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Tom tit:

Trong nghlen ctru nay, cac mang vit liéu to hop graphene/ong nano carbon/hat nano vang (Gr/CNTs/AuNPs) dang xop va khong
x6p dwgc tong hop trén dé dong bing phwong phap ling dong héa hoc pha hoi (CVD) nhiét. Hinh thai hoe bé mit, ciu tric va
dac tinh dién héa cia cac mang Gr/CNTs/AuNPs dugc khdo sat thong qua cac phep do nhwr kinh hién vi dién tir quét phat xa
truong (FESEM), kinh hién vi dlen tr truyen qua (TEM), pho tan xa Raman, pho dién hoa. Ket qua nghién ctru dnh FESEM va
TEM cho thay, mang vt liéu to 'hop Gr/CNTs/AuNPs c6 dang xop khi nguon carbon cung cap cho qu4 trinh CVD nhiét 13 hén
hgp cua khi metan (CH,) va chit hoat djng bé mit sodium deoxycholate (SDC) trong dung dich chira hat AuNPs. Két qua do
quét thé vong tuin hoan (CV) cho thay, dinh dong dap ung cia dién cuc phu béi vat liéu t0 hop Gr/CNTs/AuNPs dang x0p cao
hon khoéng 1,8 1in so v0'1 dién cwe phi béi vét li¢u to hop Gr/CNTs/AuNPs dang khong xop Phé tong tré dién hoa (EIS) ciing
cho thay tré khang clia miu mang xop nhé hon s0 v6i mau mang khong xop Cim bién trén co so sir dung mang to hgp Gr/CNTs/
AuNPs dang xop da dwoce lwa chon dé xac dinh nong do du luwgng thudc bao vé thue vat fenitrothion va giéi han phat hién (LOD)
cita cam bién dwoc xac dinh bang 1,78x10 ppb trong dai do ndng dé 102- 10 ppb.
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Abstract:

In this study, porous and non-porous graphene/carbon nanotube/gold nanoparticles (Gr/CNTs/AuNPs) hybrid material films were
fabricated on copper substrates by chemical vapour deposition (CVD) method. The morphology, structure and electrochemical
properties of the Gr/CNTs/AuNPs films were investigated via field emission scanning electron microscopy (FESEM), transmission
electron microscopy (TEM), Raman spectroscopy, and electrochemical measurements. FESEM and TEM images show that the Gr/
CNTs/AuNPs hybrid film has a porous structure when the carbon source for the CVD process is a mixture of methane (CH,) gas and the
surfactant sodium deoxycholate (SDC) in solution containing AuNPs. The cyclic voltammetry (CV) characteristics show that the peak
current of the electrode coated with porous Gr/CNTs/AuNPs film is 1.8 times higher than that of the electrode coated with non-porous
Gr/ CNTs/ AuNPs film. The electrochemical impedance spectroscopy (EIS) also shows that the impedance of the porous sample is
smaller than that of the non-porous sample. A sensor based on a porous Gr/CNTs/AuNPs film was used as an electrochemical platform
for the determination of the residue concentration of the pesticide fenitrothion (Feni), and the limit of detection (LOD) of the sensor
was estimated to be about 1.78x10~? ppb within a concentration range of 102-10 ppb.
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1. Dt van de

