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Tom tat

Va4t liéu nano-ZIF-67 da duoc téng hop trong dung moéi ethanol cé hé tro clia séng siéu am gitp thoi gian
téng hop ngén hon so véi phurong phép nhiét dung méi théng thuong. Tinh thé ZIF-67 tdng hop duoc dic
tring bang phuwong phap nhw XRD, SEM, TEM, FT-IR, hdp phu - nhéa hdp phu N2 va TGA/DTA cho thay céc
tinh thé ZIF-67 tao thanh c6 do bén nhiét cao dén 350°C (trong khéng khi), d tinh thé cao, kich thuéc tinh
thé déng déu khodng 50nm (theo TEM), dién tich bé mét theo BET la 1363 m?/g, dién tich bé mét theo
Langmuir 1a 1912 m?/g. Vit liéu nano-ZIF-67 duwoc khdo sét khd ndng hdp phu va quang xtc tac dé xa ly
methylene blue (MB). Két qua chi ra rang vét liéu cé kha ndng lam xtc tac quang dé xwr ly MB va hiéu qua
tang cao khi cé thém H20..

Tr khoa: MOFs, ZIF-67, ethanol, rung siéu &m, xuc tac quang
Abstract

The ZIF-67 nanocrystal was successfully synthesized in ethanol as solvent by using ultrasonication with
shorter synthesis time as compared to solvo-thermal synthesis. The synthesized ZIF-67 crystals were
characterized by XRD, SEM, TEM, FT-IR, N2 adsorption-desorption and TGA/DTA. It was found that the
ZIF-67 crystals were highly stable up to 350°C (in air) and have shown high crystallinity with a uniform
crystallite size of around 50 nm (TEM), BET surface area of 1363 m?/g and Langmuir surface area of 1912
m?/g. Methylene blue adsorption and photocatalysis of ZIF-67 nano-material were investigated. The results
indicated the material was capable of photocatalysts for methylene blue treatment and the efficiency

increased with the addition of H20:.
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1. Gié6i thiéu

ZIFs (Zeolitic Imidazolate Frameworks) co
dugc nhitng wu diém ndi bat cua ca hai vat lidu
Zeolite va MOFs: d6 x6p 16n, dién tich bé mit cao va
bén hon cic ho vat liéu khung hiru co - kim loai
(MOFs) khac. ZIF-67 dugc hinh thanh tr cac ligand
2-methylimidazolate két hop cac cation Co?* tao cdu
trac lién két sodalite (SOD) vdi kich thude 16 khoang
0,34nm, c6 goc lién két MIM-Co-MIM ~ 145° gibng
v6i goc lién két ciia O-Si-O trong zeolite [1,2].

Nho cac uu diém trong céu tric va tinh chat ma
kha ning tng dung ctia ZIF-67 ciing rit da dang: hap
phu-tach khi [3,4], lam xUc tac va xuc tac quang
[5-7], 1am cam bién [8].,...

Phuong phéap phd bién dé diéu ché tinh thé ZIFs
la phuong phép nhiét dung moi va thuy nhiét st dung
dung moéi hitu co nhu metanol, ethanol, N,
N-dimethylformamide (DMF), hoac N,
N-diethylformamide (DEF) hodc nudc, & nhiét d6 cao
(> 100°C) hodc nhiét do phong va thoi gian 2-24h
[2,7,9-12].
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Phuong phap vi song [11,13] ciing hira hen qua
trinh tong hop ZIF-67 thoi gian ngén va nang suét cao
nhung can chi ¥ kiém soat chit ché thoi gian chiéu
xa tranh quéa nhiét phd huy cu tric hodc cacbon hoa.

Ngoai ra con mot s6 phuong phap tong hop
khac: co hoa, téng hop mang... Con co rét it cong bd
tong hop thanh cong vat liéu nano-ZIF-67 trong dung
mdi ethanol ¢ kich thude tinh thé nho hon 100 nm,
nhat 13 két tinh dudi tac dong ciia séng siéu am.

