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NGHIEN CUPU TONG HOP VAT LIEU KHUNG HOU CO KIM LOAI
CHUA ZIRCONIUM VO KHUYET TAT MANG TINH THE

SYNTHESIS OF METAL ORGANIC FRAMEWORKS MATERIALS CONTAINING ZICONIUM

WITH DEFECTIONS IN FRAMEWORKS

TOM TAT

Vat liéu khung hitu co kim loai chia Ziconium gom Ui0-66-Zr, Ui0-66@Ti va
Ui0-66-NH, duoc bién tinh béng axit benzoic (modulators) va axit HCI lam gdy diit
khuyét thiu mét so cac cau ndi hitu co (missing linkers) cing nhu thay thé dong
hinh céc ion Zr bdi ion Titan tao cac khuyét tat trong mang tinh thé da duoc tong
hop thanh ¢dng bang phuong phép thily nhiét dudi &p suat thuong. Cac dic trng
vat liéu nhan duoc tir mdt s6 ki thuat phan tich hién dai nhu: Déng nhiét hap phu
va giai hép phu N, (BET), phd hdng ngoai (IR), phd tan xa ndng lugng tia X (EDX),
phd nhiéu xa tia X (XRD) va phan tich nhiét (TGA) d& xic nhan st ton tai clia c&c
khuyét tat (defects) trong mang ludi tinh thé Ui0-66 va céc dan xudt Zr-Ui0-66@Ti
va Ui0-66-NH, lam thay d6i cdu triic vat liéu ma chinh nhitng khuyét tat nay ¢d vai
tro quan trong lam tang dung Itong hép phu, dd chon loc va hoat tinh xtic tac clia
vt liéu. Budng dang nhiét hap phu va giai hép phu N, (BET) cho théy vat liéu
Zr-Ui0-66, Zr-Ui0-66 (defect), Zr-Ui0-66@Ti va Ui0-66-NH, dBu ¢6 bé mét riéng cao
[an luot 12597,38m?/g, 781,17m/g, 766,98m?/g va 606,25m%/g.

Tir khoa: Khuyét tat, Ui0-66, Ui0-66@Ti,Ui0-66-NH,.

ABSTRACT

Defected Metal organic frameworks materials containing ziconium Zr (UiO-
66, Ui0-66@Ti and Ui0-66-NH,) have been successfully hydrothermal
synthesized by using benzoic acid as modulators also by incoporated Titanium
ions in to frame- works at atmospheric pressure. The products were
characterized by modern analysis techniques such as: BET, IR, EDX,TGA and XRD.
Obtained results showed out defections were created in materials frameworks
which would play an important role for enhance absorption capacity and
catalytic activeties of these modified materials. From N, adsorption (BET) shows
that Zr-Ui0-66, Zr-Ui0-66 defect, Zr-Ui0-66@Ti and Ui0-66-NH, with high
surface area 597.38m%/g, 781.17m?/g, 766.98m?/g va 606.25m?/g.
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1. MO DAU
Vat lieu khung hitu co - kim loai (MOFs) c6 céu trac
mang khong gian da chiéu duwgc tao nén tir cac nat kim loai
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hodc oxit kim loai va duoc két néi bang cac phéi tir hitu co
da chirc thanh khung mang, tao ra nhirng khoang tréng lén
bén trong, duoc thdng ra ngoai bang nhitng cira s6 co kich
thuéc nano déu dan [5]. Vat liéu MOFs véi dién tich bé mat
riéng lon, cau truc tinh thé [2-9]. Tuy nhién, hau hét cé4c tinh
thé vat lieu MOFs thé hién mot s& han ché vi cac 16 mao
quan nho (micropore) can trd si di chuyén clia cac phan ti
Ién trong cac kénh mao quan, do do han ché cac (ng dung
thuc té clia vat liéu trong xdc tac di thé, hap thuy, phan tach
khi cling nhw ché tao cAm bién. Trén thyc té dwong kinh
mao quan MOFs c6 thé gian réng bang cach chon céc
linker hi*u co dai hon. Tuy nhién céc vat liéu MOFs mao
quan I&n thwong kém bén thly nhiét va cé gia thanh cao
[1]. Van dé rat quan trong trong téng hop MOFs la lam tang
dd rong mao quan thuan loi hon ma van gitr duoc do bén
cla vat liéu. Theo hwong dé gan day cac nghién clru tong
hop MOFs bién tinh bang cach tao cac khuyét tat khung
mang vat liéu. Cac khuyét tat tao thanh khdng nhirng lam
tang doé réng mao quan ma con tao ra cac tam hoat tinh
dac biét clia vat liéu. Mot s6 phuong phap tao cac khuyét
tat mang lwéi MOFs nhu st dung truc ti€p cac phan ti
modul héa céc lién két phdi tri trong mang nhu céac axit
acetic, trifluobenzoic, oxalic, benzoic [3]... hoac sir dung cac
chét hoat déng bé mat CTABr, P123 tao cdu trdc meso cho
vat liéu UiO-66 dé hdp phu asen V trong nwéc nhw cong bo
cla chdng t6i gan day [1].

