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TOM TAT

Cam bién dién hoa hién dang dwoc phat trién va vmg dung réng rdi trong nhiéu linh viec bang
cdc vt liéu moi nham ting do chinh xdc va tinh chon loc ciia phwong phap. Trong nghién ciru
nay, vt liéu Fe/GNPs dwoc tong hop tir phwong phdp héa hoc xanh, két hop quy trinh tdi to hop
cua TCPP tgo nén vat liéu nanocomposite Fe/GNPs/TCPP. Cdu triic va hinh théi ciia san phiam
tao thanh dwoc nghién ciru bang phuong phap hién vi dién tir quét (SEM), pho nhiéu xa tia X
(XRD), quang phé hong ngoai bién doi Fourier (FTIR), quang ph6é Raman. Két qud phén tich
hinh thdi, cdu triic san pham cho thdy nanocomposite Fe/GNPs/TCPP dwoc hinh thanh tir cdc
hat sat héa tri 0 ¢é cdu triic nano véi kich thude trung binh tir 15-60 nm phdn bé dong déu trén
bé mat cdc phién graphene day 2-10 nm, nam xen ké véi cdc soi nano porphyrin cé dwong kinh
30 nm. Vit lieu dwoc khdo sat va danh gia dac tinh dién hoa thong qua phwong phap quét thé
tuan hoan (CV), phé tong tré dién héa (EIS) trén hé dién héa ba dién cuc. Két qud phan tich
dién hoa da ching minh vat liéu nanocomposite Fe/GNPs/TCPP co nhitng ddc tinh 16t thich hop
Vv6i ting dung lam cam bién dién héa cho qud trinh phan tich dwe lwong thudc khang sinh, thudc
bdo vé thuc vit trong san xudt nong nghiép.

Tir khéa: Vat lidu sit nano hoa tri 0; Graphene; Porphyrin; Pic tinh dién hoa; Cam bién dién hoa.
1. MO PAU

Cam bién dién héa hién nay dang duoc g dung trong nhiéu linh vye nhu xur ly moi truong,
cong nghiép thuc pham, theo ddi y té,... Tuy nhién, img dung nay Van gap phai nhimg thach thirc
lién quan dén kha ning van chuyén dlen tir khi str dung dién cuc tran [1]. D6i mat v6i vin dé nay,
nhiéu nghién ctru da duoc thyuc hién bang cach blen tinh bé mat dién cuc bang cach  phi mot 16p vat
liéu nano c6 tinh dn dién, tinh chon loc, 6 nhay tt hon so véi vt lidu dién cuc nén.

Hién nay, nhiéu loai vat liéu nano kim loai quy nhu vang, bac, platin d dugc ching minh la
¢6 tmg dung lam cam bién va da cho ra nhimng két qua tich cuc. Pién cuc phii nano vang da co
thé phat hién ion Asen (As®") [2] hodc dién cuc phu dng nano cacbon/nafion/Pt da duoc dé xuat
dé xac dinh acid Uric, acid Ascobic va epinephrine [3]. Cac vat liéu nanocomposite FezO4/
CMC/ Au (CMC - Carbonxylmethyl Cellulose); rGO/ Pt/ Pd (rGO - Graphene oxide dang khir);
Ce(M00,), nanocubes/GO duoc nghién ctru cho cing tng dung 1am cam bién dé phat hién du
luong khang sinh Chloramphenicol (CAP) trong sita, mat ong, thirc dn chan nuéi [4, 5]. So vai
nhimg kim loai quy (Au, Pt, Pd) va nguyén t6 dat hiém Ce thi Fe ¢6 wu diém ndi troi 1a gia thénh
ré hon va dé dang tong hop hon, d& dang tmg dung thyc tién. Sit 1a mot kim loai dan dién t6t va
cd gia thanh ré hon rt nhiéu so véi vang, bac, bach kim, ceri. Ngoai ra, cac hat sit nano co thé
dé dang tong hop bang nhleu quy trinh, ddc biét 1a phuong hoa hoc xanh tir dich chiét 14 véi va
mubi cua sat (IIT) giap tiét kiém chi phi san xudt va than thién voi moi truong. Hién nay, da co
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nghién ctru ¢b dinh vat lidu sit nano héa tri 0 trén cc soi nano polymer dé tong hop thanh vét
liéu nanocomposite img dung cho xfic tic, cam bién va dat dugc nhiing két qua tich cuc [6]. Vi
vay, trong nghién cuu nay, sat duoc chon 1am vat liéu nano tiém nang cho ung dung lam cam
bién dién hoa cho qua trinh phan tich du Iugng thude khang sinh, thudc bao vé thuc vat trong san
xuat néng nghiép, cu thé 1a Chloramphenicol.

