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Tém tat. Dién ciec mang hén hop vang — dong trén nén dién cuc than thiy tinh c6 thé dugc dung dé xac
dinh luwgng vét Hg! bmeg phuong phéap von-ampe hoa tan anot xung vi phan. Dién cwec nay duoc ché tao
bang ky thuat in-situ véi dung dich phan tich Hg!' chita HCIO4 5 x 103 M, Aul 0,2 mg/L va Cu'! 0,05 mg/L
6 thé 1100 mV. So véi dién cyc mang Au trén nén dién cuc than thuy tinh thi dién cyc mang hdn hop
Au—Cu c6 d0 14p lai t6t hon trong liic chi can st dung mét lwong vang nho hon dé€ tao mang. Gidi han
phat hién Hg!" 1a 0,09 pg/L & thoi gian dién phan lam giau 250 s. D6 ldp lai cta I 1a rat t6t (n = 20) ngay
v6i miec nong do thap cua Hg! (5 ug/L, RSD = 2,6%).

Tu khoa: thuy ngan, dinh lwong thuly ngan, dién cuc mang Au-Cu, von-ampe hoa tan

Gold-copper film deposition on glassy-carbon electrode in determination
of Hg" trace by differential pulse anodic stripping voltammetry
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Abstract. A gold-copper film on the glassy-carbon electrode can be used to determine the trace amount
of Hg!' by differential pulse anodic stripping voltammetry. The gold-copper film was in-situ deposited
onto the glassy-carbon electrode surface in an aqueous solution containing Hg™, HCIO4 5 x 108 M, Au™
0.2 mg/L, and Cu' 0.05 mg/L at 1100 mV. In comparison with the gold film/glassy carbon electrode, this
electrode has better repeatability while using a smaller amount of gold for film-forming. The Hg"
detection limit is 0.09 pg/L at a deposition time of 250 s. The repeatability of I is very good (1 = 20) even
at a very low concentration of Hg" (5 ug/L, RSD = 2.6%).
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1 Mo dau

Thuy ngan la kim loai ndng c6 doc tinh cao
d6i v6i dong vat va vi sinh vat. Do vay, nong d6 t6i
da cho phép ctia Hg trong nudc mat va nuedc sach
dung cho sinh hoat déu dwgc Quy chuan Ky thuat
Viét Nam hién nay quy dinh ¢ mtc 0,001 mg/L [1,
2]. Cac phuwong phap phd hap thu nguyén tit, phd
huynh quang nguyén tt két hop véi ky thuat hoa
hoi lanh thuwong dwgc st dung d€ dinh lugng thuy
ngan (CV-AAS, CV-AFS). Hién nay, nhiéu c6ng b8
cho thdy cling c6 thé xac dinh dugc lugng vét thuy
ngan trong mau nuwdc bang phuwong phap von-
ampe hoa tan andt (ASV) don gian va co chi phi
thdp hon so véi cac phuong phap phd. Dién cuc
vang hodc dién cuc ché tao bé“mg vat liéu khac
nhung duoc bién tinh bang vang thuong duoc st
dung d€ dinh lwong Hg bang phuong phap nay [3,
4]. Vang c6 thé tao hon hdng véi thuy ngan, nén sé
tao diéu kién tot cho qua trinh lam giau Hg, lam
tang d0 nhay, han ché tao thanh két tua kho tan
Hg>Cl trén bé mat dién cwc lam giam d6 14p lai cua
phép phan tich [5, 6]. Tuy ¢6 mot s6 wu diém,
nhung viéc sit dung vang dé ché tao dién cuc dung
dinh luong Hg ciing c6 mot s6 nhuwoc diém [3],

trong d6 ndi bat nhat la gia thanh cao.

