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TOM TAT: Vi dién cuc vang mang thiy ngan va vi dién cuc vang mang bismuth duoc
khio sét va itng dung trong phan tich ham lwong vét chi bang phirong phép Von-ampe hoa
tan. Céc dieu kién mg bismuth diroc khao sat nham thu duwoc |6p ma on dinh. Céc théng so
thirc nghiém cho phan tich chi trén mdi logi mang ciing diroc téi wu. Gidi han phét hién cia
chi trén vi dién cuc vang mang bismuth 1a 0,7ppb (60s tich gdp), va trén mang thiy ngan la
2,4ppb (60s tich gp). Hai lop mang déu cho dg lap lai tot. %RSD trén vi dién cuc vang mang
bismuth 1a 5%, va 3% twong tirng véi nong dé Pb 10ppb trong 15s tich gdp, va Pb 30ppb
trong 60s tich gop (n=>5); vi dién cuc vang mang thuy ngan la 11%, 8%, va 4% twong ung Voi
nong d¢ Pb 10ppb, 30ppb, va 70ppb trong 60s tich gop (n=4). Bi¢n cuc vang mang bismuth it
déc hgi va than thign véi moi trieng nén cé thé ding dé thay thé cho dién cuc vang mang thiiy
ngan.

1.GIOI THIEU

Vi dién cuc da duoc chirng minh 1a cdng cu rat hiru ich trong linh virc phan tich dién hoa.
Vi dién cuc két hop véi phuong phép von-ampe hoa tan anod va nhiing ki thuat xung hién dai
d& m¢ ra nhirng 1inh vyc ung dung méi cho phuong phap phén tich dién hda, nhitng Iinh vuc
ma dién cuc kich thuéc 1on khodng thé ndo “cham t6i” dugc. Vi dién cuc thiy ngan cho do
nhay vado chinh xéc tét nhung rat doc hai; do d6, nhitng nam gan ddy xuat hién xu hudng tim
kiém céc ngubn vat li¢u dién cyc moi. Vi dién cyc mang bismuth, mot trong nhirng loai dién
cuc thay thé thay ngan, ngay cang dugc wa chuong va ang dung sau rong, nhét |a trong linh
vuc phan tich ham luong vét kim I0a|[1 5. Lamot trong nhirng mbi lo ngai cho moi truong va
con nguoi, chi gy rahang loat t&c hai xau anh huong dén sirc khoé con nguoi nhat 1a déi voi
tré em. Viéc kiém soét ham lugng chi tro thanh nhu cau cap thiét trong x& hoi. Trong dé tai,
phuong phép phan tich lugng vét chi bang ky thuat von-ampe hoa tan anod trén vi dién cuc
vang mang thay ngén va vi dién cuc vang mang bismuth duoc khao sat. Trén co s6 so sanh
hoat dong cua hai loai dién cuc dé xay dung phuong phédp xéc dinh chi véi vi dién cuc vang
mang bismuth ¢ d6 tin ciy cao.

2 THUC NGHIEM

2.1. Thiét bi
) Cac khao sat trén vi dién cuc vang mang Hg thuc hién trén may von-ampe tu tao véi hé

théng khudy Radiometer TTA80. Hé 3 dién cuc: so sanh calomel b hoa (SCE), phu tro Pt,
va lam viéc lavi dién cuc vang méng Hg. Cac khao sat trén vi dién cuc vang mang Bi thuc
hién trén méy von-ampe va hé thong khuay Metrohm VA764. Hé 3 dién cyc: so sanh Ag/AgCl
(KCI 3M), phu trg Pt, valam viéc lavi dién cuc vang mang Bi.

2.2. Hoa chét

Vang spi (duong kinh 25um, dai 4cm) 99,99% (Goodfellow, UK), vang ban (dai 12mm,
réng 50 um) 99,99% (Aldrich-Sigma), bismuth nitrate, kali nitrate, natri acetate, HgO, cadmi
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nitrate, déng nitrate, I7<ém' nitrate, sit nitrate, natri sul phatg natri brqmur, kali clorur, Acid
nitric, acid acetic, chuan géc Pb** 1000 ppm (Merck), nuéc cat tinh khiét MQ (18,6 MQ).

