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SUMMARY

RESEARCH ON IMPROVEMENT OF STRIPPING VOLTAMMETRY WITH
MODIFIED CARBON NANOTUBES PASTE ELECTRODE BY BISMUTH OXIDE
TO DETERMINE TRACE LEVELS OF METALS

A modified carbon nanotubes paste electrode by bismuth oxide (Bi;O;-CNTPE) in situ was
fabricated and applied in differential pulse anodic Stripping Voltammetry (DP-ASV) to

determine Cd (II), In (Ill) and Pb (II) amounts in water samples (river water, lake water).

The proposed method was validated determining Pb(Il) in certified reference marine

sediment (MESS-2) with satisfactory results. The method was validated by comparing the

results obtained with those provided by application of the atomic absorption spectrometry.

1. MO PAU

Pi c6 nhiéu nghién ctru vé ché tao dién cuc
st dung cho phuong phap Von-Ampe hoa
tan (SV) & Viét Nam va trén thé gisi. O
Viét Nam, ndm 2008, di ché tao thanh cong
dién cuc bién tinh dau tién - dién cuc paste
cacbon bién tinh bing HgO dé phan tich
ddng thoi ham luong Pb, Cd, Zn va Cu.
Cong trinh ndy str dung nguyén lidu ché tao
dién cuc truyén théng 12 bot than mém
(paste cacbon) [1]. Nam 2011, da cé nghién
ctiru str dung nafion lam chét bién tinh, sau
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d6 tao mang Bi in situ phan tich ham lugng
Cd bang phuwong SV hip phu [2]. Nim
2012, 1an diu tién & Viét Nam di sir dung
éng nanocacbon trong ché tao dién cuc va
dd tao mang bitmut trén nén paste
nanocabon xac dinh ddng thoi ham luong
Pb, Cd, In véi nén dién ly 12 dém axetat va
KBr [3]. Pay la dién cuc mang bitmut trén
nén dién cuc 6ng nanocacbon tu ché tao va
mdi 1an ghi do cn bd sung dung dich Bi**
dé tao mang Bi theo kiéu in situ. Trén thé
giéi ciing d3 c6 nhiu cong trinh nghién



clru vé dién cuc bién tinh [4,5,6] nhung
chua c6 cong trinh ndo st dung 3 nguyén
litu 1a éng nanocacbon, diu parafin va
Bi,0; dé ché tao dién cuc va cling chi ¢6 01
cong trinh tao mang bitmut trén nén glassic
cacbon (dién cuc khong bién tinh) phén tich
ham lugng In trong sy c6 mat cua Pb, Cd
[7]. Nhim mé rong kha ning Gng dung cua
phuong phap SV, trong bai bao nay chiing
t6i dd huéng vao nghién ctru mot sb yéu tb
anh huéng dén qua trinh ché tao, ghi do
nhu anh huong ctua kich c& bé mat dién
cuc, nén dién ly, k¥ thuat ghi do; anh
huéng cua cac ion di kém dén viée ghi do
phan tich ddng thoi Cd, In, Pb bang phuong
phap SV sur dung dién cuc Bi,O3-CNTPE;
ddng thoi tién hanh phan tich mu chudn va
phan tich chuén so sanh dé danh gia do
dung, do chinh xac cua phuong phap. Ap
dung phan tich ham lugng Cd, In, Pb trong
mdt s6 mau nude song hd.

2. THUC NGHIEM

2.1. Thiét bi - Dung cu - Héa chit

- Thiét bi cuc phd da ning 797 VA
Computrace do hdng Metrohm (Thuy Si)
san xuat.

- Thiét bi do quang phd hip thu nguyén tir
AAS, Perkin Elmer 3300, My.

- Pén chiéu UV PLF 12 (budc song 254
nm), Budapest, Hunggary.

- Ong nanocacbon (Han Quéc), diu parafin
(Nhat Ban), Bi,05 (Puc).

- MAu chuén phan tich d6i chimg dugc chimg
nhén (CRM) ki hiéu MESS-2 do Vién nghién
cru moi truong Canada cung cAp voi ham
luong Cd 14 0,24 + 0,01 pg/g miu trim tich
kho; ham lugng Pb 1 21,9 + 1,2 pg/g mau
tram tich kho. Céac dung dich lam viéc cia
cac ion kim loai (Pb*, Cd*, In’", Cu*,
Zn*",...) dugc pha tir dung dich chuén gbc co
ndng d6 1000ppm st dung cho AAS cia
Merck (Purc).

