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TOM TAT

Trong bai bao nay, vat liéu c6 cau tric xdp 3D a-Fe:0s da duoc tong hop trén co so
khung hitu co kim loai prussian blue. Cac phuwong phap hién dai da dwoc st dung
d€ dac trung vat liéu nhue nhiéu xa tia X (XRD), hién vi dién ti quét (SEM), hién vi
dién t&r truyén qua (TEM). Nghién ctru cam bién dién hda cho thdy, dién tich hiéu
dung cua dién cuc da duoc cai thién khi st dung vat liéu ¢ cdu trac xop 3D a-
Fe20s bién tinh dién cuc GCE.

Tw khéa: 3D a-Fe20s; Prussian blue, Khung hitu co kim loai, cdm bién dién hoéa.

GIOI THIEU

Gan day, viéc phat trién vat liéu cam bién dién hda da thu hut nhiéu sy quan
tim cta cdc nha khoa hoc trong va ngoai nudc. Trong tién trinh phét trién, nhitng nd
lic gan day dang tap trung cho su phét trién cac cau tric nano oxit kim loai ban dan
nham khai thac nhitng tinh chat cam bién dién héa doc dao [1]. Trong d6, mot trong
nhitng hudng di quan trong la thiét ké vat liéu nano c6 cau triac xdp, hinh thai xac dinh
nham gia ting s6 lwong tam hap phuy, cling nhu gitip cac chit phan tich dé dang tiép
xtic, hap phu va giai hdp phu trén bé mat dién ciec, dan dén phan ting oxi héa khit xay
ra nhanh va hiéu suat cao [2].

Hematit (a-Fe20s) 1a oxit kim loai ban dan loai n (0 diéu kién nhiét 6 phong Eg
~ 2.1 eV), bén nhiét va bén hda, ré va than thién moi treong da va dang duwgc ing dung
trong nhiéu linh vuec quan trong nhu xtc tac, hap phuy, vat liéu ttr, cam bién khi va vat
liéu bién tinh dién cyc [3-5]. Trong nhitng thap ky gan day, cau tric nano hematit da
nhan dwgc nhiéu sy quan tam nghién ctru, kham pha boi nhiéu tinh chat hoa ly mai la
ma vat liéu dang khoi khong c6 dugc. Cac tinh chat hoa ly nay khong chi dén tir trang
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thai da héa tri ctia oxit sdt ma con phu thudc nhiéu vao hinh thai, trang thai bé mat va
kich thudc hat & quy md nanomet [6]. Cho dén nay, nhiéu dang cau tric nano a-Fe20s
nhu thanh (nanorods) [7], day (nanowires) [8], tdim (nanoplates) [9], qua cau rong
(hollow spheres) [10], phan cdp 3 chiéu hinh nhim bién (hierarchical urchin) [11], da
tong hop thanh cong bing cdc phuong phép khac nhau nhu phuong phap sol-gel,
dong két taa, thuy nhiét, vi song...Trong su da dang ciu tric va hinh thai, nano a-
Fe20s5 ¢6 cau truc x0p, hinh théi lap phuwong la mot trong nhitng vat liéu c¢6 kha nang
thuc hién dién hda wu viét so voi cau trac dang khoi dac khit, xudt phat tir dién tich bé
mat 16n, hé thong mao quan phong pht gitp cac chat phan tich dé dang tiép xtc véi
tam hdp phu/ xtc tac trén bé mat dién cuc.

Trong nhiing nam gan day, vat liéu khung htu co kim loai (MOFs) véi nhiing
tng dung mai la va hiéu qua da duoc nghién cttu rdng rai tit cdc nha khoa hoc trong
va ngoai nudc [12-14]. Cau triuc cia MOFs gom nhitng cation kim loai lién két véi nhau
théng qua cac cau ndi phoi tir hitu co tao thanh vat liéu ¢é d6 x6p 16n véi mire do tinh
thé cao [15]. Vi vay, MOFs da duogc stt dung lam khuon mau (template) dé tong hop
céc vat liéu nano oxit kim loai ban dan c6 dd x0p cao va hinh théi xac dinh. Vi du nhu,
Wang va cs da sit dung khudn khung httu co kim loai ZIF-8 (Zn(MelM)2, MeIM=2-
methylimidazole) d€ tong hop vat liéu nano oxit kim loai CosOs ¢é hinh thai lap
phuong [16]. X.D. Xu va cs da tong hop thanh cong vat liéu a-Fe20s cau tric x6p, hinh
théi cay kim (spindle) bang cach nung phan hty nhiét vat liéu MIL-88-Fe & 380 °C [17].