Céc chat 6 nhi®m hitu co dang tré thanh mébi quan tim
16n trén toan cau do anh hudng cua chung dén méi trudng,
dong vat va stic khoe con nguoi. Trong sb cac chat 6 nhiém
hiru co, cac hop chit phét pho hiru co thudng dugce sir dung
nhiéu dé 1am thudc trir sdu. Thude trir sdu ho 1an hitu co
nhu fenitrothion dugc phat hién nhiéu trong dét, nude, thuc
pham... va chat gay 6 nhidm nay 1a mot trong nhimng nguyén
nhan gdy anh huéng nghiém trong dén stre khoe con ngudi
(gdy budn nén, nhirc dau, yéu co, giam tri nhé...) [1, 2].
Chinh vi vay, viéc phat trién phuong phap dé xac dinh dinh
lwong ndng do fenitrothion & ndng do thap voi do chinh xac
cao la mdt trong nhiing nhiém vu déy thach thire dbi voi cac
nha khoa hoc. Mot s6 phuong phap phan tich truyén thong
nhu sic ky [3-5] va quang phé [6] dd duoc sir dung dé xac
dinh ndng do fenitrothion, tuy nhién nhiing phuong phéap
nay doi hoi dung cu, thiét bi dit tién, doi ngii nhan vién can
duoc dao tao chuyén sau ciing nhu cac budc chuan bi miu
phie tap, tén thoi gian chuén bi mau va phan tich. Hién nay,
phuong phap dién hoa dugc coi la mét trong nhiing phuong
phap don gian dé xac dinh ndng do6 fenitrothion do thiét bi
¢6 chi phi thip, do nhay cao. Ngoai ra, viéc chuan bi miu
do khong doi hoi qua cau ky va phirc tap. Dé ting kha ning
phat hién cua cam bién dién hoa, dién cuc lam viée ciia cam
bién dién hoa thuong duoc tich hgp voi vat liéu nano co
dién tich bé mat 16n, do dan dién tdt, kha nang van chuyén
dién tich tét, kha ning dién hoa va tinh 6n dinh cao, dong
thoi kha ning chirc nang héa bé mit dé dang va lién két t6t
v6i cac phan tir sinh hoc. Mot trong sb cac vat liéu nano
thuong dung dé tich hop 1én trén bé mit dién cuc lam viéc
cta dién cuc cam bién dién hoa d6 1a cac hat nano kim loai
nhu vang (AuNPs) [7], bac (AgNPs) [8], vat liu 6ng nano
carbon (CNTs) [9], graphene (Gr) [10], t& hop cac hat nano
oxit kim loai vdi CNTs [11]... Bén canh cac vat li€u nano
ké trén, mot sd két qua nghién ctru gan day cho thiy, viéc
su dung vat li¢u td hop nano carbon (Gr/CNTs) véi cac hat
nano kim loai s lam tang dién tich bé mit, do dan dién, kha
nang truyén dién tich, kha ning twong thich sinh hoc va do
nhay ctia cam bién dién hoa so v&i cam bién chi tich hop vat
liéu don 1€ 1a céc hat nano kim loai, CNTs, Gr hoic t6 hop
gitta CNTs hodc Gr véi nano kim loai [12-14].

Trong nghién ctru trude [14], chung t6i tong hop thanh
cong mang vt liéu to hop Gr/CNTs/AuNPs dang xdp bang
phuong phap ling dong hoa hoc pha hoi (CVD) nhiét va
budc dau danh gia hoat tinh dién hoa cia ching. Trong
nghién ciru nay, ching t6i nghién ciru tong hop mang vat
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lidu t6 hop Gr/CNTs/AuNPs dang x6p va khong xbp bang
phuong phap CVD nhiét, so sanh hinh thai hoc bé mit,
cAu trac, hoat tinh dién hoa va ung dung vat liéu td hop
nay trong cam bién dién hoa dé xac dinh nong do du lugng
thude bao vé thuc vt fenitrothion.

2. Vat liéu va phuong phap nghién ciiu
2.1. Vit ligu

Dé dong (Cu) sir dung dé tong hgp mang vt lidu t6 hop
Gr/CNTs/AuNPs la dé Cu da tinh thé, d sach 99,8% voi
chidu day 25 pm dugc mua tir Cong ty Alfa-Aesar (My).
Céc budc xtr Iy d@é Cu dé tong hop mang t6 hop Gr/CNTs/
AuNPs gidng v6i cac budc xir Iy ¢& Cu dugc s dung dé
téng hop mang Gr pha tap dong clorua [15]. Vat liéu CNTs
hai tuong duge tong hop bang phuong phap CVD nhiét va
dugc chtic nang hoa boi nhom chiee COOH [16]. Hinh 1A
va 1B twong tmg 1a anh kinh hién vi dién tir quét phat xa
truong (FESEM) va kinh hién vi dién tir truyén qua phan
giai cao (HRTEM) ctia cac sgi CNTs hai tuong.
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Hinh 1. (A) Anh kinh hién vi dién tir quét phat xa trwong (FESEM)
va (B) Kinh hién vi dién tir truyén qua phan giai cao (HRTEM) dic
trweng cua s¢ii CNTs hai twong.

