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TOM TAT

Tin hiéu von-ampe hoa tan xung vi phan ctia Pb(II) duoc ghi trén mdy do dién hoa
cam tay DropSens uSTAT-400 véi dién cuc in lwdi tw ché& (SPE) dung muc in dan
dién carbon va muc Ag/AgCl. Cac diéu kién ky thuat xung vi phan thich hop d€ ghi
tin hiéu hoa tan cua chi gom budc thé, bién d6 xung, bé rong xung va toc do quét
thé co gia tri lan lwgt 12 0,004 V, 0,04 V, 40 ms va 0,006 V/s. Khi lam sach SPE bf?mg
cach ap thé +0,6 V trong 10 s gitta cac lan do lién tiép, két qua do cuong d6 dong
dinh hoa tan (Iy) c6 d6 ldp lai tot. Co thé tai st dung cac SPE ty ché trong ngay lam
viéc ti€p theo, sau khi da lam sach va bao quan trong nudc cét. Gia tri I, ghi dugc ty
1é tuyén tinh véi nong do Pb(II) trong khoang 2,5-30 ug/L. Giéi han phét hién Pb(II)
xéc dinh dugc bang quy tac 3c 1a 1,4 pg/L, thoi gian dién phan lam giau 1a 180 s.

Tt khoa: dién cuc in lwsi, DP-ASV, Pb(1l), SPE, von-ampe hoa tan xung vi phan.

1. MO PAU

Chi la mot trong nhitng kim loai ndng thuwong gdp trong moi truong [1]. Ngoai
cac nguon nhan tao nhu khi thai, nwdc thai cong nghiép... mot sd ngudn tu nhién nhw
da voi co chira chi, khoang kim loai, hoat ddng phun trao cuia nui ltra... cling c6 thé gay
6 nhiém chi d&i véi moi truong ndi chung va mai tredong nuwde néi riéng. Ton kim loai
ddc hai nay co thé bi hap thu boi cac loai rau cu thdng qua cac qua trinh khac nhau va
di vao chudi thitc &n 6 nong do6 cao [2]. Su tich liy chi ngay & mtc lwong vét trong co
thé cling c6 thé gy ra mot so tac hai nghiém trong cho strc khde, nhu gay bénh than
kinh, r6i loan hanh vi, ton thuwong gan, than, phoi, gay dot quy, cao huyét ap... dac biét
6 thé gay hai d6i voi sy phat trién nao bg, chi sd thong minh va kha nang ti€p thu cua
tré so sinh [2, 3].
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Hién nay nhiéu phuwong phap phan tich chi da duoc phat trién va stt dung, nhu
phuwong phap pho hap thu nguyén tir, phd phat xa nguyén tt, khdi pho plasma cam ting,
sac ky... va cac phurong phép phan tich dién héa [1]. Trong s8 cac phuong phap phan
tich dién hoa, phuong phdp von-ampe hoa tan la mot trong nhitng phuwong phap phu
hop nhat dé€ xac dinh lwong vét cac ion kim loai nang néi chung va chi néi riéng. Phuong
phap phan tich dién héa cé loi thé'la c6 dd nhay cao, chi phi phan tich thdp, hau nhu
khong can phai xtt Iy mau trudc, dung thiét bi nho gon, vi vay ngay cang duogc stt dung
pho bién hon so v6i cac phurong phap pho thuong yéu cau phai c6 thiét bi 16n, ky thuat
vién van hanh c¢6 trinh d6 va chi phi phan tich cao [1, 4].

