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ABSTRACT

Zeolitic imidazole framework-HL1 (ZIF-HL1) is solvothermally
synthesized by the reaction of zinc nitrate hexahydrate and the mixture of
two imidazolate linkers, 2-methylimidazole and 5-benzimidazole in N,N-
dimethylformamide. The structure of ZIF-HLI1 was determined by X-ray
diffraction analysis, which is indicative the cubic system with cell
parameters of a = b = ¢ = 17.4512 A and Ve = 5314.64 A°. This
material was also demonstrated to be highly porous, water stable, and
exhibited high affinity to CO.. The CO; isosteric heat adsorption of ZIF-
HLI of 29 kJ mol' is competitive to reported ZIFs with highest CO,
affinity.

TOM TAT

Vat lieu khung co kim cdu triic zeolite-HL1 (ZIF-HL1) dwoc tao thanh tir
phan tmg nhiét dung méi cia kém nitrate véi hon hop hai linker
imidazole, 2-methylimidazole va 5-benzimidazole, trong dung moi N,N-
dimethylformamide. Cdu triic cia ZIF-HLI dwoc xdc dinh bang phén tich
nhiéu xa tia X, cho két qua ciia hé tinh thé lgp phwong véi cdc théng sé
mang coséa=b =c =17.45 Ava V; mang = 5314.64 A3, Vat liéu ZIF-
HLI con thé hién la mét vt liéu c6 dg xop cao, bén trong nuée va cé ai
luc 16t véi CO-. Nhiét hap phu CO; ciia ZIF-HLI la 29 kJ mol”’, duoc xep
vdo hang cdc vt liéu ZIF di cong bé ¢ di lic tot nhdt véi CO,.

Trich dan: Liéu Anh Hao, Nguyen Ngoc Khanh Anh, Nguyén Duy Khénh, Nguyen Thi Diém Huong va
Nguyén Thi Tuyet Nhung, 2017. Téng hop vt liéu khung co kim céu triic zeolite dya trén hdn
hop hai din xuit imidazole va kha ning twong tic cia vat liéu véi CO,. Tap chi Khoa hoc Truong
Dai hoc Can Tho. 50a: 6-11.

1 GIOI THIEU

Vit liéu khung co kim céu trac zeolite (ZIFs) la

liéu ZIF bang 145 °, gan bang goc lién két cua Si-
O-Si trong zeolite, vi vay rat nhiéu vét li¢u ZIF tao

loai vat liéu ran két tinh, c6 do x6p cao va c6 cau
tric mé rong dugc tao thanh tir nhitng don vi kim
loai (M) tir dién Zn*", Co*"... lién két v6i nhau qua
céc cau ndi imidazole hodc dan xuit cta imidazole
(Im) (Park et al., 2006; Furukawa et al, 2013;
Eddaoudi ef al., 2015). Qua phén tich cdu triic vat
liu ZIF cho thay goc lién két M-Im-M trong vat

thanh c6 topology (su lién két giira cic nguyén tir
trong khong gian) giéng zeolite (Huang et al.,
2006; Banerjee et al., 2008; Phan et al, 2009).
Diém ndi bat cua vat lidu ZIF 1a cdu trac cia vt
liéu duoc hiéu rd qua phan tich nhiéu xa tia X va
tinh chét cua vat lidu c6 thé dugc diéu chinh thong
qua sy bién ddi cic nhom chuc trén linker
imidazole (Hayashi et al., 2007; Wang et al., 2008;
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Banerjee et al., 2009). Ngoai ra, vat li€u nay con
thé hién do bén nhiét, bén hoa hoc cao va co dién
tich bé mat 16n (Park et al., 2006, Phan et al., 2009,
Gao et al., 2015). Vi vay, vat liéu ZIF thu hat dugc
nhidu sy quan tdm cho cac nghién ctru tmg dung
trén nhiéu linh vuc nhu xuc tac, dién hoéa va dic
biét 1a trong phan tach khi (Kuo et al., 2012; Zhan
et al., 2013; Nguyen et al., 2014; Nguyen et al.,
2016). Hién nay, c6 hon 100 véat ligu ZIF dugc
cong bd nhung it trong sé chung so hitu nhing
topology quan trong cua zeolite (Phan et al., 2009).
Dé giai quyet thr thach nay co6 hai phuong phéap
chinh trong tong hop ZIF duoc quan tim. Phuwong
phap thtr nhédt 1a sir dung sy twong tac giita cac
linker dya trén nhém chuc cua ching dé dinh
hudng nén cAu tric cta vat liéu ZIF, nhu duoc
cong bd cho vat liéu ZIF-20 véi topology quan
trong trong zeolite LTA (Hayashi er al, 2007).
Phuong phap thir hai 14 st dung hdn hop hai linker
khéc nhau da tao ra 8 vat lidu ZIF, ZIF-68 dén -70,
ZIF-78 dén -82, véi topology GME (Banerjee et
al., 2008, Banerjee et al., 2009). Nghién ciru nay
trinh bay phuong phap sir dung hon hop hai linker
imidazole khac nhau dé tao ra vat liéu ZIF s& hitu
zeolite topology quan trong, SOD. Cu thé hon,
nghién ctru bao céo quy trinh téng hop va phan tich
chi tiét sy hinh thanh vat liéu ZIF dua trén phan
g giita hon hop hai linker 2-methylimidazole va
5-nitrobenzimidazole v&i mudi kdm nitrate. Vat
liéu tao thanh c6 zeolite topology SOD va dugc goi
1a ZIF-HL1. Diém ndi bat trong phuwong phap 1a su
két hop giita mot linker ki nuéc (2-
methylimidazole) va mot linker phan cuc c6 tuong
tac tot véi CO, (5-nitrobenzimidazole) dé tao thanh
vat liéu ZIF bén trong nudc va co ai luc tot voi
CO,. Vit liéu ZIF véi topology SOD dua trén hon
hop hai linker chwa duoc cong b trude do.

