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Tém tat. Trong bai bdo nay, graphen oxit (GO) duwoc tdng hop tir bot graphit bing phuong phap
Hummer; GO dugc khtt bang axit ascorbic thanh graphen oxit dang khtt (rGO). Titan dioxit (TiO2) cau
triic nano ¢6 tinh dn dinh vatly va héa hoc cao véi nhiéu ting dung, dac biét 1a trong linh viee méi trueong.
Vat liéu TiO2/rGO duoc déc trung béng nhiéu xa tia X (XRD) va hién vi dién tor quét (SEM) dé€ ching
minh cdc dédc diém hinh thai ctia bé mét ch&t hip phu. Qua trinh hdp phu — giai hdp phu nito dugc st
dung dé€ xac dinh dién tich bé mat riéng va do x&p. Vat liéu vira tong hgp dugc ting dung dé€ bién tinh
dién cuc nén than thuy tinh nhdm xac dinh dong thoi ham luong cadimi va chi béng phuong phap von-
ampe hoa tan anot xung vi phan (DP-ASV). D6 nhay ctia phuong phap d6i véi Cd" va Pb" la 0,329 +
0,005 va 0,346 + 0,004 wA/ppb. Giéi han phat hién d6i véi Cd" va Pb''1a 3,17 va 2,42 ppb. Gitta I, va nong
d6 kim loai c6 twong quan tuyén tinh tot trong khoang 6-80 ppb véi R? > 0,998.
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TiO2/rGO: Synthesis and application to cadmium and lead simultaneous
determination by stripping voltammetry
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Abstract. In this paper, graphite powder was used to produce graphene oxide (GO), which was then
reduced by ascorbic acid to gain reduced graphene oxide (rGO) with the Hummer method. Nano
titanium dioxide (TiO2) is physically and chemically stable and used in numerous environmental
applications. Reduced graphene oxide was modified with TiO.. The obtained TiO2/rGO was
characterized by wusing X-ray diffraction, scanning electron microscopy and nitrogen
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adsorption/desorption isotherms. The synthesized material was applied to modify a glassy carbon
electrode for the simultaneous determination of cadmium and lead with differential pulse anodic
stripping voltammetry (DP-ASV). The method yielded a high sensitivity (0.329 + 0.005 and 0.346 + 0.004
A /ppb for Cd" and Pb"), low detection limit (3.17 ppb and 2.42 ppb for Cd" and Pb") and a good linear
correlation between Ip and the metal concentration in the range of 6-80 ppb for both metals (R? > 0.998).

Keywords: reduced graphene oxide, titanium dioxide, cadmium, lead, stripping voltammetry

1  Datvan dé

Anh hwdéng doc hai ctia cac ion kim loai ndng
c6 mit trong cdc mau moi treong nhu tram tich,
thuc pham va nudc udng dang tang 1én gan day la
mot trong nhiing chu dé duoc thao luan tai cac hoi
nghi khoa hoc trén toan thé gidi [1]. Su nhiém
moi treong do cac chét thai chira cac kim loai doc,
trong d6 cé cadimi (Cd") va chi (Pb"), anh hwong
tiéu cuc dén doi séng cua nhiéu loai sinh vat thay
sinh. Tiép theo d6 la nhiing anh huong gian tiép
dén cac sinh vat ¢ nhiing mdi truong khac thong
qua sy tich lily ddc chat trong chudi thitc dn. Sinh
vat, khi tich lily mot lwgng 16n cac kim loai doc,
dan thoai hoa hodc bién di, anh hwong dén sy ton
tai cua giong loai. Con nguoi ¢ vi tri cudi cung
trong chudi thitc &n sé khong thé tranh khoi nhitng
nguy co vé sttc khoe tir s 6 nhiém ion kim loai
nang [2]. Ngay nay, su phat trién manh mé ctia cac
nganh khoa hoc va cong nghé, nhue khoa hoc may
tinh va khoa hoc vat liéu, doi hoi nganh hda hoc
phan tich phai phat trién va hoan thién cac phuong
phép phan tich c6 d¢ nhay va d6 chon loc cao d€
xac dinh chinh xac lwgng vét va siéu vét kim loai
nang trong cac d6i twong cua moi truong. Cac
phuong phép phan tich dién hoa hién dai, ma dién
hinh Ia cdc phwong phép von-ampe hoa tan cé cac
uvu diém nhu d¢ nhay, d6 chinh xac, tinh chon loc
cao va gidi han phat hién thap, dac biét 1a chi phi
thiét bi thap [3, 4].