2. Thye nghiém

Céc hoa chit Co(NO3)..6H,O (98%, Trung
Qudc), ethanol; 2-metylimidazole (99%) ciia Merk
(Puc). Nude cat mot lan dugc chung cat tai phong thi
nghiém.

Tién hanh hoa tan 1,47 g (5 mmol)
Co(NO3)2.6H>O trong 40 ml Ethanol (dung dich A)
va 3,31 g (40 mmol) 2-metylimidazole (Hmim) trong
40 ml Ethanol (dung dich B). Sau do6 rot tir tr dung
dich A vao dung dich B, thém Iml dung dich
TMAOH vio dung dich, khudy trong 20 phat. Hon
hop phan Ung cho vao rung siéu am trén may
Powersonic 410, tin s 40kHz, tir 1-3 gio' dé két tinh.
San pham thu duoc di ly tam, rira dung moi ethanol
va lap lai 3 1dn. Sau d6 siy ¢ 80°C qua dém va say
chén khong trong 4 gio ¢ nhiét do 120°C. Hi¢u suét
tong hop = m z1k-67 thu duge /M theo 1y thuyét (Co(MIM)2).
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Sir dung 0,015 g vat ligu ZIF-67 dang bot dé xir
Iy 50 ml dung dich methylene blue (MB) c6 ndng do
~10 mg/l (gi4 tri nay xac dinh theo dwong chuan).
Miu dé trong tdi dé khao sat kha nang hap phu va c6
chiéu sang (dén anh sang tring, OSRAM 240W) dé
thir hoat tinh quang xtic tac. Sau d6 liy mau ly tim va
xac dinh ndng d6 methylene blue con lai trén may
UV-Vis tai budc song 664nm.

2.4. Cac phwong phap dic trung

Gian d6 nhiéu xa tia X dugc ghi trén may
D8-Brucker (Puc), sir dung dng phét tia X bang Cu
v6i bude song CuK a = 1,54056 A, dién 4p 40KV,
cuong do dong dién 40mA, nhiét do 25 °C, goc quét
20 =5+ 45° véi the do quét 0,02°/s. Anh SEM duoc
chup trén may Field Emission Scaning
ElectronMicroscope S-4800. Anh TEM dugc chup
trén may JEOL JEM -1010 (Nhat) ¢ hiéu dién thé
80KV. Phd IR duwoc ghi trén méay hong ngoai
JMPACT FTIR 410 (buc) theo ky thuat ép vién véi
KBr (ty 1& 1mg mau/200mg KBr), nhiét do 25 °C.
Dién tich bé mit riéng va thé tich 15 xp duoc xac
dinh trén may Micromeritics Gemini VII 2390 (My).

3. Két qua va thao ludn

3.1. Anh hwong ciia thoi gian két tinh bing song
siéu am

Gian @6 XRD (Hinh 1) cho thdy ca ba miu tong
hop & thoi gian khac nhau nhung déu c6 bo peak dic
trung cho ZIF-67 & goc 260 = 7,3°; 10,4°; 12,7°; 14,8°;
16,5% 18,0°% 22,1°; 24,4°; 25,6° 26,7°; 29,6°... trong
d6 cuong do peak ciia mau Z67- 1h 1a thap nhét, con
hai miu con lai thi cuong do peak gan bang nhau,
diéu nay ching to rang do tinh thé cia mau Z67- 2h
va Z67- 3h tot hon so voi mau Z67- 1h. Mt khac,
theo Bang 1 hiéu suat thu mau tong hop trong 2 va
3 gi¢ cing cao hon mau tong hop trong 1 gid. Nho
cung cip nhiét d6 dong déu, tic dong sau cac hop
phan phan tng, lam sach bé mit tinh thé nén viéc
hinh thanh tinh the de hon, déng déu hon, thoi gian
phan tng rat ngin xudng con 1-3 gid so véi tong hop
nhiét dung moi thong thuong khoang 6-24 gio.

Nhu vdy, miu Z67- 2h voi thoi gian két tinh
rung siéu am 2 gio' dugc chon 1a mau c6 thoi gian két
tinh thich hop hon cho qua trinh tong hgp.