2.3. Mavi dién cuc

Vi dién cuc vang dang ban va dang soi duoc hoat héa bang cach quét thé tuan hoan trong
vung the lam viéc trong dung dich nén thich hop sau d6 dugc ma theo cach sau: )

* Ma thiy ngan: dung dich ma Hg(NOs), 500ppm va 0,1M HNOs;, khong khuay tron, duoi
khi oxy trong 10 pht, thé ma -0,3V, thoi gian ma 20 pht.

* Mg bismuth: dung dich ma Bi(NOs); 100ppm va NaBr 100ppm, pH 4,5 (Cy=0,5M),
khuay tron, thé ma -0,7V, thoi gian ma 4 phut cho vi dién cuc ban vang.
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Hinh 1. Vi dién cuc soi vang truéc vasau khi ma thity ngan; A. Vang thé 1am viéc; B. Peak hdatan cia
Pb; (a) chuama, ty 120s, Pb** 70ppb; (b) ma ty 120s, Pb”* 70ppb; (c) chua ma, tg300s, Pb?* 140s. Dung
dich nén 10°M HNOs, 0,1M KNOs, Ege, -1V, téc d6 quét thé 0,1Vs™, khudy tron.

3.KET QUA VA THAO LUAN
3.1.Vi dién cuc vang mang Hg
3.1.1.S0 sanh viing thé hogt dgng
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Hinh 2. Peak Pb va Cd trén vi dién cuc vang mang thiy ngan; A. Dung dich Pb®* 70ppb véi cé&c lugng
thém Cd** 14n luot |& (a) Oppb; (b) 1,4ppm; (c) 2,8ppm; (d) 5,6ppm:; (€) 7ppm; ty 60s; B. Dung dich
Cd** & nhitng ndng do khéc nhau: (a) 1,4ppm; (b) 2,8ppm; (c) 6,4ppm; (d) 7ppm:; () Pb?* 70ppb; ty 60s.
Peak Pb va Cd trén dién cuc GC mang thiiy ngan; A. Cd?*3,5ppm + Pb?" 210ppb; B. Peak Cd & nhirng
ndng do khéc nhau: (a) 70ppb; (b) 140ppb; (c) 3,5ppm; ty 180s.
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Ving thé 1am viéc caa vang tir -0,5 dén 1,5V (SCE) va cua vang ma Hg tir -1,4 dén 0,5V
(SCE). O ndng d6 Pb 70ppb gan nhu khéng thu duoc peak Pb trén vi dién cuc vang thi sau khi
ma Hg thu dugc peak Pb rd va déi xang (hinh 1). Diéu ndy ching to quétrinh ma Hg cai thién
dang ké dac tinh dién hdavado nhay cuadién cuc ddi voi Pb.

3.1.2.Piéu kign phan tich chi va yéu té gay nhiéu
Lan luot khao sét cac thong so xéc dinh Pb trén vi dién cuc vang mang Hg trong dung dich
Pb70ppb nhu: anh huong ciaoxy, thanh phan dung dich nen, toc do queét the, the tich gop, thoi
gian tich gdp. Két qua thu duoc diéu kién toi wu sau:
Bang 1. Biéu kién tdi uu cho phan tich chi trén vi dién cuc vang mang Hg

Phuong phép Von-ampe hoa tan anod k¥ thuat quét thé tuyén tinh

Dung dich dién ly nén HNO; 102-10°M vaKNO;0,1M

Thoi gian dudi khi oxy 15 pht

Van téc khudy 1500 vong/phtit (thanh khuéy teflon)

Thé ma -0,9V (-0,8V khi c6 chit gay nhidu)

Thoi gian nghi 15s

Tbc a6 quét thé 0,1-1vs?

