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Tém tit. Trong bai bdo nay, chung t6i da tién hanh nghién cttu xac dinh Hg(Il) stt dung dién cuc bién
tinh AuNPs/ErGO-GCE béng phuong phap von-ampe hoa tan anot séng vudng (SqW-ASV). Hinh thai
ctia vat lidgu bién tinh dién cuc dugc dic trung bang phuong phdp EDX-mapping va HR-TEM. Ngoai
ra, mot vai thong s6 ctia phwong phap SqW-ASV gém bién d6 xung (AE), tan s6 séng vuodng (f), budc
nhay thé€ (r), thé dién phan (Eaep) va thoi gian (faep.) lam giau cling da duwoc nghién ctru. Véi cac diéu
kién thich hop: dém acetate (ABS), pH=5va KC1 0,1 M, r tit -0,2 dén +0,8 V, Edaep 14 —0,9 V, taep 14 240 s,
AE 1a 30 mV va fla 30 Hz, khoang tuyén tinh ctia nong dd Hg (II) la 5,0-49,5 ppb va gidi han phat hién
cta Hg (II) 1a 1,89 ppb.
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Determination of Hg(II) with square-wave anodic stripping voltammetry
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Abstract. In this study, Hg(Il) was determined on a modified AuNPs/ErGO-GCE electrode with the
square-wave anodic stripping voltammetry (SqW-ASV) method. The morphology of the material
modifying the electrode was characterized with EDX-mapping and HR-TEM. Additionally, several
parameters of the SQW-ASV method, including pulse amplitude (AE), square wave frequency (f),
potential change step (r), deposition potential (Edep.), and deposition time (fdaep.), were investigated.
Under optimized conditions: acetate buffer (ABS), pH =5 and KC10.1 M, r from —0.2 to +0.8 V, Edep: —0.9

DOI: 10.26459/hueunijns.v134i1C.7832 81



Ha Thuy Trang va CS.

V, taep: 240 s, AE: 30 mV and f: 30 Hz, the linear range of Hg(II) concentration was from 5.0 to 49,5 ppb,

and the detection limit of Hg(II) was 1.89 ppb.

Keywords: determination of Hg(II), square-wave anodic stripping voltammetry, AuNPs/ErGO/GCE

1 Méb dau

Thuy ngan (Hg) duoc xem la nguyén t6 doc
nhat trong tat ca cac kim loai doc. Thuy ngan
trong moi treong phat sinh tir cac ngudn ty nhién
va nhan tao nhu hoat dong nui ltra, hoat dong
ndng nghiép, luyén kim mau va cong nghiép san
xuat kim loai, 6t than, dau va rac thai [1, 2]. Mac
du, néng do thay ngan trong mdi treong rat thap,
nhung thuy ngan cé kha nang tich liiy sinh hoc
trong chudi thitc dn va, vi vay, anh huong dén stic
khée con ngwoi va hé sinh thai [1, 3]. Nam 2023,
theo Quy chudn ky thuat quéc gia vé chat luong
nudc mat, gia tri gidi han t6i da ctia thuy ngéan
anh hwéng téi stec khoé con ngwoi la 1,0 pg.L- [4].
Chinh vi vay, can thiét phai hoan thién va phat
trién cac phuong phéap phén tich ¢6 d6 nhay cao
va gidi han dinh luwgng thap. Trong d6, phan tich
quang phd duoc xem la phuong phap tiéu chuan
trén thé gidi, trong d6 c6 quang phd hap thu
nguyén ti hoéa hoi lanh (Cold Vapor Atomic
Absorption Spectrometry, CV-AAS) [5], quang
ph6 hdp thu nguyén t& 1o graphite két hop véi
hoa hoi lanh (Cold Vapour-Graphite Furnace
Atomic Absorption Spectrometry, CV-GFAAS)
[6], khoi
(Inductively Coupled Plasma Mass Spectrometry,
ICP-MS) [7], khéi phé plasma két hop cam tng —
quang pho phat xa quang hoc (Inductively

phé plasma két hgp cam ung

Coupled Plasma — Optical Emission Spectrometry,
ICP-OES) [8] va quang ph6 phat xa nguyén tk
plasma két hop cam ung (Inductively Coupled
Plasma Atomic Emission Spectrometry, ICP-AES)
[]-

