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Tom tat

Vit liéu khung co kim xay dung bai cac FezO clusters va phéi ttr cAu ndi terephthalic axit, dugc goi 1a MOF-235, 1a mot
vat liéu day hira hen than thién véi moi trudong va phu hop cho nhidu ing dung khac nhau. Trong nghién ctru nay, cic
tinh thé bat dién mau cam MOF-235 s& duoc tong hop bang cach tién hanh phan Gng giira axit terephthalic va
FeCl3.6H,0 theo ty 16 1:1 giira kim loai va phdi tir théng qua phuong phép thuy nhiét sir dung hai dung moéi khac nhau
1a DMF va ethanol. Cac tinh thé véi kich thudc nano sau khi tong hop dugc khao sat ki cang boi cac ky thuét khac
nhau nhu SEM, XRD, BET, UV-Vis, ddng thoi kha ning quang héa cia MOF-235 duoc danh gia boi hiéu sut phéan
hay Methyl da cam (MO) duéi tac dung cta cac tia birc xa UV. Két qua thi ‘nghiém cho thiy 88% MO da bi phan huy
trong 60 phut v6i sy ¢6 mat cia MOF-235 lam chit quang xuc tac, cao gap nhiéu 1an so v6i TiO; khi tién hanh thi
nghiém trong cung diéu kién. C6 thé thdy, MOF-235 c6 nhiéu tiém ning dé ing dung vao cong nghé phan huy phim
nhudém lam sach moi truong.

Tur khoa: MOF-235; vat liéu khung co kim; methyl orange; quang x1c tac.
Abstract

Metal-organic frameworks constructed by Fes;O clusters and terephthalic acid ligand, the so-called MOF-235 is a well
known environment-friendly promising material for numerous applications. In this study, the orange octahedral crystals
MOF-235 have been synthesized by reacting terephthalic acid and FeCls.6H,0 in 1:1 metal-ligand stoichiometric ratio
via hydrothermal approach using two different solvents such as DMF and ethanol. All the samples were characterized
by SEM, XRD, BET, UV-Vis and the ability of MOF-235 on the photocatalytic degradation of Methyl orange (MO)
was evaluated under UV light irradiation. The experimental results showed that 88% degradation of MO in 60 min had
taken place by using MOF-235 as the catalyst under UV light irradiation. This result is many times higher than that of
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TiO2 when conducting experiments under the same conditions. Therefore, this kind of MOFs has a potential application
on dye decolorization technologies for environmental purification.

Keywords: MOF-235; metal organic frameworks; methyl orange; photocatalyst.

1. Giéi thiéu

Su hi¢n di¢n rong rai cua cac loai thube
nhuom hitu co trong nudc thai cong nghiép tu
nganh dét, nhudm, gidy... di gy ra nguy co
dbi v6i modi trudng nude miat. Nudc thai 6
nhim nay chtra cdc chat mau rat nguy hiém,
gdy ung thu, khong phan huy sinh hoc va gy
hai cho con ngudi [1,2]. Ngay ca ¢ nong do rat
thip (dudi 1 ppm), thudc nhudém van co thé
nhin thdy 6 trong nudc va lam t6n hai dén chat
lugng moi truong nudce [3-5]. Do d6, viéc loai
bo céc loai thude nhudm hitu co c6 mau ra khoi
nudce thai la nhiém vu cép thiét va quan trong.
Dbi vai viée xir Iy nude thai cong nghiép thong
thuong thi hip phu [6] va dong tu [7] 13 nhiing
phuong phéap phd bién duoc sir dung dé loai bo
cac loai mau nhuom hitu co. Tuy nhién, cac qua
trinh nay gy ra 6 nhidém nguy hai thir cép vi
thubc nhudm chi bi bién doi tir pha 1ong thanh
pha rin. Trong vai nim qua, xGc tic quang
dugc coi 1a mot phuong phap thay thé day tiém
nang trén khia canh loc va lam sach nuéc thai
[8]. V& co ban, phan mg quang xtc tic bao
gdm xtc tac di thé, trong d6 chét xuc tac hap
thu 4nh séng dugc dua vao tiép xlic vGi cac chét
xu ly muc ti€éu, ¢ dang dung dich hodc khi.
Céch tiép can nay da duogc st dung thanh cong
nhu mot cong cu hidu qua dé phan huy cac hop
chat nguy hiém khéac nhau, bao gém cac chat 6
nhiém hiru co ca trong khi quyén va thay sinh,
va cho thdy nhiéu uu diém so véi cac k¥ thuat
xtr 1y nude thai truyén thong. Pic biét, su phan
huy hoan toan céc chit 6 nhiém hiru co sir dung
cac quang xtic tac hoat dong c6 thé xay ra trong
vong vai gio ¢ nhiét do phong. Ngoai ra, cac
chat 6 nhidm hitu co con ¢ thé duoc chuyén
hoa hoan toan thanh cac san pham thu cép
tuong d6i khong doc hai voi con ngudi nhu
nude va COz [9].

