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TOM TAT

Axit 4,4-(1H,1°H-5,5-bibenzo [D]
imidazol-2,2*-diyl) dibenzoic da duoc téng
hop va xac dinh day di dic trung hoéa ly
ctia n6 nhw phé héng ngoai FT-IR, phé céng
huéng ttr hat nhan *H va *C két hop voi
DEPT. Phén (g théng qua chi v&i moét
bwéc dong vong kép cla pyrazin va nhém
andehyd nén thu duoc hiéu suét tuong doéi
cao (~80%). Vét lieu MOFs cia ligand nay

va kém nitrat cling da duwoc khdo sét bang
phwong phap nhiét dung. Bén canh dé, tinh
thé MOFs thu dwoc sau khi tach va trao déi
dung méi da dwoc phan tich tinh chat bang
nhiéu xa tia X (XRD), phan tich nhiét vi sai
(TGA), phén tich nguyén té (EA) va dién tich
bé mét. Két qua cho thay dién tich bé mat
ctia MOFs thu dwoc khoang 147 m°lg theo
phuwong phap Langmuir.

Twr khéa: Vat liéu khung co kim, ligand, imin héa, xuc tac, hép phu.

MO DAU

Vit ligu khung co-kim (metal-organic
frameworks — MOFs) 1a loai vat liéu xp c6 ciu
trdc nano va dién tich bé mat riéng I6n, c¢6 nhiéu
tiém nang vuot troi so véi cac vat lieu xop truyén
thdng trong cac wng dung hap phu khi, xic tac,
phén tach héa hoc [1] ..., dac biét trong linh vuc
lwu trit khi hidrogen cho cac muc dich cung cap
nang lugng dan dung. Vi vay, vat liéu nay da va
dang thu hat sy quan tam cua rat nhidu nha khoa
hoc trén thé gigi [2, 3].

Vit liéu MOFs duoc hinh thanh tir su két
hop cua kim loai trung tdm va céac ligand chua
hai hay nhiéu nhém chirc ¢ kha ning tao lién két
phéi tri. Cho dén nay c6 rat nhiéu dang ligand
dugc thiét ké, tuy nhién ligand thuoc nhom

benzimidazol van con rat han ché. Nam 2009,
nha khoa hoc Tsai da tong hop thanh céng vat
lieu MAS-1 (Materials of Academia Sinica-1) tir
mubi dong CuCl,.2H,0 va dan xuit cua
benzimidazol [4]. Cho dén thoi diém cong bd bai
bao thi ligand nay cé chiéu dai 16n nhét so véi
cac ligand da dugc tong hop trude d6 va diéu tha
vi hon 12 mac du ligand c¢6 chiéu dai 16n nhung
vat lieu MAS-1 khéng xay ra hién tugng
“interpenetrating”, mét hién twong lam giam
duong kinh 15 xép va dién tich bé mat riéng cua
vat liéu. Ngay nay ngudi ta lua chon céac ligand
tao MOFs c6 chira nguyén t6 mang d¢ am dién
16n nhu N, P, S ..., diéu ndy s& lam ting kha
ning hap phu khi cua vét liéu [5]. Vi thé, viéc
nghién ciru tong hop cac dan xuat cula
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benzimidazol lam linke cho vat liéu MOFs s& gop
phan 1am phong phi thém kho tang linke trong
linh vuc MOFs.

Phan tmg tong hop dan xuit benzimidazol
thong thuong phai trai qua 2 giai doan: giai doan
dau 1a phan Gng giita o-phenylenediamin va
benzoic axit hodc dan xuét cua no, xic tac cho
phan Ung 1a axit manh va nhiét d¢ phan ung cao,
thoi gian phan tng lau [6]. Giai doan tiép theo 1a
phan Gng gitta o-diaminoaromatic vdi aromatic
andehyd hodc dan xuat ctia n6; giai doan nay can
tac nhan oxy héa dé khir hydro trén vong cia
chat trung gian base shiff. R4t nhiéu tac nhan oxy
héa dugc st dung cho giai doan nay nhu
nitrobenzen, MnO,, benzofuroxan, Pb(OAC),, ...
[7]. Tuy nhién, nhitng chat oxy héa nay cho hiéu
sudt phan tmg thap, thoi gian phan tng kéo dai.
Trén co s¢ d6, coéng trinh nay s& trinh bay
phuong phap tong hop aryl-benzimidazol méi, sir
dung tac nhan oxy hoéa 1a natri hidrogen sulfit
thong qua mot giai doan vai hiéu suat cao. Pong
thoi khao sat qué trinh tao MOFs cua ligand nay
vGi hop chét kém nitrat.

