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Abstract

This paper reports the use of Bi,03;-modified carbon nanotubes paste electrode (Bi;O3-CNTPE) for trace lead (Pb),
cadmium (Cd) and indium (In) determination by differential pulse anodic stripping voltammetry (DP-ASV). The
strlppmg peak current (Ip) has a hnear relationship w1th concentrat1on in the range of Pb(Il), In(Ill) and Cd(Il) are
1.21x10* M to 4.83x10°M, 5.22x10°* M to 12.17x10" M, 2.23x10™®* M to 8.93x10™ M, respectively, with a deposition
time of 60 s at deposition potential of -1.2 V, in 0.1 M acetate buffer (pH = 4.5) and 0.1 M KBr. The 3¢ detection limit
(n = 10) of Pb, in and Cd is 0.83x10” M, 6.47x10° M, 1.38x10° M, respectively. The electrode was applied to

determination of Pb(I), In(IlT) and Cd(II) in water sample.

Keywords: Stripping Voltammetry, Bi,O;-CNTPE, lead, indium, cadmium.

1. MO PAU

Chi (Pb), Indi (In) va Cadimi (Cd) 1a nhitng kim
loai doc hai ¢ ham lugng nho [1]. Co nhiéu phuong
phap nhu: quang phd hap thu nguyén tir (AAS) [2],
phé khéi plasma cao tan (ICP-MS) [3], pho phat xa
nguyén tir st dung ngudn cam Ung cao tan plasma
(ICP-OES) [4],... da dugc st dung dé phan tich vét
cac kim loai trén. Dé ¢6 dugc nhimng phuong phap
ké trén can phai c6 trang thiét bi phirc tap va dau tu
16n. Phuong phap Von-Ampe hoa tan sit dung dién
cuc thuy ngan 1a phuong phap c6 d¢ chinh xac va do
nhay cao da duogc nghién cuu dé xac dinh lugng vét
va siéu vét nhiéu kim loai, trong d6 c6 Pb, In va Cd
v6i gia thanh thap. Gan day, dd c6 nhimg nghién ctru
gidi thiéu dién cyc bitmut nhu: dién cuc mang
bitmut insitu va exsitu (BiFE), dién cuc khdi bitmut
(BiBE), dién cuc paste cacbon bién tinh bang bot
bitmut (Bi-CPE) va dién cyc paste cacbon bién tinh
bang Bi,O; (Bi,Os-CPE) [5]. Ciing di c6 mot sb
cong trinh nghién ctru phén tich ddéng thoi ham
lwong Pb, Cd, In béng dién cyc mang bitmut trén
nén dién cuc paste nano cacbon [1], phan tich ham
luong In trong sy c6 mit ciia Pb, Cd bing dién cuc
mang bitmut trén dién cyc than thuy tinh [6].

Trong bai bao nay ching toi trinh bay két qua
nghién ctru phan tich xac dinh ham luong vét chi,
indi, cadimi bang phuong phdp Von-Ampe hoa tan

anot str dung dién cuc paste 6ng nanocacbon bién
tinh bang Bi,0; (Bi,0;-CNTPE).

2. THUC NGHIEM
2.1. Thiét bi, dung cu va héa chit

- May cuc phd da chuc ning 797 VA
Computrace do hing Metrohm (Thuy Si) san xuét.

- Cén phan tich 4 s6 TE 2148, sai s6 0,1 mg do
héng Sartorius (Ptrc) san xuat; may cat nude hai lan
Hamilton-WSC/4D (Anh); cac dung cu cdi, chay ma
nio (Trung Qudc); dung cu thuy tinh, micropipet
(brrc),..

- Ong nanocacbon (Han Qudc), dau parafin
(Nhat Ban).

- NaOH, CH;COOH, KBr, Bi,0;, AL,O; déu la
hoa chit tinh khiét ciia Merck; dung dich lam viéc
cua ion Cd’’, In’" va Pb>" quoc pha tir dung dich
chuin gdc c6 ndng do 1000 ppm sir dung cho AAS.

- Nude cat diung dé pha ché héa chét va rira dung
cu 12 nudce cét hai 1an, siéu sach.