Trong bai bdo nay, chang t6i trinh bay cach thtec tong hop vat liéu ¢d ciu trac
x6p 3D a-Fe:0s bang cach nung phan htty nhiét khung hitu co kim loai Prussian blue
duoc ciu tao tir phdi tir la nhém —CN va cac ion kim loai Fe! va Fe'l. Vit liéu 3D a-
Fe2Os tong hop thanh cdng van duy tri hinh thai 1ap phuwong cta khung hitu co kim
loai Prussian blue. Ngoai ra, vat liéu tong hgp duogc sit dung lam chat xuc tac nham
tang kha nang cam bién dién héa khi bién tinh dién cuc than thuy tinh (GCE).

2. THUC NGHIEM
2.1. Héa chat

Polyvineypirrolydone (PVP, K30, MW = 40 000, 99%); Kali hexacyanoferat (II)
(KsFe(CN)e:3H20, 99%), axit clohidric (HCl, 37%), Merck, Dtec.

2.2. Thiét bi

Phan tich nhiéu xa tia X (XRD) duogc do trén May nhiéu xa k& X-ray anode D8
Advance Bruker véi btic xa Cu Ka (o= 0.154 nm). Anh hién vi dién t& truyén qua
(TEM) va hién vi dién t&¢ quét (SEM) duoc ghi lai trén cac thiét bi JEOL JEM-2100F
(USA) va SEM JMS-5300LV (USA). Céc thi nghiém dién hoa dugc thiec hién béng may
phan tich cuc phd CPA-HHS5 (Viét Nam). Cac phép do Von-ampe duoc thuiee hién bang
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cach st dung dién cuc than thuy tinh (GCE, duong kinh 2,8 mm) hodc GCE duoc bién
tinh bang vat liéu c6 c&u triac x8p 3D a-Fex0s déng vai tro 1a dién cuc lam viée, dién
cue so sanh Ag/AgCl/3M KCl va dién cuc déi platinium.

2.3. Tong hop vat liéu vdt liéu c6 cau triac xdp 3D a-Fe20s

Péu tién, khung htru co kim loai Prussian blue dwgc tong hop theo tai liéu
tham khao [18]. Qua trinh tong hop duoc md td van tit nhu sau, 3.8 g
Polyvineypirrolydone (PVP, K30, MW = 40 000) va 0.11 g Kali hexacyanoferat (II)
(KsFe(CN)6-3H20 duoc hoa tan trong 50 mL dung dich HCI 0.1 M. Sau khi dwgc khudy
dong nhat bang may tir trong 1gid, hdn hop dung dich dwoc dwa vao binh Teflon 100
mL va dugc gia nhiét ¢ 90 °C trong 24 gid & tu dién. Tiép theo, san phdm ran thu duoc
Prussian blue mau xanh dwoc ly tim, téch san pham va duoc rtta 3 [an bang dung mai
nudc da loai ion. Cudi cing, san pham Prussian blue duwoc dem sdy kho ¢ nhiét d6 90
°C trong tu sdy.

b€ thu dwgc 3D a-Fex0s, vat liéu khung hitu co kim loai Prussian blue dwoc
dem nung ¢ nhiét d¢ 600 °C véi téc do nang nhiét 2 °C/phut trong 2 h & mdi truong
khong khi.

2.4. Chuan bi cac dién cuc

Dién cuc than thay tinh (GCE) (dwong kinh 2,8 mm) dwoc mai nhdn béng bing
cach st dung bot nhom oxit 0,05 em va rira ky br?mg nudce cat. GCE duoc lam sach bf?mg
rung siéu am 5 phut trong etanon. Phan tan 1,0 mg vat liéu 3D a-Fe2Os trong 1 ml dung
dich nwdc cit 2 Tan bang séng siéu am trong 60 phut, két qua la xuat hién huyén phu
mau do dong nhat. Nho 5 pl dung dich huyén pht 1én bé mat dién cuc. Sau d6 sdy kho
dién cyc 0 nhiét do phong dé thu dwgc dién cuc bién tinh 3D a-Fe20s/GCE.