Anh FESEM (hinh 1A) cho théy, cac soi CNTs sach, co
chiéu dai vai pm. Anh chup HRTEM (hinh 1B) 14 anh dic
trung cua hai sgi CNTs hai tuong, mdi soi co6 duong kinh
khoang 2 nm va khoang cach gilta cac tuong cua tung soi
la 0,34 nm.

Cac hat nano vang (AuNPs) kich thudc trung binh 10-
15 nm dugce téng hop biang phuong phap hoa hoc trong hai
truong hop: ¢6 va khong ¢ chit hoat dong bé mit sodium
deoxycholate (SDC) [14].

Dung dich dém mudi phét-phat (phosphate buffered
saline - PBS, pH=7,4), chit tao lién két glutaraldehyde (GA),
cac mudi potassium hexacyanoferrate (IIT) K,Fe(CN), do
sach trén 95%, potassium hexacyanoferrate (II) trihydrate
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K,Fe(CN),.3H,0 do sach trén 98%, potassium chloride
(KCI) d9 sach trén 95%, ammonium persulfate (NH,),S,0,
do sach trén 98%, enzyme acetylcholinesterase (AChE) va
co chat acetylthiocholine iodide (ATCI) d6 sach trén 98%
dugc mua tr My, fenitrothion dg sach trén 95% dugc mua
tor Anh. Dién cuc in ba chan gold electrode (AuE) c6 dién
cuc lam viéc bang vang dudng kinh 1,6 mm (model DRP-
C223AT) dugc mua tir DropSens (Tay Ban Nha).

2.2. Tong hop mang Gr/CNTs/AuNPs trén dé Cu va
trén dé vi dién cuc

Pé téng hop mang Gr/CNTs/AuNPs trén dé Cu, 50 ml
dung dich c6 chtra cac hat AuNPs (0,4 mM) c6 va khong
¢ chit hoat dong bé mat SDC d3 duoc tron va khuéy déu
cung voi 30 ml dung dich c6 chia vat liéu CNTs-COOH
(0,5 g/1). Tiép theo, 50 ml dung dich hdn hop ddong nhat
chira CNTs/AuNPs c6 va khong co chét hoat dong bé mit
SDC duoc phu 1én trén bé mit ¢é Cu (2x2 cm). Mau sau d6
duoc dé kho tu nhién & nhiét o phong trong 12 gio va dugc
bao quan ¢ trong binh hit 4m dé sir dung cho muc dich thi
nghiém. Dé tién hanh CVD nhiét, cac dé& Cu phu boi vat
lidu t6 hop CNTs/AuNPs duoc dua vao trong long dng phan
ung thach anh va thuc hién qua trinh CVD nhiét ¢ nhiét do
1.000°C trong hén hop cac khi (Ar, H, va CH,) véi ty 1¢ toc
d6 thoi khi tuong tng Ar/H,/CH, la: 50 sccm/20 scem/0,3
scem (cm?/phat) trong thoi gian 30 phit. Sau thoi gian 30
phat CVD nhiét, cac dé Cu chira mang t6 hop Gr/CNTs/
AuNPs duoc dua ra ngoai va cat thanh cac tim nho véi kich
thudc khoang 1,6x1,6 mm phu hop véi kich thudce cua dién
cuc 1am viée nhu duoc thé hién trong hinh 2.

Hinh 2. (A) Anh chup bé& mat mau cac mang vat liéu té hop Gr/CNTs/
AuNPs ndi trén bé mat nwéc sau khi dwoc an mon va tach ra khoi dé
ddng: (1) mau mang khéng x6p va (2) mau mang x6p. Anh chup bé mét
mau mang vat liéu t& hop Gr/CNTs/AuNPs sau khi dwoc phd lén trén
bé mét cac dé vi dién cwc cdm bién (bén phai): (B) Mau mang khéng
xbp; (C) Mau mang x6p.
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Dé tach va chuyén cac mang vat lidu t6 hop Gr/CNTs/
AuNPs tir dé Cu sang dé vi dién cuc cam bién, cac dé Cu da
dugc an mon bang dung dich mudi ammonium persulfate
(NH,),S,0, ndéng d6 0,3 M. Trong sudt qua trinh dn mon
dé Cu va chuyén mang, cic mau mang Gr/CNTs/AuNPs
dugc gitr ¢6 dinh bang khung Teflon hodc polymer (hinh
2A). Hinh 2B va 2C tuong tng 12 anh chup cac mang t6 hop
Gr/CNTs/AuNPs trén bé mit dién cuc 1am viée cua vi dién
cuc cam bién tng v6i mang dang khong x6p (khi khong
sir dung chat hoat dong bé mat SDC trong qua trinh CVD)
va x6p (khi sir dung chit hoat dong bé mat SDC trong qua
trinh CVD).

