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Tém tit. Nghién cttu nay trinhbay qua trinh téng hop va cac ddc trung cua vat liéu khung
hitu co kim loai bién tinh Fe-MIL-101. Tinh chét ctia vat liéu dugc xac dinh bang phwong phap
nhiéu xa tia X (XRD), hién vi dién t&t quét (SEM), hién vi dién ti truyén qua (TEM), phd hong
ngoai (FT-IR), déng nhiét hap phu va giai hdp nito (BET), tan xa nang luong tia X (EDX) va
quang dién ti tia X (XPS). K&t qua cho thdy vat liéu Fe-MIL-101 véi luong sat thay thé 10% c6
cap hat dong déu, hinh thai bat dién, d6 két tinh cao, dién tich bé mét dat 2440 m?/g. Vat liéu
bén trong dung moéi khong phan cyc 6 pH = 6.

Tt khoa: vat liéu khung httu co kim loai, MIL-101, Fe -MIL-101
1 Giéi thiéu

Vit liéu khung hitu co kim loai MOF(Metal-Organic Frameworks) la nhom vat liéu méi, nhan
dugc nhiéu su quan tam trong thoi gian gan day.Mot trong nhiing dac diém noi bat cta loai vat
liéu nay la c6 bé mit riéng va kich thedc mao quan 16n. Thue nghiém cho thdy réng MOF la vat
liéu c6 bé mit riéng 16n nhét trong s6 cac vat liéu tinh thé, khoang 2000 dén 6500 m?2/g, trong khi
d6 bé mat riéng cao nhét ctia vat liéu zeolite chi khoang 900 m?/g. Vat liéu MOF c6 hé thdng mao
quéan khéng gian véi cac 16 nho li ti trong khung mang, ¢ cdu tric gidng nhw hinh t& ong nén
ching c6 d6 xdp cao. Do c¢d cau truc tinh thé, dién tich bé mét riéng 16n, do x6p cao, kich thude
16 x0p 16p, c6 kha nang bién ddi cdu tric nén vat liéu MOFc6 nhiéu tiém nang tng dung trong
cac linh vuc khac nhau: lvu triv khi [15,1]; cam bién ttr[10], phéan tan thudc[5], y sinh hoc[23],phat
quang[11], xtc tac[3, 18].

Trong cac vat liéu MOF, MIL-101 (Material Institute Lavoisier) hién dang nhan dwoc su
quan tam dac biét. Vat liéu nay c6 cdu trtc ba chiéu theo trat tu nghiém ngat trong khong gian,
trong do terephthalic acid dong vai tro phdi tix lam cau n6i lién két voi cac cluster Cr(III), duoc
Féreyva cong su cong bd nam 2005[4]. Do ¢ cau tric x8p rong, dién tich bé mat 1én (4500-5000
m?/g), kich thudc 16 x0p 16n (29-34 A), MIL-101 dwgc ting dung d€ luu trit H2 va CO2[26, 25]. Béc
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biét, do dién tich va mao quan 16n, nén MIL-101 con la vat liéu tiém nang cho xuc tac trong tong

hop hitu co.

D€ mé rong kha nang tng dung cua vat liéu MIL-101, hién nay da c¢é nhiéu hudng bién
tinh khac nhau trén nén vat liéu nay nhu dua cac oxide kim loai [16, 20, 7], nhém chic hitu co
[12, 21] hay kim loai [17, 13]. P4y la di€ém ma nhiéu nha nghién cttu hudéng dén véi vat liéu khung
httu co kim loai MOF, dé€ tir d6 tao ra nhiéu déc tinh mong mudn véi ting loai. Trong bai bao
nay ching t6i nghién ctu bién tinh vat liéu MIL-101 bang cach thay thé mot phan Cr(IIl) bang
Fe(III).

