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ABSTRACT

In this study, a 3D crystalline metal organic framework based on
catecholate linkers was successfully synthesized. The resulting material
was obtained by combining titanium isopropoxide (TTIP) and HsTHO
(where THO® = triphenylene-2,3,6,7,10,11-hexakis(olate)), known as Ti-
76. Its crystallinity was analyzed based on powder X-ray diffraction
(PXRD) in combining with the charge-flipping method, by using the
program “superflip”. The result showed that the obtaining material is
highly crystalline with 3D framework as expected. More specifically,
solution was obtained in P2; 3 space group with cell parameter a =
17.996 A. The topology was also determined srs net with double
interpenetration.

TOM TAT

Trong nghién ciru nay vdt liéu khung co kim cdu triic tuan hoan khéng
gian 3 chiéu da duwoc tong hop thanh cong dwa trén dan xudt ciia phenol.
Vit liéu duwoc tao thanh do si két hop giita titanium isopropoxide (TTIP)
va hop chat HsTHO (trong dé THO® = triphenylene-2,3,6,7,10,11-
hexakis(olate)), dwoc goi la Ti-76. Do két tinh cia vit lidu dwoc phan tich
dira trén nhiéu xa tia X dang bt (PXRD). Cdu triic ciia vt liéu dirge phin
tich dya trén gian d6 PXRD két hop voi phwong phap “charge filipping”,
s dung phan mém_“superflip”. Két qua cho thdy vt liéu cé dé két tinh
cao, ¢é cdu triic tuan hoan khéng gian ba chiéu nhir mong doi. Cu thé, vit
liéu két tinh véi kiéu mang tinh thé ldp phwong véi nhom doi ximg P213
va kich thuéc 6 mang co sé,a=17,996 A. “Topology” ciia vit liéu ciing
dwoc xac dinh, Srs voi khung swon dan xen bdc 2.

Trich ddn: Nguyén Thi Tuyét Nhung, Nguyén Thi Diém  Huong va Hb B4 Duy, 2020. Téng hop vat liéu khung
co kim céu trac tinh thé 3D dya trén din xuét ciia phenol. Tap chi Khoa hoc Truong Pai hoc Can

Tho. 56(3A): 38-43.

1 GIOI THIEU

Vit liéu khung co kim (MOFs) 13 vat liéu ran c6
cAu tric két tinh cao, do xép 16n. Céu trac cua vat
liéu bao gém cac cation kim loai va céc cau ndi hiru
co (Long and Yaghi, 2009). C4 hai thanh phin trong

cAu triic cua vat lidu MOF c¢6 thé duge thay ddi va
nhom chire héa cho cac ing dung khac nhau nhu xtic
tac (Garibay et al., 2010, Phan et al., 2011) va dac
biét 1a kha ning hap phu khi nhu CO,, CH, va Ha
(Cheon and Suh, 2009, Farha et al., 2010, Furukawa
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et al., 2010) trong sb rat nhidu ung dung khac
(Mueller et al., 2006, Tranchemontagne et al., 2009,
Takashima et al., 2011). Cho dén hién tai, hiu hét
cac vat liéu MOF voi d6 xép 16, d6 bén nhiét cao
déu duge céu tao tur nhitng linker hitu co da chuc
nhu carboxylate (Eddaoudi et al., 2000,
Tranchemontagne et al., 2009), imidazolate (Park et
al., 2006, Phan et al., 2010) va tetrazolate (Dinca et
al., 2006, Maspero et al., 2009). Tuy nhién, rat it vat
liéu ran két tinh duoc cong bd dua trén cac nhom
chitc khac (Férey et al., 2005). M6t trong nhitng kho
khan gép phai khi di vao nghién ctru mdt nhém ho
méi cua vat liéu MOF la cac phan Gng gitra kim loai
va linker hitu co ¢6 khuynh hudng tao thanh vat liéu
v6 dinh hinh thay vi tao thanh nhiing don tinh thé.
Vit liéu cu tric tinh thé dugc ua thich boi vi su
thuan lgi trong phén tich c4u tric vat liéu bang nhiéu
xa tia X. That vay, mac du c6 hon 20.000 cau tric
MOF duogc biét dén (Phan et al., 2010, Zhang et al.,
2012, Furukawa et al., 2013) nhung chi c¢6 khoang
tam vat lidu dya trén dan xudt cta phenol da chirc
(catecholate linker) va trong d6 c6 nam vat liéu c6
céu triic khong gian ba chiéu (3D) (Abrahams et al.,
2002, Shota et al., 2009, Nakabayashi and Ohkoshi,
2009, Abrahams et al., 2011, Hmadeh et al., 2012,
Nguyen et al., 2015). Ngoai ra, mac du nhirng linker
catecholate duoc biét dén rit phd bién va co nhiéu
ung dung trong sinh hoc (Sandy and Butler, 2009),
chi nhitng linker don gian nhu 1,2,4,5-
tetrahydroxybenzene (HsCsO4) (Nakabayashi and
Ohkoshi, 2009) hoac 1,4-dihydroxy-benzoquinone
va dan xuét cua chung (H2CsX204, trong d6, X = CI,
Br, NO, va CH3) dugc str dung dua vao khung suon
ciia vat liéu cdu trac két tinh (Abrahams et al.,
2011). Trong d& tai nay, su lién két giita hop chét
catechol ba chirc c6 hé théng pi lién hop cao,
2,3,6,7,10,11-hexahydroxytriphenylene (H12C150s,
HHTP) véi cac mudi vo co cho su hinh thanh vét
lidu khung cdu tric mé rong ba chiéu, c6 do két tinh
cao dugc nghién ciru.