Vao cudi thap nién 1980, dién cuc in lwdi (screen-printed electrode, SPE) duoc
phat trién bang cdch dung muc in dan dién carbon d€ in cic dién cuc 1én tdm polymer,
g6m hodc gidy bang ky thuat in lwdi da ra doi [5]. SPE 6 kich thudc nhod gon hon rat
nhiéu so voi hé dién cuc truyén thdng c6 cau tao phuic tap, kich thwde 16n. Viéc phat
minh ra SPE da cho phép thu nho thiét bj phan tich dién hoa dén muic ¢6 thé cam tay dé
tién hanh phan tich tai hién truong. Do ¢6 gia thanh ré nén SPE thuong duoc san xuét
dé€ dung mot lan, khong can cac bude xir ly dién cue, 1am sach, danh bong trude va sau
mdi phép do [6]. Mdc du nhiéu loai SPE da dugc thuong mai hoa va c san trén thi
truong, nhung tity theo nhu cau nghién cttu riéng, hién nay cac nha khoa hoc van thuong
tw ché tao cac dién cuc in lwdi (goi tit 1a dién cuc in) vdi cac cdu hinh, kich ¢, loai vat
liéu myc in dan dién khac nhau, qua d6 phéat trién cac loai SPE méi va cac phwong phap
phan tich dung cac loai dién curc nay.

Nham muc dich phét trién phuong phap phan tich Pb(I) bang phuong phap
von-ampe st dung SPE, bai bdo nay trinh bay cac két qua khao sat tin hiéu von-ampe
hoa tan anot xung vi phan cua Pb(Il) trén dién cuc in ty ch€ dung may do cam tay.

2. THUC NGHIEM
2.1. Héa chat

Dung dich HNO:s dac 65 % (w/w), CHsCOOH bang 99 % (w/w), dung dich NHs
dac 28 % (w/w), KCl tinh thé, Na2COs khan, aceton déu 1a hda chat tinh khiét dung cho
phan tich do Sigma-Aldrich (Ptic) cung cap. Dung dich chuan Pb(II) 1000 mg/L dung
cho phan tich quang phd hdp thu nguyén t& duoc mua tir hang Merck (Btc). Nudce cat
hai lan dwgc dung d€ pha ché hoa chat va trang rira dung cu. In dién cuc béng cac loai
muc dan dién carbon black Ceres YT-581 ctia Guangzhou Print Area Technology Co.
(Trung Qudc) va muc Ag/AgCl (60/40) dung cho in ludi cua Sigma-Aldrich (Dtic). Mang
nhua PET (polyethylene terephthalate) day 0,4 mm cua hang HUNUFA (Viét Nam) duoc
dung lam nén d¢€ in dién cuc.
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2.2. Thiét bi & Dung cu

Cac thi nghiém dwgc thye hién trén may do dién héa cam tay DropSens uSTAT-
400 ctia Metrohm (Thuy Si) diéu khién bang phan mém DropView 4000. Ban in lwdi tw
ché& dung khung in ludi polyester loai T100 ctia Hebei Reking Wire Mesh (Trung Qudc).

2.3. Ché tao dién cuc in

Ché tao cdc mau am ban (stencils) ctia thiét k& dién cuc trén lwdi in cd d6 min
T100 (100 soi lwdi trén 1 cm). Dung muc in dan dién d€ in SPE trén tim nhya PET (day
0,4 mm) da lam sach bang xa phong, nudc va aceton. Dién cyc so sanh (RE) va cc duong
dan dién duoc in truede béng muc in Ag/AgCl, d&€ muc kho ty nhién. Sau d6 dung muc
dan dién carbon d¢ in dién cwc lam viéc (WE) va dién cuc d8i (CE) phu 1én 16p in bang
murc Ag/AgCl. Sau khi in, 1 SPE ¢ 80 °C trong tu sdy trong 90 phut. Két thiic qua trinh
nhiét, phtt mot 16p mang cach dién 1én dién cuee &€ tranh bi ngan mach & phan chan tiép
xuc dién cua dién cuc khi nhiing vao dung dich do. Cau tao dién cuc SPE tw ché duoc
trinh bay trén Hinh 1a.

(a) Tam nhua PET (b)
(day 0,4 mm)

Y Pién cwc doi

(CE, muc carbon)

Dién cwce so sanh
(RE, murc Ag/AgCl)

Dién cwc lam viéc
(WE, muc carbon)

30 mm

Lé&'p son cach dién

Chén tiép xuc dién
(mwc Ag/AgCl)

+-—14mm—

Hinh 1. C4u tao cta dién cuc SPE ty ché (a) va bo thiét bi do dién hda cam tay DropSens
USTAT-400 (b).