2 Thuc nghiém

2.1 Hoa chat

Hoa chat chinh dung trong nghién cttu nay bao gom: chromium (III) nitrate nonahydrate
Cr(NOs)s-9H20 (Merck, Btic), iron (III) nitrate nonahydrate Fe(NOs);:9H20 (Han Qudc),
terephthalic acid H:BDC (Merck, Dtic), fluorhydric acid HF (Guang zhou, Trung Qudc), ethanol
C:Hs0OH (Viét Nam), N,N-dimethylfomamide (DMF) (Trung Qudc 99,5%), ammonium fluoride
NH.F (Guang zhou, Trung Qudc).

2.2 Téng hgp va bién tinh MIL-101

Vat liéu MIL-101(Cr)dugc tong hop bang phwong phap thiy nhiét theo Saedi [19]. Tron 3
mmol H2BDCvéi 3,75 mmol Cr(NOs)s-9H:0 trong 1,05 mol H20, sau d6 vira khudy vira nho tie tie
cho dén hét 3 mmol HF. Tién hanh thty nhiét hon hop phan ting & 200°C trong 8 gid. San pham
dugc ly tam tach 14y phan chat ran, rita san pham trong dung mdi DMF & 70°C trong vong 1 gio.
Tién hanh tuong ty hai lan véi dung moi C2HsOH, métlan véi NHF vamotlan voi nuwde cat. Sau
d6, san pham duoc sdy kho ¢ 100°C trong 12 gid, mau dwoc ky hiéu 1a MO. Fe-MIL-101 dwoc tong
hop tuong tw nhu MIL-101, nhung thay mot phan Cr(IIT) bang Fe(IIl), trong ¢6 hon hop mudi
Cr(IlI) va Fe(Ill) dwoc khdy tron trong nude 15 phiat. Cadc mau bién tinh khao sat c6 ty 1& mol
Cr(IIT)/Fe(III) thay d&i lan lwot 12 9:1; 8:2; 7:3 va 5:5.Mau dwoc ky hiéu [an luot 1a M9:1, M8:2, M7:3
va M5:5.

2.3 Kiém tra d6 bén caa vat liéu Fe-MIL-101

Do bén ctia Fe-MIL-101 trong cac dung mdi khac nhau: mau Fe-MIL-101 dugc ngam Ian

luot vao acetonitrile, toluen va benzene trong 24 gio, ¢ nhiét dé phong, sau dé loc rira chét ran,
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say khoo 100°C trong 12 gio. Kiém tra do bén bang XRD.D$ bén ctia Fe-MIL-101 trong cac pH
khac nhau duoc tién hanh tuong tu nhu dd bén dung moi; pH thay doi tit 2 dén 10.

24  Dac trung vat liéu

Thanh phan pha tinh thé ctia vat liéu dugc xac dinh béng phuong phap nhiéu xa tia X
(XRD) tai phong thi nghiém phén tich treong Pai hoc Khoa hoc Tu nhién, Pai hoc Qudc gia Ha
Ndi. Ty 1é cic nguyén t& trén bé mat vat liéu duoc xac dinh bang phuong phap phd tan xa ning
luwong tia X (EDX) va hinh thai cua vat liéu duoc quan sat bgmg hién vi dién ti quét (SEM) déu
dugc do taiKhoa Vat ly, Trwong Pai hoc Khoa hoc Ty nhién, Pai hoc Qudc gia Ha Noi. Hinh
dang va kich thuéc hat duoc stt dung bang phuong phap hién vi dién ti truyén qua (TEM) tai
phong hién vi dién t, Vién vé sinh dich té trung wong.Phd hong ngoai (FTIR) cua vat liéu duoc
do tai Khoa Héa, Truong Pai hoc Quy Nhon. Dang nhiét hdp phu —khtr hdp phu nito ¢ 77 K ctia
vat liéu duoc do tai Khoa Hba, Truweong Dai hoc Suw pham Ha Noi. Phd XPS duoc do trén may
Shimadzu Kratos AXISULTRA DLD tai Han Qudc.