Titan dioxit (TiO2) la chat ban dan c6 nang
luong vung cam truc ti€p rong, va su tai két hop
cap dién tir - 16 tréng quang sinh xay ra thich hop.
Mit khéc, vung hoa tri ctia TiO2 gom cac orbital 2p
cta O xen phu véi céc orbital 3d caa Ti, trong khi

viing dan chi gom cac orbital 3d ctia Ti nén thé hién
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kha ndng xdc tac quang rat tot. Tinh thé TiO:2 kich
thudc nano ¢6 nhiéu Gng dung tiém nang hon o
dang khdi boi vi nd c6 ti 1€ gitra dién tich bé mat va
thé tich cao, s6 luong cac chat mang khong dinh x&
trén bé mat tang manh, su di chuyén va thoi gian
ton tai cua cac dién tich dwgc nang cao. Do do,
chung duoc stt dung trong moi treong, y sinh hoc,
va t&€ bao nang luwgng mat troi [5]. Bén canh do,
graphen oxit (GO) la san phdm oxy hoa graphit (G)
bang cac tac nhan oxy héa manh. Qua trinh nay
gén cac nhém chite chita oxy 1én bé mit cac tdm
graphen nam trong ciu trac graphit, nhue hydroxyl,
cacboxyl, epoxy va xeton cling cac nguyén ti
cacbon. Graphen va cac dan xudt ctia né da thu hat
duoc sw cha y do hinh thai ddc dao ctia chuing va
ddc tinh dién, co, quang hoc, nhiét va khang khudn.
Nhiing vat liéu hap dan nay da duogc dé xuat st
dung trong linh vic ban dan, cam bién, luu tri
nang lugng va y t€ [6, 7]. GO c6 thé duoc chuyén
doi thanh graphen oxit dang khtt (rGO) thong qua
viéc loai bé cadc nhém chita oxy bang cac chat khir
nhu NaBH: va axit ascosbic. rGO c6 cac dac tinh
khac nhau, mé ra nhitng co héi tng dung mdi
trong nhiéu linh vuc. Dac biét, graphen oxit dang
khtt dang nhan dwoc cht y do kha nang ting dung
phén tich riéng 1é hodc dong thoi mot sd hgp chét
v co cling nhu hitu co bang phuong phap phan
tich dién hoa [8].

Tuy nhién, nhuoc di€ém 16n nhat, giéi han
pham vi ap dung trong linh viec quang xtic tac ctia
TiOy, la vat liéu nay chi hoat dong trong viung btc
xa tit ngoai va hiéu qua xuc tac khong cao do s tai
két hop nhanh gitta cac dién tt va 16 tréng quang
sinh, ttng vdi cac photon c6 nang liong 16n hon 3,2

eV mdi duoc hdp thu va tao ra hiéu qua quang hoa
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[9, 10]. Do @6, viéc két hop cac tinh chat noi trdi cuia
ca TiOz va rGO c6 thé tao ra vat liéu da nang, tng
dung trong phan tich dién hoa ciing nhu cac linh
viee khéc [10]. Bai bao nay trinh bay qua trinh tong
hgp rGO va TiO2/rGO. Tt d6, st dung vat liéu
TiO2/rGO dé€ bién tinh dién cuc than thay tinh
(GCE) nhdm xac dinh dong thoi cadimi va chi
trong dung dich bang phirong phép von-ampe hoa
tan anot xung vi phan (DP-ASV).

2 Thuc nghiém

2.1 Hoa chat

Céc hoa chat duoc st dung 1a hda chat tinh
khiét phan tich ciia hang Merck (CHLB Dtc), gom:
bot graphit oxit, TiOz, axit ascorbic (CsHsOs),
CH:COOH, H2SOs, HsPOs, HNOs, HCl, H:0;,
CoHsOH, KMnOs;, CHsCOONa, NaOH, NaCl,
Na2S04, Pbll va Cdl Nuwdc cat hai Tan (cat trén thiét
bi cat nude Fistream Cyclon, Anh) dugc sit dung
d€ pha ch& hoa chét va trang, rira cac dung cu thuy
tinh.