3.2. Pic trung ciia méu ZIF-67 tong hop cé tic
dong ciia song siéu am.

Gian d6 XRD (Hinh 2) ciia mau ZIF-67 tong
hop va mau Z-67 so sanh [7] ¢6 cac dinh nhiéu xa
hoan toan tuong tu & goc 20 = 7,3° 10,4% 12,7°%
14,8 16,5°; 18,0° 22,1°; 24,4°; 25,6° 26,7°; 29,6°...
khong 1an pha la, khong chira pha vo dinh hinh. Nhu
vay 1a chu trac ctia ching hoan toan gidng nhau va
chi chtra pha tinh thé ZIF-67 tuong tu [10,14]. Tuy
nhién, c6 thé nhan thdy mau ZIF-67 tong hop duoc co
d6 rong chan peak lon hon nhleu so voi [10], chimg
t6 kich thude hat tinh thé cia mau tong hop nhé hon.
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Diéu nay ciing dugc chimg minh qua anh SEM, TEM
(Hinh 3). Ca hai mau déu co cac tinh thé kha dong
déu, trong d6 mau ZIF-67 [10] co kich thudc c&
500-600 nm 16n hon nhiéu so v6i mau ZIF-67 tong
hop chi 12 50-60nm. Hinh thai tinh thé ctia chung déu
la cac khdi hinh thoi, tuy nhién kich thudc mau
ZIF-67 tong hop va trong [7] déu nho hon 100 nm
nén hinh dang s& khong sic nét bang tinh thé 1n.

Bang 1. Két qua cta cac mau tong hop c6 thoi gian
ket tinh rung si€u am khac nhau.

Thoi gian két o xs
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Hinh 1. Gidn d6 XRD cua céc mau thay doi thoi gian
ket tinh rung si€u am & 1 gio, 2 gid va 3 giod.
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Hinh 2. Gidn d6 XRD ctia miu ZIF-67 tong hop va
mau Z-67 so sanh [7]

Ph6 FTIR ctua miu ZIF-67 tong hop (Hinh 4)
cho thiy cac dai phd twong tuy nhu di dugc bao cdo
trong [3,7,10,17] x4c nhan c6 sy chuyén hoéa
imidazole thanh imidazolate trong cau triic ZIF-67.
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Hinh 3. Anh SEM va TEM cua mau Z-67 [10] (a, ¢)
va mau ZIF-67 tong hop (b, d).
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Hinh 4. Phé FTIR cua miu ZIF-67 tong hop.

Nhu vay, co thé no6i song siéu am cod anh hudng
t6i sy hinh thanh céu trac clia tinh the giup thoi gian
tong hop nano-ZIF-67 rit ngin xudng con 2 gid so
vOi 24 git ¢ [7,12]. Cac song si€u 4m tac dong gay
raxam thyc &m thanh (sy hinh thanh, phat trién va
bung nb cua ‘bong bong trong chét long) tao ra cac
diéu kién khic nghiét (nhiét do va ap sudt cao) bén
trong bong béng [15,16]. Si€u am cling pha v& chit
rén va loai bo cac 16p cdu trac 16ng 1éo, thu dong dé
tao ra dién tich b& mat I6n hon cho phan {ng xay ra.

Ning luong cung cép cho mot phan mg siéu am
1a cac diém noéng cuc bd dugc tao ra trong vu nd bong
bong, tir d6 tao ra nhimng tia nudc nho va phan phdi
déng déu cac hat nano dan dén su tao mam déng nhét
[15,16]. Phan tan nang lugng tot hon cb ¥ nghia trong
su hinh thanh tinh thé, bang cach kiém soat nhiét do
phan ng, cai thién 46 6n dinh nhiét va hoa hoc, kich
thuée 16 rdng va dién tich bé mat cu thé cua khung
[15,16] lam cho phan tmg nhanh hon, tao ciu triic
ddng déu hon.