VAT LIEU VA PHUONG PHAP
Héa chit, thiét bi

Cac hop chit 3,3’-diaminobenzidin, axit p-
formylbenzoic va natri hidrogen sulfit dugc mua
tor hang Merck. Dimetylacetamid (DMA) duogc

mua tir hdng Aldrich. Dimetylformamid (DMF)
va cac dung modi khac dugc mua tr CHEMSOL

NH,
HoN

Diém nong chay: >275°C. IR (KBr) v = 3381
cm? (N-H), 2629-3062 cm™ (OH), 1721 cm™
(C=0), 1636 cm™ (C=N), 1607 cm™ (C=C), 1229

COOH

CHO
DMA
1oo°c/£::j/l\
HoOC

Viét Nam va sir dung ngay khi nhan. T4t ca phan
g déu duoc thyc hién trong méi trudng tro (khi
N2) véi hé Schlenk. Quang phd hdng ngoai dwoc
chay trén may Bruker-Equinox 55 trong vung
400-4000 cm-1, ép tam trén KBr. Sic ky khi
ghép khdi phd dugc do trén may GC HPAgilent
Tech 6890N, cot HP5, khi mang 1a He. Phé cong
huong tir hat nhan duoc chay trén may Bruker
500 MHz véi proton 1H va 125 MHz véi 13C,
dung mdi chay l1a DMSO-D6. Khao sat bé mat
tinh thé MOFs duoc thuc hién trén kinh hién vi
kim tuong Leca 2500M. Phé nhidu xa tia X duoc
thuc hién trén may Philip X-Ray diffraction vai
buc xa Cu Ko tai 35 kV/30 mA véi goc quét 20
tir 50 — 750 va budc quét 0,20/phit. Dién tich bé
mat dugc do trén may AUTOSORB-1C st dung
khi mang N2/He ¢ -198°C.
Quy trinh tong hop ligand

Trong binh cau 2 ¢6 50 ml ¢6 dng sinh han,
cho vao lan lwgc 3,3’-diaminobenzidin (10
mmol), axit p-formylbenzoic (25 mmol),
NaHSO3 (50 mmol) va dung méi DMA (26 ml).
Hon hop dugc khudy déu va dun hoan luu qua
dém. Sau khi ha nhiét &6 dén nhiét do phong, tiép
tuc cho nudc dé tinh khiét vao binh phan @ng thu
duoc két tia mau nau. Loc lay két taa, rua lai
nhiéu lan bang nuéc cat, két tinh lai trong dung
méi EtOH thu duoc san phiam dang bot mau

vang. Hiéu suit 79%.
COOH
vey
SN

cm® (C-N), 1117 cm™ (C-0), 757 cm™ (=C-H).
'H NMR (500 MHz, DMSO-Dy): & = 8,34 (2H,
d, J=8,5 Hz), 8,19 (2H, d, J=8,5 Hz), 8,01 (1H,
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s), 7,84 (1H, d, J=8,5 Hz), 7,76 (1H, d, J=8.5
Hz). ®C NMR (125 MHz, DMSO-Dg): 167 (1C),
150 (1C), 137 (1C), 133 (1C), 131 (1C), 130
(3C), 127 (3C), 124 (1C), 116 (1C), 113 (1C).
Quy trinh tong hgp MOFs

Can mudi Zn(NO;),.4H,0 va ligand H,BID
v6i khdi lwong xéc dinh cho vao hai binh erlen
riéng ré. Dung m6i DMF dugc thém vao hai binh
erlen trén véi thé tich xac dinh, lic déu va danh
siéu 4m cho dén khi cac tac chét tan hoan toan.
Chuén bi cac lo chiu nhiét, danh sb va ky hiéu cu
thé theo tirng mau khao sat. Dung micro pipet rat
tung luong Zn(NOs),, ligand va c&c dung méi vai
thé tich xac dinh cho vao tirng lo chiu nhiét. Léc
déu cho hdn hop duoc ddng nhat. Pat tat ca cac
mau vao khay cat, u nhiét trong ta siy di dwoc
cai dat nhiét do. Sau thoi gian khao sat, tinh thé
MOFs duoc loc, rira va 1am khan bang hat chan
khong. Tat ca tinh thé MOFs sau khi lam khan,
dugc phén tich c&c chi tiéu hoa ly nhu XRD,
SEM, EA, TGA va dién tich bé mit.