2 PHUONG PHAP NGHIEN CUU
2.1 Thiét bi va héa chat

Thiét bi dwoc str dung trong nghién ctru gdm cén
phan tich Mettler Toledo, tu siy UM-400, bé rung
siéu 4m Power Sonic 410, kinh hién vi dién tir NHV-
CAM, thiét bi nhiéu xa tia X D8-Advance (Bruker),
thiét bi hoat hoa Masterprep, thiét bi do pho hong
ngoai Vertex 70, mau duoc ép vién voi KBr SO soNng
dugc do trong vang 4000 — 400 cm? & nhiét do
phong, thiét bi phan tich nhiét trong lugng TGA
Q500, thiét bi do dién tich b mat NOVA 3200e.
Hoa chat dwoc s dung trong nghién ciru gom
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Titanium isopropoxide (TTIP), N,N-
dimethylformamide (DMF), N,N-diethylformamide

(DEF), trimethylamine, dung dich ammonium
hydroxide (NHsOH) dugc mua tir hang Merck,
tetrabutylammonium bromide (NBusBr), 1,2-
dihydroxybenzene va 2,3,6,7,10,11-

hexahydroxytriphenylene (HeTHO) dugc mua tu
hang Sigma-Aldrich.

2.2 Thi nghiém tao thanh vit ligu két tinh
tir Titanium isopropoxide (TTIP) va 1,2-
dihydroxybenzene

Han hop gdm TTIP (1 mL, 0,0034 mol) va 1,2-
dihydroxybenzene (CAT, 1,860 g, 0,0169 mol) hoa
tan trong 10 mL DMF. Sau d6, 392 puL amylamine
dugc thém vao hdn hop dé hd tro tach hydro cia
CAT. Hon hop dugc khudy trong méi truong N
trong 1 gio ¢ nhiét d6 180°C. Sau d6 DMF dugc hat
chan khong ra khoi hdn hop, tao thanh phirc két tinh
Ti(CAT)s.

2.3 Thi nghiém tao thanh vit ligu két tinh
tw TTIP va 2,3,6,7,10,11-
hexahydroxytriphenylene (HsTHO)

HsTHO (0,050 g, 0,15 mmol) va NBusBr (0.050
0, 0.16 mmol) dugc hoa tan trong 5 mL DMF, sau
d6, 45 uL TTIP dugc thém vao hon hop phan ung.
Dé hd tro cho su tach hydrogen ciia HsTHO, 20 pL
amylamine dugc thém vao dung dich. Hon hop duoc
khudy trong moéi truong Ny trong 1 gio truée khi
chuyén sang binh phan tng autoclave. Binh phan
ung autoclave dugc dong chit va duogc dat trong ta
sdy ¢ nhiét do 180°C. Sau 48 gio, binh phan ting
duogc 1am ngudi dén nhiét d6 phong. San pham dugc
tach 14y khoi dung dich phan wng bang cach 1i tim
Véi toe do 4.000 vong/phiit trong 5 phut (Nguyen et
al., 2015).

