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Tom tit:

Hai vat liéu khung co kim ciu tric zeolite (ZIF) duwgc tong hop tir ciing hdn hop hai linker imidazole nhung cé
cAu tric hoan toan khac nhau do tic dung ciia hé dung méi sir dung trong qua trinh tong hop. Zn(5-nbIm), . (2-
mIm)l’67 (ZIF-HL1) va Zn(S-anm)l’1 4(2-mIm)0’86 (ZIF-HL2), trong d6 5-nbIm = 5-be~nzimidazolate va 2-mlm =
2-methylimidazolate, dwoc tao thanh tir phan wng nhiét dung méi ciia kém nitrate véi hon hop hai linker 5-nbIm va
2-mIm trong dung mdi N,N-dimethylformamide (DMF) déi v6i ZIF-HL1 va DMF/acetonitrile (ACN)/nuéc (4:3:1,
v/v) @6i véi ZIF-HL2. Cu triic ciia hai vat liéu ZIF dwoc xac dinh bang phan tich nhiéu xa tia X va d xop ciia chiing

ciing dwge phan tich. Két qua cho thiy, ca hai vat li¢u déu c6 do két tinh tot, do bén nhiét va do xdp cao.

Tir khéa: dwong hip phu ding nhiét, imidazole, nhiéu xa tia X, vat li¢u khung co kim ciu triic zeolite.

Chi s6 phén loai: 2.5

M6 dau

Vat liéu khung co kim (MOFs) dugc tao thanh tir nhiing cluster
kim loai va céc linker hitu co da chirc (thuong 14 cac hop chat
cacboxylic) ndi véi nhau qua nhitng lién két manh, tir d6 hinh thanh
nén mot loai vat lidu cdu trac 13 xép méi véi hang ngan céu tric
khong gian khac nhau [1]. Diém nbi bét cua loai vat liéu nay la céu
triic vat liéu c6 thé duoc thiét ké theo mong mudn qua viéc thiét ké
cu triic cac linker hitu co, cluster kim loai va/hodc st dung cac h¢
dung moi khac nhau [2]. Gén day, mgt nhom ho vat li¢u con cua
MOF duogc phat trién voi tén goi la vat liéu khung co kim céu trac
zeolite (ZIFs) [3, 4]. Vat liéu nay dwgc hinh thanh do sy lién két
céc cluster kim loai (M) t&r dién nhu Zn, Co... boi cac nguyén tir
N trén vong imidazole (C3N2H3" = Im) hinh thénh nén khung suon
trung hoa. Vat liéu ZIF c6 do bén nhiét, dd bén hoa hoc cao va do
x0p 16n. Qua phan tich cau tric cho thay rat nhiéu vat liéu ZIF tao
thanh c6 cau hinh khong gian cua vét liéu zeolite. Mot trong nhing
nguyén nhan 1a do goc lién két M-Im-M trong ZIF gan bang voi
goc lién két Si-O-Si (145°) trong zeolite [5]. Nhung do chiéu dai
lién két M-Im-M trong ZIF 16n hon nén vét liéu ZIF co cdu tric 16
x0p cao hon zeolite [6, 7]. Ngoai ra, do didc diém thanh phan cau
tao, cau truc vét liéu zeolite khong thé thiét ké theo mong mudn.
Tréi lai, cAu trac vat liéu ZIF ¢ thé diéu chinh theo mong mudn
qua sir dung céc loai linker imidazole khéc nhau, hon hop gﬁ”)m hai
loai linker imidazole [8, 9] va str dung céc tién chat phirc [10]. Céc
phuong phap ndy da ching minh dugce tinh hi¢u qué trong vige tao
ra ciu triic ZIF méi. Tuy nhién cin tiéu ton thoi gian va hoa chét
dé tao ra cac dan xudt imidazole. Tir do, chung toi cha ¥ dén mot
phuong phap don gian hon, dua trén cac hé dung moi khac nhau.
Tinh chét cdt 18i ciia phuong phap nay 1 tao ra sy tuong tic méi
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giita cac linker imidazole va dung méi, dan dén sy hinh thanh céu
truc ZIF méi [11]. Phuong phép st dung hé¢ dung mdi khac nhau
dé tao nén cac vat lidu ZIF véi cau trac khac nhau duoc chung toi
st dung trong nghién ctru nay. CAu triic cua vat liéu tao thanh, do
bén nhiét va do xép cua vat li¢u cling dugc trinh bay.