2.2. Chuén bi dién cuc 1am viée Bi,O;-CNTPE
Tron déu 6ng nanocacbon, dau parafin va Bi,O3

theo ty 1& 6ng nanocacbon, Bi,Os, fiﬁu parafin la
58:7:35 (tinh theo phan tram vé khoi lugng) bang
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c¢bi chay ma ndo. Hon hop vit liéu thu dugc dem sy
& 105 °C trong 2 gio dugc hon hop vat liéu nhio.
Nhoéi hdn hop nhdo thu dwoc vao dng dién cuc
teflon, phén trén dién cuc co gén chdt kim loai dé
két ndi véi may cuc phd da ning lam dién cuc lam
viéc. Mai bong dién cuc trén giéy loc 4m, sau d6 mai
bong bang bot Al,05 0,05 pm.

3. KET QUA VA THAO LUAN

3.1. Nghién ciru dwong Von-Ampe vong ciia Pb>,
In*, cd” trén dién cwe Bi,0;-CNTPE

Khi sir dung dién cuc Bi,O;-CNTPE dién phan
dung dich chtra Pb**, In*" va Cd*" trong dung dich
dém axetat 0,1M, pH = 4,5 va KBr 0,1 M béng
phuong phap Von-Ampe vong (CV) thu dugc 3 dinh
pic ciia Pb*", In**, Cd** 1an luot tai cac thé E, (Pb) =
-0,499 V; E, (In) = -0,672 V; E, (Cd) = -0,773 V va
1 dinh pic cua Bi’" tai thé +0,006 V (hinh 1); dong
dinh hoa tan (I,,) cua ca 3 ion tuong 601 cao ching to

tinh dién hoda cua Cd , In*" va Pb’" trén dién cuc
Bi,0;—CNTPE la rat tot va o thé sur dung dién cuc
nay dé phan tich dong thoi Pb*", In’" va Cd*" trong
dung dich.

Cac diéu kién thyc nghiém (PKTN): Thé dién
phan (Egep): -1,2 V; thoi gian dién phan (tgep): 60 s;
tbc do quét thé (v): 15 mV/s; khoang quét thé
(Erange): -1,3++0,3 V; tde dd quay dién cyc (w): 2000
vong/phut; thoi gian suc khi nito: 120 s; thoi gian
nghi (tes): 20 s; thé 1am sach 1a +0,3 V trong 60 s.

3.2. Nghién ciru diéu kién ghi do

Két qua khao sat anh huong cua thé dién phan
(Edep) dén I, cho thdy khi ting thé dién phan lam
giau tur -0,9 V dén -1,4 V thi dong dinh hoa tan cua
Pb, Cd va In thay dbi dang ké. Tuy nhién, khi dién
phan tir -0,9 V dén -1,1 V, dinh pic thép; khi dién
phan lam giau ¢ thé 4m hon -1,2 V ¢6 thé co cac ion
kim loai khac cting bi khir trén bé mat dién cuc lam
viéc. Vi vy, chung t6i chon Eg4e, = -1,2 V cho nhiing
nghién ctru tlep theo.

Khi thay ddi thoi gian dién phan lam giau (tdep)
tir 30300 s thi I, cua Pb tdng dan theo thoi gian dién
phan do thoi gian dién phéan cang lau thi lugng chat
duogc tich lily trén bé mat dién cuc cang 16n. Tuy
nhién, khi tang tge, O thé lam tich [y thém cac kim
loai can tré nhu Zn, Cu .... Mat khac, tai thoi gian
dién phan tir 60 s dén 120 s, khi tién hanh do lap lai
5 lan, phép do co do lap lai tot, I, tuong dbi cao va
can ddi nén ching t6i lya chon tye, = 60 s dén 120 s
1a thich hop. Trong cic nghién ctru tiép theo ching
toi dién phan trong thoi gian 60 s.

Nguyén Thi Thu Phirong va céng suw

Khi khdo sat anh huong cua toc do quét thé dén
I, chiing to6i thay tai toc do quét thé 0,015 V/s, pic c6
hmh dang can ddi, duong nén thap, dinh pic cao, d
lap lai cao nén ching t6i chon toc do quét thé thich
hop 14 0,015 V/s.

Céc diéu kién ghi do thich hop khac khi ghi do
dung dich chira Pb*", Cd*" va In’" trong dung dich
dém axetat 0,1M, pH = 4,5 va KBr 0,1 M bao gém:
-1,2 V dén +0,3 V; thé lam sach: +0,3 V
trong 60 s; tes = 20 s; bién d6 xung: 0,03 V; thoi
gian tao xung: 0,04 s; ® = 2000 vong/phut va thoi
gian suc khi nito duéi oxi: 120 s.