Sau khi 1t nhiét, cac SPE tu ché duwoc hoat hda dién hda b%ng cach nhing dién
cye vao dung dich Na2COs 2 M sau d6 ap thé +1,2 V trong 180 s trén WE ctia SPE. Két
thtc qua trinh hoat hoa, SPE duoc rira lai nhiéu lan b%ng nudc cat va lam kho ty nhién
dé s&n sang st dung.

2.4. Ghi tin hiéu von-ampe hoa tan ciaa dung dich Pb(II)

Tin hiéu von-ampe hoa tan anot xung vi phan (differential pulse anodic stripping
voltammetry, DP-ASV) ctia Pb(Il) trén SPE tu ché€ duoc ghi trong dung dich nén chua
CHsCOOH 0,2 M, NHs 0,1 M va KCl1 0,15 M [Error! Reference source not found.] (goi
tat 1a dung dich nén) véi thiét bi do dién héa cam tay DropSens pSTAT-400 ctia hang
Metrohm, goi tat la thiét bi do (Hinh 1b). Thiét bi nay duoc diéu khién bang phan mém
DropView 4000 cai dat trén may tinh c6 két ndi voi thiét bi do qua cap USB.
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Dé€ thuén tién cho viéc thay doi cac dung dich do trong cac thi nghiém khao sat,
SPE duoc gén vao b ga dién cuee ty ché ro6i nhung vao coc thuy tinh nhé ¢é chira 10 mL
dung dich sao cho toan bd ba dién cwc CE, WE va RE ctia SPE déu ngéap trong long dung
dich do.

Madi chu trinh ghi tin hiéu DP-ASV trén thiét bi do bao gom cac cong doan: lam
sach (hodc hoat hoa dién cuc, pre-condition) & thé Ecnd trong khoang thoi gian tons; dién
phéan lam giau ¢ thé Eip va thoi gian tep, trong qua trinh dién phan dung dich dwoc
khudy bang may khudy tit; két thiic qud trinh dién phan, ngiing khuay dung dich trong
khoang thoi gian teui; ghi tin hiéu DP-ASV bang cach quét thé anot tir thé Eugin dén thé
Eewe bang ki thuat quét thé xung vi phan.

3. KET QUA VA THAO LUAN
3.1. Cac diéu kién ky thuat DP-ASV
Dé khao sat lya chon diéu kién ky thuat DP-ASV, nhing SPE vao dung dich nén

chtra Pb(Il) 10 pg/L va két ndi SPE vdi thiét bi do, dién phan lam giau ¢ -1,2 V [8] trong
180 s, trong giai doan nay dung dich dwoc khudy véi toc dd () 800 vong/phut.
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Hinh 2. Két qua ghi I, trung binh (n = 3) ctia chi khi bién d6i budc thé (a) va bién d¢ xung (b).

Diéu kién thi nghi¢ém (DKTN): dung dich nén chira Pb(II) 10 pg/L; Econd = +0,6 V; teond = 10 s; Edep = —1,2
V; taey = 180 s; @ =800 vong/phuit; tequir =15 s; Evegin=~1,2 V; Eena==0,1 V. (a): Epuis = 0,04 V; tpuis = 40 ms;
Srate = 0,006 V/s. (b): Estep = 0,004 V; tpuis = 40 ms; Srare = 0,006 V/s. Thanh sai s6'trén truc tung la d¢ 1éch

chudn (standard deviation, SD) ciia Ip.
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Hinh 3. Két qua ghi Ip trung binh (n = 3) ctia chi khi bién ddi bé rong xung (a) va tc dd quét thé (b).

DKTN: dung dich nén chiva Pb(II) 10 ug/L; Econa = +0,6 V; teona = 10 s; Edep = =1,2 V; taep = 180 s; 0 =800
vong/phiit; tequit=15's; Evegin=-1,2 V; Eena=—0,1 V. (a): Estep = 0,004 V; Epuis = 0,04 V; Srate = 0,006 V/s. (b):
Estep = 0,004 V; Epuis= 0,04 s; tpus = 40 ms. Thanh sai s6'trén truc tung la dg 1éch chuén (standard deviation,
SD) cua L.