2.2. Ché tao dién cwc lam viéc

Vo dién cuc ¢o chiéu dai 52 mm, duong
kinh ngoai 8 mm, mot ddu dng c6 thé két
ndi voi thiét bi cuc phé, mot dau éng dé
nhdi hdn hop vit liéu dién cuc. Dién cuc co
2 phan: phan trén lam bang nhya chiu nhiét
dé lap cb dinh vao thiét bi cuc phd va phin
dudi 1am bang teflon dé nhdi hdn hop vat
liu. Phan dudi c6 thé thao roi khoi phin
trén, 2 phin dugc ghép ndi chit khit véi
nhau bing dc vit phia bén trong dién cuc.
Hon hop vat lidu nhdi dién cuc g(‘Sm 6ng
nanocacbon, Bi,O3, dau parafin theo ti I¢
58:7:35 (theo ti 16 % vé khéi luong). Lép
dién cuc vao vi tri dién cuc lam viéc cua
thiét bi cuc phé.

Céc diéu kién thi nghiém nhu ghi & bang 1.

Bdng 1: Cdc diéu kién thi nghiém

Diéu kién do Gia tri Diéu kién do Gia tri
Thé dién phan lam giau (Edep) -1,2V Thoi gian nghi (tres) 20s
Thoi gian dién phan lam giau (taep) 60s Bién d6 xung (AE) 30mV
Thé 1am sach dién cuc (Egean) +0,3V Bé rong xung (tpuise) 40ms
Thoi gian 1am sach dién cuc (teean) 60s Budc nhay thé (Ustep) 6mV
Thoi gian suc khi nito dudi oxi (ty) 120s | Khoang quét thé (Erange) | -1,0V ++0,3V
Tbc d6 quay dién cuc (o) 2000 Tbc d6 quét thé (v) 15mV/s
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3.KET QUA VA THAO LUAN

3.1. Nghién ctru anh hwéng cia kich c& bé
mat dién cuc

DPé 6 duge kich ¢& bé mit dién cuc khac
nhau ching t6i tién hanh thay 1an lwot doan
éng teflon lam vé dién cuc c6 dudong kinh
trong thay di tir 1,8 mm dén 4,0 mm; trong
khi van giit nguyén doan nhua chiu nhiét
trong sudt qua trinh nghién ctru. Tién hanh
ghi do duong SV cia dung dich gdbm [Cd*']
=2,68.10" M; [In*"] = 6,09.10°® M; [Pb*] =
1,45.10° M trén dién cyc lam viéc Bi,Os-
CNTPE ché tao duge trong nén dém axetat
va KBr n6ng d6 0,1M, pH = 4,5 véi cac
diéu kién thi nghiém nhu ghi & bang 1. Tt
cac két qua thu duoc cho thdy kich c& bé
mat dién cuc anh hudng 16n dén tin hiéu I,
cua Cd, In va Pb. Tai kich ¢& dién cuc c6
duong kinh trong 3 mm, I, cua cé 3 ion déu
cao, pic can d6i, do lap lai tét. Vi vay,
chung t6i chon kich ¢& dién cuc c6 dudong
kinh trong 1a 3 mm dé ché tao dién cuec.
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3.2. Nghién ctru anh hwéng ciia nén dién ly
Tién hanh ghi duong SV cua dung dich
chira [Cd*] = 2,23.10*M; [In*"] = 6,09.10"
*M; [Pb*']=1,21.10®M trong cic nén dién
ly khac nhau v&i cac diéu kién thi nghiém
nhu ghi & bang 1. Két qua (hinh 1) cho thiy
& cac nén : nén dém axetat; nén dém axetat
c6 mat cua KCl hodc NaNO; hodc LiCl
khéng tach duoc pic cia Cd va In; & nén
dém axetat c6 mat KBr hodc KI ¢6 thé tach
duogc pic cia Cd va In ra khoi nhau, pic cua
ca 3 kim loai déu cao va can déi. Didu nay
la do khi thém KBr hoac KI thi ion Br™ hoac
I c6 thé di xay ra qua trinh tao phirc, hap
phu trén bé mat dién cuc lam dich chuyén
E, cua cac kim loai nén tach dugc pic cua
Cd va In ra khéi nhau. Nhu vdy hoan toan
co thé su dung mot trong 2 nén dém
axetat va KBr hodc nén dém axetat va KI
dé phan tich dong thoi Cd, In va Pb bang
phuong phap SV.
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Hinh 1. Phé @6 DP-ASV ciia
Cd, In, Pb trong dém axetat
0,1M; pH = 4,5 c6 KCIl 0,I1M
(duwong 1); co KBr 0,IM
(duong 2); c6 NaNO; 0,1M
(duwong 3); co LiCl 0,IM
(duwong 4),; co KI 0,IM
(duwong 5)
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Hinh 2. Ph do DP-ASV aia Cd,
Invi P 6 cdc kich civbé mt dién
cue khac nhau
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Hinh 3. Puong DP-ASV nghién
ctru dnh hiong ciia nong dp Cd'
dén I, ciia Pb™*

