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SUMARY

DETERMINATION OF TRACE COPPER (Cu) BY ANODIC STRIPPING
VOLTAMMETRY USING Bi;O;-MODIFIED GRAPHITE OXITE
PASTE ELECTRODE

Bi;0s3-modified graphite oxide paste electrode (Bi0O3-GOPE) was manufactured
and used for the determination of trace amounts of copper by differential pulse anodic
stripping voltammetry method (DP-ASV). The stripping peak current (1,) has a linear
relationship with concentration in the range of 0,2 ppb to 12,3ppb of Cu(ll) with a
deposition time of 120s at deposition potential of -1,2V, in 0,IM acetate buffer (pH
=4,5). The relative standard devition (RSD) for a solution containing 2ppb Cu (1I)
was 1,12% (n = 10), the 3o detection limit of 0,08ppb. The electrode applied to
determination Cu(Il)) in seawater sample in Binh Dinh.

Keywords. anodic stripping voltammetry, Bi;O; Cu, Graphite oxide paste electrode.

1. MO PAU

DPdng doéng vai trd quan trong ddi voi
nhiéu loai thuc vat va dong vat. Déng
tac dong dén nhiéu chirc ning co ban va
13 mdt phan ciu thanh nén cic enzym
quan trong trong co the tham gia vao
cac hoat dong san xudt hong cau, sinh
tong hop elastin va myelin, tong hop
nhiéu hoormon ( catecholamin, tuyén
giap, corticoid...), tong hop nhiéu sic
t6[1,2,3]...Do vdy dong 1a mot chat
dinh dudng can thiét cho co thé voi ham
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luong rat nho. O tré so sinh va dang bu
me thiéu doéng din dén thiéu mau va
thiéu bach cau trung tinh. Tré em mic
bénh suy nhugc nhi¢t doi goi Ia
Kwashiskor thi biéu hién thiéu dong la
mat sic tb ¢ 1ong toc. Tuy nhién voi
ham luong déng vuot qua murc cho
phép, dong lai c6 thé gy ra mot sb anh
huong dbi voi suc khoe. Nhiém doc
ddng trong thoi gian ngin co thé gy ra
mot sd roi loan da day va non mira.
Viée st dung ngudn nudc c6 ndng dd



déng vuot qua gioi han cho phep trong
nhiéu nim co thé gy ra nhitng bénh
gan, than. Khi co thé ngudi hap thu mot
luong ddng kha 16n s& co6 biéu hién
bénh Wilson. Pay 1a bénh do déng duoc
tich dong nhiéu trong gan, ndo, da day
gdy ra. Ngoai ra nhirng nguoi lam viée
thuong tiép xtc véi dong dé bi mic
bénh ung thu phdi va bénh ding tri
[2,4,5].. Phuong phdp Von-Ampe hoa
tan anot (ASV) la phuong phép c6 do
chinh xéc, d¢ nhay cao thuong dugc st
dung dé xac dinh luong vét cac kim
loai, trong d6 c6 luong vét cua thiée va
chi. Bién cuc thiy ngan nhu di¢n cuc
giot thuy ngan treo (HMDE), dién cuc
mang thuy ngan (MFE) la nhirng dién
cuc phd bién va truyen théng dé xac
dinh lwong vét chi bang ASV. Tuy
nhién Hg 1a nguyén t6 c6 doc tinh cao,
anh huong 16n dén sic khoe con ngudi
va modi truong, nén viéc tim kiém dién
cuc moi thay thé dién cuc Hg la rit can
thiét. B3 c6 nhiéu cong trinh nghién ctru
tim kiém dién cuc thay thé Hg nhu
cacbon bitmut [4, 5, 6]. Trong hon hop
bot nhao lam vat liéu dién cuc paste
carbon thi GO 1a mot vat li¢u moi dang
rat duoc quan tam su dung nhu la vat
liéu thay thé bot graphit hodc cacbon
quang phd,...GO co thé duoc tron véi
dau parafin, dau silicon, chat long
..[5, 6]. Theo hudng ké trén, chiing
t6i dﬁ nghién ctru ché tao dién cuc paste
GO bién tinh bang BiO3 (BiOs—
GOPE) sur dung trong nghién ctru va
phan tich ham luwong vét Cu trong miu
nude bién ¢ Binh Dinh.
2. THUC NGHIEM
2.1. Thiét bj - dung cu - Hoéa chat
May cuc phd da ning 797 VA
Computrace do hang Metrohm (Thuy
S1) san xuit.
Can phan tich 5 s6 TE 2148, sai sb
0,lmg do hang Sartorius (Puc) san
xuét; Cac dung cu cdi, chay ma nao
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(Trung Quéc); dung cu thay tinh,
micropipet (Puc),...