Trong nhiéu nam gan day, phuong phap
phén tich dién hoa st dung dién cuc bién tinh véi
vat liéu nano dugc quan tam. Vat liéu trén co sd

graphene c6 nhiéu wu diém vé tinh chat vat ly va
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hoéa hoc. Hai loai vat liéu trén co sd graphene la
Graphene Oxide (GO) va graphene oxide dang
khtr (Reduced Graphene Oxide, rGO) duoc bién
tinh vdi nhiéu loai vét liéu d€ bién tinh dién cuc
glassy carbon (GCE) xac dinh thay ngan.
Kelcilene va cong sg st dung vat liéu
PV6/CNW/rGO-GCE [10], Tamilalagan st dung
vat liéu SnO2@GO NPs [11], hoac Li xac dinh thuy
ngan dung NRGO/GCE [12] va rGO-ZVI-P/GCE
[13] v6i d6 nhay cao va gidi han phat hién thap.

Trong bai bao nay, chung t6i st dung dién
cue lam viéc két hop gitta vat liéu graphene oxide
dang khtt va vang ¢ kich thudc nano
(AuNPs/ErGO). Cac thanh phan cua vat liéu to
hop déu dugc khit bang phuong phép von-ampe
vong (Cyclic Voltammetry, CV) trén dién cuc nén
GCE. Dién cuc bién tinh AuNPs/ErGO-GCE duoc
sit dung d€ phan tich thuy ngan trong dung dich
chtta mudi potassium chloride (KC10,1 M) ¢ pH 5
bang phuwong phap von-ampe hoa tan andt song
Anodic  Stripping
Voltammetry, SQW-ASV) va ap dung d€ phan tich

vudng  (Square-Wave
thily ngan trong mau nudc mdy & cac diéu kién
thi nghiém thich hop.

2 Thuc nghiém

2.1  Vatliéu va hoa chat

Bot graphite (® < 20 um, Sigma-Aldrich,
USA) va cac hod chat nhu sulphuric acid (H2SOx4
98%, Merck, Germany), phosphoric acid (HsPOs
85%, Merck, Germany), hydrochloric acid (HCI
37%, Merck, Germany), hydrogen peroxide (H202
30%, Merck, Germany), potassium permanganate
(KMnOs 99%, Scharlau, Spain) dwoc st dung

trong nghién cttu. Cac loai mudi va hoéa chat khac
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stt dung trong nghién cttu nay la cua Trung Qudc

va Han Qudc.

Dung dich chuan Hg(II) 1000 ppm (Merck,
Germany) duoc st dung cho phuwong phap quang
phd hdp thu nguyén t& (Atomic Absorption
Spectroscopy, AAS). Cac dung dich trung gian va
dung dich lam viéc c6 néng do xac dinh duoc

chuan bi hang ngay.

2.2 Thiétbi

Cac phuong phap phan tich dién hda bao
gom CV va SqW-ASV duoc thuc hién trén thiét bi
Metrohm 797 Computrace (Switzerland). T€ bao
dién héa bao gom binh dién phan bang thuy tinh
80 mL va hé ba dién cuc: dién cuc dia quay than
thay tinh (Glassy Carbon, GC) va dién cuc bién
tinh bang cac vat liéu khac nhau trén nén glassy
carbon 13 dién cuc lam viéc, dién cuc doi 1a dién
cauc platinum va dién cwec so sanh la
AglAgCl:IKCl 3 M.

Anh SEM (scanning electron microscope),
pho tan xa nang luong tia X (Energy-Dispersive
X-ray, EDX) va ban d6 phan tich phan bd cac
nguyén t6 (EDX-mapping) duoc chup trén thiét bi
SEM S-4800 (Hitachi, Japan) va pho EDX ghi trén
thiét bi Micro Analyzer H-7593 (Horiba, Nhat
Ban). Anh TEM (Tranmision Electron Microscopy)
duoc chup trén thiét bi JEM 2100 (Jeol, Nhat Ban).

