3 V trong 30 s, thoi gian nghi 1a 10
s. Két qua nghién ctru thu duoc cho
thay khoang tuyén tinh gitra I, va nong
do twong dbi rong, do lap lai tét, gioi
han phét han va gidi han dinh luong déu
thip. Dién cuc ché tao di duoc ung
dung dé phan tich Cd** va zn* trong
mau nuéc HO Tay va nude thai cho két
qua tot.
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