Nam 2014, Chaiyo va cong su lan dau tién
st dung mang Cu trén nén dién cuc mang kim
ceong pha tap bo (BDDE) d€ x4c dinh luwong vét
Hg"[5]. Nam 2015, Jovanovski va cong st da cong
bd két qua nghién cttu xac dinh Hg!" va Pb! trén
dién cyc mang Cu trén nén dién cuc than thuy tinh
[7]. Cac két qua nghién cttu sau hon vé viéc sw
dung mang dong dé€ xac dinh lugng vét Hg!' ctia
nhém tac gia Jovanovski cling vira dwgc cong bd
trong nam 2019 [4]. Theo c6ng b nay, véi thoi gian
dién phan 300 s, gidi han phat hién caa Hg'"la 0,3
ug/L. Tuy vay, trong nén HC1 0,1 M + NaCl 0,4 M,
trén duong von-ampe hoa tan khi dung dién cuc
mang Cu xudt hién 2 dinh hoa tan khac nhau cua
Cu (I va IT) ndm 6 2 bén dinh hoa tan ctia Hg! [4].
biéu nay c6 thé gay can trd cho viéc dinh luong
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Hg" néu dung dich phan tich c6 thanh phan nén
phtic tap. Ngoai 2 nhém téc gia ndi trén, cho dén
nay khong thdy cong bd nao khac sit dung dién ciee
mang Cu d€ dinh lugng Hg! bang phuong phap
ASV.

Két qua thit nghiém véi 2 loai dién cuc mang
Au va mang Cu trong cac dung dich dién phan
chtra cac loai axit khac nhau cho thay tin hiéu hoa
tan ctia Hg!' chi xuat hién kha 6n dinh trén dién cuc
mang Au; gan nhu khong thé ghi duoc tin hiéu hoa
tan ctia thiy ngan trén dién ciec mang Cu. Trong
ltc d6, tin hiéu hoa tan cua Hg! lai rdt 6n dinh va
nhay khi st dung mang hon hop Au-Cu diéu ché
bang k§ thuat in-situ. Bai bio nay trinh bay két qua
khao sat cac diéu kién ché tao dién cuc mang hon
hop Au-Cu in-situ d¢ dinh luwong Hg! bang
phuong phdp von-ampe hoa tan andt xung vi phan
(DP-ASV) va mét s6 yéu t6 anh huong.

2 Thuc nghiém

2.1 Hoéba chat, thiét bi

Tat ca cac hoa chat dugc siv dung déu 1a hoa
chat tinh khiét dung cho phan tich cua hang Merck
(Ptec). Dung nudce cat 2 lan d€ diéu ché dung dich.
Dung cu thtty tinh dwoc rira sach bang cach ngam
trong dung dich HNO:s 1:2 trong 4-6 gio, trang rita
lai bang nuwdc cat trude khi stt dung.

Céc thi nghiém phan tich duoc tién hanh
trén thiét bi Metrohm 797 VA Computrace (Thuy
S¥) v6i hé 3 dién cye (dién cyee lam viée la dién cyee
ran dia quay than thuy tinh, dién cuc so sanh
Ag/AgCl/KCl 3 M va dién cuc ddi Pt). Thiét bi duoc
digu khién bang phan mém 797 VA Computrace.

2.2 Chétao dién cyc than thuy tinh

bién cuc nén la dién cuc than thuy tinh
(glassy-carbon electrode, GCE), c6 dwong kinh
2,8 +0,1 mm. Bién ciec GCE dwoc mai bong véi hon
hop nhao chita bot Al:Os chuyén dung (kich thuwde
hat 0,6 um) va nudc cat. Rira dién cuc b;‘“mg nuwdc

cat; sau d6 ngam trong dung dich HNOs 2 M; rita
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lai nhiéu Ian béng nudc cat 2 [an, dé kho tw nhién

0 nhiét do phong.

2.3 Dién phan tao mang Au/Cu va ghi tin hiéu
DP-ASV cua Hg!

Cac dién cuc mang Au (Au/GCE), Cu
(Cu/GCE) hay Au-Cu (Au-Cu/GCE) stt dung trong
nghién cttu nay déu duoc ché tao bang ky thuat
dién phan in-situ. Nhang dién cuc lam viéc (da
danh bong va lam sach), dién cuc so sanh va dién
cuc d6i vao binh dién phan. Dung dich phan tich
trong binh dién phan chita HClO4, Au'! (hodc Cul,
hodc hdn hop Aul+ Cu'") va Hgl. Tién hanh dién
phén lam giau & thé (Eaep) trong thoi gian xac dinh
(taep). Trong giai doan nay, dién cuwc quay véi toc
d6 2000 rpm. Trong diéu kién Edep thich hop, Au'!
va/hodc Cul sé bi khit thanh kim loai bam trén bé
mat dién cuc d€ tao thanh dién cuc mang kim loai
twong tng. Dong thoi véi qua trinh tao mang,
trong giai doan nay Hg" sé€ bi khit vé Hg kim loai
tap trung lén bé mat dién cuc, tao hon héng véi
Au/Cu. Két thuc giai doan tao mang va lam giau,
nglng khudy dién cuc 5-15 s (thoi gian can bang
tequal). Sau d6, quét thé theo chiéu dwong dan tir
-0,1 dén 1,0 V, dong thoi ghi duwong von-ampe hoa
tan theo ky thudt xung vi phan voéi cac thong so ky
thuat thich hop. Cudi cung, xac dinh thé va cuong
do dong dinh hoa tan (Ep, Ip) caa Hg" tir duong