Noi dung va phuong phap nghién ciu
Thiét bi va héa chit

Thiét bi duoc sir dung trong nghién ctru gdm can phan tich
Mettler Toledo, tu séy UM-400, bé rung siéu am Power Sonic
410, kinh hién vi dién te NHV-CAM, thiét bj nhidu xa tia X D8-
Advance (Bruker), thiét bi hoat hoa Masterprep, thiét bi do phod
hong ngoai Vertex 70, mau duogc ép vién voi KBr, s6 séng duge do
trong vung 4000-400 cm™ ¢ nhiét 4o phong, thiét bi phan tich nhiét
trong lugng TGA Q500 thiét bi do dién tich bé mat NOVA 3200e.
Hoa cht duoc st dung trong nghién ciru gom Zn(NO,),.6H,0,
methanol, N,N-dimethylformamide (DMF) va acetonitrile (ACN)
cO Xuit Xt Trung Qudc; 2-methylimidazole (2-mIm) dugc mua tir
Hang Merck va 5-nitrobenzimidazole (5-nblm) dugc mua tir Hang
Sigma-Aldrich.

Quy trinh tong hop

Quy trinh tong hop ZIF-HLI: hén hop cia Zn(NO,),-6H,0
(0,024 g, 0,080 mmol) vdi hai linker 2-mlIm (0,011 g, 0,14 mmol)
va 5-nblm (0,015 g, 0,090 mmol) dugc hoa tan trong 4 ml dung
moi DMF. Dung dich phan tng dugc cho vao lo 8 ml chiu nhiét,
duoc dy nap kin va cho vao ti siy & 130°C. Sau 2 ngay, céc tinh
thé hinh 1ap phuong trong sudt duoc tach khoi dung dich phan timg,
dem rira nhiéu 1dn voi DMF (5x3 ml) trong 1 ngay trude khi phan

34



The effect of solvent system
on the resulting structures
of zeolitic imidazolate frameworks

Thi Tuyet Nhung Nguyen®, Ngoc Khanh Anh Nguyen,
Thi Diem Huong Nguyen

Can Tho University
Received 25 June 2019; accepted 31 July 2019

Abstract:

Two zeolitic imidazolate frameworks (ZIF) were
synthesised from the same mixture of two imidazolate
linkers resulting in two different topologies thanks to
the use of different solvent systems. Zn(5-nblm),.(2-
mlm), _ (ZIF-HL1) and Zn(5-nblm), , (2-mIm) . (ZIF-
HL2), where 5-nblm = 5-benzimidazolate and 2-mIm =
2-methylimidazolate, were prepared by the reaction of
zinc nitrate hexahydrate with the mixture of 5S-nbIm and
2-mlIm in N,N-dimethylformamide (DMF) for ZIF-HL1
and DMF/acetonitrile (ACN)/water (4:3:1, v/v) for ZIF-
HL2. Their structures were determined by single-crystal
X-ray diffraction, and their thermal behaviour and
permanent porosity were also analysed. Accordingly,
both structures exhibited high crystallization, thermal
stability, and high porosity.

Keywords: linker imidazole, sorption isotherm, X-ray
diffraction, zeolitic imidazole frameworks.

Classification number: 2.5

tich nhiéu xa tia X. Trudc khi dem phan tich, mau dugc tién hanh
hoat héa dé dudi hét cac dung méi ndm bén trong 16 xp. Theo do,
ZIF-HL1 vira méi tong hop dugc rira 5 1an véi DMF trong 1 ngay
(3 ml mdi lan rira), trao doi 9 lan véi MeOH trong 3 ngay (5 ml
mdi lan thay dung méi méi) va sau d6 hoat hoa ¢ 80°C trong chan
khong (1 mTorr) trong 24h. Hiéu sudt cta phan (g 46% dua trén
mudi kém nitrate.