Thoi gian ma 60-900s; 60-600s; 30-300s (twong tng 10ppb; 30ppb; 70ppb)
Lam sach dién cuc 60stai 0,1V

X é dén yéu t6 can nhidu, Cu® khéng gay anh huong dén peak Pb cho dén nong do gap 50
lan so véi Pb*. O ndng do Cu®* gip Pb* 100 lan, cuong do peak Pb giam 60%. Nguyén nhan
do ion Cu?* ton tai & ndng dé qualén sé canh tranh tich gop véi Pb®*, 1am thay d6i dac tinh bé
miat dién cuc. Anh huong caa Cu® chi thé hién manh ¢ nong dé rat lon, do d6 Cu®* khong 1a
yéu té gay nhiéu nghiém trong. Khao sét dén anh huong Cd*, két qua cho thiy vi tri va chiéu
cao peak Pb khong thay doi ngay ca ¢ ti 16 Cd** gap Pb®* 100 lan. Pesk Cd ciing khdng xuét
hién trong truong hop khéng c6 mat ion Pb*. Khao sét cia mot sb téc gia khéc ciing c6 két
qua tuong tu'® . Nguyén nhan do trén dién cuc vang mang Hg, peak Cd va peak Pb bj triing
chap, va Cd rat kém nhay so véi Pb (khoang 40 lan). Bé khang dinh lai két qua thu duoc, hoat
dong caa dién cuc vang mang Hg duoc so sanh véi dién cuc glassy carbon (GC) mang Hg
trong cuing diéu kién phan tich. Peak Pb va Cd trén dién cuc GC mang Hg khong tring chap
nhau va c6 hinh dang ddi xtng (hinh 2). Diéu ndy chang to dién cuc mang Hg trén nén vang
rat kém nhay véi Cd & diéu kién phan tich trén. Vi ham luong Cd ton tai trong mdi truong
thuong nho hon nhiéu so véi Pb, do vay Cd dugc két luan khdng gy nhidu cho viéc xéc dinh
chi.

3.2.Vi dién cuc vang mang bismuth

3.2.1.S0 sanh viing thé hogt déng

Tu hinh 3, khoang thé 1am viéc cua vi dién cuc vang trudc khi ma 1a -0,6V_ 1,5V
(Ag/AgCl, KCI 3M). Sau khi dwgc ma Bi, khoang thé thu duoc doi vé phia &m hon -1,1V_-
0,2V (Ag/AgCl, KCI 3M). So véi mang Hg, khoang thé ciamang Bi kha hep, tuy nhién day 1a
viing thé cé thé phan tich truc tiép duoc kha nhiéu ion kim loai nhu Pb, Cd, TI, In,...> @ hogc
c6 thé phan tich bang cach dung thém tac nhan tao phirc nhu phan tich Co, Ni, Sn,.. 2 Vi dién
cuc vang mang Bi ¢c6 thé &p dung trong phan tich chi.
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Hinh 3. Viing thé 1am viéc caavi dién cuc ban vang (12mmx50 um) truge vasau khi ma bismuth.
Dung dich nén pH 4,5 (C=0,1M), NaNO; 0,1M.

3.2.2.Khdo sat diéu kién xac dinh chi va yéu té gay nhiéu

Céc diéu kién thuc nghiém cho viéc xac dinh Pb trén vi dién cuc vang mang Bi duoc khao
sét vathu dugc thdng so t6i uu nhu bang 2.

Bang 2. Bang théng sb t6i wu cho phan tich chi trén vi dién cuc vang mang Bi.