DKTN: [Cd"] = 0 dén
3,57.10°M; [Pb2+] = 2,42.10
"M
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3.3. Anh huwéng cia ki thuat ghi do tin
hiéu Von-Ampe hoa tan

Khi tién hanh ghi do dudng SV theo 2 k§
thudt Von-Ampe hoa tan anot xung vi phan
(DP- ASV) va Von-Ampe hoa tan anot
song vudng (SW-ASV) véi dung dich chira
[Cd*] = 3,57.10°M; [In’"] = 6,96.10°*M;
[Pb>] = 1,93.10*M v6i cing cac didu kién
thi nghiém nhu ghi ¢ bang 1. Két qua thu
dugc cho thdy phuong phap SW-ASV cho
do nhay cua Cd, In cao hon (I, cao hon),
cua Pb thip hon so véi phuong phap DP-
ASV, pic cia phuong phap SW-ASV
khong tbt, trong khi d6 phuong phap DP-
ASYV cho cac pic cua Cd, In, Pb can ddi va
tach dugc hoan toan cac pic ra khoi nhau.
Vi vay, chung t6i chon phuong phap ghi do
DP-ASV cho nhitng nghién ctru tiép theo.
3.4. Anh hwéng ciia cac chét di kém

3.4.1. Anh hudng qua lai gita cic chat
nghién curu

Két qua nghién ciru anh hudng qua lai giita
cac chit nghién ctru nhu sau:

- Anh huong cua Pb d6i v6i Cd va nguogc
lai 1a khong dang ké.

- Khi ¢ dinh n6ng do Pb, tang dan n6ng do
cua In thi néu [In*'] < 1,5.[Pb*'] thi chua
anh hudng dén I, cua Pb, néu 1,5.[Pb*] <
[In*"] < 9.[Pb*"]) thi I, ciia Pb da thay doi
dang ké nhung van hoan toan c6 thé dinh
luong dugc Pb va In. Khi ting ndng do
([In*] > 9.[Pb*"]) thi khong dinh luong
duogc Pb do pic cua In chen l4n sang pic cua
Pb.

- Khi ¢b dinh ndng d6 cua In, ting dan ndng
d6 caa Pb ([Pb*"] < 0,46[In’"]) thi I, ctia In
giam nhe nhung pic thu duoc khong can déi,
khi ting ndng do Pb 16n hon 0,46 1an ndng do
In thi khéng dinh Iuvong dugc In.

- Khi ¢b dinh n6ng d6 Cd, tang dan n6ng do
cua In thi néu [Cd*] < [In*"], su anh hudng
cua Cd 1a khong dang ké, [Cd*'] > [In*"] thi
I, cia Cd thay doi déng ké theo chiéu
huéng ting dan, chimg to sy ting ndng do
cia In anh huong manh dén I, cia Cd
nhung van hoan toan c6 thé dinh luong
duge Cd va In (néu ndng d6 In ting tir 0
dén 34,78.10°®° M). Khi ting néng do In 16n
hon 34,78.10° M thi khong dinh lugng
duoc In do n6ng d6 In dat t6i trang thai bao
hoa, pic ctia In bi ché.

- Khi ¢6 dinh n6ng d6 In, tang dan n6ng do
cia Cd tir 0 dén 8,93.10®° M thi I, cta In
ting dan nhung van hoan toan c6 thé dinh
lwong duoc Cd va In. Khi ting ndng do Cd
16n hon 8,93.10° M thi khong dinh luong
duge In do pic ciia Cd chen ldn sang pic
cua In.

- Khi ¢6 dinh [Pb*'] = 2,90.10*M, ting din
ndéng d6 Cd, In thi néu [Cd*] < 35,71.10°
"M (ti 18 [Cd*)/[Pb™] < 12,3), [In*] <
34,78.10™M (ti 18 [Cd*"]/[Pb*'] < 11,99) thi
hoan toan ¢6 thé dinh luong duoc déng thoi
ca 3 ion, khi [Cd*'] > 35,71.10™*M, [In*] >
34,78.10*M thi pic ctia Cd bi ché nén
khong dinh lugng duogc Cd.