von-ampe hoa tan thu duoc.

3 K&t qua va thao luan

3.1 Tin hiéu hoa tan ctia Hg" trén dién cuc
mang dong (CuFE)

Khong nhu cac két qua duoc cong bé truede
day [4, 5, 7], mdc du da thay d6i nhiéu diéu kién
phéan tich khac nhau nhw loai axit, nong do axit,
nong do dung dich Cu® d€ tao mang in-situ trong
dung dich phan tich, cung cac diéu kién ky thuat
dién hda khac nhau nhu thé dién phan, thoi gian

dién phan lam giau..., nhung trén dwong von-
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Hinh 1. Cac duong DP-ASV cua dung dich Hg" 5
pg/L chita HC1O4 10 M, Cull 0,1 mg/L

ampe hoa tan van khong xuat hién dinh hoa tan
cta Hg trén Cu/GCE. Cac thi nghiém twong tu
duoc tién hanh véi dién cuc mang Cu trén nén dién
cec BDDE (Cu/BDDE) ciing cho két qua tuong tu.
Két qua thi nghiém cho thay quy trinh phan tich
dinh luong Hg véi Cu/GCE bang ASV chua thuc
sw On dinh. C6 thé cé mot sd yéu té anh huong khac
chura 15 dan dén tinh trang khong xuat hién dinh
hoa tan cua Hg trong truong hop nay.

3.2 Tin hiéu hoa tan ctia Hg" trén dién cuc
Au/GCE

Dinh hoa tan ctia Hg xudt hién rd rang o thé
khoang +0,65 V khi st dung Au/GCE trong moi
treong chita cac loai axit HCl, HNOs hodc HCIO..
Mac du I, cia Hg ghi dugc trong cac moi treong
axit da néu déu kha cao va gan twong duong nhau,
nhung d6 lap lai cua I khong tot d6i véi truong
hop HCI va HNOs. Trong dung dich HCIO4+ 1073 M,
do lap lai cta I, caa Hg" 5 pg/L tang dan khi tang
nong do Au thém vao dung dich dé€ tao mang in-
situ. O mikc nong do Au 0,2 mg/L (Hinh 2A), d6
1p lai ctia Ip khé t8t (RSD = 9,2%, 1 = 9). D6 lap lai
cua Ip ti€p tuc tang khi tdng nong do Au d€ tao

mang trong dung dich phan tich (Hinh 2B).
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Hinh 2. Cac duong DP-ASV ctia cac dung dich Hg! chita Au & cac noéng do khac nhau (A) 0,1 mg/L;
(B) 0,2 mg/L

3.3 Tin hiéu hoa tan cua Hg! trén dién cuc
Au-Cu/GCE in-situ

Anh huéng cta ty 1¢ nong do Au va Cul!

Cé thé tang duoc d0 lap cta Ip ctia thuy ngan
ma khong can tang néng d6 Au trong dung dich
bang cach thém Cu' vao dung dich phan tich. Lic
nay, trong qua trinh dién phan lam giau, 16p mang
Au-Cu hinh thanh trén bé mat dién cuc cung véi

su tich tu Hg. Bang cch nay c6 thé giam duoc
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0.0000180 | C: % (A)
/‘\ Y Au 0,1 mg/L - Cu 0,2 mg/L
00000138 | ]
- ]
< {
- 00000090 | |
i
b
0.0000048 /
:_'/_\— - ""‘/
T 0.8 T
E(V)
0.000012 | Cu (C)
' Au 0,1 mg/L - Cu 0,05 mg/L
0.000008 |
\ ‘j/
z
- 0.000008 | ||
4 Hg
\ i
0.000003 | N ’z»\_// <
TTes ez e as e e