2 PHUONG PHAP NGHIEN CUU
2.1 Thiét bi va héa chit

Thiét bi duoc s dung trong nghién ciru gém
can phan tich Mettler Toledo, ti say UM-400, bé
rung siéu am Power Sonic 410, kinh hién vi dién tt
NHV-CAM, thiét bi nhiu xa tia X D8-Advance
(Bruker), thiét bj hoat hda Masterprep, thiét bi
Hitachi FE-SEM S-4800, thiét bi do phd hdng
ngoai Vertex 70, mau duoc ép vién véi KBr, $6
song duge do trong ving 4000400 cm™ ¢ nhiét do
phong, thiét bi phan tich nhiét trong lugng TGA
Q500, thiét bi do dién tich bé mat NOVA 3200e.

Hoa chit duoc st dung trong nghién ctru gdm
Zn(NO3),.6H,0, methanol va N,N-
dimethylformamide (DMF) c6 xuit xtr Trung
Qudc; 2-metylimidazole (2-mIm) dwgc mua tir
hang Merck va S-nitrobenzimidazole (5-nblm)
dugc mua tir hang Sigma-Aldrich.
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2.2 Quy trinh tong hop ZIF-HL1

Hon hop cia Zn(NOs),-6H,O (0,024 gam,
0,080 mmol) v6i hai linker 2-mIm (0,011 gam,
0,14 mmol) va 5-nbIm (0,015 gam, 0,090 mmol)
duoc hoa tan trong 4 mL dung m6éi DMF. Dung
dich phan tng dwoc cho vao lo 8 mL chiu nhiét,
dugc day nap kin va cho vao ti sdy ¢ 130 °C. Sau
2 ngdy céc tinh thé hinh 1ap phuong trong subt
duoc tach khoi dung dich phan tng, dugc ria
nhiéu 1an v6i DMF (5 x 3 mL) trong 1 ngay trudc
khi phan tich nhiéu xa tia X. Cho qua trinh hoat
hoéa miu (chuan bi mau cho cac phan tich), ZIF-
HLI1 vira méi tong hop duoc rira 5 lan véi DMF
trong 1 ngay (3 mL mdi 1an rtra), trao d6i 9 1an voi
MeOH trong 3 ngay (5 mL mdi lan thay dung moi
mai) va sau d6 hoat hoa ¢ 80 °C trong chan khong
(1 mTorr) trong 24 h. Hiéu suét ciia phan ting 46%
dva trén mudi kém nitrate.