2.3 Tonghgp graphite oxide

Graphite oxide (GO) duoc tong hop tir bot
graphite dwa trén co s& cua phuwong phap
Hummers’ [14] va Marcano [15]. Qua trinh tdng
hop duoc tién hanh nhu sau: tron hai dung dich
acid dam ddc H2S0: va HsPOs v6i ty 1€ thé tich 1a
9:1 (360 mL H2S0s va 40 mL HsPOs) va duwoc
khudy ttr cho dén khi dat nhiét d6 phong. Sau do,
thém tur tir 3 g bot graphite trong diéu kién khudy
tte thém trong 60 phut. Tié€p theo, thém tir tir 18 g
tinh thé KMnOs va khudy trong 72 gio [15]. San

pham cudi cung thu dugc la graphite oxide.
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2.4 Chuan bi dién cuc AuNPs/ErGO-GCE

bién cuc than thuy tinh dwoc danh sach
bgmg Al205 0,05 um va 0,03 um. Sau d6, GCE dwoc
ngam trong dung dich HNOs 2 M trong 30 phut
va rtra bang nudc cat hai lan. Can chinh x4c 20 mg
graphite oxide, chuyén vao 20 mL nudc cdt va
danh siéu am trong 24 gio d€ tao huyén phu,
duoc goi la graphene oxide (GO 1,0 mg/mL). Tiép
theo, mot thé tich xac dinh dung dich huyén phu
GO 1,0 mg/mL duoc nho giot 1én bé mat GCE da
duoc danh sach va sdy dudi den hong ngoai cho

dén khi bay hét dung méi.

Tién hanh khi GO thanh graphene oxide
dang khtt (Electrochemical Reductive Graphene
Oxide, ErGO) bang phuwong phap CV trong dung
dich dém phosphate 1 M, pH 7 v6i khoang quét
thé tir 0 dén —2,0 V so vdi dién cuc so sdnh va 10
vong 0 toc d6 100 mV.s [16].

Sau khi GO duoc chuyén thanh ErGO
(ErGO-GCE), tiép tuc tién hanh khw ion Au(III)
lén trén bé mat cua ErGO-GCE trong dung dich
chita H2S0:4 0,01 M va HAuCls 2x10~+ M. Qua trinh
khtt dwgc thuc hién bang phuong phap von-ampe
vong voi 15 vong tx +0,5 dén 1,5 V tai t6c do
dong 100 mV.s[17, 18]. Pién cuc cubi cung, ky
hiéu 1la AuNPs/ErGO-GCE, duwoc rira sach béng

nudc cat va sdy kho.

2,5 Phuong phap phan tich dién héa

Phuong phap CV duwgc sit dung dé€ tong
hop vat liétu ErGO va vat liéu composite
AuNPs/ErGO trén dién cyc nén than thay tinh.

Cac thong sO cua phuong phap SqW-ASV
bao gom thé lam giau (Edaep) —0,9 V, thoi gian lam
giau (taep) 240 s, thoi gian nghi (trest) 10 s, bién d6
xung (AE) 30 mV, tan s6 song vudng (f) 40 Hz,
budc nhay thé (Usep) 6 mV va khoang quét thé
(range) tir -0,2 dén +0,8 V trong dung dich KC1 0,1
M, pH 5,0. Xay dung duong chuan cho néng do
ion Hg(IT) bang phuong phap thém chuan.
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3  Két qua va thao luan

3.1 Ché tao dién cuwc lam viéc

Qua trinh ché tao dién cic AuNPs/ErGO-
GCE duoc ién hanh theo Muc 2.4 va két qua
duoc trinh bay trén Hinh 1. Theo Hinh 1A, ¢ lan
quét th nhat khi thé trén GCE xap xi 1,200 V, tin
hiéu dong ca-tSt bat dau ting va dat cuc dai ¢ thé
-1,752 V va dong thu duoc la -0,4122 mA. Tuy
nhién, ¢ cac lan do tiép theo tir 2 dén 10 V thi
khong thay xudt hién dinh ca t6t ciee dai, nhung
tai thé xap xi 1,500 V, dong ca-tdt van ting va gan
nhu khong thay d6i nhiéu. Hién twong nay c6 thé
do graphene oxide van bj khtr tiép tuc khi c6 mat

cua mdt s6 nhom chike chira oxygen.