Két thuc giai doan dién phan, ngting khudy dung dich trong 15 s, sau d6 quét thé
anot tir —1,2 V d@&n -0,1 V bang ky thuat xung vi phan va ghi duong von-ampe (viét tat
la duong DP-ASV). Buong DP-ASV thu dugc c6 dinh hoa tan cua chi xudt hién ¢ thé
khoang 0,5 V. Trong qua trinh quét thé, thay ddi cac thong s6 ky thuat xung vi phan
bao gdm budc thé (Eswp), bién d0 xung (Epus), bé rdng xung (fpus) va tdc dd quét thé (Sar)
theo phuong phép don bién. Lap lai mdi thi nghiém ba Ian. Két qua thi nghiém trinh bay
trén Hinh 2 va Hinh 3 cho thdy, c6 thé ghi dwoc ceong do dong dinh hoa tan ctia chi (Iy)
cao va lap lai v6i cac thong so ky thuat xung gom Estep = 0,004 V, Epus = 0,04 V, tpus = 40 ms
va Sre = 0,006 V/s.

3.2. Thoi gian dién phan lam giau

Khi tang thoi gian dién phan lam giau tr 0 s dén 240 s thi I, cua chi cling tang
dan tr 0,13 pA dén 2,15 puA (Hinh 4a). Tuy vay, khi tang tay dén 210 s thi do lap lai cua
I, bt dau giam mot cach dang ké, do léch chuan tuong doi (relative standard deviation,
RSD) cua két qua do I, tang ttx 5,7 % (tap = 180 s) 1én 10,3 % (taey = 210 s) va 9,2 % (& taep =
240 s). Ngoai ra, tang thoi gian dién phan lam giau cling lam tdng nén cta cac duong
DP-ASV (Hinh 4b). Do trong thi nghiém nay, mdi SPE chi duoc dung cho ba Ian do lap
lai & mot gid tri Edp xac dinh, nén hién tuong tang nén duong DP-ASV cho thay co6 thé
da co sy bién déi cua 16p vat liéu trén bé mat WE caa SPE, lam giam d6 dan dién caa
dién cuc [9] sau thoi gian dién phan dai. Vi vay, khong nén tang thoi gian dién phan lam
giau qua cao dé€lam tang do nhay ctia két qua dinh luong chi trén loai SPE nay.
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Hinh 4. I trung binh (n = 3) ctia dung dich nén c6 chita Pb(II) 10 pg/L voi cac thoi gian dién
phén lam giau khac nhau (a); va cadc duwong DP-ASV khi téng dan thoi gian dién phéan lam giau
ttr 0 s dén 240 s (b).

DKTN: dung dich nén chiza Pb(II) 10 pg/L; Edep =~1,2 V; @ = 800 vong/phiit; tequi = 15 s; Econd = +0,6 V;
teond =10 S, Estep = 0,004 ‘/, Epuls = 0,04 ‘/, tpuls =40 ms, Sate = 0,006 V/S,' Ebegin = _1,2 ‘/, Eend = _0,1 V. Thanh

sai so'trén truc tung la g 1éch chudn (standard deviation, SD) ciia Ip.
3.3. Ché& d6 lam sach dién cuc

Két qua thi nghiém trinh bay trong Bang 1 cho thdy, I, do dugc ctia dung dich
nén chira Pb(Il) 10 pg/L c6 xu hudng ting dan va ldp lai tot hon khi tang thé'lam sach t
0V dn +0,6 V. Lam sach & +0,6 V trong 10 s trieéc moi phép do lién tiép cho phép ghi
duoc Iy cd cuong d6 cao, lap lai tot, do d6 khong can thiét phai khao séat cac thé va thoi
gian lam sach khac cao hon.

Bing 1. Anh hudng ctia thé va thoi gian 1am sach dién héa dén I, ciia dung dich nén chita Pb(Il)
10 pg/L trén dién cyec SPE.