Phuong phap Von-ampe hoa tan anod véi ki thuat xung vi phan
Dung dich diénly nén | pH 4,5 (C4y=0,05M) va NaNO; 0,05M
Van téc khudy 2000 vong/phtt (thanh khudy teflon)
Thé tich gop -0,8_-1v
Thai gian nghi 15s
Téc d6 quét thé 120mvV/s
Thoi gian tich gop 10-600s; 5-300s; 0-300s (twong tng Pb 10ppb, 30ppb, 70ppb)
Lam sach dién cuc 60stai -0,3V

Khi phan tich miu that thuong bi nhiéu yéu t 1am nhidu trong d¢6 anh huong cuaion kim
loai rat dang ké. Ngoai ra, do trong qué trinh vd co héa miu thuong thém luong 16n acid nhu
acid nitric, sulfuric, clohydric. Anh hudng cua anion NOg, ClI” da duoc xem xét trong phén
khao st thanh phan dung dich dién ly nén cua chi. Vi vay, ching t6i khao s&t dén anh huong
ciamot sd ion kim loai phd bién nhue Cd?*, Fe**, Zn*, Cu?* va anion SO, 1én peak Pb. Vi tri,
chiéu cao peak Pb ¢ ndng d6 10ppb duoc so sanh khi thém dan ion gay nhiéu vao dung dich
khao sét.

Cac ion Cd, Fe, Zn, SO, khong gay anh huéng dén viéc xé&c dinh chi. Tuy nhién, khi xét
dén anh huong cua Cu, Chleu cao peak Pb giam dan khi thém dan nong d6 ion Cu** vao dung
dich. O ndng d6 Cu* gip Pb** 20 Ian, chidu cao trung binh cua peak Pb giam khoang 50%.
Tuy nhién, ter ndng do Cu® 16n hon Pb?* 50 I3n thi chidu cao trung binh caa peak Pb ting tro
lai. Tién hanh do nhiéu lan & ting ndng do Cu™ khéc nhau cho thiy chiéu cao pesk Pb co
khuynh huéng tang dan (khoang 10%) sau mdi 1an do. Sy tang tin hiéu thé hién rd tir ndng do
Cu®" 16n hon Pb* 50 lan. Vi ¢c6 sy tang tin hiéu ny makhi Cu** & ham lugng 16n, chidu cao
trung binh cua nhiéu l1an do peak Pb sau khi giam d&tang lai. Nguyé&n nhan caa hién tuong nay
la do Cu** thém vao s3 canh tranh tich gop véi Pb™ 1am peak Pb ban dau giam. Luong Cu
cling tich gop voi Pb bam trén bé mat dién cuc mang Bi ma khdng duoc hoatan lai do thé &p
khadng du duong ( -0,3V). Piéu nay dan dén sy thay doi ban chat bé mat dién cuc, tir mang
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bismuth thanh mang dng. Lwong Cu mdi lan tich tu da giit lai mot phan Pb va phan Pb nay co
thé hoa tan cuing véi luong Pb dugc tich gop ¢ 1an do tiép theo; do d6 peak Pb sau mdi lan
phan tich c6 khuynh huéng cao dan. Nhu vay, tir ndng do 16n hon Pb* 50 lan thi anh huong
cua Cu®* tré nén déang ké. Bé loai trir anh hudng ndy cin phai hoa tan hdan toan 16p Cu tich
gop trén bé mat dién cyc. Viéc phan tich chi bang cach ma Bi in situ (qua trinh ma mang Bi va
xéc dinh Pb* dugc thyc hién trong cing mot giai doan) rat hiru ich trong truong hop nay vi
lwong Cu tich gép duoc hda tan hodn toan cuing véi |6p mang Bi sau mdi lan do.

Khi phan tich chi bang cach ma Bi in situ c6 sy hién dién caa Cu™, viéc lya chon ti Ié
ndng do thich hop gitta Pb*: Cu?* : Bi®* larat can thiét. Nong do Bi** qua thip s3 khong loai
duoc anh huong Cu?* vi Cu®* canh tranh tich gép véi Bi®* trén bé mat dién cuc. Nguoc lai,
ndng do Bi** qua cao tuy loai duoc anh hudng Cu®* nhung thoi gian 1am sach dién cuc sau méi
lan do rat 1au. Tién hanh khao sét chiéu cao va do lap lai cia peak Pb trong dung dich gom
Pb** 10ppb, Cu** 1ppm, va Bi** véi ndng d6 Bi** thay di tir 500ppb dén 20ppm. Ti |é ndng do
Cu*": Pb**= 100 duoc ¢ dinh trong sudt quatrinh khao si.