Sau khi tong hop xong ErGO trén GCE, tiép
tuc tién hanh khtt Au(Ill) bang phuong phap von-
ampe vong. Trén Hinh 1B, khi quét thé theo chiéu

(A) 01
0.0
-0.1

-0.2

I/ mA

-0.3

-0.4

-0.5

-0.6+ T T T T 1
-2.0 -1.6 -1.2 -0.8 -0.4 0.0

E/V

ca-t6t 0 lan quét thi nhat xudt hién dinh cyc dai
tai thé -0,773 V véi cuong do dong la -9,5608x10-2
mA. Trong khi d6, & cac lan quét th hai dén tht
muoi, thé dinh duong hon va dao dong ttr -0,733
dén 0,714 V véi cuong d6 dong nho hon khong
dang ké. Diéu nay ching to ion Au(Ill) trong
dung dich da bi khit vé Au(0) trén bé mat ErGO-
GCE. Mat khac, khi quét a-nét, cling trong lan
quét tht nhat, ceong do dong dat cuc dai la
+9,710x103 mA tai —0,494 V. Tuy nhién, 6 cac lan
quét tiép theo, cuong dd dong cuc dai c6 cao hon,
nhung thé dinh khong thay d6i nhiéu, dao dong
tr +1,905x102 dén +2,016x102 mA va tir -0,505
dén -0,491 V. Nguyén nhan dan dén xuat hién
dinh a-n6t c6 thé 1a do mot phan Au(0) trén bé
mdt ErGO-GCE bi oxy hdéa thanh Au(Ill). Cac
nhén xét ¢ trén sé duwge minh ching béng mot sd

d3c trung bang phuong phap héa ly hién dai.

(B) 0.251

— Lan 01
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Hinh 1. Cac duwong CVs khir GO (A) va Au(IIl) (B) sau 10 Tan quét thé

Diéu kién thi nghiém (DKTN): a) D6i véi khir GO, khodng quét thé'(r) tir 0,000 dén —2,000 V; toc d§ quét thé'(v) 0,100 V.s
trong dung dich PBS pH = 7; b) D61 v6i khiv Au(IIl), khodng quét thé'(r) tir 0,500 dén —1,500 V; toc d§ quét thé'(v) 0,100 V.s™
trong dung dich H2504 0,01 M va HAuCls 2x104 M.

3.2 Daictrung vat lieu AuNPs/ErGO

bé danh gia vat liéu AuNPs/ErGO tong
duoc dugc, chung toi da tién hanh ghi phd EDX-
mapping va chup anh hién vi dién t&r truyén qua
phan giai cao (HR-TEM).
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Bang 1. Thanh phén cic nguyén t6 trong vét liéu

AuNPs/ErGO
Nguyén t6 Ph?;‘ (;fgn(l()/l:)h(ﬁ Phan t:ér::’/:;guyén
C 88,89 92,45
5,85 4,57
N 3,20 2,85
Au 2,06 0,13
Téng cong 100 100




Tap chi Khoa hoc Pai hoc Hué: Khoa hoc Tw nhién
Tap 134, S6 1C, 81-89, 2025

pISSN 1859-1388
eISSN 2615-9678

(A)
Hinh 2. Anh mapping ctia cac nguyén td (A), AuNPs (B) va HR-TEM cua vét liéu AuNPs/ErGO (C)

Nhu vay, cé thé thay rang qua trinh tong
hop AuNPs trén nén ErGO da thanh cdng; AuNPs
chiém 2,06% khdi luwong trong vat liéu
AuNPs/ErGO (Bang 1). Ngoai ra, trong Bang 1,
con xudt hién nguyén t6 nitrogen v6i ham luong
3,20%. Co thé trong qua trinh tong hop GO khong
loai bo hét cac tap chdt. Mat khac, anh mapping
trén Hinh 2 x4c nhan sy phan bd kha dong déu
cua cac nguyén td, ddc biét 1a s phan bd cta cac
hat vang (Hinh 2B). Su phan bd nay con thé hién
qua anh HR-TEM (Hinh 2C). Cac hat vang c¢ kich
thuwdc nano (mau den dam) duoc tong hop nam
trén cdc van mau trang cta ErGO la rat rd rang.
Viéc tong hgp thanh cong vat liéu AuNPs/ErGO
trén nén GCE la kha thuan loi d€ xac dinh thay
ngan (II) trong moi treong nuwdc va mo ra hudng
tng dung phan tich hop chét v6 co cling nhw hop
chét hitu co.