2.5. Cac phép do dién hoa
St dung phuong phap von-ampe vong (CV) dé xac dinh dién tich hiéu dung

d6i v6i hén hop dung dich 0,1 mM Ks[Fe(CN)s]/Ks[Fe(CN)e] trong 0,1 M KCl. Phuong
phap CV duoc ghi ¢ khoang thé -1500 mV dén1000 mV & nhiét d phong.

3. KET QUA VA THAO LUAN
3.1. Ddc trung vat liéu

Vat liéu khung hitu co kim loai Prussian blue duoc tdng hop bang phuong
phéap thay nhiét dudi su hd tro ctua chat hoat dong bé mat Polyvineypirrolydone
(PVP). Hinh théi ctia cdc mau Prussian blue dwoc dic trung bing SEM (Hinh 1). Két
qua cho thdy, Prussian blue ¢6 hinh thai 3D lap phuwong véi do dong nhat cao, kich hat
trung binh khoang 200 nm. Quan st cac hat vat liéu cho thay bé mit vat liéu rat nhan,
chting to mirc 6 hinh thanh thanh cac pha don tinh thé rat cao.
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Hinh 1. SEM cua vat liéu khung hitu co kim loai Prussian blue

C4u truc tinh thé caa vat liéu khung hiru co kim loai Prussian blue dwoc xac
dinh bang phuong phép nhiéu xa tia X (XRD). Quan sat phd XRD trong hinh 2 cho
thdy, nhitng dinh nhiéu xa dic trung xudt hién tai goc 20 = 17.2°, 25.3°, 35.8°, 39.4°,
43.2°, 51.2°, 53.1° va 56.8° twong tng voi mat mang tinh thé (200), (220), (400), (420),
(422), (440), (600) va (620). T4t ca cac dinh dic trung duoc phan loai theo mau XRD mo
phong ctia vat liéu khung httu co kim loai Prussian blue c¢6 cau truc lap phuwong tam
mat fcc (JCPDS 73-0687; nhém khong gian Fm3m, a =b = ¢ = 10.13 A o= B=v=90°
[18]. Tuy nhién, khong cé nhitng dinh nhiéu xa cua tap chat duoc quan sat trén gian
do, chiing to san pham da duoc tong hop thanh cong va c6 do tinh khiét rat cao.
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Hinh 2. Pho XRD cua vat liéu khung hitu co kim loai Prussian blue
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A6k
Hinh 3. SEM (a) va TEM (b) cua vat liéu 3D a-Fe20s

Khung httu co kim loai Prussian blue c6 hinh thai 3D lap phwong dugc st dung
dé tong hop vat liéu 3D a-Fe:0s bang phuong phdp nung phan hty nhiét trong mdi
treong khong khi 6 nhiét do 500 °C trong 2 gio. Hinh 3 trinh bay hinh thai cta vat liéu
a-Fe:0s, két qua cho thdy a-Fe:0s dugc nung tir khung hitu co kim loai Prussian van
gitt nguyén hinh thai 3D lap phuwong. Dang cha y, bé mat cua vat liéu trd nén x&p va
xuét hién nhitng 16 tréng nano. D& quan sat 16 rang hon bé mit cta vat liéu 3D a-
Fex0s, chung t6i da tién hanh xac dinh hién vi dién t& truyén qua (TEM) cta vat liéu
3D a-Fe20s. Quan sat hinh anh TEM cho thdy, xuat hién nhiing 15 x0p nano bén trong
vat liéu 3D a-Fe:0s. Dang chu y, vat liéu 3D a-Fe20slap phuong dwoc xay dung nén tir
cac hat nano a-Fe20s so cap co kich thude khoang 10 nm.