2.3. Cé dinh enzyme

U dién cyc phu boi vat liéu t6 hop Gr/CNTs/AuNPs
trong hoi GA bao hoa tai nhiét do phong trong thoi gian 15
phat. Tiép theo, nh6 2 pul dung dich enzyme AChE ndng do
5 U/ul 1én trén dién cuc lam vigc. Sau do, u dién cuc trong
hoi GA bio hoa tai nhiét do 4°C trong thoi gian 90 phat dé
hinh thanh céc lién két chéo gilta enzyme-enzyme, enzyme
va vat liéu cia dién cuc. Loai bo GA va enzyme du béng
dung dich PBS. Cac dién cuc cam bién sau d6 dugce bao
quan tai nhiét d6 -20°C cho téi khi dugc st dung.

2.4. Phwong phap nghién ciru

Hinh thai hoc bé mat va dic trung cAu triic cua mang Gr/
CNTs/AuNPs duoc danh gia thong qua kinh hién vi dién tir
quét phat xa truong (FESEM, S-4800, Hitachi), kinh hién
vi dién to truyén qua (TEM, JEM 2100, Joel), tdn xa micro
Raman (XploRA, Horiba) v&i ngudn laser kich thich budc
song 532 nm. Cac phép do dién hoa dugc thuc hién trén
hé thiét bi dién hoa cam tay Dropsens pstat-i400 (Metrohm
Co., Ltd., Thuy Si). Cac dac trung dién hoa clia cac mang
Gr/CNTs/AuNPs dugc khao sat thong qua phép do quét thé
vong tudn hoan (CV) trong dung dicl} K Fe(CN), 5 mM,
KCl'1 M ¢ dai do tir -0,3+0,6 V véi toc do quét 0,1 vong/
gidy, budc quét 0,005 mV, tan sb quét 10 Hz va pho tong tre
dién hoa (EIS) trong dung dich Fe(CN) >+ 10 mM, KC10,1
M ¢ dai do tir 10 kHz+0,1 Hz. Béc trung dién hoda ciia cam
bién sinh hoc dugc khao sat thong qua phuong phap song
xung vudng (SWV) trong dung dich co chit ATCI 1 mM, &
dai do tir 0,1+0,7 V, budc quét 0,01 mV, thé quét 0,05 V, tan
s6 quét 10 Hz.

3. Két qua va ban luan

3.1. Hinh thdi hoc bé mdt ciia mang té6 hop Gr/CNTs/
AuNPs

Hinh thai hoc bé mit ciia miu mang t6 hop Gr/CNTs/
AuNPs khong xbp va x6p duoc danh gia théng qua anh
chup FESEM va TEM nhu dugc trinh bay ¢ hinh 3.
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Hinh 3. Cac anh kinh hién vi dién tir qué bhét xa trwong (FESEM)
va kinh hién vi dién ti truyén qua (TEM) twong (bng clia cac mau
mang ttf) hop Gr/CNTs/AuNPs trong trwéng hop: (A), (B) mau
khong xop va (C), (D) mau xop.

Két qua phan tich anh FESEM (hinh 3A) va TEM (hinh
3B) cho thiy, trong truong hop khong co chét hoat dong
bé mit SDC, bé mit ciia mau Gr/CNTs/AuNPs téng hop
dugc 1a tuong d6i phang va mong. Cac hat AuNPs duoc phii
turong d6i dong déu 1én trén bé mit ciia mau chira Gr/CNTs.
Bén canh sy xuét hién cua cac hat AuNPs con ¢ sy xuét
hién cua cac duong bién 16p mang Gr (hinh 3A). Mang Gr
hinh thanh trong trudng hop nay la do sy phan huy khi CH,
trong qua trinh CVD nhiét thanh cac nguyén tr hydrogen va
cac nguyén tir carbon. Cac nguyén tir carbon nay ling dong
trén bé mat dé ddng va két thanh ciu tric graphene [17]. Do
mang t6 hop Gr/CNTs/AuNPs mong va cac sgi CNTs hai
tuong co duong kinh rat nho (~2 nm), vi vy rat kho dé co
thé quan sat dugc cac sgi CNTs trong ca anh FESEM (hinh
3A) va TEM (hinh 3B).