Tir két qua bang 3, chiéu cao vado lap lai ciapeak Pb dugc cai thién khi tang dan nong do
Bi**. Tur ndng do Bi** 500ppb dén 5ppm, chidu cap peak Pb ting Ién gan gip d6i chi sau tir 6
dén 8 1an do lién tuc; gia tri %RSD giam dan nhung hau hét I6n hon 20%. O ndng do Bi®*
10ppm va 20ppm, chiéu cao peak Pb ting nhe va do lap lai tot hon, %RSD khoang 10% dén
15%. Khi so sanh véi truong hop khéng cé ion Cu* va nong do Bi** 1a 10ppm, d6 lap lai
tuong duong nhau. Nong do Bi®** 10ppm (ti 1é nong do Pb*: Cu®* : Bi®* bang 1: 100: 1000) &
thich hop cho dung dich xéc dinh chi ma Bi in situ.

Bing 3. Chiéu cao vado lap lai cuapeak Pb 10ppb khi thay ddi ti I& nong ¢ Pb**: Cu*: Bi**
trong dung dich ma bismuth in situ.

Ph 10ppb + Cu 1ppm + Cmg; Ph 10ppb+ Cmg;
Bi S00ppb Bi Tppem Bi Zppm Bi Sppem Bi 10ppem Bi 20ppm Bi 10ppm
taep i8) 1208 | 300s flls 1208 flls 1208 flls 120s flls 1205 305 Gls 305 Gls
56,2 55279 13241 (30231 |238 64 51214 |933.48 |33200 2321|2381 |67 68 |24002 |3079 14315
5218 |53486 |139.35 |35526 (30267 |667 72 |12000 (40800 10597 (25289 |96.02 (262864 |7448 [157 8
6185 8411 14932 |386.34 |344 67 |FO235 |14000 (41900 19958 (2677 9207 (29131 |7292 167 31
4879 |57603 7725 |42359 |366,56 |F22 46 |15600 (47900 10271 (28411 |9107 (30454 |F132  [17492

Iro (nA) 83058 |63896 |17855 |44657 |362.45 |737 44 |17900 [53200 10329 3013 |9304 3085 |6937 [180.21
7184 |73521 17414 (47505 |391,75 |FEEF2 |15400 (59400 10949 (3125 |97 06 (32104 |8352 18577
9099 |82861 |18056 |94427 |405894 (8745 20830 1382 3217 11254 |35951 [6B57  |19264
10082 |926,34 |242.86 436 .57 121,06 1265 69,35

lre (nA)|7072  |671.74 171,91 |41906 |35657 (716,48 |1558,1 (46067 |11002 |28279 [9699 29755 7197 (17169
WRSD |27 17 2148 2008 1908 1757 [1576 |2644 | 20425504 1100 1555 |1306 |575 9,54
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Hinh 4. Chiéu cao peak Pb 10ppb trong 40 |an do lién tuc, ty 15s va 60s. Diéu kién phan tich bang 2.
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3.2.3.P¢ bén ciia lép mang Bi

Ngoai do nhay, do bén hoat tinh dién héalayéu té quyét dinh d¢én kha nang ang dung cia
dién cuc mang Bi trong phan tich. D6 bén nay thuong dugc thé hién thong qua do 1ap lai cua
phép do trong cling die éu kién phan tich. Thuc hién 40 phép do lién tuc dé kiém tra d¢ lap lai
cua két qua & ndng do Pb** 10ppb vai thoi gian tich gép 15s va 60s (hinh 4). Két qua cho thay
sau mdi 1an x&c dinh, chiéu cao peak Pb giam nhe. Thoi gian tich gop cang lau thi d6 giam
cang manh. % RSD cho 40 |an do véi thoi gian tich gép 15s va 60s lan luot 1a 15% va 20%.
Nguyén nhan cua sy giam hoat tinh ndy |a do Bi khdng tao hdn héng véi vang nhu Hg nén do
két dinh giira hai chat liéu ndy kém dan dén [6p mang Bi bi bong tréc dan sau mdi lan do. Tuy
nhién, do d¢ nhay giam tuong d6i cham cho phép thuc hién dugc cac phép do lién tuc trén
cung mét 16p mang vai do 1éch <10% (n=10).