Tuy nhién, do ning lugng bé mit cao nén sit dé bj co cum va két ty dan t6i giam dién tich bé
mat cia chiing. Dé khic phuc nhuogc diém nay, cac hat sat hoa tri 0 can dugc hd tro be"mg vat liéu
khac c6 dién tich tiép xuc 16n, tinh 6n dinh cao, kha ning dan dién tot nhu dng nanocacbon,
graphen, graphen oxide [1]. Trong nghién ctru nay, graphene nanoplatelets (GNPs) dugc st dung
dé cai thién tinh linh dong, d6 on dinh cua cac hat st do graphene c6 tinh dan dién cao, cira so
dién thé 16n, va c6 thé san xuét s lugng 16n voi chi phi thap [5]. Ngoai ra, cic soi nano
porphyrin (TCPP), mot nhém cac hop chat hiru co di vong c6 kha ning xuc tac quang va co thé
coi nhu mot chit két dinh duoc tron bd sung véi vat liéu Fe/GNPs dé tang kha nang bam dinh
cta vat liéu trén nén dién cuyc.

Trong nghién ctru nay, vét liéu Fe/GNPs/TCPP sau khi tong hop bang phuong phap hoa hoc
xanh két hop v6i quy trinh tai t6 hop Porphyrin duoc danh gia dic tinh dién hoa va tinh tng
dung lam cam bién.

2. THU'C NGHIEM

2.1. Héa chit

FeCl; 99,00% (Trung Quoc) Granphene nanoplatelets (GNPs) 6 g/L (Vién Khoa hoc va Cong
ngh¢ quan su), Dich chiét 14 v6i pha loang 1:20 (Vién khoa hoc va Cong nghé quan sw) duogc sir
dung dé tong hop vat liéu Fe/GNPs. TCPP dugc hoa tan bang dung dich NaOH 0.1 M (Trung
Qudc) va trung hoa luong du bang HCI 0.1 M (Trung Quéc). Cac phép do dién hoa duoc tién
hanh trong dung dich KC10.1 M va K3[Fe(CN)g] 2.5 mM (Trung Qubc).

2.2. Phwong phap nghién ctru va ki thuét nghién ciru

Dich chiét 14 v6i duoc sir dung 1a chit khir dé tong hop vat liéu Fe/GNPs thay cho NaBH, dé
han ché sur dung NaBH, dét tién, doc hai voi moi truong. Vi vay, theo 12 nguyén tdc hoa hoc
xanh, vat lidu Fe/GNPs dugc tong hop theo phwong phap hoa hoc xanh. GNPs trude khi sir dung
dugc siéu am trong vong 10 phut dé 6n dinh do phan tan. Sau do, dung dich dugc chuyén vao
binh cdu va dat trén may khudy tir voi tée do 300 vong/phut. Dich vdi nhé xudng tir buret 3-4
giot/gidy. Vit liéu nanocomposite Fe/GNPs thu dugc mang loc rira ly tim 5 1an v6i etanol va sdy
chan khong ¢ 60 °C trong 12 gio.