3 KET QUA VA THAO LUAN
3.1 Phin tich ciu triic cia vat liéu ZIF-HL1

Tinh thé ZIF-HL!1 thu duogc tir phan Gng giita
Zn(NO3)-6H,0O voi hai linker 2-mIm va 5-nblm ¢
ndng d6 gidng nhau cua linker va mudi k&m 1a
0,075 M, ti 1& mol giita 2-mIm:5-nbIm bang 1,5:1,
ti 1& mol giira hdn hop 2 linker:Zn?* bang 3:1 trong
dung méi DMF ¢ 130 °C va 2 ngay. Hinh 1 cho
thdy nhitng tinh thé ZIF-HL1 thu dugc & didu kién
dugc chon 1a nhitng don tinh thé khéi 1ap phuong
dong nhat. O ndng d6 cao hon 0,075 M céc tinh thé
¢6 khuynh huéng két hop véi nhau thanh timg
méang 16n do toc do két tinh nhanh. Nong d¢ tac
chat nho hon 0,075 M ciing dugc khao sat két qua
cho tinh thé ¢6 kich thudc nho va lan tap chit do
luong tac chat khong dii cho sy phat trién cua tinh
thé. Do do, néng dd tac chit dugc chon 13 0,075 M.
Ti 18 mol giita cac linker cling nhu giita hon hop
hai linker va mudi Zn>* dugc khao sat tir 1:1 dén
1:3 va nguoc lai va két qua cho théiy voi ti 1€ duoc
chon cho dugc nhitng don tinh thé v6i hinh dang 1o
nét. Giam nhiét ¢ phan tng dén 120 °C cho thay
san pham thu dugc c6 1an nhiéu pha v6 dinh hinh.
Thoi gian phan tmg dugc khao sat tir 1 dén 3 ngay.
Sau 1 ngay tinh thé thu dugc c6 kich thudc nho.
Tang thoi gian phan Umg 1€n 2 ngay kich thuge tinh
thé gia ting dang ké, nhung néu tiép tuc tang thoi
gian 1én 3 ngay tinh thé s& bi ran nut.

Tinh thé ZIF thu duogc dugc tach ra khoi dung
dich phan ung va ria nhiéu lan véi DMF (5 x 3
mL) dé loai bo cac tac chat phan tmg con du. Do
két tinh cta tinh thé dugc kiém tra qua phan tich
nhidu xa tia X dang bot (PXRD). Gian d6 PXRD
thu dugc & Hinh 2 thé hién cic mii nhidu xa ¢o
cuong do cao va sic nét chimg t6 tinh thé ZIF-HL1
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thu duge c6 do két tinh cao. Két qua “index” gian
dd PXRD dua trén hé tinh thé lap phuong voi
nhém déi ximg IM-3 (s6 204) duoc trinh bay &
Hinh 2 cho thay su phu hop 6t giita gian dd PXRD
cia md hinh mo phong va gian d6 PXRD thyc
nghiém. Tir day cho phép xac dinh thong s6 mang
co sé cia ZIF-HL1, a =b=c = 174512 A va Vs
mang = 5314,64 A3. So sanh théng sd mang co s&
ctia ZIF-HL1 vdi dit liéu vé tinh thé ZIF duoc cong
bb tir thu vién Cambridge cho thidy ZIF-HL1 c6
thong s6 mang tuong tu véi SOD-ZIF-8, Zn(2-
mlm),, dugc tao thanh tr mot linker don 1¢ 2-mIm
(Phan et al., 2009). Tir diy c6 thé két luan ring
ZIF-HLI c6 topology SOD quan trong cua zeolite.

Hinh 1: Hinh 4nh cia ZIF-HL1 qua kinh hién vi

NHV-CAM
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Hinh 2: Gian dé PXRD thyc nghiém (-) va mé
phéng (+) ciua ZIF-HL1
Vi tri miii nhiéu xa ciing dugc thé hién (/)

Hinh dang va kich thu6c cua tinh thé ZIF-HL1
sau d6 dugc quan sat dudi kinh hién vi dién tor quét
(SEM) va dugc trinh bay ¢ Hinh 3. Tur day cho
thay ZIF-HL1 thu dugc cé cau tric 1ap phuwong va
kich thudc tinh thé khoang 80 um.
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$-4800 5.0kV 7.7mm x250 SE(M) 200um

Hinh 3: Hinh dnh SEM cia vit liéu ZIF-HL1

Trudc khi tién hanh cac phén tich tiép theo,
vat liéu ZIF-HL1 can dugc hoat hoa dé loai hét cac
dung moi nam bén trong 16 xdp cua vt liéu. Theo
d6 vt lidu ZIF duogc tach ra khoi dung moéi téng
hop DMF va ngam trong dung mdéi MeOH c¢6 nhiét
d6 s6i thip hon. Qua trinh trao ddi dung méi nay
dugc thyc hién trong 3 ngay. Moi ngay dung moi
dugc thay méi 3 1an. Sau 3 ngay vat liéu duoc tién
hanh hat chan khong dudi hé thdng masterprep &
nhiét d6 80 °C. Sau 24h vat liéu hoat hoa dugc lay
ra va kiém tra ciu tric bang phan tich PXRD. Nhur
dugc nhin thiy ¢ Hinh 4, sy phu hop giira gian do
PXRD sau khi hoat hoa véi gian d6 PXRD vira
moi tong hop chimg t6 vat liéu ZIF-HL1 sau khi
hoat héa van giit nguyén cu truc.
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Hinh 4: Gian do PXRD ciia ZIF-HL1 sau khi
hoat héa dugc so sanh véi gian do PXRD vira