Trén Hinh 5, gian do hap phu va giai hap phu Na
clia ZIF-67 cho thiy miu hap phu N> véi luong rat
cao ngay tai gia tri p/po rt thip chimg to bé mat
riéng rat 1om, dac trung cho vat liéu vi mao quan, véi
dudng cong hép phu va giai hap phu kiéu L. Dién tich
bé mat riéng theo BET (Sger) dat 1363 m%/g, theo
Langmuir 1a 1912m?%g va tong thé tich mao quan
0,85cm’/g. Mau ZIF-67 co6 kich thudc hat nhé c&
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<100nm nén c6 vong tré & ving 4p suit twong ddi
P/Po = 0,88-0,96 nay xut hién la do ¢ su ngung tu
cac phan tir N, trong ving mao quan 20-70 nm (Hinh
chén 3.4b) Grng v6i mao quan hinh thanh giira cac hat
tinh thé.
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Hinh 6. Gian d6 TG-DTA mau ZIF-67 tong hop

Trén gian dd phan tich nhiét DTA/TGA ctia mau
ZIF-67 trong mdi truong khong khi -tdc do tang nhiét
10°C/phut (Hinh 6) cho thdy khi ting nhiét dén
350 °C thi tong lwong mat khbi luong khoang 6,5%
ung véi qua trinh nha cac chat bi hép phu (dung moéi,
4m...) va xuit hién peak téa nhiét dat cuc tri tai
363 °C - ing vé6i qua trinh phan huy manh ZIF-67.
Nhu vay, c6 thé khiang dinh mau nano-ZIF- 67 tong
hop duoc bén dén 350 °C, cho phép vat liu lam xtc
tac cho cac phan ung dudi 350 °C.

N
'200.00

3.3. Két qua xir Iy metylene blue

Céc két qua xur Iy methylene blue (MB) dugc
chi ra trén Hinh 7. Trong bong tdi cho thiy mau
ZIF-67 c6 kha ning hip phu MB khéng cao. Sau
30 phat dau, % methylene blue bi hap phu khoang
15%, sau d6 tbc do xur Iy cham lai va gin nhu dat
trang thai can bang sau 60 phut, qua trinh hip phu coi
nhu da dat t6i trang thai bao hoa sau 120 phit. Piéu
ndy duoc giai thich do thoi gian dau cac phan tr MB
cha yéu bi hap phu ¢ khu vuc gan cira sé va trong cac
héc 16n ciia mao quan, khe h¢ gilta cac hat tinh thé.
Sau d6, cac phan tir tién sau vao cic hdc nho phia
trong cua ZIF-67. Kha nang hap phu MB cua vit liéu
ZIF-67 khong cao dugc giai thich do bé mit c6 tich
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dién duong cta ion Co?" ma MB la chit mau loai
cation nén khong thuan loi hép phu. Dung lugng hép
phu trung binh khoang 6,6mg/g tuong tu khao sat cua
[18] MAu chi c6 ZIF-67 duoc chiéu sang, khong co
H,0; hoic chi xir Iy bang H0; thi hiéu suét xur 1y ¢
tang nhung cao hon khong nhiéu so véi hap phuy. Tuy
nhién, khi két hop vat liéu ZIF- 67 va HyOs ¢ chiéu
sang thi hiéu qua x{r 1y ting rat manh, khong don
thuan 1a cong cac tac dung riéng 1é cac thanh phan.
Khi tién hanh xr ly MB bang vat liéu ZIF-67
(Hinh 7) c6 mat H,O, (néng dd 0,017mol/l) va co
chiéu sang thi tbc d6 xir Iy kha nhanh, sau 30 phut thi
da c6 65% MB bi loai bo va sau 120 phut da xu ly
94,5% MB. Nhu vay, ¢ day da co6 sy hiép déng x0c
tac quang, H,O, co thé dong vai trd nhu mot chat
kich thich, trg xuc tac.