2.2 Thiét bi va dung cu

Hinh thai san pham duoc quan sat bang
kinh hién vi dién t& quét (SEM) trén may SEM-
JEOL-JSM 5410 LV. Cau trac tinh thé dwgc dac
trung bang nhidu xa tia X (XRD) do trén thiét bi
JED-2300 JEOL. Céac tinh chat két cau dwoc thuc
hién biang duong dang nhiét hap phu — giai hip
phu nito trén may Micromeritics Tristar 3000. Cac
mau truede dé da duoc khr khi ¢ 120 °C trong 12 h.
M4y phan tich dién héa st dung la CPA-HH5
Computerized Polarography Analyzer, Viét Nam,
gom ba dién cuc: dién cyc dia rin than thuy tinh
(GC) duong kinh 2,8 + 0,1 mm tw ché tao, dién cuc
so sanh Ag /AgCl/KCl 3 M va dién cuc phu trg day
Pt. Phuong phdp von-ampe hoa tan anot xung vi
phan dugc st dung d€ nghién ctu dinh luwong

cadimi va chi trong dung dich.
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2.3  Téng hgp vat liéu TiO: hoa tan trong nuwdc

Phttc peroxo-hydroxo titan tan trong nudc
dugc tdng hop bing phuong phap thiy nhiét —
siéu am: Phan tan 0,25 g bot TiO: thwong mai vao
12,5 mL dung dich NaOH 20 M. B¢€ bét TiO: dé
phan tan, khudy va siéu am trong khoang 15 min.
Sau d¢, chuyén toan bd dung dich vao binh Teflon
roi i nhiét trong tu sdy ¢ 130 °C trong 10 h, sau d6
dé€ ngudi dén nhiét d6 phong va dem ly tam. Hon
hop ran dugc tach ra va rira bang nudc cit va dung
dich HCI 0,1 M dén méi truong trung tinh, san
phdm sau d6 dwgc sdy kho ¢ 80 °C trong 2 h. Lac
nay, thu duoc san phdm cé mau trang va dem hoa
tan bang dung dich H202 30% & 90 °C, khudy tir
trong 1 h. Dung dich thu duoc ¢ mau vang (c6 thé
on dinh dung dich ¢ nhiét d6 duwéi 10 °C) va dé la
phttc peroxo-hydroxo titan tan trong nuwéc [11, 12].

24  Téng hgp vat liéu rGO va TiO2/rGO

Graphen oxit dugc tong hop tir bt graphit
béng phuong phap Hummer [13]: thém 3 g graphit
vao hon hop 120 mL H2SO: dam déc va 14 mL
dung dich HsPOs dam dac; ti€p theo thém tir tir 6 g
KMnO:s vao huyén phu thu duoc, khudy déu trong
72 h. Thém 6 mL H202 lanh (30%) vao dung dich
huyén phu 6 trén va khudy trong 10 min. Ly tam
dé tach chét rén thu duoc va rtra bang dung dich
HCI 1 M. Rita chét ran thu duoc sau ly tam bang
nudc cat d€'loai bo HCL. Tién hanh sdy kho 6 65 °C
trong 12 h thu duoc graphen oxit mau vang nau va
dem nghién min. Béc tach graphen oxit (0,1 g)
bang qua trinh siéu 4&m trong 100 mL nudc cat
trong 1 h, thu duoc dung dich huyén phu graphen
oxit. Thém ttr ti¢ axit ascorbic (0,15 g) vao huyén
phu1 graphen oxit va khudy tron hén hop trong 8 h
¢ 50 °C dé€ khte GO. Tach graphen oxit dang kht
(rGO) bang ly tdm va tién hanh rira nhiéu lan bang
etanol, sdy kho & nhiét d6 80 °C trong tu sdy trong
5h.

Vat liéu TiO2/rGO duoc tong hop in situ:

Phéan tan dung dich phttc peroxo-hydroxo titan va

141



Vi Ngoc Hoang va CS.

rGO theo cac ty 1é duoc thiét 1ap va siéu am trong
1h, sau d6 khudy gia nhiét va nung & 500 °C trong

4 h va thu duwoc san pham.