Phan tich XRD ctia vat liéu 3D a-Fe20s dwoc nung tit khung httu co kim loai
Prussian blue da dugc thuc hién (Hinh 4). Tat ca cac dinh déc trung cua a-Fe20s dugc
phan loai theo mau XRD mé phong cta tai goc 20 = 20.4°, 32.8°, 35.3°, 40.6°, 49.7°,
54.8°, 62.3 va 64,5° twong tng voi madt mang tinh thé (012), (104), (110), (113), (024),
(116), (214) va (300) theo phan loai JCPDS 04-0783 [18]. Diéu nay ching to vat liéu 3D
a-Fex0s da duoc tong hop thanh cdng bang phuong phap nung phan hay nhiét khung
hitu co kim loai Prussian blue.
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Hinh 4. Pho XRD cuta vat liéu vat liéu 3D a-Fe203

3.2. Nghién cttu dac tinh dién hoa
Phwong phép von-ampe vong (CV) duoc sit dung dé nghién cttu dédc tinh dién
héa cua dién cuc GCE duoc bién tinh boi vat liéu 3D a-Fe:0s. Dién tich hiéu dung ctia
dién cuc bién tinh boi vat liéu a-Fe:0s duwoc xac dinh theo mo6 hinh ctia Randles—
Sevcik [19].
Ip = (2.69x10%).n32.A.C.D2.p'2
Trong d6: Ir la dinh dong anot hodc catot (A), D la hé sd khuéch tan cua hon
hop dung dich [Fe(CN)s]/KsFe(CN)s] (cm? s7), C 1a nong do caa hon hop dung dich
Ks[Fe(CN)s]/Ks[Fe(CN)s] (mM); A la dién tich hiéu dung (cm?), n 1a s6 electron chuyén
héa va v la toc d9 quét (V s?).
Hinh 5 trinh bay cac duong CV ctia dung dich [Fe(CN)s]/Ks[Fe(CN)s] 1 M st
dung dién cuc GCE va dién ctrc bién tinh (a-Fe20s-GCE) ¢ t6c d6 quyét tir 0.1 dén 0.5
mV s'. Két qua cho thdy, dién tich hiéu dung cua dién cwc GCE va dién cuc bién tinh
(a-Fe205-GCE) tuong ting la 0.04 va 0.06 cm? Chting to kha nang cam bién dién hoda
duoc cai thién khi bién tinh vat liéu ¢6 cau tric xdp 3D a-Fe20s hinh thai lap phuong

1én bé mat dién cuc GCE.
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Hinh 5. Puong CV cta dung dich [Fe(CN)s]/Ks[Fe(CN)s] 1 M stz dung cac dién cuc
GCE (a) va a-Fe203-GCE (b).

KET LUAN

Vat liéu c6 cau trtic x8p 3D a-Fe20s duoc tong hop thanh cong bang phuong
phédp phan huy nhiét khung hitu co kim loai Prussian blue. Vat liéu thu dugc cé cau
tric x8p, hinh théi 3D lap phuong va mtc d tinh d6 tinh thé cao. Nghién ctru cam
bién hoa cho thdy dién cuc dugc bién tinh véi vat liéu 3D a-Fe20s ¢ dién tich hiéu
dung duoc cai thién ré rét so voi dién cuc GCE. Két qua nay mo ra kha ndng ap dung
phuong phap d€ phan tich cac hop chdt hitu co cling nhu vo co bang phuwong phép
cam bién dién hoa.
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SYNTHESIS OF 3D «a-Fe:0s POROUS MICROSTRUCTURE
BASED ON METAL ORGANIC FRAMEWORKS

Ho Van Minh Hai'*, Nguyen Duc Vu Quyen’, Bui Thi Hoang Diem?, Dang Xuan Tin?,
Dinh Quang Khieu!, Nguyen Van Cuong?

Faculty of Chemistry, University of Sciences, Hue University
2Faculty of Chemical Engineering, Industrial University of Ho Chi Minh city
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ABSTRACT

In this study, 3D a-Fe20s porous microstructure was synthesized based on metal
organic frameworks Prussian blue. The morphology and crystallinity of product
were chacracterized via X-ray diffraction (XRD), scanning electron microscopy
(SEM), transmission electron microscope (TEM). The investigation of
electrochemical sensor of bare GCE and 3D a-Fe2Os modified GCE electrodes were
performed. It was found that the electroactive surface area for 3D a-Fe2Os modified

GCE have significantly improved compared to bare GCE.

Keywords: 3D a-Fe:0s; Prussian blue, Metal organic frameworks, electrochemical

Sensor.
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