3.4.Vi dién cuc vang mang Hg va mang Bi

Kiém tra khoang ndng do tuyén tinh trén vi dién cuc vang mang Bi va mang Hg, trong
nhitng diéu kién phan tich chi khac nhau, thoi gian tich gop 60s. Hai 16p mang lan luot duoc
ma trén vi dién cuc vang dang ban co cung kich thudce (hinh 5, 6).

Déi véi 16p mang Bi, khoang nong do tuyén tinh tét nhat cho trudong hop ma Bi ex situ
(dién cuc duoc ma mang Bi trong dung dich ma, sau d6 duoc chuyén sang dung dich xéc dinh
dé phan tich Pb**) c¢6 khudy tron 1a 1-1000ppb, truong hop ma Bi ex situ khdng khudy tron 1a
5-2000ppb, va trudng hop ma Bi in situ cd khudy tron 1& 5-1000ppb. Truong hop ma Bi ex
situ, hiéu qua tich gép chi khi khdng khudy tron thip hon khi co khudy tron nén ndng do Pb*
lam b&o hoa bé mat dién cuc cao hon; vi vay dan dén khoang tuyén tinh thu duoc khi khéng
khudy tron rong hon so véi khi khudy tron. Truong hop ma Bi in situ, I6p ma Bi duoc tao
thanh thuong rit mong nén sy bdo hda dién cuc xay ra g ndbng do Pb* thip hon so véi ma ex
situ khéng khudy tron. Buong chuan cia chi & khoang nong do nho thu dugc trong hai céch
ma Bi ex situ vain situ ¢ do tuyén tinh rat tt, hé sb hdi qui cao R? > 0,994. Trong diéu kién
c6 khudy tron va 60s tich gép, giatri LOD= 0,41 ppb, LOQ= 1,23 ppb cho trudng hop ma Bi
ex situ; va LOD=1,67 ppb, LOQ= 5,02 ppb cho truong hop ma Bi in situ.

Ddi v6i lop mang Hg, khi diing cach ma ex situ va ¢ khudy tron, khoang tuyén tinh tot
nht tir 10ppb den 2000ppb; peak Pb thu duoc déi xung. Do do, peak Pb co thé dinh luong t6t
trong khoang ndng dé ndy. Pudng chuan caa chi ¢ khoang ndng do nho c6 do tuyén tinh kha
t6t R?=0,994. Vi dién cuc vang mang Hg cho giatri LOD 1a 1,58 ppb, vaLOQ 14,74 ppb.

Nhu vay, gitravi dién cuc vang mang Hg va mang Bi, mang Hg cé khoang ndng dé tuyén
tinh rong hon. Sy bo hoa bé mat dién cuc thity ngan ¢ nong do Pb** cao hon so véi dién cuc
Bi la do kha nang Pb khuéch tan vao bén trong |6p mang Hg trong khi & mang Bi, Pb chi tich
tu trén bé mat 16p mang. Tuy nhién mang Bi cho gisi han phé hién Pb thip hon so véi mang
Hg khoang 3 Ian. Ngoai kha nang dinh luong Pb, céc qué trinh khao sét da cho thiy dién cuc
vang mang Bi kha nhay véi Cd (gap khoang 2 1an so véi Ph), peak Pb va Cd phan tach tét nén
c6 thé xéc dinh déng thoi hai ion kim loai ndy. Nguoc lai ¢ dién cuc vang mang Hg khang thé
dinh lugng duoc dong thoi Pb va Cd do chiing c6 thé bi tring chap pesk va do Cd rat kém
nhay. Xét vé d6 chinh xéc cia phép do, hai 16p mang cho d6 lap lai tuong duong nhau véi
%RSD <10 % (n=5). V& do bén, mang Bi kém bén hon nhiéu so véi mang Hg. Mot 16p mang
Hg c6 thé dung dé do lién tuc trong 5 gio. Kha niang tao hon hdng véi vang da gidp ting do
bén dién hoa ciing nhu do bén co hoc cho I6p mang Hg. Béi véi mang Bi, mot |op mang chi
c6 thé thuc hién khoang 20 phép do. Tuy nhién, dic tinh kém bén ndy tré nén hiru ich khi ta
dung c&ch ma in situ trong mot sb truong hop loai chat gay nhiéu.