tong hop

Pho hong ngoai (IR) dwoc phan tich cho vat
liéu ZIF-HL1 sau hoat hoa dé chung minh sy tach
proton cuia céc linker imidazole cho sy hinh thanh
lién két giita kim loai (M) vé6i nguyén tar N trén
vong imidazole (lién két M-N). Két qua ¢ Hinh 5
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cho thdy dao dong gidn ndi cua lién két N-H cua
vong imidazole ¢ mili c6 budc song 3200-3000
cm’! (Bellisola and Sorio, 2012) d3 bién mat sau
khi hinh thanh nén vat liéu ZIF. Ching to trong
qua trinh phan ung, H cia N-H trén vong
imidazole bi tach ra cho sy hinh thanh lién két M-

N trong vat liéu ZIF.
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Hinh 5: Phd IR ciia vat liéu ZIF-HL1

Dé chimg minh sy hién dién cua hai linker 2-
mlm va 5-nblm trong cAu truc, vat liéu ZIF-HL1
dugc phan tich 'H NMR. Tinh thé vt liéu ZIF sau
d6 duoc hoa tan trong hdn hop dung moéi DMSO-ds
va DCI1 20% trong nuée. DCI duge sir dung dé dam
bao cho su hoa tan hoan toan cua tinh thé ZIF-
HLI1. Hinh 6 cho thay c6 su hién dién cua ddng
thoi 2 linker 2-methylimidazole va 5-
benzimidazole. Tich phan cua cac proton trong hai
linker ciing dugc xac dinh. Qua d6 ti 1¢ mol cia hai
linker 5-nbIm va 2-mIm trong ciu tric vat liéu
ZIF-HLI dugc xac dinh 1an luot 1:5. Tir ddy cong
thirc hoa hoc cia vat liéu ZIF-HL1 dugc ciing dugc
xac dinh Zn(5-nbIm)g 33(2-mIm); 7.
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Hinh 6: Pho '"H-NMR ciia ZIF-HL1
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3.2 Pj bén nhiét, dd xop va do bén héa hoc
ciia vat li¢u ZIF-HL1

Do bén nhiét cua vat lidu ZIF dwoc danh gia
qua phan tich nhiét trong lugng cua vat liéu ZIF-
HL1 sau hoat hoa. Tir Hinh 7, dudng ndm ngang
dén 350 °C cho thay khong c6 su giam khdi luong
dén nhiét do 350°C; chimg to rang cac phén tir bén
trong 16 x0p da dugc loai khoi vat lidu. Qua d6 chi
ra rang do bén nhiét cua ZIF-HL1 dén 350 °C. Sy
giam manh khdi lwong cua vat liéu trong ving tir
350 — 500 °C do sy phan huy khung suon ctua vét
lidu.
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Hinh 7: Giin d6 TGA cia vit li¢u ZIF-HL1 da
hoat héa

Tiép dén, dién tich bé mat cua vat liéu sau khi
hoat hoa duoc xac dinh qua dudong hép phu dang
nhiét N, & 77 K (Hinh 8). Két qua thu dugc cho
thdy, duong dang nhiét hip phu nitrogen cua vat
liéu ZIF-HL1 thudc dudng hip phu ding nhiét
dang I theo phén loai cua IUPAC, chung té ZIF-
HL1 1a vat lidu xbp c6 kich thude 16 xdp ¢& micro.
Dién tich bé mat cia vat liéu theo mo hinh BET
(Brunauer—-Emmett—Teller) cling dugc xac dinh
bang 820 m? g'. Dién tich bé mit 16n cua vat liéu
ZIF-HLI déap ung dugc yéu cau tmg dung cua vét
liéu ZIF trong phéan tach khi (Phan et al., 2009).