Econa (V) teond (S) Ip ) (UA) RSD (%, n=3)
Khong lam sach 0 1,96 14,3
+0,2 5 2,07 8,2
+0,4 5 2,17 8,8
+0,6 5 2,15 6,0
+0,6 10 2,18 4,1

DKTN: dung dich nén chira Pb(I1)10 pg/L; Edep =~1,2 V; taep = 180 s; @ = 800 vong/phiit; tequi =15 s; Estep
= 0,004 ‘/, Epuls = 0,04 ‘/, tpu[s =40 ms, Srate = 0,006 V/S, Ebegin = _1,2 ‘/, Eend = _0,1 V.

3.4. D6 lap lai va do tai lap cua két qua do I,

Khi lam sach dién cuc béng cach ap mot thé +0,6 V 1én WE cua SPE trong 10 s,
cac gia tri I, do lién tiép (n = 10) trén mot SPE c6 d6 ldp lai rat tot va tot hon nhiéu so voi
khi khong dung bién phap lam sach dién hoa. Gia tri RSD xac dinh duoc sau 10 Ian do
14p lai ciia dung dich nén c6 chita Pb(Il) 10 pg/L véi ché do lam sach da néu la 4,9 %, nho
hon nhiéu so véi gia tri 2RSDu cho phép (tinh theo ham Horwitz [10]) ¢ muc néng do
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nay la 16 %. Viéc lam sach dién hoa cling cho phép giam bét hién tuong gia tdng nén ctia
cac duwong DP-ASV ghi lap lai (Hinh 5a va 5b).

10 10
A\ Pbany 10 pgit a Ph(ll) 10 ug/L
Khéng lam sach ( ) E, ( )= +0Hgv
s N\ 1p (7B) = 246 wA 8 C?”d 105
MW\ RsD = 16,7 (%, n = 10) cond
Ip (TB) = 2,02 pA

RSD = 4,9 (%, n = 10)

Iy (4A)

Hinh 5. Cac duong DP-ASV cuia dung dich nén chita Pb(II) 10 ug/L duoc ghi ldp lai trén cing mot

SPE khi khong lam sach dién hda (a); va c6 lam sach ¢ +0,6 V trong 10 s gitta cac lan do lién tiép.
DKTN: nhuw 6 Hinh 4.

Nhu vay, cd thé dung mot SPE tu ché dé€ do I lién tiép it nhat 1a 10 [an ma khong
lam sai 1éch dang ké két qua do. D€ tra 10i cau hai liéu ¢6 thé st dung duwoc cac SPE da
dung sau khi lam sach va bao quan qua dém hay khong, 2 dién cyec SPE khac nhau (SPE1
va SPE2) da duoc dung d€ ghi I, cia dung dich nén chita Pb(Il) 10 pg/L, mdi ngay do
13p lai 2 Tan va do trong bén ngay lién tiép. Sau lan do ctia mdi ngay, rita dién cuec bang
dung dich HNOs 0,1 M vai Ian, sau d6 tia rtta &€ lam sach bang nuidc cat hai lan roi
nhung vao nudc cat hai lan dé bao quan. Trudc khi sit dung vao ngay sau, SPE duoc tia
rira lai bévmg nudc cat va dé kho tu nhién. Két qua thi nghiém duoc trinh bay trong Bang
2 cho thay, sau khi rira sach va bao quan, c6 thé st dung SPE thém mot [an nita vao ngay
hom sau. Két qua do I, trong lan tai st dung nay khong suy giam dang ké so véi lan st
dung dau tién. Tuy nhién ¢ cac [an tai st dung vao ngay thit ba va th tu thi gid tri I, do
duoc trén SPE bt dau suy giam dang ké. Nhu vay mac du dugc ché tao voi muc dich
st dung mot lan, nhung cac SPE tu ché c6 thé dung d€ phan tich trong it nhat muwoi lan
lap lai. Sau khi rtra va bao quan trong nudc cat, van cé thé tai st dung SPE vao ngay
hom sau.