TCPP (dugc tong hop bang phuong phap trung hoa axit — bazo) hoa tan trong dung dich
NaOH 0.1M, thu dugc vat liéu nano TCPP. Fe/GNPs dugc cho vao TCPP va tron déu bang thiét
bi siéu 4m trong 15 phat. Sau d6, nho tir tir HC1 0.1 M vao hdn hop, lic déu dén khi hdn hop
chuyén sang mau xanh 14 cay.
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H\Inhrl. Qua trinh tong hop va kha sdt ddc tinh dién héa vét liéu (a) Tong hop vit liéu; (b) Ly tam;
(c) Say vat liéu sat hoa tri 0; (d) Phu vat liéu lén dién cuc GC;, (e) Po khdo sdt trong hé 3 dién cuc.
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Vit liéu nanocomposite Fe/GNPs/TCPP sau khi dugce tong hop dem phu Ién dién cuc Glassy
carbon (GC) v6i duong kinh 2 mm va siy kho. Hé 3 dién cuc gdm dién cuc so sanh 1a dién cuc
Calomel b3o hoa, dién cuc ddi 1a Platinum va dién cuc lam viée Glassy carbon dugc do trong
dung dich KC1 0.1 M va K3[Fe(CN)g] 2.5 mM. Dé khao sat va danh gia dic tinh dién hoa cua vat
liéu Fe/GNPs/TCPP, tién hanh cac phép do quét thé tuan hoan (CV) va phd tong tré dién hoa
(EIS) trén may do AUTOLAB AUT86590 (Ha Lan). Phép do quét thé tudn hoan (CV) duoc thyuc
hién ¢ téc do quét 0.05 V/s va dién thé quét tir -0.3 V dén 0.6 V. Phép do phd tong tro dién hoa
(EIS) thiét lap do trong dai tan s6 tir 0.1 dén 50 kHz.

3. KET QUA VA THAO LUAN

Céu triic cua vat ligu Fe/GNPs/TCPP dugc xac dinh bang phuong phap do pho nhiéu xa tia X
(XRD) thé hién trén hinh 2.
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Hinh 2. Phé nhiéu xa tia X ciia vt liéu nanocomposite Fe/GNPs/TCPP.

Mau XRD cho thdy, cac dinh nhiu xa & 26 = 25.6° dic trung cho nén cacbon — graphene.
Peak 26 = 28.4° phu hop véi peak dic trung cia Fe,05 [7]. Peak 28 = 44.7° dic trung cua sat
nano hoéa tri 0 ciing xuat hién trén hinh va kha nhé béi cac peak graphitic do GNPs chiém lugng
16n trong miu vét liéu. Ngoai ra, ¢ thé thiy mot sd dinh nhidu xa dic trung cia ca tdp hop
granphene va TCPP vdi 1 peak ¢ khoang 28 = 26.4° va 1 peak yéu hon ¢ 28= 55° duoc gan cho
ban chét graphit ctia granphene [8]. Cac dinh nhidu xa yéu khac dic trung cho soi nano TCPP da
tu t6 hop thanh cong dugc danh dau bang hoa thi. TCPP ¢ ban chat v6 dinh hinh khi ton tai &
trang thai don phén tir. Thong qua két qua phd nhidu xa tia X c¢6 thé thdy cau trac cua vt liéu tao
thanh bao gdm sit nano hoa tri 0, graphene va sgi nano TCPP.

Hinh théi vat liéu duoc danh gia bang phuong phap do hién vi dién tr quét (SEM) va két qua
do dugc thé hién trén hinh 3.

Hinh (3a) thé hién mau vat liéu nanocomposite Fe/GNPs bao gém céc hat sit nano hoa tri 0
¢6 kich thuéc vi mo khoang 10 — 15 nm phan b6 déu trén bé mit cac phién graphene tao thanh
cac tAm vat liéu c6 dudng kinh bén tir 5 — 20 um. Hinh thai ciia TCPP ty lip rap da dugc mo ta
trong hinh (3b) cho thiy ciu trac cac sgi TCPP c6 dudng kinh khoang 20 nm chiéu dai vai pm.
Céc két qua nay phu hop véi cac nghién ctru di duge cong bd vé hinh thai vat liéu Fe, GNPs va
TCPP [9, 10]. Hinh (3¢) va (3d) cho thay su két hop ciia Fe/GNPs va TCPP, vat li¢u Fe/GNPs
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phan bd déu va xen ké trong mang ludi cac sgi TCPP cho thz‘iy cO sy hinh thanh cua vat liéu
Fe/GNPs/TCPP.