KET QUA VA THAO LUAN
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' f '
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Téng hep ligand axit 4,4°-(1H,1’H-5,5’-
bibenzo[d]imidazol-2,2’-diyl) dibenzoic
Khio sdt diéu kién phan trng

Phan tmg dwoc thuc hién ¢ diéu kién thay
ddi vé thoi gian va nhiét 6. Qua do ta thiy véi ti
I¢ mol giita amin/andehyd 1a 1:2,5 trong diéu
kién phan wng c6 mat tdc nhan oxy hoda la
NaHSOs, thoi gian dé hiéu suét dat cuc dai la 24
gio. Tuong tu, két qua trén cho thay nhiét do cho
hiéu suat tét nhat 14 100°C. Khi nhiét do va thoi
gian phan ung tiép tuc tang, hiéu suat phan tng
khong thay ddi va c6 phan giam xudng. Diéu nay
c6 thé giai thich 1a khi tang nhiét do va thoi gian
tac chat bi phan huy nén hiéu suat phan ung
giam. Noi tom lai, bang phuong phap dun hoan
luu, axit 4,4’-(1H,1’H-5,5’-bibenzo[d]imidazol-
2,2°-diyl) dibenzoic (H,BID) duoc tong hop chi
qua mot giai doan tir chit ban daula 3,3’-
diaminobenzidin va axit p-formylbenzoic khi cé
mat cua NaHSO; trong dung méi DMA trong
thoi gian 24 gio, hiéu suat phan ung dat duoc cao
nhat 1a 79%.
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Hinh 1. Phd IR (A) va phd *H NMR (B) ctia ligand H,BID

Nhan danh sin phtfm

San phim sau khi lam khan bing chan
khong, dwoc ép mau trén mudi KBr dé xac dinh
guang phé hdng ngoai (Hinh 1A). Phé IR cho cac
miii hdp thu dic trung ng v6i dao dong cua
nhém O-H (2629-3062 cm™), C=O cua axit

(1721 ecm™), C-O (1117 cm™), N-H (3381 cm™).
bic biét, v6i sy xuat hién cia mii 1636 cm™
chang to c6 mat caa nhém C=N trong phan tir
san pham. Ngoai ra, con ¢6 mat cua cac mii C-N
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(1229 cm™), C=C huong phwong (1607 cm™),
=C-H hwong phwong (757 cm™).

Trén Hinh 1B la phé proton *H-NMR trong
dung mdi DMSO-Dg, & vi tri & = 8,34 ppm, miii
d6i twong wng v6i H & vi tri carbon sb 3 va 3,
hang s6 ghép doi 1a 8,5 Hz. Tuong tu, Vi tri mili
d6i ¢ 8,19 ppm twong wng véi proton & vi tri

carbon s 4 va 4°. Miii don 8,01 ppm la proton ¢
vi tri carbon sé 9. Hai miii d6i c6 do dich chuyén
héa hoc 1a 7,84 va 7,76 ppm c6 hing sé ghép 1a
8,5 Hz twong tng cho proton vi tri carbon s 11
va 12. Hai proton cua nhém axit va amin khéng
thé hién rd trén phé do.

L T

DEPT 45°
DEPT 90° I l
T T T l T T T
13C-NMR \‘ J
Jo | o

Hinh 2. Phd **C- NMR va DEPT cua ligand H,BID

Mt khéc, trén Hinh 2 thé hién phd *C-NMR
két hop véi phd DEPT cua ligand H,BID ta thiy
tai vi tri: 0 = 166,61 ppm la tin hiéu cua nhom
carbonyl axit (C,), 0 = 150,08 ppm la tin hiéu
cua carbon tir cip gan véi hai nguyén tir nitrogen
(Ce). Nam tin hiu c6 &= 130,05, 127,11,
123,72; 115,41; 112,93 ppm tuong Gng Vi 7
carbon tam cip (-CH) trong d6 c6 2 carbon & Vi
tri C3 va Cs- va 2 carbon & vi tri C, va Cy ¢ dd
dich chuyén giéng nhau. Nam tin hiéu c6 O =
136,69; 132,72; 131,35; 130,05 va 127,11 ppm
tuong (ng vai 5 carbon tir cap con lai.

;\C( C7/N\\ /C4:C3\
H ‘ /Cs—Cs\ /02 C,O0H
C C
1 1\0‘l - 8\” C\4' Cs/'

Két qua phan tich phd hdng ngoai, phé 'H-
NMR va phd *C-NMR cho thy hop chit nay c6
cong thie phi hop véi cong thirc dy kién.