A) 1.8E-4
— 05mV
— 10mVv
— 20mV
— 30mV
—— 40 mV
—— 50 mV

e —

0.0E+0
0.2

1.5E-4

1.2E-4
E 9.0E-5
6.0E-5

3.0E-5

03 04 05 06 07 08
E/V

©

3.3 Khao sit anh hwong ctia mét sé thong s
ciia phwong phip von-ampe hoa tan a-nét
song vuong (SqW-ASV)

Khao sat anh huwdng ctaa bién d6 séng vudng

Gia tri thé dinh hoa tan (Er) ctia Hg ¢ xu
thé dich chuyén vé phia am hon nhung khong
dang k& khi bién d6 song vudng (AE) tang dan,
thay doi tir 0,477 dén 0,453. Trong khi d6, cuong
d6 dong dinh hoa tan (Ir) lai thay ddi dang ké. Vé
mat ly thuyét [19], khi AE ting thi Ir cling phai
tang theo. Tuy nhién, trén Hinh 4B khi AE tang tir
5 dén 30 mV, Ir tang. Tuy nhién, ti€p tuc tang ti
30 dén 60 mV thi Ir giam. C6 thé giai doan lam
giau Hg da gay ra hién tuwong nay. Vi vay, can
nghién cttu thém dé€ giai thich logic hon. Ciing tt
Hinh 4B c6 thé thay do6 lap lai cta gid tri Ir la tot
véi gid tri d§ 1éch chudn tuong déi tai cac AE khac
nhau déu kha nho (<6,5 %). Tl cac két qua nay
chung t6i chon AE 1a 30 mV cho cac thi nghiém
tiép theo.

B) 4.0E-61
I~
3.0E-6
<
~ 2.0E-61
s
o

1.0E-6 /
0.0E+0 r v v v v v )

0 10 20 30 40 50 60 70

Delta E/ mV

Hinh 3. Cac duong SqW-ASV (A) va sy bién cua Ir ctia Hg(Il) theo AE (B); (thanh sai s& la d6 1éch chuén, Sd véi n = 3)

DKTN: dung djch nghién citu bao gom dém acetate (ABS); pH =5 va KCI 0,1 M; Crgan 50 ppb.  Khodng quét thé'(r) tir —0,200
dén +0,800V; thé’'lam giau (Edep) —0,900 V; thoi gian lam giau (tap) 180 s; tin s6'séng vudng () 25 Hz.
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Khao sat anh huéng ctia tin s6 séng vudng

Tan s6 song vuong (f) duoc khao sét tr 5
dén 50 Hz va két qua duoc trinh bay trén Hinh 5A
va 5B.

Gia tri Ir tang khd tuyén tinh khi tan s6
song vudng tang theo phuong trinh hoi quy tuyén
tinh
Ie (pA) = (0,123 £ 0,361) + (0,0764 + 0,0119) x f (Hz);
r=0,9938 1)

A) 1.2E-41

— 05Hz

1.0E-4+
8.0E-51
< 6.0E51

4.0E-54

2.0E-54

0.0E+0 T T T T T 1
0.2 0.3 0.4 0.5 0.6 0.7 0.8

E/V

Hé s6 tuwong quan la kha 16n (0,9938), cho
thdy gitta Ir va f ¢6 tuong quan tot. Diéu nay phu
hop véi ly thuyét béi vi trong ky thuat SqW, gitra
fva tdc do quét thé (v) c6 m6i quan hé tuyén tinh
[19]. Két qua thuc nghiém la hoan toan phu hop.
Tuy nhién, d€ tranh d6 rong chan dinh anh hwong
dén do chon loc ctia phuong phap SqW-ASV va
van bao dam cuong d6 dong dinh du 16n, gid tri f
duoc cho 1a thich hgp la 40 Hz véi gia tri bé rong
cuc dai ctia ntra chan dinh 1a 57 mV so vdi tan s6
50 Hz la 66 mV.

B) 5.0E-61

4.0E-6 4

10 20 30 40 50 60
f/Hz

Hinh 4. Cac duong SqW-ASV (A) va su bién thién Ir ctia Hg(II) theo f (B); (thanh sai s& la Sd vé6i n = 3)

DKTN: dung dich nghién cteu nhw Hinh 4 va AE 1 30 mV.