- Khi ¢b dinh [Cd*'] = 4,46.10®M, ting din
ndng do In, Pb thi néu [Pb>'] < 96,62.10°M
(ti 1& [Pb*)/[Cd] < 21,66), [In’] <
173,91.10°M (ti 1& [In’*)/[Cd*] < 39) thi
hoan toan c6 thé dinh luong ddng thoi ca 3
ion, khi [Pb*] > 96,62.10°M, [In’] >
173,91.10*M thi khong dinh luong dugc In
do pic cua In bi ché.

- Khi ¢b dinh [In*'] = 1,04.10"M, thém
dan lugng chinh xac Cd, Pb, néu [Cd*'] <
62,50.10"M (ti 1& [Cd*')/[In*"] < 6,01),
[Pb*] < 33,82.10°M (ti 1¢ [Pb*)/[In*"] <
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3,25) thi hoan toan co thé dinh lugng
duoc ca 3 ion, khi [Cd*"] > 62,50.10™M,
[Pb*] > 33,82.10™M, c6 su chen lan pic
cua Cd va In nén khong dinh lugng duoc
Cd, In.

3.4.2. Anh huong cua mot s6 kim loai,
halogen

Anh hudng cia mot s6 ion kim loai nhu Zn,
Cu, Fe dén tin hiéu I, ciia Cd, In va Pb di
duoc nghién ciru cho két qua anh huéng 1on
nhit 13 anh huong cua déng, duoc loai bo
bing cach thém dung dich Ga®" vao dung
dich (ndng d6 Ga®' 16n gip 25 1an ndng do
caa Cu (tinh theo ndng do ppb)). Két qua
nghién ctu anh huéng cia CI' va I' cho
thay CI" va I anh huéng khong 16n dén I,
cua Pb, Cd va In v6i ndng do bt dau giy
anh hudng 1a 2200ppb véi CI” va 2000ppb
véi I, Voi I, khi [I'] > 2000ppb thi pic cua
Pb bi ché khong xac dinh dugc Pb.

3.4.3. Anh huéng ciia chat hoat dong bé mdt
Céac két qua thu dugc cho théy s ¢6 mat
cta cac chit hoat dong anh hudng 16m dén
I, cua Pb, Cd va In, dac bi¢t 1a Pb va Cd.
Tuy nhién sau khi chiéu tia UV & budc
song 254nm trong 90 phuat, anh huong cia
cac chit nay 1a khong dang ké, vi vay trong
cdc mau nuée thuc té, trude khi phan tich,
chiing t6i tién hanh chiéu tia UV trong 90
phat (hodc nhiéu hon tuy thudc tinh chét
ctia mau) dé loai boé anh hudng cia cac chit
hoat dong bé mat.

3.5. Khéo sat d§ bén ciia dién cuc

Tién hanh ghi do 30 lan dung dich chira
[Pb*'] = 4,83.10°M trong dung dich dém
axetat 0,1M, pH = 4,5 vdi cac diéu kién thi
nghiém nhu ghi ¢ bang 1. Két qua (bang
3.13) cho thiy sau 30 1an ghi do cho d6 lap
lai RSD = 1,55%, sau 100 lan ghi do cho do
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lap lai RSD = 6,21% ching té dién cuc co
d6 bén rat tbt.

3.6. Phan tich miu that

3.6.1. Phdn tich méau chudn

Tién hanh phan tich mau chuin dé kiém tra
danh gia do dung cua két qua phan tich theo
phuong phap DP-ASV st dung dién cuc
Bi,0;-CNTPE ché tao dugc. Mau trAm tich
bién MESS-2 do Vién nghién ctru moi
truong Qudc gia Canada ché tao duoc chon
14 miu chudn (hay mdu CRM) dé danh gia
d6 dung cia phuong phap DP-ASV. Mau
chuén dem phan tich chi chira Cd va Pb ma
khéng ¢6 In. Miu chudn duge xir 1y theo
TCVN 6649:2000 (ISO 11466:1995). Két
qua thé hién & bang 2.

Két qua thu duoc (bang 2) cho thiy,
phuong phap DP-ASV st dung dién cuc
Bi,O;— CNTPE dé x4c dinh ham luong Pb
trong mau chuan véi sai s6 (-6,39%), c6 su
turong quan tuyén tinh tdt giita I, cua Pb va
ndéng do Pb. Tuy khong phat hién va dinh
luong dugc Cd do LOQ ctia phuong phap
véi Cd 1a 0,515 ppb cao hon ham lugng Cd
trong dung dich phan tich nhung van co sy
tuong quan tuyén tinh tét gitra I, cua Cd va
néng dd Cd trong dung dich phan tich
chuing t6 phuong phiap DP-ASV su dung
dién cuc Bi,0;— CNTPE c¢6 d6 dung cao co
thé sir dung dé phan tich vét kim loai trong
cdc mau thuce té.