Quan sat anh FESEM (hinh 3C) va TEM (hinh 3D) cho
thiy, trong truong hop ¢ chat hoat dong bé mat SDC, bé
mit cia mau mang t6 hop Gr/CNTs/AuNPs tong hop dugc
1a xbp. Su xuét hién cac 16 xdp trong mang vat liéu td hop
Gr/CNTs/AuNPs c6 thé dugc giai thich nhu sau: chat hoat
dong bé mit SDC giéng nhu chét tao cac bot hinh cau, xung
quanh la cac hat AuNPs va cac sgi CNTs [18]. Cac bot hinh
cau chit SDC nay bj phan hay trong qua trinh CVD nhiét
thanh cac nguyén tir carbon va két thanh ciu trac graphene.
Su ¢6 mat cua khi CH, ¢ thé nhdm gitp tao mang té hop
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Gr/CNTs/AuNPs c6 cu trac lién tuc trén bé mat dé déng
sau qua trinh CVD nhiét. Vi cu triic mang x6p, cac bién
mang Gr, cac soi CNTs dan xen 1dn nhau va cac hat AuNPs
¢6 thé duoc quan sat rat rd (hinh 3D).

3.2. Phé Raman ciia mang t6 hop Gr/CNTs/AuNPs

Chat lugng cia mau mang t6 hop Gr/CNTs/AuNPs duoc
x4c dinh thong qua viéc phan tich phé Raman nhu dugc
trinh bay trong hinh 4.

Dii G

(A4)
(B)

Gr/CNTs/AuNPs khong xop
Gr/CNTs/AuNPs xop

Cuong do (d.v.t.d)

)

15I00 ' 20]00 l 25100 ' 3000
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Hinh 4. Phé Raman cia méu mang t6 hgp GriICNTs/AuNPs: (A)
mau khong xbp va (B) mau xép.

Két qua nghién ctru phd Raman (hinh 4) cho thdy, ca hai
loai mau Gr/CNTs/AuNPs dugc tong hop trong truong hop
khong st dung va c6 st dung chét hoat dong bé mit SDC
déu xuat hién cac dai phd dic trung: Dai D, ing v6i s song
~1340 cm’!, thé hién sy sai hong vé cau trac va tap carbon
v6 dinh hinh trong cau tric cua graphite. Dai G, Gng véi
sO song ~1582 cm’!, thé hién do trat ty va do tinh khiét cua
graphite. Dai 2D, tmg v6i sé song ~2680 cm!, thé hién cu
tric graphite. Ty 1€ cuong do I /I, val, /1. lan luot 1a: 0,22
va 0,47 voi mau tong hop khong st dung SDC va 0,56 va
0,29 v&i mau téng hop sir dung SDC. Ty 1é cuong do I/,
tang va ty 1€ I, /I, giam cua mau tong hop khi co sir dung
SDC c6 thé 1a do ngudn carbon héa tir SDC cho chat lwong
graphene khong tot bang khi sir dung nguén carbon 1a khi
CH,, vi vay c6 thé 1am ting sai hong vé ciu tric va tap
carbon v6 dinh hinh trong ciu trac graphite.

3.3. Pién héa ciia mang t6 hop Gr/CNTs/AuNPs

Hinh 5 1a két qua do: (A) phd quét thé vong CV va (B)
phé tong tré dién hoa EIS cua dién cuc duge phi boi mang
t6 hop Gr/CNTs/AuNPs trong truong hop: (a) mau khong
x6p va (b) mau xdp.