3 K&t qua va thao luan

3.1 Danh gia dic trung vat liéu

Hinh 1 trinh bay gian d6 XRD ctia mau MO va cidc mau Fe-MIL-101 bién tinh. Két qua cho
thdy trén gian d6 XRD cua mau MO xuat hién cdc nhiéu xa dic trung ¢ 1,82°; 2,81°; 3,3°% 5,25°%
8,55° va 9,16° twong ung véi chi s6 Miller (111), (220), (311), (511), (822), (753) va (880) ctia vat liéu
MIL101, phtt hgp cac cong bd cta Férey, Hwang va mot s6 tac gia khac [4, 6]. Trén gian d6 cta
mau M9:1 cting xuat hién cac pic nhiéu xa dic trieng cua vat liéu MIL101, tuy cueong d6 nhiéu xa
giam manh. Khi tang dan luwgng Fe(Ill), cwong do nhiéu xa giam nhanh, pic nhiéu xa dic trung
ctia MIL101 hau nhu bién mét & cac mau M7:3, M5:5 va M8:2. Viéc pha tap sat vao M0 lam cho
mtec d9 trat tu ctia cdu tric 1ap phuong Fd-3m ctia MO suy giam mot phan, nén cuong d6 nhidu
xa giam. Nhu vy, c6 thé luong sat pha tap qué 16n da gay nén sy sup d6 mot phan cau trtc lap
phuong nén khong quan sat dwoc nhiéu xa.

Anh SEM (Hinh 2) cho thdy 6 mau M9:1, tinh thé van gitt duoc ciu trac bat dién ddc trung
cua MIL-101 véi kich thudce hat khoang 500 nm. Khi ham luong Fe(III) tang 1én, cé thé thay ro
hinh dang bét dién dan dan bi pha vo. O c4c hinh tr 2b dén 2e,ciu tric lap phuong bi bién dang
dan, kich thudc ctia cac tinh thé bat dau c6 xu huwéng phét trién theo chigu dai.
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Hinh 1.Gian d6 XRD ctia mau MO va cdc mau bién tinh Fe-MIL-101.

Hinh 2. Anh SEM Fe-MIL-101 véi cac ty 1é Cr(III)/Fe(III) khac nhau a) MO; b) M9:1;c) M8:2; d) M7:3; e)
M5:5.
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Tir két qua trén chting t6i chon mau M9:1 véity 1é Cr(IIT)/Fe(IIT) 1 9:1 d¢ tiép tuc nghién

cttu cac déc trung va tinh chat caa vat liéu.

Anh TEM cho thay tinh thé ctiaca hai mau MO0 va M9:1 (Hinh 3) c6 dang bét dién véi kich
thude khoang 300 nm dén 500 nm d6i véi MO va xap xi 500 nm d6i véi M9:1. Céc hat it bi phan

tan, bé mat lang (facet) va c6 hinh thai ro rang.

Phd FT-IR ctia cac mau MO va M9:1 (Hinh 4) cho thay dai hap thu ¢ 1625 cm-! dic trung
cho dao dong cua nhom —OH trong nuwdc hdp phuy; pic & 1404 cm! twong tng véi dao dong ddi
xtng ctia nhom O-C-O. Diéu nay chiing to su hién dién cta dicarboxylate trong khung MIL-101.
Céc dao ddng & 600 dén 1600 cm-! déc trung cho vong benzene, bao gom dao dong hoa tri cta
nhom C = C tai 1508 cm-! va cac dao ddng bién dang ciia nhém C-H tai 1160, 1017, 884 va 750 cm-
1[14]. D6i véi mau M9:1, ngoai cac dao dong déc trung ctia MIL-101 con xuét hién pic dic trung
cho dao ddng ctia lién két Fe — O & 582 cm1[16, 22],chting t6 su hién dién cta sét trong khung
hiru co kim loai.
Mo

MIL 101-Cr.007 MIL -101-9Cr-1Fe.008

Print Mag: 10600x @ 51 mm 500 nm Print Mag: 15600x @ 51 mm 500 nm

3:46:43 p05/31/17 HV=80.0kV 5:20:14 p 06719717 HV=80.0kV

TEM Mode: Tmaging Direct Mag: 5000x TEM Mode: Imaging Direct Mag: 8000x
EMLab-NTHE EMLab-NIHE

Hinh

Anh TEM ctia mAu MO va M9:1.
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Hinh 4.Ph6 héng ngoai cuia mau MO va M9:1.