Quy trinh tong hop ZIF-HL2: hdn hop cta Zn(NO,),-6H,0
(0,068 g, 0,229 mmol) véi hai linker 2-mIm (0,019 g, 0,229
mmol) va 5-nblm (0,056 g, 0,343 mmol) dugc hoa tan trong 2 ml
dung moi DMF, 1,5 ml dung méi ACN, 0,5 ml nude cat. Dung
dich phan ung dugc cho vao lg 8 ml chiu nhiét, thém vao 1o 20 ul
triethylamine, sau d6 ddy nip kin va cho vao ti sdy ¢ 120°C. Sau
2 ngay, cac tinh thé hinh ling tru trong sudt dugc tich khoi dung
dich phan tmg, dem rira nhiéu lan v6i DMF (5x3 ml) trong 1 ngay
truéc khi phan tich nhiéu xa tia X. Trude khi dem phan tich, mau
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duoc tién hanh hoat héa dé dudi hét cac dung méi nam bén trong
16 x6p. Theo do, ZIF-HL2 vira méi tong hop duoc rira 5 1an véi
DMEF trong 1 ngay (3 ml mdi lan rira), trao d6i 9 lan véi MeOH
trong 3 ngay (5 ml mdi lan thay dung méi méi) va sau d6 hoat héa
& 80°C trong chan khong (1 mTorr) trong 24h. Hiéu suét cia phan
(ing 48% dya trén mudi kém nitrate.

Két qua va thio luan
Phiin tich ciu triic ciia vt liéu ZIF-HLI v -HL2

ZIF-HL1 va ZIF-HL2 thu dwgc trr phan ung gilta
Zn(NO,)-6H,0 v¢i hai linker 2-mIm va 5- nblm bang phuong phap
nhiét dung m01 Cu thé, ZIF-HL1 duoc tong hop bang céch hoa tan
hon hop gébm 2-mImH, 5-nbImH va Zn(NO,),"6H,0 trong dung
modi DMF ¢ 130°C trong 2 ngay. Khi thay doi dung méi DMF
thanh h¢ dung méi DMF/ACN/H,0 (4:3:1, v/v) dan dén sy hinh
thanh vat liéu ZIF moi, ZIF-HL2. Tlnh thé ZIF-HL1 va -HL2 thu
duoc dugc tach ra khoi dung dich phan ng va rira nhiéu lan véi
DMF (5x3 ml) dé loai bo céc tac chat phan tmg con du. Do két tinh
cta tinh thé duoc kiém tra qua phan tich nhiéu xa tia X dang bot
(PXRD). Gian d6 PXRD ctia ZIF-HL2 duoc so sanh voi ZIF- HL1
(hinh 1) [12]. Két qua cho thy ca hai vét liéu c6 cac miii nhiéu xa
v6i cuong do cao va sic nét, chimg to tinh thé ZIF-HL1 va -HL2
thu dugc co do két tinh cao. Gian d6 PXRD ciia ZIF-HL2 dugc

“index” dya trén h¢ lyc phuong véi nhom d6i ximg P6 j,/mmc (s6
194) (hinh 1B) cho thy sy phu hop rat tot gilta gian d6 mo phong
va thyc nghiém. Tir ddy, céc thong sb 6 mang co s ciia ZIF-HL2
cling dugc xéc dinh, a = b =27,6828 A, c = 150110 Ava v,
= 11503,49 A3, Két qua kiém tra tir thu vién Cambridge cho thay
ZIF-HL2 c6 topology quan trong GME. Tir dy ¢ két luan ZIF-
HLI1 va-HL2 tuy duoc téng hop tir ciing mot loai mudi kém va
hdn hop hai linker imidazole nhung 1a hai vat liéu ¢6 cau tric hoan
toan khac nhau. Ngoai ra, con ¢6 mét diém dang chu ¥ trong thanh
phan ciu tao cia GME-ZIF-HL2 1a khong chira linker bat budc
2-nIm nhu dd cong bé cho cac GME-ZIF trude do. Hién nay, co
khoang bay vat liéu ZIF mang topology GME va tat ca cac vat
liéu nay déu duoc tao thanh tir hdn hop hai linker, trong d6 c6 mot
linker bat buge phai c6 1a 2-nIm. ZIF-HL2, Zn(2-mIm)(5-nbIm) la
GME-ZIF déu tién trong thanh phan céu tao khong chira 2-nIm.
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Hinh 1. Gian do PXRD thuc nghi¢m va mé phéng clia ZIF-HL1 (A) va
-HL2 (B).
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Trude khi tién hanh céc phén tich tiép theo, vat liéu ZIF-HL1
va -HL2 can dugce hoat hoa dé loai hét cac dung moi ndm bén trong
10 xép cua vt liéu. Theo do, vat liéu ZIF duoc tach ra khoi dung
mdi tong hop va ngam trong dung mdéi MeOH ¢ nhiét do soi thap
hon. Qua trinh trao d6i dung mdi nay dwogc thuc hién trong 3 ngay.
M6i ngay dung méi dugc thay méi 3 1an. Sau 3 ngay, vat lidu duoc
tién hanh hut chan khong du6i hé thong masterprep ¢ nhiét do