Khio sat kha nang tao MOFs

Vat liéu MOFs hinh thanh tir ligand H,BID
va dung dich kdm Zn(NOs),.4H,0 duoc tién
hanh khao sat théng qua cac yéu té nhu ndng do
cua kim loai va ligand, nhiét @6 phan (ng, ham
lwong chit thém vao va ti 16 dung moi. Két qua
duoc trinh bay trén Hinh 3.

Trén Hinh 3A ta thiy tinh thé MOFs dugc
hinh thanh khi thay ddi ndng d6 cua ligand tur
0,25 mM cho dén 8,00 mM va ti 1¢ ndng do dung
dich k&m nitrat d6i véi ligand thay ddi tir 1:1 cho
dén 1:5. Hau hét MOFs thu duoc ¢ dang két tua
vo dinh hinh xen 13n véi céac tinh thé nho li ti. Chi
v6i ndng do cua ligand 1a 3,00 mM cho dugc
mau tinh thé tuong ddi rd, tuy nhién hinh dang
van con quéa nho dé xac dinh cau trdc caa MOFs.

V6i diéu kién thu dugc tinh thé, tiép tuc thyc
hién viéc khao sat theo nhiét d9, ta c6 trén Hinh
3B & nhigt do 120°C thu dwoc mau tinh thé tot
nhat. Trén Hinh 3C la két qua cua thi nghiém
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thém vao axit acetic ndng d6 1,85 mM, tinh thé
thu dugc bi xen 1an nhiéu két tia, nhung so voi
viéc thém vao trietyl amin & cing ndng d6 van
cho tinh thé t6t hon.

Tinh thé MOF-H,BID thu duoc tir qua trinh
két tinh, duoc tién hanh phan tich phé nhidu xa
tia X. Két qua duoc trinh bay trén Hinh 4, ta thay,
dbi voi ligand xuat hién cac mai 8,2°; 10,8°,
16,8°; 17,7° va 25°. Trong khi MOFs cua ligand
nay lai cho cac mii twong (ng nhung vi tri cO
khuynh huéng léch vé viing ¢6 2 theta d6 I6n hon

Hinh 3. Anh chup ctia MOFs theo cac diéu kién khac nhau

Qua trinh khao sat duoc tiép tuc véi viéc
thay d6 ti 16 dung moi DMF, ethanol va nudc.
Két qua thu duoc céc tinh thé MOFs kha rd
(Hinh 3D) tuy nhién van con nho mac du da kéo
dai thoi gian cho qué trinh tao tinh thé 16n hon.

i

nhu cac mii 9,5°; 10,5°; 18,0°; 19,2°; 20,5° va
31,0°. Bac biét c6 sy xuat hién mot mii co cudng
d6 manh ¢ goc thap 1a 7,8°. Biéu nay ching to da
c6 sy hinh thanh tinh thé MOFs. Tuy nhién, dé
khing dinh gia thuyét nay, ta tiép tuc tién hanh
xac dinh thém céc tinh chat hoa Iy khéc.
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Hinh 4. Gian d& XRD cta ligand H,BID (A) va MOF-H,BID (B)

Mau tinh thé MOF-H,BID sau khi dwoc hut
chan khong 2 ngay dé chac chan rang khong con
su hién dién cua dung moi va chat d& bay hoi
khac dugc chay phan tich nguyén té. Do véan dé
ky thuat, chi c6 thanh phan N va Zn duoc phan
tich, két qua phan tich nguyén té dugc trinh bay
trong phan phu luc, qua d6 cho thay N c6 mit
trong mau 1a 10,69% va Zn la 14,64%. Gia tri
tinh toan ly thuyét véi N 12 9,92 va Zn la 15,44
cho céu trc ti 18 cluster Zn va ligand la 1:3
twong Gng voi  cbng thuc phén  tor
Cg4HigN1,013Zn,. Trong d6, mét cluster Zn
tuong (rng vai cong thirc phén ta Zn,0.

Bén canh d6, MOF-H,BID con dugc phén
tich bang TGA, nhu trinh bay trén Hinh 5, ta thdy
pic thu nhiét & nhiét ¢6 187°C c6 thé la do qué
trinh bay hoi cua dung mdi trong mao quan vat
liéu, qué trinh nay Iam giam 32% khéi lugng. Pic
thu nhiét tha hai tai 277°C lam giam 27% khéi

lugng ¢6 thé 1a do cau tric khung MOF-H,BID
bi pha v&. Nhu vay, ¢6 thé néi MOF-H,BID tong
hop duoc c¢6 d6 bén nhiét trung binh, diéu nay cé
thé 1y giai 1a do céu trac ligand twong dbi lon
cong kénh 1am suy giam d6 bén cua ciu tric
khung trong vat liéu.