Graphite (Nhat), dau parafin (Nhat),
B1,03 (Puc). Cac dung dich khac dugc
pha ché tir hoa chat tinh khiét dung
phan tich ctia Merck va nuéc cit hai
lan, siéu sach.

2.2. Chuin bi dién cye lam viéc

Can chinh x4c 0,144 g GO cho vao
trong c6i ma ndo, thém tiép 0,0036 g
Bi;03, 45 pl dau parafin, tron déu bang
chay mi ndo. Hon hop vat liéu thu duoc
dem sdy & 105 °C trong 2 gio dwoc hdn
hop vat liéu nhio. Nhoi hdn hop nhido
thu duoc vao 6ng teflon dai 52 mm,
duong kinh trong 3 mm, phan trén co
gan chdt kim loai c6 thé két ndi voi may
cuc phé da nang nhu mot di¢n cuc lam
Viéc.

2.3. Phwong phap nghién ctru

Gian d6 nhidu xa tia X cua cidc mau vat
liéu dugc do trén nhidu xa ké Bruker
v6i dng phat tia X bang Cu co bude
song bang 1,540 A. Anh hién vi dién tur
quét (SEM) va anh hién vi dién tu
truyén qua (TEM) duoc xac dinh trén
may JEOL-JSM 5410. Cac pho d6 duogc
ghi do trén thiét bi dién héa Metrohm
797V A computrace.

3. KET QUA VA THAO LUAN

3.1. Pac trung vat li¢u

Trong bai bao nay, GO dugc tong hop
bang phuong phap oxi hoa graphit boi
KMnO4 trong moéi truong H,SO4 dac
[7,8]. Dé khao sat tinh chat, vat liéu GO
dugc tién hanh dic trung bang cac
phuong phap nhu nhiéu xa tia X, kinh
hién vi dién tir truyén qua, kinh hién vi
dién tir quét, hip phu va giai hap phu N,
& 77K. Céu tric ctia GO da dugc xac
dinh boi k§ thuat nhidu xa tia X va két
qua dugc trinh bay trong Hinh 1.
Graphit, ngudn nguyén liéu dé diéu ché
GO ciing duogc dic trung dé so sanh.
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Hinh 1 Gidn dé nhiéu xa tia X ciia
graphit (a) va GO (b)
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Hinh 2. Puong cong hdp phy va gidi
hdp phu N2 & 77K ciia graphit (a) va
GO (b)

Gian d6 nhiéu xa tia X cho thdy 1 pic
dic trung cho céu trac graphit 1a dinh
nhon & goc & 20 = 26,3°, twong ng véi
mit 002 v6i khoang cach d = 3,3 A”. So
v6i gian dd nhifu xa tia X cua graphit
ban dau, trong gian dd ciia GO lai xuét
hién dinh nhon & goc 26 = 11,70, tuong
g v&i khoang cach d = 7,6 A va pic
c6 cuong do manh & goc 26,30 da bi
bién mat. Két qua nay cho thdy khoang
cach gitra cac 16p cua GO tang Ién va
pic twong tng voi mat 002 dich chuyén
sang phia c6 gia trin goc 260 thap hon.
Diéu nay cho thiy ching toi da thanh
cong trong vi¢c oxi hda graphit va lam

gian cac 16p graphit ra khoi nhau.
Pé minh chirmg thém cho viéc lam gidn
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nd cac 16p trong graphit, ki thuat hip
phu va giai hap phu ciing duoc str dung
dé dic trung cac vat liéu GO. Hinh 2
chi ra ring, cac duong cong hap phu
dang nhiét cta graphit va GO déu thudc
dang V, dac trung cho vat litu mao
quan theo phan loai cia IUPAC. Tuy
nhién, do luong hﬁp phu bé nén cac vat
liéu nay co6 di¢n tich bé mat khong lon.
Néu so sanh vé&i graphit, dudng cong
hap phu va giai hip phu c6 hién tuong
tré o rang hon. Picu ndy co thé do
khoang cach trdng giita cac 16p trong
GO 16n hon so voi graphit. Hinh thai
vat li¢u graphit va GO cling duogc dac
trung bang phuong phap SEM va két
qua duogc trinh bay trong hinh 3a va 3b.

