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Tém tit: Trong bai bao nay, vat lidu Fe-ZIF-11 duoc téng hop tur zinc acetate,

iron(I11) chloride va benzimidazole ¢ nhiét d6 phong. Vit lidu tong hop duogc
dic trung cAu tric va tinh chat bang céac phuong phap phé tan xa ‘nang luong
tia X (EDX), nhidu xa tia X (XRD), ph6 hong ngoai (FTIR) va hién vi dién tir
quét (SEM). Vit liéu tong hop ciing duoc tham do kha ning hip phu. Két qua
cho thay vat liéu Fe-ZIF-11 tong hop 1a nhing tinh thé da dién dong déu, kich
thudc tinh thé ¢& pm. lon iron da dugc phan tan vao cu trac cua vat liéu. Vat
lidu Fe-ZIF-11 cai thién dang ké kha nang hip phu rhodamine B so véi ZIF-
11. Dung lugng hap phu RhB ctia Fe-ZIF-11 tang hon 2,2 lan so voi ZIF-11.

Tir khoa: Fe-ZIF-11, hap phuy, rhodamine B.

1. MO DAU

Vit liéu khung hitu co kim loai ¢ cAu tric tuong tu zeolite (ZIFs) 1a loai vat liéu c6 do
Xép cao, kha nang chirc nang ho4 linh hoat cling nhu tinh on dinh nhiét va hoa hoc dac
biét nén da thé hién tiém ning tmg dung phong phi trong nhiéu linh vuc khac nhau nhu
hap phu, tach chat, x(c tAc va dién hoa [1-3]s... Trong sb céc loai vat liéu ZIFs da duoc
cong bd, ZIF-11 dang nhan dugc sy quan tim nghién ctru cua nhiéu nha khoa hoc nho ¢6
d6 bén nhiét va thuy nhiét cao. Den nay, di c6 nhiéu cong trinh lién quan den ZIF-11
dugc cong bd [4-6]. Tuy nhién, da s6 cac cong bo déu lién quan tryc tiép dén téng hop va
mg dung ctia ZIF-11, chwa c6 nhidu cong bd vé bién tinh vat liéu ZIF-11.

Quan tam der} vat liéu ZIF-11, bang cach str dung cac nguon mudi zinc kha,c nhau, ching
t61 cling da tong hop thanh cong vat liéu ZIF-11 ¢ nhiét do phong [7]. Tiép theo hudng
nghién ctru d6, bai bao nay trinh bay két qud tong hop va ddc trung vat liéu Fe-ZIF-11.
Bén canh d6, kha nang hap phu cta vat li¢u tong hop ciing dugc danh gia so bg.

2. THUC NGHIEM

2.1. Hoa chat

Céc hoa chét sir dung trong nghién ciru nay bao gom Zn(CH3zC0OO0)2-2H20 (Merck),
FeCl3.6H,0 (Shanghai, Trung Quéc), benzimidazole (Shanghai, Trung Qgéc, AR, >
98%, ethanol (Xilong, Trung Quoc), dung dich NH3 25% (Xilong, Trung Quoc), toluene
((Xilong, Trung Quoc), rhodamine B (Merck).

2.2. Téng hop vat ligu

Vit liéu Fe-ZIF-11 dugc t?)ng hop dua trén quy trinh tong hop ZIF-11 ma nhom nghién
ctru ching t6i da cong bo [7] va c6 su dieu chinh, cu thé nhu sau: hoa tan 0,6 gam
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benzimidazole trong 43 mL ethanol, tiép theo cho 26,5 mL toluene va 0,35 mL dung dich
NH3 (25 %) vao dung dich benzimidazole, khudy hdn hop trong 5 phut. Sau d6 thém
0,385 gam Zn(CH3COO0)2.2H-0 va 0,203 gam FeCl3.6H20 vao dung dich vra thu dugc,
tiép tuc khudy trong 4 gio & nhiét d6 phong. Két tia duoc ly tim, rira bang ethanol, siy
khé qua dém & 80 °C, thu dugc vat li¢u Fe-ZIF-11.

Vit lidu ZIF-11 ciing duoc tong hop theo quy trinh trén dé so sanh nhung khong sir dung
FeCls.6H20.

2.3. Pic trung vat liéu tong hop va thir hoat tinh hip phu

Vit liéu tong hop duogc dic trung bang cac phuong phap: Phd XRD duogc ghi trén may
nhiéu xa Ronghen VNU-D8 Advance (Bruker, Germany), sit dung nguén burc xa CuKg
v6i bude song 4 = 1,5406 A, goc quét 26 thay doi tir 2 — 40°; phd FTIR trong pham vi
400 — 4000 cm~! duoc ghi trén may IR-Prestige-21(Shimadzu) sir dung k¥ thuét ép vién
KBr; anh SEM ¢ cac do phong dai khac nhau dugc do béng thiét bi SEM JED 2300 va
phé EDX duoc do trén may SEM JED 2300.