Nguyén tb Thuc Ly D9 sai
nghiém thuyét 1éch

N 10,69 9,92 +0,77

Zn 14,64 15,44 +0,84

Hon nira, trén ligand hitu co con tdn tai mot
lien két kém bén giira 2 vong benzen, day co thé
Ia nguyén nhan gy ra su sup dé cua khung suon
hiru co ¢ nhiét d6 qué cao.
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Hinh 5. Gian d4 phén tich nhiét vi sai TGA cia MOF-H,BID

Ngoai ra, tinh thé MOF-H,BID méi con
dugc phan tich bé mat bang phuong phap hip
phu Langmuir va BET, két qua dwoc trinh bay

trén Hinh 6, sau khi mau tinh thé dugc trao ddi
dung mdi bang dichlorometan (3 1an, 1 lan/ngay)
va hoat hda & nhiét d6 100°C trong 72 gio.
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Hinh 6. Buong hip phu BET cua tinh thé MOF-H,BID

Nhin chung, dién tich bé mat thu dugc theo
thuyét hip phu BET la 83 m%g va theo Langmuir
1a 147 m?/g con thap so vai cac vat lisu MOFs da
cong bd trong thoi gian gan day. Nguyén nhan
nay c6 thé ly giai mot phan Ia do cau trdc ligand
khé cdng kénh 1am han ché kha ning tao khung,
trong qué trinh hoat héa miu céu tric khung
suon cua vat liéu bi sup dé hodc c6 thé do cau
céu trdc vat liu MOFs thu dugc chinh 1a su 16ng
ghép cua nhitng tinh thé lai véi nhau (hiéu tng
interpenetrating) lam giam tinh x4p cia vat liéu,

nén dién tich bé mat riéng khéng cao hoic ciing
c6 thé vat liéu thu duoc khong ton tai & cau tric
ba chidu ma chi ton tai & cau tric hai chiéu. Bdng
thoi qua trinh trao d6i dung moi chua hoan toan,
céc mao quan bén trong con bi chiém giir boi cac
phan tr dung méi nay, didu nay phu hop véi két
gua phan tich nhiét TGA.
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KET LUAN

Dia tong hop thanh cong hop chat méi axit
4,4’-(1H,1°H-5,5’-bibenzo[d]imidazol-2,2’-
diyl)dibenzoic véi hiéu suat cao la 79%. Phan
ung chi xay ra mot giai doan thdng qua viéc su
dung tac nhan oxy hoa la NaHSO;. Cau tric san
pham dugc xac dinh bang cic phuong phap phd
cong huong tir "H-NMR va *C-NMR. Hon nira,
vat lieu MOF-H,BID méi tir ligand trén ciing da
dugc tong hop thanh cong kém theo cac dic

trung hoéa ly nhu phan tich XRD, EA, TGA va
khao sat bé mat bang phuong phap hap phu BET
va Langmuir. Két qua dat dugc 147 m/g theo
Langmuir. Tuy két qua con thap so véi cac vat
licu MOFs da cong bd trén thé gioi, nhung diém
ndi bat ciia nghién ciru nay 1a da téng hop thanh
cong ligand va vat liéu MOFs cua n6 hoan toan
méi, chua dugc cong bd trén bat ky tap chi no.

Synthesis of ligand 4,4’-(1h,1’'h-5,5’-
bibenzo[d]imidazol-2,2’-diyl) dibenzoic
acid: a new linker for MOFs

e Co Thanh Thien
e Mai Toan
e Nguyen Thi Thu Hong
e Nguyen Ngoc Quynh
e Ho Pham Anh Vu
University of Science, VNU-HCM

ABSTRACT

A novel ligand 4,4-(1H,1H-55"-
bibenzo[Dlimidazol-2, 2*-diyl)dibenzoic  acid,
was synthesized and fully characterized by
various spectroscopic methods such FT-IR,
'H, C-NMR and DEPT analysis. MOFs
material derived from this ligand and zinc
nitrate has been synthesized by

solvothermal method. The structure of the
new MOFs was examined by powder XRD,
thermogravimetric analysis (TGA) and the
nitrogen physical uptake reveal the surface
area based on Langmuir theory is up to 147
m?/g.

Keyworks: MOFs, ligand, linker, imination, catalysis, absortion.
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