Bdng 2. Két qua phan tich Pb va Cd trong

maéu chuan MESS-2
Kim loai Gia tri xac dinh | Gia tri chirg
duoc (ug/g) chi (ng/g)
Pb 20,5+0.94 21,9 +1,20
Cd KPH" 0,24 + 0,01

Ghi chu: (*) KPH: Khong phat hién dugc.




3.6.2. Phdn tich mdu made song, ho

Mau thét phén tich gdm 4 mu nude hd Ty va 4
mau nuéc song TO6 Lich duoc ldy ngay
25/9/2014. Hat 10ml nudc sau khi da xu ly
cho vao cbe thuy tinh, dem chiéu tia UV
trong 90 phut, thém 0,5ml HNO; dac, day
mit kinh ddng hd 1én trén, dun cach thuy &
trén bép tir gia nhiét & 105°C trong 2h, dé
ngudi, chuyén vao binh dinh muc 10ml,
trang rira mat kinh dong hd, nudc ria tap
trung vao binh dinh muc, kiém tra pH va
didu chinh pH t6i 4,5 bang cac dung dich
CH;COOH 0,1M, NaOH 0,1M, dung dich
dém axetat 0,1M (pH = 4,5) va KBr 0,1M,
dinh murc dén vach. Chuyén dung dich vao
binh dién phan, ghi do dong DP-ASYV theo
phuong phap thém chuin st dung dién cuc
Bi,0;-CNTPE. Cac diéu kién ghi do nhu &
bang 1. Két qua phan tich miu nu6c séng To
Lich, hd Tay cho thdy trong cac miu nudc
song T6 Lich ¢6 chira ham luwgng Pb tir 1,45
dén 1,93 ppb; trong cac mau nudc hd Tay co
chtra ham luong Pb tir 1,03ppb dén 1,39ppb.
Cac miu nude phan tich déu co6 ham luong
Cd, In nhé hon giéi han dinh luong cia
phuong phap.

3.6.3. Phdn tich so sanh voi phuong phdp
chudn AAS

Dé so sanh phuong phap DP-ASV sir dung
dién cuc Bi,O;-CNTPE (DP-ASV/Bi0;-
CNTPE) véi méot sb phwong phap khac,
chiing t6i tién hanh dinh lvong Pb trong cac
mau nuéc phan tich & trén bang phuong
phap quang phd hip thu nguyén tir 1o
graphit (GF-AAS) (coi phuong phdp GF-
AAS la phuong phap chuén). Két qua cho

thdy khi phén tich Pb theo 2 phwong phap
DP-ASV/Bi,0;-CNTPE va GF-AAS thi sai
s gitta 2 phuong phap tir -5,50% dén
+20,01% nam trong giéi han cho phép ddi
v6i phén tich vét. Diéu d6 chimg té phuong
phap DP-ASV/Bi,0;-CNTPE ¢6 d6 dung
t6t, co thé st dung dé phan tich cac ion
nghién ctru voi do tin cay cao.

4. KET LUAN

ba tim dugc phuong phap ghi do thich hop
1a phuong phap DP-ASV va 2 nén dién ly
thich hop la nén dém axetat va KBr hodc
nén dém axetat va KI cho phép ghi do xéac
dinh ham luong Cd, In, Pb trén dién cuc
Bi,0,-CNTPE bang phuong phap SV. Di
nghién ctru &nh huong ciia mét 6 kim loai,
halogen, chét hoat dong bé mit di kém dén
viéc ghi do duong Von-Ampe hoa tan. Do
chinh xac, d6 ding va tin cay cia cua
phuong phap dd dugc kiém soat theo
phuong phap phdn tich miu chuin dbi
ching va theo phuong phap phan tich so
sanh voi phuong phap chuan AAS. Di ap
dung quy trinh phan tich xay dung dugc vao
viéc phan tich xac dinh dong thoi vét Cd, In
va Pb trong miu nudc sdng, nudc hd bing
phuong phap DP-ASV véi dién cuc bién
tinh Bi,0;-CNTPE ché tao duoc. Két qua
phan tich mau thyc thu duoc cho phép
khing dinh ring c6 thé s dung phuong
phap DP-ASV véi dién cuc bién tinh
Bi,0;-CNTPE in situ ché tao dugc vao viéc
xéc dinh dong thoi, chinh x4c va tin ciy vét
Cd, In, Pb trong cic mau nudc ty nhién.

(xem tiép trang 369)
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