Bang 2. Két qua xac dinh I cua dung dich nén chtta Pb(Il) 10 ug/L trong nhitng lan do lap lai

trén cling mot SPE trong bon ngay.

Ngay do 1 2 3 4
Lan do 1 2,47 2,28 1,59 1,55
Lan do 2 2,33 2,17 1,95 1,63
Iy SPEI Trung binh ngay 2,40 2,22 1,77 1,59
(HA) RSD (%, n=2) 3,4 3,3 14,3 3,5
Trung binh 4 ngay 2,00
RSD (%, n=38) 18,4
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Lan do 1 2,20 2,14 1,69 1,73

Lan do 2 2,01 1,91 1,82 1,53

Trung binh ngay 2,11 2,03 1,75 1,63
SPE2 RSD (%, n=2) 6,2 8,1 53 8,9

Trung binh 4 ngay 1,88

RSD (%, n = 8) 12,4

DKTN: dung dich chita Pb(II) 10 pg/L; Edep = 1,2 V; tdep = 180 s; 0 = 800 vong/phtit; tequit = 15 s; Econd =
+0,6 V,' teond = 10 S, Estep = 0,004 V,' Epuls = 0,04 V,' tpuls =40 ms, Srate = 0,006 V/S,' Ebegin = —1,2 V,' Eend = —0,1 V.

3.5. Khoang tuyén tinh va gigi han phat hién

Két qua ghi I, ctia cac dung dich nén chita Pb(II) n6ng d¢ tang dan tit 0 pg/L dén
50 ug/L bang phuong phap DP-ASV (Hinh 6a va 6b) cho thdy gifta I, va nong dd Pb(Il)
c6 quan hé tuyén tinh tot trong khoang nong do tir 2,5 pg/L dén 30 pg/L. Khi néng do
Pb(II) trong dung dich tang trén 30 pg/L thi I, ting cham dan.
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Hinh 6. Duong hoi quy tuyén tinh I, — Ceoay (a) va cac duong DP-ASV ctia cac dung dich nén
chita Pb(II) c6 nong d6 tir 0 pg/L dén 50 pg/L (b).

DKTN: nhu 6 Bang 2.

Ap dung quy téc 30 véi cac s6 liéu I, ctia dung dich Pb(IT) c6 ndng dd tir 2,5 pg/L
dén 10 pg/L 6 thé xac dinh duoc gidi han phat hién (LOD) va giéi han dinh lugng (LOQ)
Pb(II) Ian lwot 1a 1,4 pg/L va 4,6 pg/L, voi 180 s dién phan lam giau.

4. KET LUAN

C6 thé st dung may do dién hoa cam tay DropSens uSTAT-400 dé€ ghi tin hiéu
von-ampe hoa tan xung vi phan cta Pb(II) trong dung dich nén chita CHs=COOH 0,2 M,
NHs 0,1 M va KCl1 0,15 M, v6i dién cyc in lwdi tee ché dung cac loai muc in dan dién
carbon va muc Ag/AgCl. Tin hiéu hoa tan ghi dwgc dap tng cac yéu cau co ban dé tiép
tuc nghién cttu phat trién quy trinh phan tich ion Pb(II) trén loai SPE tu ché v6i may do
dién hda cam tay nay. Néu lam sach can than sau d6 bao quan SPE trong nudc cét thi cd
thé tai st dung cac SPE tu ché trong ngay lam viéc ti€p theo.
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DIFFERENTIAL PULSE ANODIC STRIPPING VOLTAMMETRY SIGNALS OF
Pb(II) ON SELF-MADE SCREEN-PRINTED ELECTRODES MEASURED BY A
PORTABLE ELECTROCHEMICAL ANALYZER

Hoang Thai Long’, Ho Xuan Anh Vu,
Nguyen Dang Giang Chau, Ho Van Minh Hai

Faculty of Chemistry, University of Sciences, Hue University
*Email: hthailongh@hueuni.edu.vn
ABSTRACT