Mot trong nhiing loai vat li¢u dugc xay dung
va tong hop gin day duoc ldy tén 1a vat liu
khung co kim (Metal organic frameworks,
MOFs), da thu hat duoc rat nhiéu su quan tam
tlr cac nha khoa hoc véi rit nhiéu vu diém nhu
dién tich bé mat riéng 16n, bén co hoa nhiét, o
x6p cao va tinh linh hoat cua cdu trac v.v...
[10,11]. MOFs la loai vat li¢u lai gitra v6 co-
hiru co véi khung 16 xdp dugc xay dung bang
cach tu lép rap gitra cluster kim loai hodc don
vi xdy dyng thtt cdp da hat nhan (secondary
building units, SBUs) va phdi tir hitu co [12].
Cho dén nay, hon 5.000 cau tric MOFs da dang
da duoc xay dung va ghi nhan tai Trung tdm
Dir liéu Tinh thé hoc Cambridge (Cambridge
Crystallographic Data Centre) [13]. MOFs cho
thdy hiéu suat vuot troi doi véi mot sd linh vuc
nhu hép phuy, quang xuc tac, tich hoa hoc, luu
trit khi va cam bién [14].

MOF-235 (FesO(1,4-BDC)3(DMF)3]
[FeCl4](DMF)3) 1a moét loai vat liéu khung co
kim dién hinh, 1a céc tinh thé bat dién mau cam,
trong d6 mdi nguyén tir sit 1a hoa tri ba, mang
dién tich +1 trén mdi don vi khung co kim [15].
MOF-235 dugc tong hop lan dau tién bdi nhom
nghién cu cua Yaghi vao niam 2005 bang
phuong phap thiiy nhiét [15]. Vi rat nhidu cac
wu diém nhu do xép vinh ctru, dién tich bé mat
riéng 16n, bén véi cac qua trinh hoa hoc v.v...,
gﬁn day, MOF 235 dugc st dung mot cach hi¢u
qua trong nhiéu linh vuc khac nhau nhu hip
phu, pin nhién li¢u, quang xuc tac v.v... [16,17].

Trong nghién ctru ndy, MOF-235 dugc tong
hop thong qua mgt budc don gian cua phan ung
thiiy nhiét va sir dung nhu mot chat quang xuc
tac dé phan hity Methyl orange (MO, Hinh 1),
mot mau pham nhudm gay 6 nhiém phd bién cé
nhiéu trong nudc thai cia cic nganh cong
nghi¢p dét nhudm, dudi tdc dung cua cac tia
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btrc xa UV. Kha nang phan huy MO ciing nhu
su on dinh quang hoa cta cac hat quang xuc tac
MOF-235 s€ dugc quan sat va danh gia bodi
nhiéu k¥ thuat khac nhau. Bén canh dé, sy anh

H3C\ /N
N N
H3C/

hudng cua cac yéu té nhu lugng chat xic tac
hay pH dén qué trinh quang phan huy MO ciing
dugc nghién ctru ky ludng.

Hinh 1. Ciu tric hoa hoc ciia methyl orange

2. Thue nghiém
2.1. Héa chit

Céc hoéa chat sau dugc dung trong nghién
ctu nay: Iron (III) chloride hexahydrate
(FeCl3-6H20, Aldrich, > 97%); terephthalic
acid (CgHsOs, Aldrich, 98%); Methyl orange
(MO) (C1sH14N3NaOsS, Daejung); N,N-
dimethylformamide (DMF) va ethanol (EtOH)
dugc mua tir héa chat Daejung; nudc cit dugc
san xuat tr may MAX Ultra 370 (Young Lin,
Korea).