Puong dang nhiét hap phu — khtr hdp phu N2 ¢ 77 K ctia cdc mau M0 va M9:1 (Hinh 5) cho
thay chiung déu c6 dang H4 theo phéan loai cia IUPAC, tiéu bi€u chovat liéu MIL-101 [16]. Dién
tich bé mat riéng tinh theo md hinh BET ctia mau MO 1a 3360 m?/g, twong dong véi cac cong bd
trude day [24, 2]. Trong khi d6, dién tich bé mat riéng cta vat liéu Fe-MIL101 1a 2440 m?¥/g. Diéu

nay cho thay viéc bién tinh bang sat da lam sup d6 mot phan c&u tric ctia vat liéu. Két qua nay

pht hop véi viéc nghién cttu thanh phan pha tinh thé ctia vat liéu bang phuong phap XRD.

Dua vao phd tan xa EDX (Hinh 6) c6 thé thay trong ca hai mau M0 va M9:1 déu cé mét cac

nguyén td chinh la Cr va Fe. Tuy nhién, ham lwgng khdi lwgng cua Cr c6 sy giam di tir 82,7% (d6i

véi mau M0) xudng con 54,41% (ddi véi mau M9:1), diéu nay 1a do c6 mot phan Fe da dwoc dua

vao mau. Bén canh d6, qua 6 diém danh gia chung t6i thay sw c6 mat cia nguyén t6 Fe trong mau

M9:1 v6i ham luong 14 29,86%, c6 do léch chudn tuong ddi thap (1,41).Diéu nay ching to su phan

tan cao ctia Fe trong vat liéu.

Theé tich hip phuy (cm®/g STP)

Hinh S.Déng nhiét hdp phu Nz ctia cac mau MO va M9:1.
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Hinh 6. Phé tan xa EDX ctia cAc mau: a) MO; b) M9:1.

Dé lam r6 hon nhitng nhan dinh tir két qua phd EDX, thanh phan va trang thai hda hoc bé
mét ctia hai mau MO va M9:1 con duoc déc trung bang ki thuat quang dién ti tia X(XPS) (Hinh

7).

K&t qua XPS ¢ Hinh 7a cho thay & hai mau MO0 va M9:1 déu xuat hién cac pic quang dién

t& ctia Cr, C va O ¢ cac mirc nang lugng twong tng la: 577,7 eV;284,6 eV va 532,02 eV.
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Hinh 7. Ph8 XPS ctia cdc mau MO vaM9:1.

Pic quang dién t&r ctia C 1s (Hinh 7d) xuéat hién 6 muc nang lugng 284,6 eV, dac trung cho
nhém phenyl va carboxyl. Con pic cia O 1s (Hinh 7e) & mttc nang luong 532,02 eV déc trung cho
nhom COO-, CO2 va H20.

Pic quang dién t& ctia Cr 2p3ctia mau MO xuat hién & mitc nang luong577,8 eV (Hinh 7c1)
c6 phan sacnét va 1d rang hon so véi & mau M9:1 (pic ctia Cr 2p3 & mite nang long577,7 eV trong
Hinh 7c2). Biéu nay cho thdy cuong d¢ cua tin hiéu nay c6 giam di, chiing toda c6 mot luong Cr
duoc thay thé bang Fe.