E(V)

lwong Au' st dung va do d6 giam duwoc chi phi
phén tich. Két qua ghi I, caa Hg trén dién cuc
Au-Cu/GCE in-situ trong dung dich HCIOs 10 M
véi cac ty 1€ nong do Au va Cu® khac nhau dwoc
trinh bay trong Hinh 3 va Bang 1. Véi ty 1é nong d6
0,2:0,05 (mg Au:L:mg Cu:L), Iy cia Hg! cao va d¢ lap
lai tét. Vi vay, ty 1é nong d6 nay duwoc chon dé khao

sat cac yéu t6 anh huong tiép theo.
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Hinh 3. Puong DP-ASV cta dung dich phéan tich chita Hg" 5 pg/L, HCIO4 10 M va Au", Cu" véi cac ty 1é nong do
(mg Au:L:mg Cu:L) khac nhau (A) 0,1:0,2; (B) 0,1:0,1; (C) 0,1:0,05; (D) 0,2:0,05
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Bang 1. Anh hrong cua ty 1& nong d6 hdn hop Aul va Cul! dén I, ctia Hg!

Cau:Ceuan (mg:L:mg:L) 0,1:0,2 0,1:0,1 0,1:0,05 0,2:0,05
Ip ) (LA) 0,51 0,35 1,14 3,13
RSD (%, n=3) 83,3 2,9 22,5 2,5
Anh huéng thé dién phan lam giau ‘ —"
- & R3D
Trong giai doan lam giau khi ap vao dién \ 1™
cee mot thé du am, Hg sé bi khtr vé Hgo. Hg? sé i _
tao hon hong véi Au? va Cu® trén bé mat dién cuc 3 - - . . =
lam viéc. Khi st dung dién cwc mang kim loai dé o _/ - s ;f’
xac dinh luong vét ctia cac chat phan tich bang 1N : | ®
phuong phép ASV, thé dién phan lam giau anh . aNEN A
huong dang k& dén két qua phan tich do anh R A (S
huéng dén vi cdu trac cia mang kim loai trén bé Edep (mV)

mat dién cuc lam viéc. D€ lya chon Edep thich hop,
Ip cia Hg" dugc ghi v6i Eaep thay d6i twr
—-600 dén —1400 mV. V6i Edep tir —1200 dén —-1000
mV, Iy cao va kha on dinh. Khi giam Edep dan vé
phia am hon —-1200 mV, I, gidm mét cach ro rét; co
thé do 0 cac thé am nay bt dau xuat hién vi bot khi
H: bam 1én bé mét dién cye lam giam hiéu qua lam
giau (Hinh 4). Vi vay, thé€ dién phan lam giau -1100
mV (Ip = 3,32 pA; RSD = 0,9%) duogc chon cho cac
nghién ctru ti€p theo.
Anh huwéng thoi gian dién phan lam giau

Dé xac dinh thoi gian dién phan thich hop
voi dung dich phan tich chia Hg!' 5 ng/L, Iy dwoc
ghi & cac thoi gian dién phan tang dan tr 210 dén
350 s. Khi tang thoi gian dién phan lam giau tte 210
dén 250 s, I c6 xu hudéng tang dan (Hinh 5). Khi
tdep ndm trong khoang tir 250 dén 290 s, cwong do
dong dinh hoa tan dat gia tri twong d6i lon va do
1ap lai t6t. Vi vay, thoi gian dién phan lam giau 250
s (Ip = 1,86 pA; RSD = 3,8%) la thich hop.