Vi nhitng dac diém trén, vi dién cuc vang mang Bi hoan toan thich hop dé wng dung
trong phan tich ham luong vét chi.
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ED En ED s G5
E(7) vs.AgASCT B0y vs Ag/Aect

(A) (B)

Hinh 5. Phd d6 dudng chuin ciia Pb trén vi dién cuc ban vang mang bismuth (A) vamang Hg (B). Diéu
kién phan tich bang 2; tq 60s.

Budng chuan caa chi trén vi dién cwe vang Pwéng chuén ctia chitrén vi dién cwe vang
500 mang Bi mang Hg
250

400 y=16.137x-5.6014

; 200 - y = 6.601x + 8.158
R“=0.999

R?=0.9943

10.131x- 17.172
R2=0.9941 150 4

0 10 20 30 40 50 0 1‘0 20 :_;0 40
& ex situ, khua - z
Pb (ppb) = in situ, khuéyy Pb (ppb) ® Ex situ, khudy

Hinh 6. Buang chuin caachi trén vi dién cuc vang mang Bi vamang Hg. Biéu kién phan tich bang 2; tg
60s.

3.5.Phan tich chi trong miu nwéc

Tién hanh phan tich Pb trong 3 mau nudc voi muc dich kiém trakha nang rng dung cua vi
dién cuc vang mang bismuh. Cac mau nudc dugce xac dinh 1& nudc sdng Pong Nai (gan chan
cau sbng bong Nai), sdng Sai Gon (Thanh Pa), va nudc sau khi qua xu ly caa khu céng
nghiép Bién Hoa 2.

3.5.1.Xe ly mau

L4y chinh g(éc 25 hoac 50’ml méu cho vao erlen 250m|ﬂ. Thém 0,5ml axit H,SO, dam dac,
dun nhe trén bep dieu nhiét den the tich khoang 2-3 ml. Bé dung dich ngudi sau d6 thém Smi
HNO; va 1ml HCIO, dam dc, tiép tuc dun nhe cho dén khi xuét hién khéi tring ning bay lala
tr(an bé mit dung Qich (2-3 ml). Thém tiép 5ml‘ HNO; dam dic va dun nhe den khi hét khéi
trang. Trung hoa bang NaOH 5M va dinh mirc bang nudce cat tinh khiet MQ dén 25mil.

Rt chinh xéc 2 hqac 5ml dung dich mau vao cell do, thém 0,5m| démpH 4,5 1M vathém
nuéc cit dén 10ml. Tién hanh x&c dinh vai céc diéu kién daduoc tdi wu.
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3.5.2.Két qud phan tich

Thyc hién viéc xéc dinh chi trong c&c mau nuéc sir dung phuong phép thém chuan. Moi
mau dugc phan tich 2 1an véi 2 lan do 1ap lai. ’ ‘ N

Két qua ndng do Pb** trong mau nuéc va hiéu suat thu hoi cho tirng mau nhu sau:

Bang 4. Két qua ndng do Pb trong cac mau nudc

STT Mau Nong do Pb (ug/L) H(%)
1 Mau trang 55 85,7
2 | Nudc sdng gan chan cau song bong Nai 13,1 80,7
3 Nuéc sdng Sai Gon (Thanh Ba) 99 75,8
4 Nudc thai khu cdng nghiép Bién Hoa 2 21,8 73,0