3 KET QUA VA THAO LUAN

3.1 Swtao thanh vat liéu két tinh tir TTIP
va 1,2-dihydroxybenzene

Sy tao thanh vat liéu két tinh tir TTIP va CAT
dugc khao sat dé tim diéu kién thich hop cho su tao
thanh cluster bat dién giita Ti va dan xuit cua
phenol. Theo d6, lwong CAT dugc ¢b dinh & 1,86 g,
thé tich cua TTIP duoc khao sat ¢ 0,5; 1,0; 1,5; 2,0;
2,5; 3,0 mL, thé tich DMF lan luot 14 5, 10, 15 mL,
& cac nhiét do 120, 150, 180 va 210°C (Hinh 1). Két
quéa thu dugc hau hét 1a pha vo dinh hinh. Sau d6
amylamine dugc thém vao hdn hop dé ting cudng
su tach proton ciia nhom OH trén linker CAT thi vét
lieu két tinh bit diu duoc hinh thanh. Diéu kién
thich hop dé thu duoc pha nguyén chat cho cluster
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bat dién cia Ti va CAT duogc tim thdy. Cu thé, hdn
hop gdom TTIP (I mL, 0,0034 mol) va 1,2-
dihydroxybenzene (CAT, 1,860 g, 0,0169 mol) hoa
tan trong 10 mL DMF. Sau d6 392 pL amylamine
dugc thém vao hdn hop dé hd trg tach hydrogen cua
CAT. Hdn hop dugc khuay trong méi truong N
trong 1 gio ¢ nhiét d 180°C. Sau d6 DMF dugc hit
chan khong ra khoi hdn hop, tao thanh phirc két tinh
Ti(CAT)s. Hinh anh tinh thé Ti(CAT)3 duoc quan
sat dudi kinh hién vi (Hinh 2) cho thay kich thudc
va chit luong tinh thé tét du diéu Kién dé phan tich
nhidu xa tia X don tinh thé.
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Hinh 1: Sy hinh thanh tinh thé phic Ti(CAT)s
tir TTIP va CAT

Két qua phan tich don tinh thé cho thiy, cac
hydrogen trén nhém OH cua linker CAT dugc khu
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hoan toan. Két qua cluster bat dién cua Ti voi CAT,
Ti(CAT)3 dugc hinh thanh (Hinh 1). Phan tich
PXRD cho mau Ti(CAT)zcho két qua hoan toan phu
hop véi gidn ¢0 PXRD tir phan tich don tinh thé
(Hinh 3). Tir day cho thiy diéu kién tong hop da
thanh cong dé tao cluster bat dién véi linker CAT.
Diéu kién nay duoc tham khao dé khao sat su tong
hop vit liéu két tinh 3D tir HsTHO.

Hinh 2: Hinh anh dwéi kinh hién vi cia tinh thé
phic Ti(CAT)s

Thirc nghiém

I PR D A T TR

MéE phing

1 ] i

15

20 25 30

2e/°

Hinh 3: Gién d thuc nghi¢gm PXRD ciia Ti(CAT)s dugc so sanh véi gidn dd PXRD md phéng tir két
qua phan tich don tinh the