Khi so sanh hinh anh SEM cua graphit
va GO, chiing ta d& dang nhan thiy rang
bé mit cua graphit bong nhin hon va
bao gdm cac 16p. Péi véi GO, bé mat
xu xi hon va cac 16p trong graphen
duoc gian rong ra va cung dugc khoanh
tron trong hinh 3b 13 mot vi du. Dé



minh ching rd hon sy boc tach cac 16p
graphen trong qua trinh oxi hoa graphit,
vat lieu dugc chyp anh TEM, két qua
duoc trinh bay ¢ hinh 4a va 4b.
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Hinh 4. AnhTEM ciia Graphite oxit

Vit liéu GO chung ti tong hop duoc sir
dung 1am nguyén li¢u cho dién cuc
Bi,05-GOPE.

3.2. Khio sat anh hwéng cia thanh

phan nén va pH ciia dung dich

Thuc hién thi nghiém di€n phan dung
dich [Cu2+] = 200ppb lan luot trong 4
thanh phan nén khic nhau: dém axetat
(CH3COOH va CH3COONa 0,1 M, pH
= 4,5); dém axetat + KBr 0,1 M; dém
axetat + NaOH 0,1 M; dém axetat +
NaNO; 0,1 M. Két qua cho thdy khi
dung hdon hop dém axetat CH;COOH va
CH3COONa 0,1 M, pH = 4,5) thi pic
thu dugce rat can ddi, IP cua Cu co6 gia tri
16n hon so véi cac nén con lai. Ching
t6i tiép tuc khao sat phd dd cua dung
dich chira Cu®’ trong nén dém axetat
NaCH;COO 0,1 M va CH;COOH 0,1
M ¢ cac pH khac nhau (cac diéu kién do
gidng nhau), két qua (Hinh 5) cho thiy
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o pH = 4,5 pic thu c6 dinh pic cao hon
so voi cac pH khac, pic ciing can d6i
hon nén nén dém axetat CH;COOH va
CH3;COONa 0,1IM (pH = 4,5) duoc
chon cho cac nghién ctru tiép theo

Z15
=

pH

Hinh 5. Anh huong ciia pH dén 1, cua ar”
3.3. Két qua khao sat anh hwéng cia
thé di¢n phan (Eqp) va thoi gian dién
phan lam giau (tqep)

Khi ting thé dién phan lam giau tur -
0,9 V dén -1,4 V thi dong dinh hoa tan
ciia Pb thay dbi khong dang ké (Bang
1). Tuy nhién, khi dién phan tu -1,1V
dén -1,4 V, ¢6 nhiéu ion kim loai cung
tham gia dién phan lam giau va ciling bi
khir trén bé mat dién cuc lam viée lam
anh huong tin hi¢u hoa tan cta Cu. Vi
vay chung t61 chon E4, = -1,0 V cho
nhirng nghién ctru tiép theo.

Bang 1. Anh huong cua Eqep va tyep tOi
I, ciia Sn’" va Pb**

Eqep (V) -09 -1 |-1,1]-1,2|-1,3|-1,4
I, (nA) cua|0,78(0,79(0,68/0,70|0,8 |0,81
Sn2+
taep (S) 60 |90 [120 |180 |250 {300
I, (nA) cua|0,41(0,71(0,83|1,20|1,38|2,10
Sn2+

Khi thay dbi thoi gian dién phan lam
2iau (tgep) tr 60300 s thi I, cua Cu tang
dan theo thoi gian dién phan (Bang 1)
do thoi gian di€n phan cang lau thi
luong chat duoc tich iy trén bé mit
dién cuc cang 16n. Tuy nhién, khi tang
taep €O thé lam tich liy thém cac kim
loai can tré nhu Zn, Pb, Cd... déng thoi
c6 thé gay hién tuong da 16p lam giam
do 1ap lai cua phép phan tich. Mat khac,




tai thoi gian dién phan 120 s, khi tién
hanh do Iap lai 5 1an, phép do c6 do lap
lai tot, I, twong dbi cao va can dbi nén
chung t61 1u:a chon tgep = 120 s cho céac
thi nghiém tiép theo.

3.4. Khio sat anh hwong caa toéc do
quay dién cwc lam viée (0); tbc dd
quét thé (v); bién d6 xung (AE)

Khao sat toc do quay dién cuc (o) trong
khoang 10002200 vong/phut. Két qua
cho thiy ¢ @ = 1600 vong/phut thi dong
dinh hoa tan I, cia Pb 16n nhat, dong
thoi cho do lap lai t6t nhit. Do viy o =
1600 vong/phit dugc chon cho cac thi
nghiém tiép theo.