2.5 Chuan bi cac dién cuc

bién cuc than thuy tinh (GCE) (duong kinh
2,8 mm) dwgc mai nhdn béng bang cach st dung
bdt nhom oxit 0,05 um va rira ki bang nuwdc cat.
GCE dwoc lam sach bang rung siéu am 5 min trong
etanol. Phan tan TiO2/rGO vao dung moi khao sat
(v6i nong do 2 mg-L), dugc ddt trong bé siéu am,
trong 1 h va thu dwoc dung dich X. Pha dung dich
Y gom Nafion 5% trong etanol 96% voi ti 1é
Nafion/etanol la 1:4. Tron dung dich X va 'Y theo ti
1€ 1:1 va thu duoc dung dich Z. Nhé 2,5 uL dung
dich Z lén bé médt GCE sao cho dung dich phu kin

déu bé mat dién cuc. Sau dé sdy kho dién cuc &
nhiét d¢ phong dé thu dwoc dién cuc bién tinh
TiO2/rGO/GCE.

3  Két qua thao luan

3.1 Tdong hop vat liéu TiO2/rGO

Hinh 1 trinh bay anh SEM ctia r-GO, TiOz va
TiO:/rGO. Két qua cho thdy rGO cdu truc tit cac
tam graphit dugc boc tach ra, trong khi d6 TiO:
duoc ciu tao tir cac hat nano chtng 10-50 nm. Sw
phan tan TiOz2 1én chdt nén rGO lam cho bé mat cua
composite trd nén san sui hon. Co thé thdy su phan

b6 ctia nguyén td Ti 1én chat mang trén Hinh 2. Cac
nguyén t6 Ti phan tan déu 1én cac nguyén t6 C va
O, chiing t6 TiO:2 phan tan déu trong chit mang
rGO.

Toum Electron Image 1

CKal_2 OKat

TiKat

Hinh 2. Anh SEM phén b& nguyén t8 ctia TiO2/rGO
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Cau truc pha cua cac vat liéu duoc nghién
cttu bang gian d6 XRD (Hinh 3). M6t peak nhiéu
xa tu tai 26° twong tng voi cau truc kém trat tu do
cac 16p graphit chong chéo 1én nhau. Két qua nay
cho thdy su khtr thanh c6ng da tao ra rGO. Gian d6
XRD ctia TiO2 6 Hinh 3 ¢6 cac peak ddc trung cho
dang thut hinh cua pha anatase theo JCPDS Card
no. 21-1272

Su tao thanh composite TiO2/rGO duoc
khéng dinh v6i su xudt hién cac peak dac trung cua
pha anatase va rGO nhung v6i cuong d6 thap do

su chong 14n ctia cac nhiéu xa.

Cac duong dang nhiét hap phu — giai hap
phu nito duwoc trinh bay trén Hinh 4. Duong dang

100
—1-GO
_ 80 —TiOo,
j — TiO,/rGO
=, 601
k-]
£ 40
%
20+
0.

10 20 30 40 50 60
2-theta / d6

Hinh 3. Gian &6 XRD cua r-GO, TiO:2 va TiO2/rGO

Bang 1. Tinh chét x&p cua vat liéu diéu ché duoc

i Soer Smicropore Smesopore
M gy gl (meg)
rGO 130,1 51,3 79,3
TiOz 85,9 30,3 55,6

TiO2/rGO 120,0 31,9 88,1
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nhiét hdp phu — giai hdp phu nito caa r-GO va TiO2
tuong tng véi kiéu IV loai H1 véi duong tré tai ap
sudt twong ddi p/p° = 0,45, twong tng cho cau truc
c6 hén hop mao quan trung binh va vi mao quan
trung binh. Sg tao thanh composite cua rGO véi
TiO2 1am cho dién tich bé mat giam do cac hat TiOz
che 1dp cac mao quan, nhung co su gia ting dién
tich mao quan trung binh khi dwa TiO:2 vao (Bang
1). Dién tich bé mat cta TiO2/rGO ching 120
m2g-!, twong ddi cao so véi cac nghién ctru trudce
day [14]. Diéu nay chung to vat liéu TiO2/rGO tong
hop dugc c6 kha nang hdp phu rét tot nhiing phan
t nho ciing nhw nhitng phan ti cong kénh nhu

pham nhudm hay ngay ca kim loai nang [11].
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Hinh 4. Cac duong cong hap phu - giai phu hap nito