Erange =

2

20.0u] 1
< g

20,04

425 100 750m 500m 250m 0 250
U
Hinh 1: Ph6 d6 ghi do tin higu I, cua Pb, In va Cd
bang phwong phap Cv

(1). Nén dém axetat va KBr 0,1 M, pH = 4,5,
(2). Nén dém axetat va KBr 0,1 M, pH = 4,5 va [Pb*'] =
0,24x10°M, [Cd*] = 0,45x10° M, [In*"] = 0,87x10°M

3.3. Anh huéng 14n nhau giira ba ion nghién ctru

C6 dinh néng dd cua mot ion, thém dan luong
chinh x4c 2 ion nghién ctru con lai vao dung dich va
ghi do duong ASV. Két qua cho thiy:

- Khi ¢6 dinh ndng do [Pb>'] = 6 ppb, ting dan
néng d6 Cd, In thi néu [Cd*"], [In**] nho hon 45 ppb
thi hoan toan c¢6 thé dinh luwong dugc d@)ng thot ca 3
ion, khi ti 16 [Cd*"], [In**] 16n hon 45 ppb thi pic cua
Cd bi ché nén khong dinh Iugng chinh xac dugc Cd.

- Khi c¢b dinh nong do cua [Cd’ ] =5 ppb, tang
dan ndéng do In, Pb (hinh 2a) thi néu [Pb2+] [In*"]
nho hon 150 ppb thi hoan toan c6 thé dinh lwong
chinh xac dong thoi ca 3 ion, khi [Pb**], [In**] 16n
hon 150 ppb thi khong dinh luwong dugc chinh xac
In.

- Khi ¢b dinh ndng d6 cua [In*'] = 12 ppb, thém
dan luong chinh xac Cd, Pb (hinh 2b), néu [Cd*"],
[Pb*] nho hon 70 ppb thi hoan toan co thé dinh
lugng chinh x4c duge ca 3 ion, khi [Cd*'], [Pb*] 16n
hon hozc bang 100 ppb, co sy chen lan pic ciia Cd
va In nén khong dinh luong dugc Cd, In.
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3.4. Khoing tuyén tinh, do Lip lai, do nhay, giéi
han phat hién va giéi han dinh lwgng

Khoéng tuyén tinh: Khi ghi do pho do DP- ASV
xac dinh khoang tuyén tinh ctia Pb, In va Cd (hinh
3a) cho két qua khoang tuyén tinh rit rong:
1,21x10%+4,83x10® M (d6i voi Pb); 5,22x10%+
12,17x10®* M (d6i véi In); 2,23x10%+8,93x10® M
(d6i v6i Cd). Xay dung dudong chudn trong céc
khoang tuyén tinh nay dugc phuong trinh duong
chuan cta 3 ion: Pb: y = 2,325x - 0,326 v6i R* =
0,995; In: y = 0,615x - 3,117 v6i R* = 0,993; Cd: y =
1,418x - 1,212 v&i R* = 0,997 (hinh 3b, 3¢, 3d).

40.0u]

30.0u

1{A)

20.0u

10.0u

U v}
Hinh 2a: Pho 46 DP-ASV cua Pb, Cd va In
(C6 dinh [Cd**]=5 ppb; [Pb*']; [In**] 14n luot 12
(1)- 5 ppb, (2). 10 ppb, (3) - 20 ppb, (4). 40 ppb,
(5). 70 ppb, (6). 100 ppb, (7). 150 ppb)

14.0u
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Hinh 3a: Pho do DP- ASV ghi do xac dinh

khoang tuyén tinh cta Pb, In va Cd ((1) [Cd*"] =

2100 E00m

[Pb*']=2,5 ppb va [In*"] = 6 ppb; (2) [Cd*'] = [Pb*] =
4 ppb va [In’"] = 8 ppb; (3) [Cd*"] = [Pb*'] = 6 ppb va
[In*"]=10 ppb; (4) [Cd*'] = [Pb*'] = & ppb va [In*] =

12 ppb; (5) [Cd*"] = [Pb*] =10 ppb va [In*"] = 14 ppb)
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Do lap lai: Tién hanh ghi do lap lai 10 1in dung
dich chira déng thoi [Pb*'] = 1,45x10° M; [In*"] =
6,09x10° M; [Cd*'] = 2,68x10™®* M thu dugc RSDp,
= 1,93 %; RSDy, = 3,54 %; RSD¢q= 1,72 %.