3.2 Sutao thanh vat ligu két tinh tir TTIP
va 2,3,6,7,10,11-hexahydroxytriphenylene
(HeTHO)

Vit liéu co do két tinh cao tir HsTHO va
TTIP duoc tao thanh béng cach hoa tan HeTHO
(0,050 g, 0,15 mmol) va NBusBr (0,050 g, 0,16
mmol) trong 5 mL DMF, sau d6 45 pL TTIP dugc
thém vao hon hop phan tmg. Bé hd trg cho su tach
hydrogen ctia HeTHO, 20 pL amylamine dugc thém
vao dung dich. Hon hop duoc khudy trong moi
truong khi tro trong 1 gid truéc khi chuyén sang
binh phan ng autoclave. Binh phan ung autoclave
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dugc déng chat va dugce dit trong ta siy ¢ nhiét do
180°C. Sau 48 gio, binh phan ung dugc lam ngudi
dén nhiét do phong. San pham duoc tach 1iy khoi
dung dich phan ung bang cach li tim véi toc do
4.000 vong/phiit trong 5 phiit. Tir ddy mau c6 tén goi
la Ti-76. Cac thi nghiém khao sat khac dugc thyc
hién bang cach c¢b dinh ham lugng HeTHO, luong
TTIP thay ddi tir 9-81 pL (mdi lan tang 9 ulL), thé
tich amylamine dwoc thay di tir 20-100 pL (mdi lan
ting 20 pL). Céac thi nghiém c6 su hién dién va
khong c6 sy hién dién ciia NBusBr ciing nhu thay
base amylamine bing cic base khac nhu
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trimethylamine, NH4OH ciing duoc thyc hién. Két
qua cho thay diéu kién thi nghiém & mau Ti-76 cho
két qua két tinh tét nhit (Hinh 4). Khi thay
amylamine bang cac base khac do két tinh cua tinh
thé thap. Dac biét khi khong ¢ sy hién dién cua
NBu,Br két qua thu dwoc chi 1a pha vo dinh hinh.
Diéu nay duoc giai thich do NBuyBr déng vai trd
nhu mot chit dinh hudéng cau tric “structural
directing agent” gitip cho qua trinh két tinh xay ra

Tdp 56, Sé 3A (2020): 38-43

dé hon. Nhiét do phan @ng tir 180°C ciing duoc khao
sat giam xudng 150 va 120°C. O nhimng diéu kién
nhiét do thip hon, vat liéu tao thanh c6 d6 két tinh
thip. Thoi gian phan tng 2 ngay cho tinh thé c6 do
két tinh cao. Khi giam thoi gian phan ng xudng 1
ngay thi tinh thé chua két tinh hoan chinh, hoac khi
tang thoi gian phan tmg 1én 3 va 4 ngay thi do két
tinh tinh thé bi suy giam. Tir day mau Ti-76 dugc sir
dung cho céac phan tich tiép theo.
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Hinh 4: Gian d6 thuc nghi¢m PXRD ciia Ti-76

Qua rét nhidu nd lyc khao sat qua trinh két tinh
tir HsTHO va TTIP da tao dwoc pha tinh thé c6 do
két tinh cao Ti-76. Tuy nhién, mau thu dwoc co kich
thudce vo cung nhd, khong du 16n cho phéan tich don
tinh thé. Cau tric cua Ti-76 duoc giai dya trén gian
d6 PXRD két hop voi phuong phap “charge
filipping”, st dung phin mém “super flip”
(Palatinus and Chapuis, 2007, Gandara et al., 2012).
Két qua thu duoc Ti-76 két tinh theo kiéu mang lap

phuong don gian voi kich thude 6 mang a = 17,996
A. T mat do electron (Palatinus and Chapuis, 2007,
Gandara et al., 2012) xac dinh dugc khung suon cua
vat ligu Ti-76 c6 “topology” srs véi khung suon dan
xen bac 2. Sau d6 m6 hinh m6 phong cua Ti-76 dugc
xdy dung (Hinh 5). Gian @6 PXRD tir mé hinh mo
phong hoan toan phu hop véi gian d6 PXRD tir thyc
nghiém, chitng minh cau trac Ti-76 da dugc lam
sang té (Hinh 6).

Hinh 5: Ciu triic tinh thé cia Ti-76 ¢6 topology srs véi khung swon dan xen bac 2
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Hinh 6: Gian d6 PXRD thuc nghiém (d6) va mé phéng (xanh) cia Ti-76

4 KET LUAN

Vit lidu két tinh ciu trac khong gian ba chidu da
duoc thanh coéng tao thanh tr HeTHO va TTIP, Ti-
76. Vat liéu tao thanh c6 do két tinh cao. Cau tric
cua vat liéu duge lam sang to dya trén phéan tich
PXRD két hop véi phuong phap “charge flipping”.
Két qua cho thay vat liéu Ti-76 két tinh theo kiéu
mang lap phuong don gian, kich thude 6 mang a =
17,996 A, topology srs véi cau trac khung suon dan
xen bac 2.
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