Khao sat anh huéng ctia thé 1am giau

Trong phuong phap von-ampe hoa tan a-
ndt, thong thuong thé dién phan lam giau (Edep)
am hon thé dinh hoa tan khoang 200 mV dé bao

dam khtt ion kim loai 1én bé mat dién cypc lam

— 0100V
(A) 7.0E-57 —— 0.300V
—— 0500V
6.0E-5+ —— 0.700V
-0.900 V
5.0E-5+ -1.100 V
—— 1300V
« 40E-5;
=
— 3.0E-51
2.0E-54
1.0E-51
0.0E+0 : . . . . .
02 03 04 05 06 07 08
E/V

viéc. Qua mot sd thi nghiém so bd va cac thi
nghiém khao sat, ching t6i nhan thiy thé dinh
hoa tan (Er) ctia thuy ngan dao dong trong
khoang tir +0,4 dén +0,5. Do d6, khoang Edaep lura
chon ttr +0,1 dén -1,3 V.

B)1.6E-51

1.2E-51 \\
i

< \l\-\

~ B8.0E-61

o
4.0E-6 1 \
0.0E+0

15 12 09 06 03 00
Egep. !V

Hinh 5. Cac duong SqW-ASV (A) va su bién thién Ir ctia Hg(II) v6i cac Edep. khdc nhau (B);
(thanh sai s6 1a Sd vé6i n = 3)

DKTN: dung dich nghién cieu: nhw hinh 4; AE la 30 mV va f la 40 Hz.
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Qua Hinh 6 ¢6 thé thay khi Eaep cang am thi
gia tri Ir cang tang voi cac gia tri d¢ léch chuan
twong d6i déu nho hon 4% la chat nhan duoc.
Riéng d6i véi Eaep la +0,1 V khong thiy xudt hién
dinh hoa tan va do d6, khong dua ra trong Hinh
6. Trong treong hop tai Edep —1,3 V, dang duwong
hoa tan xuét hién la va tai thé nay nhiéu ion kim
loai dwgc lam giau trén bé mat dién cuc va, vi
vay, khong nén lya chon. Mac du Ip tai Eaep —1,1 V
16n gdp 1,2 Tan tai Edap 0,9 V, nhung gia tri bé
rong cuc dai cta nira chan dinh lai 16n gap 1,3 lan
va clng tai mot s6 kim loai nhu ion Cd(Il) ciing
duoc lam giau. Chinh vi thé gid tri Eap —0,9 V
dwoc cho la thich hop.

A) 3.0E-51
2.5E-51
2.0E-51

< 15651

1.0E-54

5.0E-6 4

0.0E+0

Khao sat anh hwéng thoi gian lIam giau

Hinh 7A cho thdy tai hai thoi gian lam giau
(tap) 30 va 60 s, chan dinh hoa tan phia phai
khong duoc 18 rang. Diéu nay dan dén viéc xac
dinh gia tri Ir cta thuy ngan khong chinh xac. Tt
tdep 180 s va 1on hon, chan dinh hoa tan kha ro.
Tuy nhién, bé réng cuc dai cta nira chan dinh lai
c6 chiéu hudng tang dan tir 83 dén 103 mV. Mat
khac, trén Hinh 7B tai tap 240 s la di€ém gay khuac
ctia hai phuong trinh hoi quy tuyén tinh voi cac
phuong trinh nhw sau

Ir (MA) = (0,0925 + 0,3978) + (0,0251 + 0,0027) x faep
(s); r = 0,9983 )

Ir (uA) = (2,206 + 0,5740) + (0,0157 + 0,0016) x tacp
(s); r=0,9986 3)

B) 1.2E-51
1.0E-54
8.0E-6 1

<

~ 6.0E-64

o
4.0E-6-

2.0E-64

0.0E+0 v v v v .
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taep. /s

Hinh 6. Cac duong SQW-ASV (A) va hai doan hdi quy tuyén tinh biéu dién méi twong quan gitta Ir ctia Hg(IT) va taep
khéc nhau (B) (thanh sai s& 1a Sd vdi n = 3)

DKTN: dung dich nghién ciru: nhw hinh 4; AE la 30 mV, fla 40 Hz va Edep 1a 0,900 V.