Kha nang hp phu ciia cac vat liéu tong hop duoc danh gia qua sy hap phu rhodamine B
(RhB) tir dung dich nu6e. Quy trinh nhu sau: Cho vao cbc 100 mL dung dich RhB 10
mg/L, 6n dinh & nhiét d6 phong (25 °C), thém vao d6 20 mg ZIF-11 hodc Fe-ZIF-11 va
tién hanh khuay hon hop trong bong t6i bang may khuay tir. Sau 60 phut, 1dy mau, ly tam,

tach chat hap phu va xac dinh nong d6 dung dich bang phuong phap UV-Vis trén may
Jenway (UK) ¢ bude song 554 nm. Dung lwong hip phu (DLHP) q (mg/g) duoc tinh theo
cong thuc:

(Co—C)V

q=—— 1)

m
trong d6, Co va C 1a ndng do ctia dung dich RhB ban du va ¢ thoi diém cudi (mg/L), V
la thé tich cua dung dich (mL) va m la khoi lugng chat hap phu (mg).
3. KET QUA VA THAO LUAN
Hinh 1 1a dnh cta mAu ZIF-11 va Fe-ZIF-11 tong hop dugc. Cac mau vét li¢u tong hop
déu la chat ran, dang bot min, x0p, c6 mau trang d6i vdi ZIF-11 va mau vang d6i vai Fe-
ZIF-11. biéu nay chting t6 da c6 mat cia iron trong vat ligu.

Hinh 1. Hinh dnh ciia mau ZIF-11 va Fe-ZIF-11 tong hop
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Dé phan tich thanh phan hoé hoc cua vat liéu Fe-ZIF-11 tong hop, phd phan tan ning
lwong tia X (EDX) dd duogc st dung va két qua trinh bay trén hinh 2. Tir gian ¢6 EDX &
hinh 2 cho thdy, vat liéu Fe-ZIF-11 tong hop xuét hién cac peak dic trung xac nhan su co
mat ciia cac nguyeén t6 chinh 1a C, Zn, Fe, O. Bén canh do, gian dd ciing cho thay sy ¢6
mit caa luong vét cac nguyén t6 Si, Al, Cu (c6 thé 1a do tap chat). Nhu vay, iron da duoc

phan tan vao vat liéu téng hop.
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Hinh 2. Gidn dé EDX ciia cdc mau Fe-ZIF-11
Thanh phan pha ciia vat lidu tong hop duoc dic trung bang nhidu xa tia X (XRD). Hinh
3 trinh bay két qua XRD ciia c4&¢ mau ZIF-11 va Fe-ZIF-11. C6 thé thdy gian d6 XRD
ctia mau ZIF-11 tong hop xudt hién cac peak nhidu xa dic trung cho loai vat liéu nay &
goc nhidu xa 20 bang 4.,41; 6,23; 7,59; 8,75; 9,81; 12,39; 13,13; 13,85; 15,17; 15,79 va
18,62, twong mg v6i cidc mit nhiéu xa (011), (002), (112), (022), (013), (004), (033),
(024), (015), (044) va (006) [8]. Cac peak déu c6 cuong d9 cao, sac nét ching to vat liéu
ZIF-11 tong hop 0 do tinh thé cao. Gian d6 XRD ctia mau Fe-ZIF-11 ciing xuét hién cac
peak déc trung gidng nhu ciia mau ZIF-11. Tuy nhién, cuong d6 cac peak dac trung cua
mau Fe-ZIF-11 giam nhe so voi mau ZIF-11. Piéu nay cho thay rang vé co ban vt liéu

Fe-ZIF-11 van duy tri cdu triic ctia ZIF-11, nhung do trat tu ciu tric c6 thé giam nhe.
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Hinh 3. Gian d6 XRD ciia mdu ZIF-11 tong hop
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Hinh thai cua vat liéu tong hop dugc dic trung bang hién vi dién tir quét (SEM) va két
qua dugc trinh bay ¢ hinh 4. Quan sat anh SEM ctia mau ZIF-11; ¢6 thé nhan thiy mau
nay xuét hién céc khéi cau tric da dién 12 mat hinh thoi dic trung ctia ZIF-11 rat rd rang
va sdc nét [5]. Mau Fe-ZIF-11 ciing xuat hién cac khdi da dién nhung khong con duy tri
céu tric 12 mat hinh thoi ma bi bién dang. Diéu nay co thé do sy c6 mit cta ion iron da
lam thay di cu triic vét lidu tong hop. Bén canh d6, mau Fe-ZIF-11 ciing xut hién cac
tinh thé bam 1én bé mat cua cac khéi da dién. Day co thé 1a cac hat tinh thé vat liéu Fe-
ZIF-11 (Fe(BIm)s khong hinh thanh dugc céu triic khdi 12 mat, ciing co thé c6 mot sd
tinh thé iron oxide tao thanh do lwong iron khong vao mang, lugng iron oxide ndy min,
dué6i ngudng phat hién cua XRD trong diéu kién do.