IMS-NKL 5.0kV 4.9mm x100k SE(M)

Hinh 3. Anh phan tich SEM cua (a) Nanocomposite Fe/GNPs téng hop theo phwong phap héa
hoc xanh tir dich chiét la voi; (b) Soi nano TCPP lap rdp tw do; (c) va (d) Vat liéu
nanocomposite Fe/GNPs/TCPP sau khi dwoc tong hop.

Phép do quét thé tuan hoan (CV) duoc thyc hién trong dung dich KC1 0.1 M va Ks[Fe(CN)e]
2.5 mM cho ket qua nhu hinh 4.
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Hinh 4. Pho quét thé tudn hoan (CV) cia vit liéu nanocomposite Fe/GNPs/TCPP
trén dién cuc GC va dién cuc GC.

Pudng cong CV ciia mau c6 vt liéu Fe/GNPs/TCPP trong khoang dién thé 0.1 V + 0.25 V xuit

hién cip peak oxi hoa khir do xay ra phan tng oxi hoa khtr thuan nghich cua ion Fe?* va Fe®*:
Fe3* + e~ Fe?* (1)
Trong khi d(’)Z Kkét gué CV thu dugc cta dién cuc phu vat ‘liéu F ¢/GNPs/TCPP ¢o6 cuong do
dﬁ)ng dién cao gap 2 lan so véi gia tri thu dugc tir di€n cuc tran. Két qua thu duoc chirng minh
rang st dung vat li¢u nanocomposite Fe/GNPs/TCPP cho dién cuc Glassy carbon (GC) c6 kha
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nang dan dién tét hon va gitp cai thién hiéu suit dién hoa cho bé mit dién cuc.

Ngoai ra, vat liéu Fe/GNPs/TCPP dugc nghién ctru danh gia vé kha nang cam bién dién hoa
thong qua khao sat sy c6 mét cua Chloramphenicol (CAP) 50 pM trong dung dich KC1 0.1 M va
Ks[Fe(CN)e] 2.5 mM. Két qua ctia nghién ctru dugc thé hién thong qua hinh 5.

10

-10 4

Cwiérng do dong dién (pA)

=154

dién cwc GC
Fe/GNPs/TCPP
141 058 05 02
Dién thé (V)

Hinh 5. Phé quét thé tuan hoan (CV) cua vdt liéu nanocomposite Fe/GNPs/TCPP trén dién cuc
GC va dién cuc GC c6 Chloramphenicol (CAP) 50 uM.

Puong do CV cuia dién cuc c6 phu vat lidu xuét hién peak trong dién thé khoang -0.76 V, -0.6

V va -0.428 V. Céc nghién ciru da cong bd da chi ra rang day 1a peak thé hién sy co6 mit cua

CAP [1]. Quan st thiy c6 2 dinh khir dugc xac dinh rd tuong ng v6i su khir cia nhom —NO,

trong phan tr CAP thanh nhém hydroxylamine (-NHOH) va c6 cap peak oxi hoa — khir thuan

nghich twong mg qua trinh khir ddn xuat nitroso thanh hydroxylamine dugc thé hién theo

phuong trinh [11]:

R — NO,(CAP) + 4e™ + 4H* - R — NHOH + H,0 )
R — NHOH —» R — NO + 2e™ + 2H*
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Hinh 6. Phé téng tro (EIS) cua vat liéu nanocomposite Fe/GNPs/TCPP trén dién cuc GC.4.
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Trong khi d6, & dién cuc trin GC khong xuit hién peak nao. Panh gia cho théyldién cuc phu
vat liéu Fe/GNPs/TCPP c6 kha nang phat hién CAP trong dung dich. Diéu nay khang dinh rang
vat liéu Fe/GNPs/TCPP c¢6 ung dung trong cam bién dién hoa.