Hé s6 goc cua hai phuong trinh khac nhau
ro rét; phuong trinh (2) gap 1,6 lan. Nhu vay, do
nhay trong khoang thoi gian lam giau tir 30 dén
240 s cao hon. Do d6, thoi gian lam giau 240 s
duoc lyra chon nham gidm thoi gian phan tich va
thoi gian nay thuwong dwgc stt dung dé€ xac dinh
nong do siéu vét (ppb) ctia cac kim loai doc trong

mdi treong nudc.

Khoang tuyén tinh va gidi han phét hién
Nhu vay, tt Hinh 8 c6 thé thay thé dinh

hoa tan c6 xu thé& dich chuyén vé phia duwong hon.

Hién twong nay c6 thé 1a do khi ting néng d6

DOI: 10.26459/hueunijns.v134i1C.7832

trong dung dich, kim loai thty ngan duoc lam
giau trén bé mat dién cuc khuéch tan cham ra

khoi dién cue d€ thuc hién phan ting dién hoa.

Mat khac, khi ting nong dé Hg(Il) tir 5 ppb
dén 49,5 ppb (6 day nong do cé tinh dén su pha
loang ctia dung chuan Hg(Il) thém vao) cuong do
dong dinh (Ir) tdng rat tuyén tinh, v6i hé s6 twong
quan la 0,9978 va phuong trinh hoi quy nhu sau

Ir (nA) = (-0,185 + 0,123) + (0,0594 + 0,00453) =

Crgm (ppb) 4)
Tuy nhién, khi nong d6 Hg(II) thém vao 16n

hon 50 ppb thi ceong d6 dong dinh tang khong

dang ké. Nguyén nhan c6 thé la do bé mat dién
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cuc bién tinh véi vat liéu AuNPs/ErGO da dwoc
bao hoa. Nhu vay, khoang tuyén tinh la tx 5 dén
49,5 ppb.

Dé xac dinh giéi han phéat hién (LOD),

ching toi st dung quy tac 3c vo6i nong do cua

thily ngan ¢ gan goc toa do [20], tic 1a tie 5,0 dén
24,9 ppb véi gia tri LOD la 1,89 ppb. Két qua nay
la ¢6 tiém ndng d€ xac dinh thuy ngan trong moi
treong nudc. Tuy nhién, can nghién ctu thém
nham ha thdp LOD.

(A) 3.0E-54 (B) 4.09
2.5E-51 / 351 x
Ne 3.0 -
—_— en
2085 /— Add 1 2.54 '30
— Add 2 }
< 15e51 — Add3 é 2.04 25
- Add4 & 20
1.0E-54 Add 5 151 - 15
—— Add 6 1.0 - 10
— Add 7 05
SOE-G :g:g 05- I. O‘OD 10 20 30 40 50 60
0.0E+0 T T . T T " 0.04+=—— v v v v "
02 03 04 05 06 07 08 20 40 60 80 100 120
E/V Crgay / PPD

Hinh 7. C4c duong SQW-ASV (A) va duong hdi quy tuyén tinh biéu dién méi twong quan gitra Ir va nong do cua
Hg(II) (B); (thanh sai s6 la d6 léch chuén, Sd véi n = 3)

DKTN: dém acetate (ABS); pH = 5 va KCI 0,1 M; r tir 0,200 dén +0,800V; Edep.: —0,900 V; taep.: 240 s; AE: 30 mV va f: 30

4  Kétluan

Chung t6i da tong hop thanh cong vat liéu
composite AuNPs/ErGO trén dién cuwc nén than
thay tinh véi thanh phan phan tram khéi luong
cua cac nguyeén t6 C, O, Au va N Ian luot la 88,89,
5,85, 2,06 va 3,20% bing phd EDX. Anh mapping
cho thdy cac cac hat nano vang phan bd kha dong
déu trén tdm ErGO. Cac thong sd trong phuong
phap SQW-ASV nhu bién d6 séong vudng (30 mV),
tan s6 song vuong (30 Hz), thé (0,900 V) va thoi
gian lam giau (240 s) la tdi wu. Khoang tuyén tinh
tte 5,0 dén 49,5 ppb va gidi han phat hién la 1,89
ppb cua thuy ngan ciing da duwoc xac dinh.
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