Khoa hoc Tu nhién | Véat ly, Héa hoc; Khoa hoc Ky thuéat va Cong nghé | Ky thuat vat ligu va luyén kim s

(A) (8)

) — Gr/CNTS/AuNPs khong Xip A b)
b)— Gr/CNTs/AuNPs xip 900

2) == Gr/CNTs/AuNPs khong xp b
b) —— Gr/CNTS/AuNPs xop

q ~
= o s £
n n r

Cuong do dong dién (LA)

FS
3
1

T T T T T T T T T
42 00 02 04 06 30 600 900 1200
bién thé (V) Z' (Ohm)

Hinh 5. Phé quét thé vong tudn hoan (CV) (A) va phd téng tré
dién hoéa (EIS) chia dién cwe dworc phl b&i mang td hop Gr/ICNTs/
AuNPs (B). (a) mau khéng xp va (b) mau xép dwoc quét trong dung
dich K,Fe(CN), 5 mM, KCI 1M, téc do quét 0,1 V/s, tan sb quét 10 Hz.

Két qua do phdé CV (hinh 5A) cho thay, dinh dong dap
(g ctia dién cyc phu boi mang Gr/CNTs/AuNPs khong xp
va xbp dugc xac dinh lan luot 1a 33,13 va 59,55 pA. Tu
phuong trinh Randles-Sevcik [19], dién tich hoat dong dién
héa cta bé mit dién cuc phu béi mang Gr/CNTs/AuNPs
khong x6p va xdp ciing duge xac dinh lan lugt 1a ~0,028
va ~0,051 pA/em’. Két qua do phé tong tro dién hoa EIS
(hinh 5B) cho thdy, tro khang cua mau mang xop nho hon so
v61 mau mang khong xop. Két qua nay cho thay, do dan va
kha nang truyen dién tich cua mau mang to hop Gr/CNTs/
AuNPs dang xdp tt hon so véi mau mang t6 hop Gr/CNTs/
AuNPs dang khong xdp. /Cac dac tinh dién hoa cua mang
Gr/CNTs/AuNPs dang xop tot hon co6 thé 1a do dién tich
hoat dong d1en hoa cia bé mat mau mang xop tang (~1,8
14n) so v6i mau mang khong x6p, vi vy lam tang s6 luong
cac hat AuNPs trén bé mit va lam tang dién tich tlep xuc
va tbe do truyén dién tir gitra chét dién ly va dién cuc. Trén
co s& cac két qua dién hoa thu dugc, mau mang Gr/CNTs/
AuNPs dang xép da dugc lya chon thur nghiém trong cam
bién dién hoa dé xac dinh nf”)ng do du luong thudc bao vé
thuc vat fenitrothion.

3.4. Xdc dinh no”‘ng dé thuéc béo vé thue vit fenitrothion (Feni)

Fenitrothion 1a thudc bao vé thuc vét c6 gdc phosphat
—P=0, gbc nay c6 kha ning lién két v6i tdm hoat dong
cua enzyme AChE [20, 21]. Nguyén ly hoat dong cua cam
bién 14 dua trén phan tng thuy phan cta enzyme ATCI véi
xuc tac la enzyme AChE nhu phuong trinh phan tng (1)
va (2) [20]. Su phat hi¢én fenitrothion dua trén sy uc ché
canh tranh cta nd ddi véi co chat ATCI véi su ¢6 mat cla
xuc tac enzyme AChE. Khi cac tdm hoat dong cua enzyme
AChE tuong tic v6i co chit ATCI, tao ra thiocholine va acid
acetic. Thiocholine 12 mot chat dién dong tao ra dinh oxy
hoa khong thé dao nguoc. Sy giam hoat tinh cia AChE din
td1 lam gidm dong oxy hoda cuia thiocholine. Sy c6 mat cta
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fenitrothion s€ lam giam hoat tinh ctiia enzyme AChE lién
két véi cac tam hoat dong cua nd, dan dén giam qua trinh
oxy hoéa dong thiocholine, tirc 1a lam giam kha nang hoat
hoéa xuc tac va giam dong dap Gmg cua cam bicn.
AChE
ATCI+H,0 ——  Thiocholine + acid acetic (1)

Anodic
oxidation

Thiocholine — dithio-bis-choline + 2 H* + 2¢ 2)
_Hinh 6A va 6B lan luot la két qua do pho SWV va
moi lién h¢ gitra dong dinh dap ung véi logarit néng do
fenitrothion cua cam bién v6i cac nong do fenitrothion thay
doi tir 10 dén 10 ppb.