Khao sat toc do quét thé tir 0,005+0,05
V/s cho thay toc do quét v = 0,015 V/s
cho gia tri I, cua Pb tot nhat. Két qua
nghién ctru danh huong cua bién do xung
cho thay tai bién d6 xung 0,05V pic
can dbi, o 16n cao nén gia tri bién do
xung 0,05V 1a thich hop.

3.5. Khoang tuyén tinh, d§ Lip lai, do
nhay, gi¢i han phat hién va giéi han
dinh lwgng

Khoang tuyén tinh: Khi dién phan dung
dich chtra Sn va Pb c6 ndng do ting dan
tr 3ppb+ 21ppb, chung t61 nhan thay
trong khoang nong d6 nay Cu c6 do tuyén
tinh t6t (hinh 6). Tién hanh xay dung
duodng chuan trong khoang tuyén tinh nay
cho phuong trinh duong chuidn y =
0,341x+ 0,441 (R* = 0,9986) dbi véi Cu

Cu

= ,
- =00 ]
200'1:
1 DDI‘l:
D:

-1_00 —D,IBD —D,IEED —D,I4D -0 zZ0
L= L ]
Hinh 6. Pho do khao sat khoang tuyén
tinh cua Cu

Do lap lai: Tién hanh do Iip lai 10 lan
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(n =10) dung dich chtra [Cu2+] = 9ppb
cho d6 lap lai kha tét, RSD =2,67%. Do
nhay ctia phuong phap tuong ddi trong
khoang tur 0,4+0,78 uA/ppb. Gidi han
phat hién (LOD) ctia phuong phap xac
dinh dong theo qui tic 30 1a LOD =
0,02 ppb va gidi han dinh lvgng (LOQ)
cua phu’ong phap la: LOQ = 2ppb.
3.6. Ung dung phan tich miu nwéc
St dung dién cuc Bi,0Os - GOPE dé
phan tich ham luong Cu trong mau
nude bién theo phuong phap DP- ASV.
Mau nuée duge ldy tai Dam Thi Nai (tir
ngay 22+24/8/2016), mau sau khi ldy
dugc xtr Iy so bd bang dung dich axit
HNOs; va dugc bao quan ¢ nhiét do 4-
10 0C, mang vé phong phan tich dé xur
ly mau. Dung dich mau duoc phan tich
trén thiét bi cuc phd da ning 797 VA
Computrace. Két qua phan tich céc
mau nuoc theo phwong phap thém
chuin cho thdy ham luong ciia Cu ndm
trong khoang 0,78+ 1,23 ppb (Bang 2).
Déi chiéu v6i Quy chuan ky thuat qudc
gia vé chit luong nuwéc mit QCVN:
2011/BTNMT thi cic mau nay déu dat
gi4 tri nam trong gidi han cho phép.
Bang 2. Két qud phan tich mau

Dia diém lay Ngay lay Ham luong
mau mau Cu (ppb)
Nhon Hoi 22/8/2016 | 0,78+ 0,05
Cau Nam 22/8/2016 | 0,824 0,03
Cau Thi Nai 23/8/2016 | 1,1+0,02
Nhon Binh 1 24/8/2016 | 1,144+ 0,03
Cau boi 24/8/2016 | 1,23+ 0,06

3.7. Két luan

ba nghién cuu céc diéu kién thuc
nghiém dé xay dung quy trinh phan tich
ham lwong Cu®" bang phuwong phap DP-
ASV sur dung dién cuc paste graphit
oxit bién tinh bing Bi0; (BiOs—
GOTPE). Cac diéu kién thuc nghiém
bao gom: thé dién phan -1,0V; thoi gian
dién phan 120s, bién d§ xung 50mV;
tbc do quét thé 0,015V/s; toc do quay
dién cuc 1600 vong/phut. Dién cuc
duoc sir dung cho két qua khoang tuyén



tinh tuong ddi rong, do 1ap lai tdt, gidi
han phat han va giéi han dinh luong
thip. Dién cuc dugc tng dung dé phan
tich ddng trong miu nudc bién ¢ Binh
Dinh cho két qua t6t. Ham luwong cia
Cu nam trong khoang 0,78+ 1,23 ppb.
Qua két qua phan tich cho thiy nuéc
bién Binh Pinh khong bbij 6 nhiém bai
dong.
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