3.2 Khao sat tinh chat dién hoa caa vat liéu
TiO2/rGO

Anh hwdng cac loai dién cuc

bé khéng dinh hoat tinh dién hoda ctaa vat
liéu TiO2/rGO trén dién ciwc GCE bién tinh d6i véi
ion Cd" va Pb", chuing t6i tién hanh thi nghiém trén
cac dién cec GCE, rGO/GCE, TiO2/GCE, va TiO2-
rGO/GCE theo phuwong phap DP-ASV. Thé dinh
hoa tan (Ep) dao dong tir —0,8 dén -0,4 V (Hinh 5).
Cuong d6 dinh peak cua cac dién ciec la khac nhau;
diéu nay chtng t6 rang Ep ctia Cd" va Pb! phu
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thudc vao loai dién cuc hay dac tinh dién hoa cua
ion Cd" va Pb" phu thudc vao ban chat cta dién
cyc. Trén dién cuc GCE khong xuét hién tin hiéu
dién héa. Viéc bién tinh béng TiO2 cho tin hiéu dién
hoéa, nhung tin hiéu oxy hda ctia Cd" cao hon ctuia
Pb. Nguoc lai, dién cuc bién tinh b?mg rGO lai cho
tin hiéu dién hoa ctia Pb" cao hon cua Cd". Tuy
nhién, sy két hop TiO2 va rGO tao thanh vat liéu
bién tinh dién cuc thich hop, cho tin hiéu dién hoa
cao d6i voi ca hai ion Cd" va Pb". Mang TiO2/rGO
cua dién cuc GCE da cai thién dang ké do nhay cta
phuong phéap va do d6 hoan toan c6 thé xac dinh
dong thoi ham luong Cd! va Pb! trong dung dich.

3.0
— GCE
— IGOIGCE

2.5 — Ti0,/GCE
—— Ti0,1GOIGCE

2,01
g
2154
1.0-\
0.5 ]
0.0 . . .
1.0 08 06 04 0.2
E/V

Hinh 5. Puong DP-ASV cua Cd" va Pb! d6i véi cac loai
dién cuc khac nhau

biéu kién thi nghiém (PKTN): Néng d6 [Cd"] = [Pb"] =
6 ppb; [Axetat] =0,1 M (pH 4) thoi gian lam giau: 30 s;
thélam giau: -1 V; khoang thé: -1,0 dén -0,2 V.

Anh hwéng caa pH

pH ctia dung dich phéan tich cting &nh hwong
dang ké dén cuong do dong hoa tan do né anh
huong dén trang thai phic hydroxyl cua kim loai
cting nhu trang thai tich dién bé mat ctia dién cuec.
Do d6, ching t6i diéu chinh pH cua dung dich
nghién cttu bang dung dich NaOH 1 M. Két qua
cho thay khi tang pH tit 2 dén 4 thi I, cia Cd va Pb
tang. O pH > 4, thi I, cia Cd va Pb giam manh
(Hinh 6). Do d6, khoang pH thich hop la 3-4.

144

Anh huéng ctia thé 1am giau

Thé lam giau (Eac) can duoc chon sao cho
dam bao chi lam giau cac chat can phan tich trén bé
mit dién cuc nh3m han ché t8i da su 1am giau hodc
cac phan tng phu khac trén dién cuc, gay anh
huong téi dd nhay va do chinh xac ctia phép phan
tich. Do d6, ching t6i khao sat anh huwong ctia thé
lam giau dén qua trinh phan tich tit 1,4 dén -0,8
V. Hinh 7 cho thdy gid tri I, cao va d¢ 1ap lai cua Ip
tot d6i voi ca Cd va Pb, nén gid tri Eacc=-1,1 V dugc

chon cho cac nghién cttu tiép theo.