Fe-ZIF-11
Hinh 4. Anh SEM ciia ZIF-11 va Fe-ZIF-11 téng hop

Pho hong ngoai (FTIR) dugc sur dung dé xac dinh cac nhom chirc bé mit va sy hinh thanh
lién két gilta cac ion Zn?* (hoic Fe®*) véi cac phdi tir BIm. Hinh 5 trinh bay phd FTIR
cta cac mau ZIF-11 va Fe-ZIF-11.

C06 thé thay cac mau vat liéu tong hop déu xut hién peak dic trung cho dao dong hoa tri
cta lién két Zn—N & s6 song 428 cm™ [5, 6]. Bén canh d6, con co cic peak trong ving tir
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600 dén 1600 cm™ dic trung cho dao déng hoa trj va dao dong bién dang ctia cac lién két
trong vong BIm [5]. Ngoai ra, cac mau con xudt hién 1 peak ti & sb song 3420 cm -1 dic
trung cho lién két O — H cua nude hap phu vét 1y [5]. Peak nay c6 cuong do rat 1on ddi
v6i mau Fe-ZIF-11. Diéu nay c6 thé 1a do su ton tai clia iron oxide trén bé mit tinh the
(nhu trinh bay & trén) da tao diéu kién cho sy hip phy nude manh hon. C6 thé tom tit
mot sé dao dong va dic trung lién két tuong tng cta vat liéu & bang 1.

Fe-ZIF-11
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Hinh 5. Phé FTIR ciia cdc mau ZIF-11 tong hop
Bang 1. Mot $6 dao dong va dac trung lién két ciia vat liéu ZIF-11 va Fe-ZIF-11

S6 séng (cm™) Pic trung TLTK

428 Lién két Zn — N (hodc Fe — N) [5, 6]

740, 1182 Lién ket C — H trong vong benzene ctia Blm [5]
1242 lién két C — N [6]
1464 lién két C = C trong nhan thom cua BIm [5]

1610 cm™ lién két C — C trong nhan thom ctia BIm [5]

3076-3028 lién két = C — H cua nhan thom [5]
3420 lién két O — H ctia nuée hap phu vat 1y.1 [5]

Kha nang hap phu cua vat liéu tong hop duoc khao sat qua sy hép phu pham nhuo¢m RhB
tir dung dich nudc. Két qua trinh bay & hinh 6 cho thdy mau ZIF-11 tong hgp c6 DLHP
RhB khong cao, dat 12,18 mg/g sau 60 phiit. Két qua nay 1a phi hop vi ZIF-11 1a vat lidu
vi mao quan nén kha ning hap phu cic chat hiru co ¢6 kich thudc 16n thudng khong cao.
Tuy nhién, vat liéu Fe-ZIF-11 ¢6 DLHP RhB cao hon nhiéu so véi ZIF-11, dat 27,11
mg/g (ting hon 2,2 14n). Diéu nay cho thay sy c6 mit ctia iron trong cau triic vat liéu da
cai thién dang ké kha nang hap phu phim nhuém RhB cua vat liéu.
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Dung hogng hap phu (mg/fg)
o
&

ZIF-11 Fe-ZIF-11
Hinh 6. DLHP RhB cua vdt liéu ZIF-11 va Fe-ZIF-11 téng hop

4. KET LUAN

ba tong hop thanh cong céac vat liéu ZIF-11 va Fe-ZIF-11 bang phuong phép don gian di
tr mudi zinc acetate, iron acetate va phdi t hitu co benzimidazole bang hé dung moi
toluene-ethanol & nhiét &6 phong. Vat liéu ZIF-11 tong hop la nhitng khdi da dién 12 mat
hinh thoi dong déu, trong khi vat liéu Fe-ZIF-11 14 cac khdi da dién hinh thoi bién dang.
Cac vat lidu tong hop déu co kich thudc & um. Vat liéu Fe-ZIF-11 cai thién dang ké kha
nang hp phu rhodamine B so véi ZIF-11.
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Title: SYNTHESIS AND CHARACTERISTICS OF Fe-ZIF-11

Abstract: In this paper, Fe-ZIF-11 was synthesized from zinc nitrate, iron acetate, and
benzimidazole at room temperature. The resulting material was characterized using X-ray energy
dispersion spectroscopy (EDX), X-ray diffraction (XRD), fourier transform infrared spectroscopy
(FTIR), and scanning electron microscopy (SEM). The material was also tested for its adsorption
activity. The results showed that Fe-ZIF-11 had a pretty uniform polyhedron crystalline. Crystal
size was in micrometer. Iron ions are dispersed into the structure of the material. The rhodamine B
adsorption capacity of Fe-ZIF-11 is improved significantly in compared to that of ZIF-11. The RhB
adsorption capacity of Fe-ZIF-11 increased more than 2.2 times in compared to that of ZIF-11.

Keywords: Fe-ZIF-11, adsorption, rhodamine B.