Trong bai b4do nay, ching t6i trinh bay cac két qua
nghién ctru téng hop vat liéu khung hitu co - kim loai chira
Zr (Ui0-66, UiO-66@Ti va UiO-66-NH,) duoc tao cac khuyét
tat mang luGi tinh thé bang axit benzoic nhu 1a chat
modulator va thay thé tirng phan ion kim loai Zr béi ion Ti
hodc dua thém nhém nhay quang -NH, nham ting dung
lvgng va toc do hap phu cling nhu hoat tinh quang xuc tac
cla vat liéu dinh hvéng lam vat liéu quang xdc tac xr ly cac
dang asen va kim loai ndng trong maoi truong nuoc.

2. THUC NGHIEM
2.1. Héachat

Trong nghién cu nay st dung cac hoa chat: ZrCl,
(Acros, 98%), H,BDC (Sigma Aldrich, 99,5%), DMF (Trung
Qudc, 99,5%), tetra butyl orthotitanate - TiOB (Merck, 98%),
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HCI (Trung Qudc, 36,5%), etanol (ky thuét), toluene (Trung
Qudc, 99,5%), C,H.COOH (Anh), H,BDC-NH, (M, 99,%).
2.2.T6ng hop vat liéu

2.2.1. Tong hop Zr-Ui0-66 khéng khuyét tat

Cho tir tir 4,669 ZrCl, 3,32g H,BDC vao 250ml DMF,
khudy déu trong 30 phut. Cho thém 3,2ml HCI, khudy déu
trong 30 phat. Cho dung dich trén vao binh cau, thyc hién
phan (rng & 120°C trong 24 gi®. Sau phan (rng dé ngudi toi
nhiét do phong, loc hat chan khong thu Idy san phdm ran
mau trng. Loc rira nhiéu lan véi DMF va etanol dé lam sach
san pham, sdy kho trong tl sdy & 120°C trong 24 gio. Ky
hiéu L1-0.

2.2.2. Tong hop Zr-Ui0-66 c6 khuyét tat mang ludi

Cho tir tir 4,669 ZrCl, 3,32g H,BDC vao 250ml DMF,
khudy déu trong 30 phut. Cho thém 3,2ml HCI, khudy déu
trong 30 phat. Cho vao dung dich 4,489 Axit benzoic khudy
déu trong 10 phut. Cho dung dich trén vao binh cau, thuc
hién phan tng & 120°C trong 24 gi0. Sau phan (¢ng dé
ngudi t&i nhiét do phong, loc hat chan khdng thu lay san
pham r&n mau trdng. Loc rira nhiéu 1an véi DMF va etanol
dé lam sach san pham, sdy kho trong tu sdy & 120°C trong
24 gio. Ky hiéu L1.

2.2.3.T76ng hop Zr-Ui0-66@Ti

Cho 3g Zr-Ui0-66 (L1) vao 300ml toluen, siéu &m trong
1 gi®. Cho hén hop vao binh cau 2 ¢6 nham, 1&p sinh han
hoi lru va boc cat 6n nhiét, khudy déu & 500 vong/phut.
Sau d6 dua 3,255ml TiOB trong 15ml toluen l&c déu, rdi cho
tlr tr hén hop vao trong binh cau, khudy déu trong 1 gio.
Gia nhiét va thuc hién phan (ng & 100°C trong 24h. Sau
thoi gian phan (ng dé ngudi dén nhiét dé phong, loc hit
chan khéng 18y san pham rén va rira nhiéu lan bang toluen,
sdy kho trong tu sdy & 120°C trong 24 gio. Ky hiéu L3.

2.2.4.Tong hop Zr-Ui0-66-NH,

Cho 1,43g zrCl,, 1,098g H,BDC-NH, vao 120m| DMF,
khudy déu trong 15 pht, téc do khudy 500 vong/phut. Cho
hoén hop vao binh Teflon, thém 30ml dung dich DMF, khudy
déu, gia nhiét hén hop & 80°C trong 8 gio. Sau 8 gid, gia
nhiét hdn hop & 120°C trong 24 gid. Sau 24 git' phan (ng,
dé ngudi téi nhiét dd phong, loc hit chan khong tach 1y
phan san pham két tinh. Sdy kho san pham trong td sdy &
120°C trong 24 gi0. Ky hiéu la LO.