80°C. Sau 24h vat liéu hoat hoa dugc lay ra va kiém tra cdu tric
bing phén tich PXRD. Nhu dugc nhin thdy & hinh 2, sw pht hop
gitia gian dd PXRD sau khi hoat héa voi gidn dd PXRD vira Il‘l()'l
tong hop ching t6 vét liéu ZIF-HL1 va -HL2 sau khi hoat hoa van
gifr nguyén cau truc.
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Hinh 2. Gian do PXRD clia ZIF-HL1 (A) va -HL2 (B) sau khi hoat héa
dugc so sanh vdi gian do PXRD viia tdng hgp.

bé chung minh sy hi¢n di¢n cta hai linker 2-mIm va 5-nblm
trong cdu trac, vat liéu ZIF-HL1va -HL2 duoc phén tich "H-NMR.
Tinh thé vét liéu ZIF sau d6 duoc hoa tan trong hdn hop dung moi
DMSO-d, va DC120% trong nude. DCI dugc sur dung dé dam bao
cho su hoa tan hoan toan cua tinh thé ZIF-HL1 va -HL2. Hinh 3
cho thay ¢0 su hién dién cua dong thoi hai linker 2-mIm va 5-nbIm
trong ca hai cdu tric vét lidu ZIF. Tich phan cta cac proton trong
hai linker cling dugc xac dinh. Qua do ty I¢ mol cua hai linker
5-nblm va 2-mlm trong cu trac vat lidu ZIF-HL1 va -HL2 duoc
xac dinh lan luot 1a 1:5 va 4:3. Tur day, cong thirc hoa hoc cua vat

liéu dugc xac dinh 1a Zn(5-nblm),,,(2-mIm), ., cho ZIF-HLI va
Zn(5-nblm), |, (2-mIm), . cho ZIF- HL2.
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Hinh 3. Phd "H-NMR ctia ZIF-HL1 (A) va -HL2 (B).
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Dj bén nhigt, dp xop va dp bén héa hoc ciia vit licu ZIF-
HLI vi -HL2

Do bén nhiét cua vat lidu ZIF dugc danh gia qua phan tich nhiét
trong lugng cua vat li¢u ZIF-HL1 va -HL2 sau hoat hoa cho két
qua d6 bén nhiét cua ZIF-HL1 va -HL2 lan luot 13 350 va 400°C
(hinh 4). Ttr hinh 4 cho thiy, dudng ndm ngang chimg t6 khong co
sy giam dang ké khdi luong vat liéu ¢ nhiét do dén 350°C déi voi
ZIF-HLI1 va gan 400°C d6i voi ZIF-HL2. Qua do chi ra ring do
bén nhiét ciia ZIF-HL1 va -HL2 1an luot 1a 350 va 400°C.
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Hinh 4. Gian do TGA ctia vét liéu ZIF-HL1 (A) va -HL2 (B) da hoat héa.

Tiép dén, dién tich bé mat cua vat lidu sau khi hoat hoa dugc
xéc dinh qua duong hdp phu dang nhiét N, ¢ 77K (hinh 5). Két
qua thu duoc cho thdy, duong ding nhiét hip phu nitrogen cua
vat liéu ZIF-HL1 va -HL2 thudc duong hép phu d'fmg nhiét dang
I theo phan loai cua IUPAC, chimg to ca hai vat li¢u ZIF thu dugc
la vat liéu xép ¢6 kich thudc 15 xép ¢& micro. Dién tich bé mét ctia
vat liéu theo md hinh BET (Brunauer-Emmett-Teller) cling dugc
xéc dinh cho ZIF-HLI va -HL2 lan luot bang 820 va 1750 m?g™.
Dién tich bé mit 16n cua vat liéu ZIF-HL1 va -HL2 dap tmg duoc
yéu ciu tng dung ciia vat liéu ZIF trong phén tach khi va céc tng
dung khac.
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Hinh 5. Pudng dang nhiét hap phu N, cla vét liéu ZIF-HL1 va -HL2
G 77K.



Vi phuong phép st dung hé dung moi c6 do phan cuc khéc
nhau, hai vét liéu ZIF moi (ZIF-HL1 va -HL2) dugc tao thanh co
cung thanh phan cau tao nhung céu tric hoan toan khac nhau. Ca
hai vét lidu déu c6 do bén nhiét cao va do xop 16n.
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