Phép do EIS duoc thuc hién trong khoang tan sb tir 0.1 Hz — 50 kHz dé nghién ctru kha niang
chuyén dién tich cua dién cuc khi phi Fe/GNPs/TCPP. Két qué cia qua trinh do dugc theé hién
trén hinh 6.

Phd Nyquist c6 md hinh mach twong duong Randles duoc thé hién trén hinh 6 voi R; 12 dién
tro dung dich, R, 1a dién tr& chuyén dién tich, CPE 1a dién dung 16p kép va W 1a tong tré
Warbug. Pho Nyquist twong tu nhu két qua thé hién véi 16p mang Fe;04/CS (CS: Carbon dang
cau) phu trén dién cuc in SPE [1], bao gdm mot cung chuyén dién tich va mot dudi khuéch tan.
bién tré dung dich tinh todn dugc qua md hinh mach tuong duong la 180 Q, dién trd chuyén
dién tich (Ry) thu dugc 1a 53.79 kQ. Két qua EIS cho thiy 16p mang diy di dic trung cho qua
trinh van chuyén dién tich va khuéch tan ion tir 16p mang toi bé mat dién cuc.

4. KET LUAN

Céc két qua do hién vi dién tr quét (SEM) di ching minh duoc c6 thé tong hop vat liéu
nanocomposite Fe/GNPs/TCPP véi cac tim Fe/GNPs duong kinh 5 — 20 pm xen k& trong céc soi
nano TCPP kich thudc khoang 20 nm. Phép do quét thé tuan hoan (CV) da cho thdy vat liéu thu
dugce c¢6 phan ung oxy hoa - khir thuan nghich, ting do din dién va c6 kha niang nhén biét
Chloramphenicol trong dung dich. Phd do tong trg EIS ciing chi ra rang 16p mang vt liéu c¢6 vai
tro trong qua trinh van chuyén va khuéch tan dién tich. Cac két qua thu duoc da chi ra rang vét
liéu nanocomposite Fe/GNPs/TCPP 1a vat li¢u c6 mang dac tinh dién hoa va co tiém nang trong
g dung cam bién dién hoa.

Loi cam on: Nghién ciru nay dwge hé tro boi Qui Asahi Glass Foundation, ma sé dé tai No: AGF.
2023-02.
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ABSTRACT

Synthesis of nanocomposites material Fe/GNPs/Porphyrene
and the electrochemical properties investigation

Electrochemical sensors are currently being developed and widely applied in many
fields with new materials to increase the accuracy and selectivity of the method. In this
study, Fe/GNPs materials were synthesized from green chemistry method, combined with
recombinant TCPP process to create Fe/GNPs/TCPP nanocomposite materials. The
structure and morphology of the formed products were studied by scanning electron
microscopy (SEM), X-ray diffraction (XRD), Fourier transform infrared spectroscopy
(FTIR), Raman spectroscopy. The morphological and structural analysis results of the
products showed that Fe/GNPs/TCPP nanocomposites were formed from nano-structured
zero valent iron particles with an average size of 15-60 nm uniformly distributed on the
surface of graphene plates 2-10 nm thick, interspersed with porphyrin nanofibers with a
diameter of 30 nm. The materials were investigated and evaluated for their
electrochemical properties through cyclic potential scanning (CV), electrochemical
impedance spectroscopy (EIS) on a three-electrode electrochemical system. The
electrochemical analysis results have demonstrated that Fe/GNPs/TCPP nanocomposite
materials have good properties suit for application as electrochemical sensors in the
analysis of residues of antibiotics, pesticides in agricultural production.

Keywords: Zero valent iron; Graphene; porphyrin; Electrochemical properties; Electrochemical sensors.
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