Nhin chung, miu nuéc sdng Bong Nai va sbng Sai Gon ¢6 ham luong chi thap. Mau nuéc
con lai lanudce thai tir khu cong nghiép Bién Hoa 2 mic du da qua 2 1an xu 1y trude khi dugc
thai ra ngod méi truong van cd ham luong chi cao hon. Tuy nhién, két qua cho thay ham
lwong chi trong c&c mau nuéc ndy nam trong gi¢i han cho phép caa TCVN vé c&c ngudn nudc
sinh hoat.

Mau nwéc sdng Déng Nai

900
90

y =13.958x + 231.67
R? =0.9997

700 A

500

-40 -20 100 20 40
Pb (ppb)

Hinh 7. Mau nudc song Bdng Nai. Lugng Pb® mdi 1an thém chuan: 10ppb. Diéu kién phan tich bang 2.

4KET LUAN

Vi dién cuc vang mang thay ngan va mang bismuth hoan toan thich hop dé xéc dinh ham
lwong vét chi. So véi mang thuy ngan, vi dién cuc vang mang bismuth so hiru nhiéu dic tinh
vuot troi. Su két hop dién cuc vang kich thude nhé va mang bismuth dem lai 6 nhay kha tdt
dé dinh luong chi, giatri LOD bang 0,41ppb, LOQ bing 1,23ppb (60s tich gop) d&p ung dugc
nhu cau phan tich ca&c mau c6 ham lugng vét. Qua trinh téi wu giai doan ma bismuth gitp [6p
mang hoat dong 6n dinh véi d6 13p lai cao (%RSD=10%, n=10). Khoang tuyén tinh cua dién
cuc khé rong cho phép xac dinh c&c mau c6 nong dd Pb?* tir 5 dén 1000 ppb hoic cé thé nai
rong hon khi thay d6i diéu kién phan tich. Ngoai kha nang xéc dinh Pb, vi dién cuc vang mang
bismuth hira hen kha nang phan tich dugc nhiéu ion kim loai khéc nhu Cd, In, TI...So véi vi
dién cuc vang mang thiy ngén, vi dién cuc vang mang bismuth da chirng té6 duoc nhitng wu
diém vé @6 nhay va quan trong hon ca la tinh than thién véi mdi truong. Vi nhiing dac diém
trén, vi dién cuc vang mang bismuth thich hop cho phan tich ham luong vét kim loai. Viéc xac
dinh Pb trong mot s6 mau nudc da gop phan khang dinh thém kha niang tng dung cua dién
cuc. Vi dién cyc vang mang bismuth da cung cip thém cho c&c nha phan tich céng cu phan
tich hiéu qua, kinh té vathan thién véi méi truong.
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BISMUTH FILM AND MERCURY FILM ON GOLD MICRO-ELECTRODES
FOR TRACE LEAD ANALYSIS

Phan Thi Ngoc Nhu, Nguyen Ba Hoai Anh
University of Science, VNU-HCM

ABSTRACT: The study focuses on determination of trace lead using bismuth film and
mercury film on gold microelectrodes. The ex-situ bismuth plating procedure is investigated.
At each kind of the films, the analytical parameters are examined to obtain the reliable
analytical methods. Bismuth film microelectrode prove its attractive behaviors with detection
limit of 0.7 ppb for 60s deposition, the gold one has detection limit of 2.4 ppb for 60s
deposition. Repeatability of bismuth film microelectrode are 5% at Pb 10 ppb for 15s
deposition, and 3% at Pb 30s for 60s deposition (n=5); and those of mercury film are 11%,
8%, and 4% at Pb 10 ppb, 30 ppb, and 70 ppb for 60s deposition, respectively (n=4). Bismuth
film microelectrode represents its promising less toxic and environmental friendly electrode
material compared to mercury one.

Key words: lead, mercury film, bismuth film, microelectrode.
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