C6 thé mé ta qua trinh nhu [7]:
ZIF - 67 + hv— ZIF - 67(¢") + ZIF - 67(h")

bién tr quang sinh va 16 trong quang sinh s€ co
mot s6 phan g c6 thé sinh ra gbc tu do va tac nhan
oxy hoéa phéan huy hop chét hitu co. Theo tac gia [19]
thi ZIF-67 khi c6 mat H,O; s€ c6 hi€u tng xuc tac
tuong tu qua trinh peroxidase. Tuc 1a H,O, s€ bi hép
phu 1én bé mat xuc tc sau d6 phan huy tao tac nhan
oxi hoa hop chét hiru co.
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Thi nghiém biy gdc tu do (free radical trapping
experiment) la mdt phuong phap hi¢u qua dugc chép
nhan dé nghién ctru con dudng phan tmg phan huy
quang ctia cac phan tir hiru co [20]. O day so bo kiém
tra co ché phan hity cia MB nhd b sung céc chét:
isopropanol (IPA) va triethanolamin (TEOA) vao
truée khi cho H»O», twong tmg by gbc hydroxyl
('OH) va 16 trong quang sinh (h*) [20]. Qua4 trinh xur
Iy MB néu goc "OH la tac nhan chinh, thi khi c6 mat
IPA s& két hop va lam giam ndng do géc "OH nén
hiéu qua xir ly s€ gidm manh. Tuong ty v4i h* khi
ding TEOA. Két qua xui Iy MB (Hinh 8) sau
120 phut cho thiy khi IPA dwoc thém vao, hiéu suat
xtr ly cia MB giam rat it, van dat hiéu sudt 93%; khi
sir dung TEOA thi hiéu sut xir Iy MB giam manh chi
con 19% twong duong qua trinh hdp phu tic khong
con hoat tinh xuc tac quang. Cac két qua trén cho
thdy rang cac 16 trong quang sinh (h*) déng vai tro
chinh trong qua trinh xtr ly quang MB.

Mait khac, quan sat tryc quan cho théy khi cho
H,0, vao dung dich ZIF-67/H,O hoac dung dich
MB+ZIF-67/H,0 thi ¢6 hi¢n tuong sti bot quanh céac
hat vat liéu ZIF-67, ching té qué trinh hép thu H,O»
vao vt liéu xay ra phan tmg: H,O; — H20 + % O..
Va oxi sinh ra gop phan oxi hoa MB. DPdng thoi, khi
tang lugng H,O, ban dau thi tdc do xir 1y va hi¢u suat
xtr ly ¢6 tang 1én nhung khong ting qua nhiéu. Nhu
vay khi c6 H,O» thi xuc tac ZIF-67 hoat dong kiéu
peroxidase: can ca ZIF-67 va H,O, dé dat hiéu qua xu
ly MB cao.

Sau khi xir Iy 120 phit, ly tdm lay xuc tic va
tlep tuc bd sung dung dich MB va H;0, (0,018 mol/l)
dé tiép tuc xu ly trong dleu kién cé chleu sang. Két
quéa xir Iy MB cho thdy mau ZIF-67 téng hop van co
kha nang xtr Iy 93% sau 2 chu ky va 90% sau 3 chu
ky ma khong can tai sinh, chimg to vat liéu co tiém
nang str dung tot.

4. Két luan

Nhém tac gia da tong hop dwoc vat liéu nano-
ZIF-67 trong dung mdi EtOH c6 tac dong cua song
siéu am gitip giam thoi gian tong hop. Vat liéu nano-
ZIF-67 tong hop co dién tich bé mat riéng cao (Sper
1363 m2/g) va thé tich 15 xbp 16n (0,85 cm?/g), kich
thuéc hat khoang 50nm, bén nhiét trong khong khi
dén 350°C. Qua trinh khao sat cho thdy sir dung truc
tiép vat liéu ZIF-67 tong hop dugc dé hip phy va xir
1y quang MB s& khong c6 hiéu qua cao, nhung khi bd
sung H,O, s ting manh hi¢u qua quang xuc tac xur ly
MB duéi anh sang trang.

Loi cam on

Nhoém tac gia tran trong cam on Vién Ky Thuat
Hoa hoc va Truong PH Bach khoa Ha Noi da tai trg
kinh phi thyc hién qua d¢ tai T2017-PC-018.
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