2.2. Tong hgp MOF-235

Trong nghién cuu nay, MOF-235 dugc
chung t6i tong hop bang phuong phap thay
nhiét nhu da dugc trinh bay ¢ cac bao céo trudc
day v6i mot vai su thay doi [15]. FeCls-6H20
(0,33g, 1,23mmol) va terephthalic acid (0,205g,
1,23mmol) duoc hoa tan 1an luot trong 30ml
DMEF va 30ml EtOH, khudy tron trong 10 phut
dé thu dugc cac dung dich trong subt. Sau do,
hai dung dich nay dugc hoa tan vao nhau va
khudy tron thém 10 phat dé thu duoc hdn hop
phan ung. Phan tng duoc dién ra trong
autoclave & nhiét do 80°C va 24h. Cac tinh thé
mau cam sau khi tao thanh s€ dugc gan va rua
sach v6i DMF va EtOH 3 lan. Cudi cung, san
pham thu duoc s& siy & nhiét d6 120°C qua dém.

2.3. Xdc dinh ddc trung vit liéu

Thanh phan pha tinh thé clia quang xuc tac
duoc xac dinh bang phuong phap nhiéu xa tia

X (XRD) trén may Rigaku MAC-18XHF (Nhat
Ban) v6i dau do (Detector) D/teX Ultra 250,
ding buc xa cua Cu-K, tai dién thé gia toc
40kV, cuong do dong 30mA, khoang quét 20 tur
3° dén 60° véi toc d6 quét 3%phit. Pic trung
hinh thai hoc cla cac hat tinh thé MOF-235
duoc xac dinh br:ing phuong phéap hién vi dién
tor quét (SEM) trén may Leo-Supra 55 tai thé
gia tbc 15kV. Dién tich bé mat duge do béng
phuong phap dang nhiét hp phu va khir hap
phu N> (BET) trén may Micromeritics
BELSORP-mini II. Kha ning hap thu anh sang
clia xuc tac duogc dic trung bang phd hip thy
UV-Vis (Optizen POP, Korea).

2.4. Thwe nghiém phédn huy MO

MO thuong dugce stt dung nhu mot chét tiéu
biéu cho thuc nhudém hitu co phd bién rat kho
phan huy trong cidc dong nudc thai tr cong
nghi¢p dét nhuoém. Trong nghién ctru nay, hoat
tinh quang xtic tac cia MOF-235 dugc danh gia
bang kha ning phan hiy MO duéi chiéu xa ctia
dén 500W Hg o diéu kién thuong va nhiét do
phong. Khoang cach giita ngudn sang va coc
chira hdn hop phan tmg dugc ¢d dinh 1a 5cm.
15mg chit xtc tic quang MOF-235 dugc cho
vao 50mL dung dich nuéc MO (10mgL™) trong
binh 100mL. Trudc khi chiéu xa, hdn hop duoc
khudy tir trong bong t6i 30 phat dé dam bao
thiét 1ap can bang hap phu-giai hap phu cta vat
liéu. Trong qua trinh phan ung phan huy quang
hoc xay ra, toc d6 khudy duoc duy tri dé gitr
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cho hdn hop & trang thai huyén phu. 1mL hdn
hop duogc chiét xuat déu dan béng cach str dung
b loc 6ng tiém 0,45um dé phan tich. Sy phan
hay caa MO duoc do bing may quang phd UV-
Vis (Optizen POP, Korea) va theo doi sy gidm
phd hép thy (Amax = 464nm) theo thoi gian chiéu
xa. Dé so sanh, hiéu sut quang xic tac cua TiO2
thuong mai (P25, Degussa, Essen, Germany)
ciing dugc nghién ciru ¢ cing diéu kién.

3. Két qua va thio luin

Hinh thai va ciu tric cia cac hat xGc tic
quang MOF-235 trudéc va sau khi thyc hién

A /N -

Hinh 2. Hinh anh SEM ctia MOF-235 trudc (a) va sau (b) khi thyc hién quang phan hity MO

phan hay MO duoc quan sat boi kinh hién vi
dién tir quét (SEM) va thé hién trén Hinh 2.
Hinh 2a cho thdy tuy vAn con mét it tap chat
xuat hién sau khi tong hop, cic hat MOF-235
6 su phan tan tot voi kich thudce trung binh tir
600-900nm, 13 cac khdi bat dién hinh chop dién
hinh, v&i cac mit rd rang, canh va goc sic nét .
Bén canh d6, sau khi chiéu xa dudi anh sang
UV phan huy MO, hinh thai va ciu trac cua
MOF-235 khong cho thiy su thay ddi dang ké
(Hinh 2b), thé hién tinh 6n dinh cao cta chat
xuc tac quang trong cac diéu kién thi nghiém.