The differential pulse anodic stripping voltammetric signals of Pb(II) are measured
using a DropSens uSTAT-400 portable electrochemical analyzer, with the self-made
screen-printed electrodes (SPE) composed of conductive carbon ink and Ag/AgCl
ink. The appropriate technical conditions for the differential pulse stripping
voltammetric measurement of lead encompass the step potential, pulse amplitude,
pulse time, and scan rate, set at 0.004 V, 0.04 V, 40 ms, and 0.006 V/s, respectively.
When cleaning the SPE by applying a potential of +0.6 V for 10 seconds between
consecutive measurements, the measured results of the stripping peak current ()
exhibit good repeatability. After cleaning and storing in distilled water, self-made
SPEs can be reused on the next working day. The measured I, values exhibit a linear
relationship with Pb(Il) concentrations in the range of 2.5-30 ug/L. The detection
limit of Pb(II), determined by the 3o rule, is 1.4 ug/L, with the deposition time of 180

seconds.

Keywords: screen-printed electrode, SPE, differential pulse anodic stripping
voltammetry, DP-ASV, lead, Pb(Il).
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Hoang Théi Long sinh ngay 08/11/1960 tai Thita Thién Hué. Ong t&t
nghiép ctr nhan nganh Hda hoc ndm 1983 tai truong Dai hoc Téng hop
Hué va thac si chuyén nganh Hdéa hoc va Ky thuat Moéi truong tai Vién
Cong nghé Tokyo vao ndm 1997. C)ng nhan hoc vi tién si ndm 2011 tai
Truong Dai hoc Khoa hoc Ty nhién, Dai hoc Qudc gia Ha Noi va duoc
phong hoc ham pho gido su ndm 2018. Ttr nam 2018 dén nay, dng giang
day tai khoa Héa hoc, Truong Pai hoc Khoa hoc, Pai hoc Hué.

Linh vwec nghién civu: Phan tich dién hoéa va Phan tich moi treong.

H6 Xuan Anh Vii sinh ndm 1985 tai Thita Thién Hué. Ong t6t nghiép ctr
nhan chuyén nganh Héa hoc ndm 2009 tai treong Pai hoc Khoa hoc -
Dai hoc Hué; t6t nghiép Thac si chuyén nganh Héa Phan tich nam 2011
tai truong Pai hoc Khoa hoc - Pai hoc Hué. Ong hién dang la nghién cttu
sinh chuyén nganh Hdéa phan tich tai treong Dai hoc Khoa hoc - Pai hoc
Hué. Hién nay, dang cdng tac tai b0 moén Hoa Phan tich, truong Dai hoc
Khoa hoc, Dai hoc Hué

Linh vwc nghién ciru: phan tich dién héa, phan tich cac hgp chat hitu co,

danh gid chat lwong nude va nghién ctu vat liéu.

Nguyén Ding Giang Chau sinh ngay 20/09/1985 tai Thita Thién Hué.
Ba tot nghiép ctt nhan nganh Hoa hoc nam 2003, Thac sy nganh Hoéa
phéan tich ndm 2009, Tién sy nganh Khoa hoc Nong nghiép nam 2015.
Hién ba dang la Giang vién tai Khoa Hoéa hoc, trieong Pai hoc Khoa hoc,
Dai hoc Hué.

Linh viec nghién citu: Phan tich chat 6 nhiém ton luu trong moi treong va

nong san.

H6 Vin Minh Hai sinh ngay 06/11/1986 tai Thita Thién Hué. Ong t5t
nghiép dai hoc nam 2009 nganh Cong nghé vat liéu Silicat tai Trueong
Dai hoc Bach Khoa Da N&ng. Nam 2015, 6ng t6t nghiép thac si chuyén
nganh Hoa Vo co tai Truong Dai hoc Khoa hoc, Dai hoc Hué. Hién tai,
Ong dang cong tac tai Khoa Hda hoc, Truwong Pai hoc Khoa hoc, Dai hoc

Hué.

Linh viee nghién ciru: Vat liéu nano, Khung hitu co kim loai MOFs, xtic

tac, cam bién dién hoa.
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