O mau M9:1 xuat hiéntin hiéuctia Fe & mutc ning luong 712,21 eV (Hinh 7b). Két qua nay
hoan toan trung hop véi két qua nghién ctru cua Balu[2]khi duwa Fe20s vao khung mang cia MIL-
101. Nhu vay, qua két qua XPS mot lan nira khéng dinh Fe da duoc dwa vao khung cta vat liéu
MIL-101.

3.2 Do 6n dinh cua vat liéu
Do bén cua vit liéu trong cac dung méi

Mau M9:1 dugc ngam trong benzene, toluene va acetonitrile trong 24 gid & nhiét dd phong.
Gian d6 XRD (Hinh 8) cho thdy cuong do nhiéu xa ctia vat liéu c6 giam dan khi tang d6 phan cuc
cua dung moi. Dac biét, trong benzen, d6 on dinh tinh thé gan nhu khong cé sw thay doi, diéu
nay cho thay cdu trtic khung ctia vat liéu van bén viing trong dung mdi khong phan cuc. Tir day

c6 thé thdy mau M9:1 bén trong dung mdi khong phan cuc va kém bén trong dung mdi phan cuc.
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Hinh 8.Gian d6 XRD ctia mau M9:1 trong cac dung moi khac nhau.

Do bén cta vat liéu dcac pH

Do &n dinh cdu tric cia mau M9:1 trong khoang pH 2-10 dugc trinh bay ¢ Hinh 9. Gian
d6 XRD ¢ pH =2 va pH = 4 cho thay vat liéu ¢ day co su thay d6i vé do két tinh; cuong do cac
pic déc trung ctia MIL-101 thap.Tuy nhién, & cac pH con lai nhu pH = 6, 8, 10, cac pic déc trung
cua vat liéu 6 1,7°; 2,8° 9,1° va 12,5° cho thdy cuong do tinh thé it thay d6i, trong d6 ¢ pH = 6 cau
tric tinh thé gan nhu la 6n dinh hon ca. Diéu nay phu hop véikét qua ctia Khan [9, 8]. Tac gia
nay cho rang pH trong khoang 6,0-6,5 sé lam ting nong dd ctia cac trime crom va thic ddy qua
trinh hoa tan acid hitu co trong nudc vaday chinh la nhitng yéu t6quyét dinh dén qua trinh téng
hop MIL -101.
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Hinh 9. Gian d6 XRD ctia mau M9:1 & cac pH khéc nhau.

4  Kétluan

ba tong hop thanh cong vat liéu Fe-MIL-101 bién tinh qua viéc dua Fe vao khung vét liéu
MIL-101 béng phuong phap thay nhiét. VAt liéu bién tinh 10% sat (M9:1) c6 hinh thai bét dién
dong déu do két tinh cao, dién tich bé mat dat dén 2440 m?/g;bén trong dung moi khong phan
cecvapH=6.
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SYNTHESIS AND CHARACTERIZATION OF METAL-
ORGANIC FRAMEWORK Fe-MIL-101

Huynh Thi Minh Thanh", Ha Thi Hong Hanh?, Nguyen Phi Hung?,
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3 University of Sciences, Hue University, 77 Nguyen Hue Str, Hue city

Abstract. This paper presentsthe synthesis, structure, and morphology of the modified metal-
organic framework Fe-MIL-101.The material was characterised using X-ray diffraction (XRD),
scanning electron microscopy (SEM), transmission electron microscopy (TEM), FT-IR spec-
tra,energy-dispersive X-ray spectroscopy (EDX), X-ray photoelectron spectrum (XPS), and
Brunauer-Emmett-Teller (BET) method for the specific surface area. The results showed that
the obtained hybrid material Fe-MIL-101 with 10% replacement of iron hasa homogeneous
size witha typical octahedral structure, high crystallinity, and significant BET surface area of
2440 m2.g-'. The material is stable in nonpolar solvents and pH = 6.

Keywords:metal-organic framework, MIL-101, Fe -MIL-101

135