Do nhay cua phuong phap twong ddi trong
khoang tir 0,88+1,14 pA/ppb (ddi voi Pb);
0,04+0,32 pA/ppb (d6i vai In); 0,69+1,14 pA/ppb
(d6i voi Cd).

Gioi han phat hién (LOD) ctia phuong phap xac
dinh theo qui tic 36 1a LODp, = 0,83x10° M; LODy,
= 6,47x10” M; LOD¢q = 1,38%10” M; gi6i han dinh
lugng (LOQ) la: LOQp, = 2,78x10” M; LOQ,
2,15x10®* M; LOQcq = 4,60x10° M.

23.0u

.00

13.0u

1{A}

100w

5,000

-EIEIIDm -SD;Jm -?DIDm -EEIIZIm -SDIDm -400m
LN
Hinh 2b: Phd 46 DP-ASV cua Pb, Cd va In
(C6 dinh [In**] = 12 ppb; [Pb>']; [Cd**] 14n luot 14 (1). 5

ppb, (2). 10 ppb, (3). 20 ppb, (4). 40 ppb, (5). 50 ppb)

y=2325x-0.326
R*=0.995

Ip (MA)

C.10(8) moll

Hinh 3b: Puong chuan xac dinh Pb
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5_

y=0.615x-3.117

4 R*=0.993
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Hinh 3¢: Dudng chuan xac dinh In

3.5. Phan tich miu that

St dung dién cuc Bi,0s-CNTPE dé phan tich
ham luong Pb, Cd va In trong mau nudc thai khu
Cong nghiép Yén Phong, huyén Yén Phong, tinh
Bic Ninh theo phuong phiap DP-ASV nghién ciru
duoc.

Mau dugc ldy tir ngay 16/2/2014 dén ngay
26/3/2014. Mau sau khi lay dugc xir Iy so by bang
dung dich axit HNO; dic toi pH = 1, sau d6 dugc
mang vé phong phén tich, xir 1y va loc. Dung dich
loc thu duoc tién hanh ¢6 5 lan sau d6 phan tich ham
luong Cd, Pb, In trén thiét bi phan tich cuc phé 797
VA Computrace cia Metrohm véi nén va cac diéu
kién thich hgp da dugc khao sat theo phuong phap
thém chuan. Trong s6 5 miu ¢6 4 miu c6 Cd (ham
lugng tir 1,27 ppb+3,25 ppb), 1 mau c6 ham luong
Cd nhé hon gi6i han phat hién (GHPH); 2 mau c6 In
(ham luong tir 0,83+0,98 ppb), 3 mau c6 ham luong
In nhé hon giéi han phat hién (GHPH) va ca 5 mau
déu c6 Pb (ham luong tir 2,76-14,39 ppb). Phd dd
thu dugc thé hién & hinh 4.

4. KET LUAN

Dia nghién ciru cac diéu kién thyc nghiém dé Xﬁy
dung quy trinh phén tich ham luong Pb*", In*" va
cd* bang phuong phap DP-ASV sur dung dién cuc
paste ong nano cacbon bién tinh bang B1203 (Bi,05—
CNTPE). Cac diéu kién thuc nghiém t6i wu bao
gdém: nén axetat 0,1 M, pH = 4,5 va KBr 0,1 M; thé
dién phan lam giau -1,2 V; thoi gian dién phan lam
giau 60 s; bién do xung 30 mV; tbe do quét thé
0,015 V/s; toc do quay dién cuc 2000 vong/phut.

Dién cuc (Bi,03;-CNTPE) da dugc nghién ctru sir
dung dé dinh lugng ba kim loai nghién ctu trong
khoang tuyén tinh tuong dbi rong 1,21x10%+
4,83x10® M (dbi véi Pb); 5,22x10° M+12,17x10°
M (d6i v6i In); 2,23x10° M = 8,93x10™®* M (dbi véi

Nguyén Thi Thu Phirong va céng suw

14 -
- y=1418x-1.212
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Hinh 3d: Dudng chuan xac dinh Cd

Cd), do lap lai tbt, gii han phat hién thap (LODp, =
0,83x10° M; LOD;, = 6,47x10° M; LOD¢y =
1,38x10” M). bién cuc duoc ing dung dé phéan tich
ham luong Pb, In va Cd trong mau nude cho két qua
tot.

I (A)

1.00u] -
100 080 -0E0 -0.40

Hinh 4: Phd d6 ghi do DP-ASV phén tich mu tht
(1): do mau; (2), (3), (4): do thém chuén
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