2.3. Cac phuvong phap dac trung vat liéu

Vat liéu duwoc déc treng théng qua phd héng ngoai (IR)
do trén may Impact-410 (Btc) tai Vién Héa hoc, Vién Han
lam Khoa hoc va Céng nghé Viét Nam. Phuong phap nhiéu
xa tia X (XRD), ph6 duwoc do trén may Shimadzu XRD-6100
vGi tia phat xa CuKa c6 budce song A = 1.5417A tai Khoa Hoa
hoc, Trvdng Pai hoc Khoa hoc Ty nhién - DHQG Ha Noi. Phd
tdn xa nang luvgng tia X (EDX) dwoc do trén may Jeol-JMS
6490 tai Vién Khoa hoc Vat liéu. Phuvong phap déng nhiét
hap phu - gidi hadp phu N, (BET) do tai B6 mon Héa Ly,
Tredng Pai hoc Suw pham Ha Noi. Phuvong phép phan tich
nhiét (TGA) dugc do tai Vién K§ thuat Nhiét doi, Vién Han
lam Khoa hoc va Cong nghé Viét Nam.

3. KET QUA VA THAO LUAN

Ké&t qua phan tich XRD & hinh 1 cho thay rd cac peak clia
UiO-66 tai cac goc 26 = 7,34% 8,48° hoan toan pht hgp voi
cac cong trinh cong bd [5]. Mat khac phé XRD clia mau L3
xudt hién ving nhiéu xa tai goc nhoé <1° thé hién cu trac
mao quan trung binh clia vat liéu. Nhw vay cé thé nhan xét
rang khi dua Ti kich thudc nhd thay thé mot phan Zr kich
thuéc gan gap doéi trong mang lwéi sé hinh thanh céac
khong gian tréng - pha meso cuing voi pha tinh thé micro
Ui0-66. Cac pic dac trwng clia H,BDC tai géc 17,4° 25,4°,
28,1° gan nhu khong xuét hién chitng to vat liéu da duoc
rira sach H,BDC con du. Quan sat phd XRD clia mau LO & hinh
1 cho thay rat rd cac nhém pic dac tring clia vat liéu. D6 la cac
pic nhiéu xa & goc 26 ~ 7,5° 8,5°, 12°, 25,8°. Nhan thdy cac pic
¢6 nhiéu xa sac nhon va rd rang véi cudng do cao & viing
206 ~ 75° 85° day la vung déc trung cho vét liéu Zr-UiO-66-
NH,. Cuong dd pic clia mau L1-0 cao va nhon hon so véi cac
vat liéu con lai, chirng t6 su tham gia cla axit benzoic trong
gua trinh téng hop da tao ra cac khuyét tat lam thay déi cau
tric tinh thé clia UiO-66.
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Hinh 2. Ph6 IR clia c4c mau Ui0-66
Trén phé IR (hinh 2) cac pic 1500 va 1400cm™ d&c treng
cho lién két C=0 va C-O clia nhém cacboxylat cla linhker
BDC. Pic c6 gia tri 1500cm™ dac trung cho lién két C=C
trong vong thom cua linhker BDC. Cac pic c6 gia tri tai 800-
400cm™ d&c trng cho lién két Zr-O va Ti-O. Pic hdp thu &
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tan s6 3423cm™ d&c treng cho dao dong ctia nhém NH,, so
vGi ph6 hdng ngoai clia mau Zr-Ui0-66 & day da co su xuat
hién tan s6 dac trvng cdla nhém NH,.

Céac thdng s6 vé dac trung vé duong cong hap phu/nha
hap phu nito va dwong cong phan b6 mao quan cla cac
mau trén hinh 3, bang 1 cho thdy d6i v6i mau L3 ton tai
vong tré dang IV & tir khoang gia tri p/p® = 0,5 dac trung
cho cau tric mao quan trung binh cla vat liéu, trong khi dé
méau L1-0 va LO xuét hién vong tré dang | dac trung cho cau
truc vi mao quan. Dién tich bé mat riéng clia mau Zr-UiO-66
nho hon so véi cac mau con lai, ching td cac khuyét tat tao
thanh da lam tang dién tich bé mat riéng cla céc vat liéu.
Céac vat liéu L1, L3 va L0 c6 cdu truc x6p hon so véi vat liéu
L1-0 do vai tro clia chat tao khuyét tat da lam tang dién tich
bé mét riéng va thé tich 16 ctia cac vat liéu.