Anh hwéng cia néng ¢4 HC1Ox

Khi tang dan nong d¢ HCIOs tir 1 x 10+ M
dén 5 x 102 M, I, bat dau tang dan sau d6 giam.
Nguyén nhan la do khi tang nong dd HCIOs thi c6
thé xudt hién bot khi hydro, che bé mat dién cuc,
gay can tro cho qua trinh lam giau dién hoa (Hinh
6). Nhu vay, nong d6 HCIOs 1a 5 x 10°M (I, = 4,76
nA; RSD = 0,3%) la thich hop.
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Hinh 4. Bién thién cta gid tri Iy va RSD theo Edep (dung
dich phan tich: HCIO4 5.10° M; Au™ 0,2 mg/L; Cu" 0,05
mg/L; Hg"" 5 pug/L; taep = 270 s)
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Hinh 5. Bién thién ctia gia tri Ip va RSD theo faep (dung
dich phén tich: HCIO4 5.10° M; Au™ 0,2 mg/L; Cu" 0,05
mg/L; Hg!' 5 ng/L; Edep =-1100 mV)
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Hinh 6. Bién thién ctia gid tri Iy va RSD theo noéng d¢
HCIO4
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34 Do lap lai, khoang tuyén tinh va giéi han
phat hién

Ghi Iy cta dung dich chita Hg" 5 pg/L, ldp lai
20 Tan. Két qua cho thay d¢ 14p lai cua I ghi trén
Au-Cu/GCE rét t6t (RSD = 2,6%).

Véi thoi gian dién phan lam giau la 250 s va
cac diéu kién ghi I caa Hg!" khac da néu trén, gidi
han phat hién (LOD) va giéi han dinh luong (LOQ)
caa phuong phap DP-ASV st dung dién cuc
Au-Cu/GCE in-situ xac dinh dwoc Ian luot 13 0,09
ng/L va 0,3 ng/L (phwong phap 3c). Cac gia tri nay
thdp hon nhiéu so véi gid tri t6i da cho phép cua

Hg trong nuwdc mat va nuwdc sinh hoat theo Quy

611, =1,07xC,, , ~0,58  ® Ip
R =0,998

Ip (1A)

Chgll (PpPb)

Hinh 7. Puong hoi quy tuyén tinh Ip — Cug & khoang
nong d6 thap (0,09-15 pg/L)

28

I=0,56xCy + 731 ®lp
| R = 0,995

2|

26

22

20

Ip (WA)

16

14 L " 1 . 1 L 1 1

CHgl! (ppb)

Hinh 9. Duong hoi quy tuyén tinh Ip — Crg & khoang
noéng d6 cao (15-35 pg/L)
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chudn Ky thuat Viét Nam [1, 2], nén hoan toan c6
thé st dung phuong phép da néu dé€ phan tich va
danh gid mitc 46 nhiém Hg! trong cac mau nudc

loai nay.

Khi st dung Au-Cu/GCE in-situ, khoang
tuyén tinh cta Ip theo Crg xac dinh dwoc 1a 0,09-15
ug/L Hg! (R =0,998) (Hinh 7 va 8). O cic nong dd
Hg' cao hon, lwgng Hg tich tu trén bé mat dién cuc
tang c6 thé lam thay d6i vi cdu truc cua 1op mang
hdn héng Au-Cu(Hg) va do d6 lam thay ddi do
nhay ctia Ip. O mitc nong &6 Hg" > 15 pg/L, c6 thé
stt dung khoang tuyén tinh véi nong d6 15-35 pg/L
Hg!! (R = 0,995) (Hinh 9 va 10).
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Hinh 8. Cac duong DP - ASV cua Hg" 6 cac nong d6
5 pg/L, 10 ug/L, 15 pg/L
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Hinh 10. Cac dwong DP — ASV ctia Hg!! trong khoang
noéng d6 15-35 pg/L
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4 Kétluan

Cé thé str dung dién cyc mang hdn hop Au-
Cu trén nén dién cuc than thuy tinh, ché tao béng
ky thuat in-situ véi phuwong phap DP-ASV dé ghi
dwoc tin hiéu hoa tan nhay (LOD = 0,09 pg/L) va
1ap lai tot (RSD = 2,6%, n = 20) d6i v6i luong vét
Hg! trong dung dich chta HCIO: 5 x 10% M, Au"
0,2 mg/L va Cu" 0,05 mg/L. Véi cac diéu kién nay,
c6 thé phat trién mot phuong phap ASV nhay, tin
cay va tiét kiém d€ dinh luong luong vét Hg! trong
dung dich phuc vu cho nhu ciu quan trac tinh
trang 6 nhiém Hg! trong nwdc mat va nudc sach
dung cho sinh hoat theo quy dinh hién hanh caa
Quy chuén Ky thuat Viét Nam.
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