2.0
—a—Cd
—A—pp
1.6+
A/i\}
12 ‘/‘/ \
E Y i
1
0.44
0.0 T T T T T T T
1 2 3 4 6 7 8 9
pH

Hinh 6. Anh huong cta pH dén I, cia Cd va Pb
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161 \
E { t—;
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; —}—}
144
13 —
15 14 13 -12 -1 -10 -09 -08 -07

E./V
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Hinh 7. Cuong d6 dong dinh cia Cd va Pb véi thé lam
giau khac nhau
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Thoi gian l1am giau

Thoi gian lam giau (fac) c6 anh huong rat
I6n dén tin hiéu hoa tan ctia chat phan tich. Khi
tang thoi gian lam giau thi tin hiéu hoa tan (Ip) tang.
O thoi gian lam giau dai, bé mat dién cuc cd xu thé
bao hoa chéat phan tich va, do do, I tang khong
dang ké. Chinh vi thé, viéc khao sat thoi gian lam
giau nh3m chon ra thoi gian thich hgp ma tai do
dap tng duoc yéu cau la I, cao nhung khong tén
thoi gian phan tich 1a can thiét. D€ tién hanh khao
sat thoi gian lam giau, ching t6i tién hanh ghi
duwong von-ampe hoa tan ctia Cd™ va Pd" sau 10,
20,40, 60, 80 va100s. Hinh 8 cho théy khi fac tang
tte 10 1én 60 s thi I cua Cd! va Pd!" déu tang, con
Kkhi facc > 60 s thi I cia Cd" va Pd" déu giam. Do d6
gia tri facc = 60 s dugc chon cho cac nghién ctru ti€p
theo.

3.3 Do nhay, giéi han phat hién va khoang
tuyén tinh ctia phwong phap

Dé€ ¢ thé dp dung dién cuc bién tinh vao
phan tich Cd" va Pbl, trudc tién can tién hanh
danh gia do tin cay cua phuong phap. Cac dai
luong dung d€ danh gid bao gom: do lap lai,
khoang tuyén tinh, d6 nhay, giéi han phat hién
(LOD) va gidi han dinh lwong (LOQ). Tién hanh
thi nghiém: dung dich nghién cttu c6 thé tich la 10
mL, bao gom dém [Axetat] = 0,1 M (pH 4), chat
phéan tich Cd™ va Pb" ([Me"]) va nude cat. Khao sat
trong khoang nong do 6-80 ppb; thém chuan tam
lan v6i nong d6 tang dan. Két qua duoc trinh bay
trén Hinh 9.

— D¢ nhay: Do nhay duoc danh gia qua do
doc (b) ctua duong hoi quy tuyén tinh gitra Ip va
[Me"] trong khoang [Me'] = 6+80 ppb. O cac diéu
kién thi nghiém thich hop (Hinh 3b), phwong phap
DP-ASV dat duoc dd nhay déi voi Cd! va Pb! la
0,329 + 0,005 va 0,346 + 0,004 uA/ppb.

— Khodng tuyén tinh: Trong khoang néng do
[Me!'] = 6+80 ppb, gitta I, va [Me!] cé twong quan
tuyén tinh t6t véi R2 2 0,998 (Hinh 9). Két qua xac

DOI: 10.26459/hueunijns.v131i1C.6326

dinh LOD theo quy tic 3¢ va 4p dung phuong
phép hoéi quy tuyén tinh cho thdy ¢ cac BKTN
thich hop, phwong phap DP-ASV dat duwoc LOD
thap so v6i mot nghién ctiu trude day [15] d6i véi
Cd" va Pb" (3,17 ppb va 2,42 ppb).
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Hinh 8. Cuong d6 dong dinh Cd va Pb ¢ cac thoi
gian lam giau khac nhau
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Hinh 9. a) Cac duong von-ampe hoa tan ctia Cd va Pb
tng voi [Me!] tang dan (6, 10, 14, 18, 30, 45, 60 va 80
ppb); (b) duong hdi quy tuyén tinh bidu dién sw phu
thudc gitta Ip va [Me']
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4  Kétluan

Graphen oxit dang khtt da duoc tong hop tir
bot graphit bang phuong phap Hummer. Vat liéu
TiO2/rGO tir nguon TiO:2 hoa tan trong nudc da
duoc tong hop va nghién cttu bang cac phuong
phap hoa ly hién dai. TiO2/rGO thu duoc c6 dién
tich bé mét riéng 16n va do 6n dinh cao, dién cuc
TiO2/rGO c6 d6 nhay (hay LOD) thap. O cac diéu
kién thi nghiém thich hop, phuong phap DP-ASV
stt dung dién cure TiO2/rGO 6 thé 4p dung d€ phan
tich dong thoi lwong vét Cd! va Pb! trong cdc mau
thuc té.
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