Bang 1. BAng thdng s6 dac trung cAu tric (BET) clia cic mAu vt liéu

Z 7r**[H,BDC/HCI/CHCOOH | Seer |V d
Mau X § P
[TiIOB/H,BDC-NH, | (m%g) | (cm*/g) | (nm)
Zr-Ui0-66 (L1-0) 1:1:2:0:0:0 597,38 | 0,08 8,6
Zr-Ui0-66 defect (L1) 1:1:2:2:0:0 781,17 0,09 49
Zr-Ui0-66@Ti (L3) 1:1:2:2:1,25.0 76698 | 021 54
Zr-Ui0-66-NH, (L0) 1:0:0:0:0:15 606,25| 0,16 14,3
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Hinh 3. Ph6 BET clia c4c mau Ui0-66
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Tl gidn d6 TGA (hinh 4) cua céc vat liéu ta thay cac vat
liéu déu cé dod bén nhiét rat cao & khoang trén 500°C. Cac
khuyét tat c6 trong khung mang clia cac mau L0, L1 va L3
tuy da lam tang cau tric x6p cua vat liéu, nhung dong thoi
con lam gidm do bén nhiét clia cac vat liéu do cau trac
khung mang vitng chac ban dau khi chua tao khuyét tat da
bi pha v&. Két qua phd TGA chi ra rang & khoang nhiét do
trén 80°C céc vat liéu bat dau s phan hly ctia cac phan ti
nudc, ti€p dé & trén 250°C bat dau sy pha hady cla lién két
Zr-0, Ti-O va cé&c khung hitu co, dan dén sy gidam manh vé
khoi lrong. Nhiét do dit ngudng 500°C, cac vat liéu bat dau
bi pha hiy hoan toan. Anh huéng ctia cac khuyét tat ba
mat dén dd bén nhiét clia cac vat liéu duwogc thé hién qua do
bén clia mau khong tao khuyét tat L1-0 & nhiét d6 khoang
600°C, trong khi cac mau c6 chira khuyét tat co do bén
nhiét kém hon, d&t biét mau LO chi khoang 500°C.
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Hinh 4. PhG TGA clia c4c mAu Ui0-66
Bang 2. K&t qué phan tich EDX méu Zr-Ui0-66

Nguyén to C 0 Ir
Khéi luong (%) 60,00 2943 10556
Bang 3. Két qua phan tich EDX méu Zr-Ui0-66@Ti
Thanh phan C 0 Ir Ti
39,93 32,32 19,54 8,21
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Hinh 5. Phd tan xa ning lrong tia X (EDX) clia Zr-Ui0-66
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Hinh 6. Phd tan xa ning lrong X (EDX) clia Zr-Ui0-66@Ti

Tl két qua phan tich mau EDX (bang 1, 2 va hinh 5, 6)
nhan thdy ¢ mau L8 (Zr-UiO-66@Ti) xuat hién Ti trong
thanh phan con & mau L6 (Zr-UiO-66) thi khong. Vay chiing
t6 rang da dua dugc thanh cong Ti vao trong mau téng hop
va si thay thé cac cluster chira Zr béi ion Titanium trong
khung mang dé tao cac khuyét tat va lam tang doé x6p cua
vat liéu MOFs..
4. KET LUAN

D4 téng hop thanh céng vat liéu khung hiru co kim loai
chua Zr (Zr-Ui0-66, Zr-Ui0-66, Zr-Ui0-66@Ti va Zr-UiO-66-
NH,) duoc bién tinh tao khuyét tat khung mang tinh thé
(defects) bang axit benzoic (modulators) va gan ion
Titanium bang phwrong phap thdy nhiét & ap suét thuong.
Vét liéu thu dwoc cé dién tich bé mét riéng cao 597,38m?/g,
781,17m?/g, 766,98m?/g va 606,25m?/g. Cac dac treng mau
vat liéu thé hién sw ton tai clia cac khuyét tat trong mang
tinh thé lam bién d6i cdu trdc vat liéu, ting doé xop va
duwong kinh mao quan trung binh. Cac khuyét tat déng vai
tro cac tam hoat tinh cao trong hap phu va quang xuc tac.
Céac két qua nghién ctru hap phu va quang xuic tac cda vat
lieu 'ng dung dé xir ly cac dang asen va kim loai nang gay
6 nhiém méi tredng nudc sé duoc trinh bay & cac cong b6
ti€p theo clia chang t6i.
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