Intensity (a.u.)

2-theta
Hinh 3. Gian db nhiéu xa tia X (XRD) ciia MOF-235 trudc (a) va sau (b) khi thue hién quang phan huy MO.

Thanh phan va cau tric pha tinh thé cua vat
liéu MOF-235 trudc va sau khi thuc hién thi
nghiém quang phan huy MO dugc khao sat

bang phuong phép nhiu xa tia X (XRD) va
gian d6 dugc trinh bay trong Hinh 3. Két qua
cho thay cac phd XRD déu c6 cac dinh 13 rang,
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sdc nét, x4c nhan lai cac két qua SEM trudc do
rang cac mau déu co do tinh khiét va do két tinh
cao ngay ca sau khi thyc hién quang phan hay
MO. Chi c6 mdt sy khac biét nhod vé cuong do
ciia cac hat MOF-235 trudc va sau khi tién
hanh thi nghiém phan huy MO 1a do su anh
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hudng cua qué trinh quang xuc tidc. Cac peak
chinh dic trung cho tinh thé MOF-235 nam tai
20 = 9,4;12.,6; 16,2; va 22,0°. Két qua nay phu
hop véi cac két qua nghién ctru trude diy vé
pha tinh thé cia MOF-235 [15].

Volume adsorbed (cmsfg)
o © o S
o o o o

o
1

—e— Adsorption
—— Desorption

0.0 0.2

Dién tich bé mat riéng va cau trac 15 Xép cua
MOF-235 dugc xac dinh bang cac duong dang
nhiét hép phu N2 ¢ 77K. Nhu duogc thé hién
trong Hinh 4, duong cong hap phu ciia MOF-
235 thudc loai I tiéu chuan dic trung cho céac
vat liéu vi 16 xép. Dién tich bé mat Langmuir,
Brunauer—Emmett - Teller (BET) va tong thé
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Hinh 4. Puong déng nhiét hap phu va giai hdp phu N, cia MOF-235

tich 16 xép ciia MOF-235 dugc tinh lan luot 1a
636m%g?, 585m’gt va 0,502cm®g?l. Nhiéu
nghién ctru chi ra rang vé6i dién tich bé mat
cang 16n s& co cang nhiéu hon cic tim hoat
dong tham gia vao qua trinh phan ung, do dé
cai thién hiéu qua téc do phan hay chat 6 nhiém
cua quang xuc tac [9, 14].
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-
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—v— MOF-235

0-0 T T T T T T T
0 10 20 30 40 50 60

Time (min)

Hinh 5. (a) Phé hép thu UV-vis cia MO trong qud trinh quang phan hity béi MOF-235 dudi chiéu xa cta tia UV.
(b) Su phan huy MO trong céac dieu kién khac nhau.
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Khé ning quang xtic tic cua vat licu MOF-
235 duoc danh gia bang hiéu suit phan huy
MO dudi sy chiéu xa caa tia UV. Trong mdi thi
nghiém, ham lugng MOF-235 dugc gilt khong
ddi (0.3gL™). Hinh 4a 1a phd hap phu UV-vis
cua MO dudi buce xa UV voi xac tic MOF-235,
cac phd cho thiy su suy giam rd rét ciia nong
do MO theo thoi gian chiéu xa. Cac thi nghiém
ddi chung lan luot duoc tién hanh dé so sanh
hiéu qua phan hiuy MO trong cac hé thong khac
nhau véi ciing diéu kién. Hinh 4b 1a dudng thay
d6i néng d6 cia MO & céac diéu kién khac nhau
dudi bic xa UV. Két qua cho thay, sau khi

(a)

100

- [=2] =]
o o o
1 I L

Degradation (%)

N
o
I

3 5 7 9 1"
pH

chiéu xa UV trong 60 phit khong co xuc tac,
MO géan nhu khéng bi mat mau chimg té6 pham
nhuém nay bén voi tia UV trong diéu kién
nghién ctru va hiéu tng quang phan c6 thé dugc
bo qua. Trong nghién clru nay, chung téi su
dung TiO, 1a mot vat lidu qung xuc tic dién
hinh dé so sanh. Trong diéu kién chiéu UV va
c6 MOF-235 va TiO: lam xtc tac, hiéu suét
phan hiy phdm mau MO ting 1én dang ké, lan
luot 88% va 26% sau 60 phut chiéu xa. Két qua
nay cho thiy hoat tinh quang héa vuot trdi cua
MOF-235 so v&i TiO2 duéi sy chiéu xa cua tia
uv.
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Hinh 6. Sy phu thudc kha ning phan hiuy MO cua vét liéu MOF-235 vao pH dung dich (a) va ham luong chét xuc tac
MOF-235 (b).