(A) (8)

20 a)——ATCI: 1mM
b)—— Feni: 107 ppb
)~ Feni: 5.10? pph
d)—— Feni: 10" ppb
¢)——Feni: 5.10" ppb
| )~ Feni: 1 ppb
) Feni: 5 ppb
h)——Feni: 10 ppb

1=8,6-1,6 Logcnm (nA)
: R'=0,93

>

Cuong do dong dién (nLA)
=
n

o
r1

-~
N

o

T T T T T T T
20 45 A0 05 0,0 0,5 10
Logarit nong do fenitrothion (ppb)

03 ' 04 ' 05 ' 08
Dién thé (V)
Hinh 6. Phd Von-Ampe séng vudng (SWV) (A) va méi lién hé giira
dong dinh dép (rng v&i logarit ndng do fenitrothion (B).

Két qua do pho SWV (hinh 6A) cho thay, khi ting nong
do fenitrothion, dong dinh d4p tng cta cam bién tmg véi
co chit ATCI giam xubng cho thdy muc d6 e ché cua
Feni 1én enzyme AChE tiang 1én. Theo cac nghién clru
trude day [20, 21], cac cam bién dién hoa su dung enzyme
AChE thudng co tinh chon loc cao véi cac chat co goc
phosphat (-P=0) nhu fenitrothion, malathion, chlorpyrifos
va parathion methyl. Trong khi do, v6i mét s6 chit bao vé
thuc vat khong c6 gbc phosphat nhu atrazine, endosulfan,
simazine va sevin, cac cam bién dién hoa nay c¢6 tinh chon
loc khong cao. Nhu dugc quan sat trén hinh 6B, dong dinh
giam khi ndng d6 fenitrothion ting, theo phuong trinh: I
(nA)=8,6- 1,6logC, . (R*=0,93). Gidi han phat hi¢n (LOD)
ctiia cam bién=1, 78X 10 2 ppb. LOD cia cam bién xac dinh
fenitrothion ché tao nhé hon nhiéu so v&i gidi han cho phép
cia T6 chirc Lwong thyc va Nong nghiép Lién hop quic
(FAO) d6i v6i fenitrothion c6 trong dau oliu (1-2 ppm) [7],
ctia Trung Qudc (0 5 ppm), My (3,0 ppm) va Uy ban chau
Au (0,01 ppm) dbi véi fenitrothion c6 trong qua va rau [2].
Do 6n dinh ciia cam bién duy tri khoang 93% sau thoi gian
st dung 15 ngay. Céc két qua nghién ctru cho thiy, cam bién
ché tao duogc co gidi han phat hién LOD thap, d6 6n dinh
t6t va hira hen c6 thé ung dung dé xac dinh Feni trong cac
mau thuc té.



4. Két luan

Bang phuong phap CVD nhiét v6i ngudn carbon 1 hdn
hop ctia khi metan (CH,) va cht hoat dong bé mit sodium
deoxycholate (SDC) c6 trong dung dich chira hat AuNPs,
da téng hop thanh cong vat liéu to hop Gr/CNTs/AuNPs
dang x0p. Két qua do dic trung dién hoa cho thiy, dinh
dong dap tng va dién tich bé mit cua dién cuc pht boi vat
lidu t6 hgp Gr/CNTs/AuNPs dang x6p cao hon khoang 1,8
l4n so voi dién cuc pht béi vat ligu to hop Gr/CNTs/AuNPs
dang khong xp. Cam bién sir dung mang Gr/CNTs/AuNPs
dang Xép xac dinh néng do du lugng thude bao vé thuc vat
fenitrothion c6 gidi han phat hién 1,78%102 ppb trong dai do
tir 102 dén 10 ppb. Gi6i han cta cam bién ché tao nho hon
nhiéu so v6i gidi han cho phép d6i vai fenitrothion c6 trong
qua, rau, dau thyc vat caa FAO (1-2 ppm), ny ban chau Au
(0,01 ppm), My (3,0 ppm) va Trung Quéc (0,5 ppm).

Nghién ctru nay dugc tai tro boi Quy Phat triép Khoa
hoc va Cong ngh¢ Quéc gia (NAFOSTED) trong dé tai ma
s6 103.99-2021.18. Nhom tac gid xin tran trong cam on.
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