Dé ¢6 tmg dung thuc té trong hip phu khi, vat
lidu can bén trong nudc. Van dé nay duoc cha ¥ vi
nhidu vat liéu ran xp cdu trac bi pha hiy dudi
diéu kién am (Brandani and Ruthven, 2004; Wang
et al., 2008b; Kizzie et al., 2011). Do d6, do bén
trong nudc cua vat ligu ZIF-HL1 dugc danh gia
béng cach ngam vat li¢u trong nudc & nhiét do
phong. Sau 7 ngay vat liéu ZIF-HL1 duogc tach ra
va phan tich PXRD dé xac dinh cdu trac cua vat
lidu. Gian dd PXRD cua vat liéu ZIF-HL1 vira méi
tong hop va sau khi ngam trong nuéc 7 ngay duoc
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so sanh va thé hién & Hinh 9. Hai gian d6 PXRD
hoan toan phu hop nhau, chimg t6 sau 7 ngay ngam
trong nudc vat liéu ZIF-HLI van gilr nguyén cau
trac. Do bén trong nudc cua vat li¢u ZIF-HL1 hira
hen vat liéu ZIF-HL1 c6 kha niang Gmg dung thuc té
trong hip phu khi ¢ diéu kién am.
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Hinh 8: Puong ding nhiét hip phu N: ciia vt
liéu ZIF-HL1 ¢ 77K
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Hinh 9: Giin d6 PXRD ciia ZIF-HL1 sau khi
ngim 7 ngay trong nuéc dugce so sanh véi gian
d6 PXRD cua ZIF-HL1 sau khi hoat hoa

3.3 Nhiét hap phu CO: cita ZIF-HL1

50

Vit lidu ZIF-HL1 véi dién tich bé mat 16n va
d6 bén nhiét, do bén trong nudc cao thé hién tiém
ning trong hép phu CO,. Theo d6 dudong hép phu
déng nhiét CO, cua ZIF-HL1 duoc do & ba nhiét
d6 273, 283 va 298 K (Hinh 10). Dung luong hap
phu CO; ctia ZIF-HL1 & 800 Torr lan luot 14 46, 68
va 91 cm’ g'! & cac nhiét 4 298, 283 va 273 K.

Phuong trinh virial dugc sir dung dér xay dung
duong hap phu dang nhiét theo 1y thuyct (Sumida
etal.,2012):

10
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1 m n
InP=InN+ TZaiNi+ ZbiNi

Trong do, P 14 ap sut, N 1a luong khi hap phu,
Tla nhlet d9, a; va bi 1a cac h¢ s0, m va n 1a s6 h¢
sO can sur dung dé xay dung duong hap phu ding
nhiét theo 1y thuyét sao cho phu hop véi thuc
nghiém. Céc gia tri thu dugc dugce thé hién & Hinh
10. Qua d6 nang lugng tuong tac gitta ZIF-HL1 va
khi CO; (Q«) dugc xac dinh:

Qst = —Ray

R 1a hang s6 khi ly tuong.

Két qua gia tri Qut thu duge cho ZIF-HL1 la 29
kJ mol, dugc x€p vao cac ZIF c6 nang luong
tuong tac t6t nhat véi CO, (Sumida et al., 2012).
Két qua nay thu duoc do co6 sy hién dién cua nhém
—NO; ¢6 d6 phan cuc 16n c6 kha nang tuong tac tot
v6i md men tur cyc cua CO, (Banerjee et al., 2009).

100
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Hinh 10: Pudng hip phu ding nhiét CO: & 298
(tron), 283 (vudng) va 273K (tam giac) cia ZIF-HL1

Puong néi giita cdc diém la dwong hdp phu ding nhiét
duwoc tinh toan theo Iy thuyét

4 KET LUAN

Véi phuong phap sir dung hon hop hai linker,
vat liéu ZIF-HL1 méi véi topology SOD da duoc
tong hop thanh cong. Diéu kién t6i vu dugc chon [y
nong do bing nhau cia linker imidazole va mudi
kém bang 0,075 M, ti 1& mol giira 2-mIm va 5-bIm
bﬁng 1,5:1, ti 1€ mol gitra hai linker va mudi kém
bang 3:1, & nhiét ¢ 130 °C trong 2 ngay d tao ra
cac don tinh thé ZIF-HL1 hinh khéi 1ap phuong
déng nhét va c6 do xép cao. Ngoai ra, su lya chon
mdt linker ki nuéc va mét linker c6 khd nang
tuong tac tot véi CO, da tao nén vat liéu ZIF-HL1
bén trong nudc va co ai luc manh véi CO; co thé
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canh tranh vé6i cac ZIF c6 tuong tac tot nhat voi
CO; da duogc cong bo.

LOI CAM TA

Nhém tac gia chan thanh cam on Truong Pai
hoc Cén Tho dd hd tro kinh phi nghién ctru khoa
hoc danh cho sinh vién nam 2016. Ching t6i cling
giri 101 cam on siu sic dén thay Nguyén Hudng
Viét — Giang vién Truong Pai hoc Khoa hoc Ty
nhién Thanh phé H6 Chi Minh di tai trg kinh hién
vi NHV-CAM.
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