Céc yéu to anh hudng dén hoat tinh quang
xuc tac cua vat li¢u cling dugc chung té1 nghién
ctru k¥ ludng. Két qua thi nghiém ¢ Hinh 5a thé
hién kha nang phan hiay MO cua MOF-235
trong cac moi trudng pH khac nhau. Két qua
cho thdy MOF-235 hoat dong khong t6t trong
moi trudong kiém. Hiéu suit dat duoc cao nhat
khi pH = 5 véi lugng pham mau di bi phan hiy
gin 90%. Hinh 5b mo ta sy anh huéng cia
luong chit xuc tac dén qua trinh quang phén.
Két qua cho thay, khi lwong xtc tac tang tir 10
t6i 20mg, hiéu suat phan huy MO ting tuong
mg tir 62% 1én 91% va khi ting dén 25mg,
hiéu suat phan hity giam con 83%. Két qua nay
6 thé duge giai thich 1a do su tdng do duc cua

dung dich khi ting lugng chat xiic tac, gy ra su
can quang va lam phan tan anh sang, do do la
giam kha nang quang phan.

Céac gbc hydroxyl (‘OH) thuong dugc xem
1a loai gbc tu do quan trong nhat trong co ché
quang xuc tac. Do do, hi¢u qua cua qua trinh
loai bé pham nhudém bing quang xuc tic cua
MOF-235 bi anh huong nhiéu boi luong gbc
"OH duoc tao ra [18]. Co ché quang xtic tic cta
MOF-235 ¢6 thé dugc xac dinh bang “thuét
ngir” khoang trong HOMO — LUMO (Highest
Occupied Molecular Orbital —  Lowest
Unoccupied Molecular Orbital) [18]. Dudi tac
dung cua tia UV, c6 su chuyén dién tr tor murc
nang luong cua dién tir & quy dao dién day cao
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nhit (HOMO) dén mirc ning lugng cia dién tir
& quy dao phan tir chua dién day thap nhét
(LUMO) trong MOF-235. HOMO chu yéu
duge dong gop boi orbitan lién két N 2p, va
LUMO chu yéu dugc dong gop béi cac orbitan
tréng Fe. Cu thé, cac dién tir dudi tac dung cua
tia UV dat dén trang thai kich thich trong
LUMO dé dang nhay dén mirc ning luong cao
hon, trong khi 6, HOMO can mét dién tir dé
¢6 thé tro lai trang thai 6n dinh. Do d6, mot
dién tir da dugc bét giir dé tao thanh cap dién tir
(e) va 16 tréng quang sinh (h*) va oxy hoa truc
tiép H20 bam trén bé mat thanh dang gbc tu do
hoat dong 'OH. Sau d6, ‘OH thuc hién qua
trinh phan hay MO mét cach hiéu qua dé hoan
thanh qua trinh quang xuc tac.

4. Kétluan

Trong nghién ctru ndy, ching toi di tong
hop thanh cong cac hat nano quang xlc tac
MOF-235 bang phuong phap thity nhiét voi do
ddng déu va chat luong cao. Két qua khao sat
su phan huy MO cho thiy, hiéu suit quang
phan huy MO trén vat liéu MOF-235 dat 88%
sau 60 phut chiéu xa tia UV, gié tri ndy cao hon
rat nhiéu khi so sanh v&i hiéu suat phan huay
MO trén vat liéu TiO2 thwong mai trong cung
diéu kién. Két qua con cho thay vat lidu xiic tac
MOF-235 c¢6 thé hoat dong tét trong mot
khoang pH tuong dbi rong (tir 3 dén 11) va do
6n dinh cao trong méi trudng thi nghiém, co thé
n6i, MOF-235 1a mét loai vat lidu day tiém
ning dé xtr 1y cac chét hiru co gy 6 nhiém.
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