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Tém tit: Trong bai bao nay, vat liéu ZIF-11 duoc téng hop tir benzimidazole
va zinc acetate ¢ nhiét &6 phong. Anh hudng cia thoi gian tong hop dén cau
tric ZIF-11 da dugc danh gia. Cac mau vat lidu tong hop duge dic trung bang
cac ky thuat XRD, SEM, FTIR va TGA. Két qua cho thiy vat liéu ZIF-11
dugc hinh thanh sau 3 gio va ¢6 cau trac 6n dinh sau 4 gid tong hop. Vat liéu
téng hop c6 cau trac dong nhét véi cac khbi da dién 12 mit sic nét va do bén
nhiét cao (> 500 °C). Kich thude cua vat liéu tang theo thoi gian tong hop.
Kha nang hap phu iodine ciia vat liéu phu thudc vao thoi gian tong hop. Mau
dugc tong hop trong 4 gio cho thdy kha ning hp phu iodine tot nhat.

Tir khéa: ZIF-11, thoi gian tong hop, hap phy, iodine.

1.MO bAU

Vit liéu ZIF-11 1a mot trong nhitng loai vat liéu khung mang hiru co kim loai nhan dugc
su quan tdm nghién ctru ciia nhidu nha khoa hoc trong thoi gian gan day. Mac du 1a mot
loai vat liéu lai giira vo co va hitu co, nhung nhd c6 ciu tric twong ty zeolite nén cac vt
lidu ZIFs n6i chung va ZIF-11 ndi riéng van c6 d6 bén nhiét va hoa hoc cao. Vi thé, ching
1a nhitng mg vién tiém ning trong nhiéu linh vyc khac nhau, dic biét 1a linh vyc xtic tac
va hap phu [1-3]. ZIF-11 ¢6 céu trac kiéu RHO duoc tao thanh tir cac ion zinc va phdi tir
benzimidazole. Nhu céc vat liéu ZIFs khac, ZIF-11 lic dau ciing dugc tong hop chu yéu
bang phuwong phap nhiét dung méi véi dung moi chinh 1a N,N-Dimethylformamide
(DMF) hoac N,N-Diethylformamide (DEF) [1, 4]. Phuong phap nay c6 hai tré ngai chinh,
doé 1a: (1) qua trinh thyc hién ¢ nhiét d6 cao, (2) kho loai DMF, DEF ra khoi mao quan
ctia vat liéu vi DMF, DEF c¢6 kich thuéc phén tir 16n. Tuy nhién, hién nay, véi viéc tong
hop thanh cong ZIF-11 bang phuong phap dung médi & nhiét ¢ phong hay phuong phap
¢6 su hd tro cta vi song, [5, 6]... da tao diéu kién thuan loi hon cho viéc nghién ctru ZIF-
11. Vi thé, ngay cang c6 nhiéu nha khoa hoc tap trung nghién ctru vé ZIF-11 [2, 4-6].

Quan tdm dén qua trinh tong hop vat lidu ZIF-11, bai bao nay trinh bay két qua nghién
ctru anh huong ciia thoi gian téng hop dén cau tric cta vét liéu ZIF-11 bang hé 2 dung
mdi toluene va ethanol ¢ nhiét do phong. Ngoai ra, kha ning hip phu cia cac vat liéu
ZIF-11 tong hop ciing budc dau duge xem xét.
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2. THUC NGHIEM
2.1. Tong hop vit liéu

Hod chat: Cac hoa chét str dung trong nghién ctru nay bao gébm Zn(CH3COO),-2H,0
(Shanghai, Trung Quéc), benzimidazole (Shanghai, Trung Qudc, AR, > 98%), ethanol
(Xilong, Trung Quéc), toluene (Xilong, Trung Qudc), dung dich NH3z 25% (Xilong,
Trung Qubc).

Quy trinh:Vat liéu ZIF-11 duoc téng hop theo quy trinh cuia M. He va cong su [5] ¢6 su
didu chinh, cu thé nhu sau: hoa tan 0,6 gam benzimidazole (BIm) trong 43 mL ethanol,
tiép theo cho 26,5 mL toluene va 0,35 mL dung dich NHs (25%) vao dung dich
benzimidazole, khuay hdn hop trong 5 phit. Sau do, thém 0,55 gam Zn(CH3CO0)2.2H-0
vao dung dich vira thu duoc, tiép tuc khuay trong 1, 3, 4 va 5 gio ¢ nhiét do phong. Két
tia duogc ly tAm, rira bang ethanol, siy kho qua dém & 70 °C thu duoc ZIF-11. Ki hiéu
mau tuong ung 1a M1h, M3h, M4h va M5h.

2.2. Pac trung vat liéu va danh gia hoat tinh

Vit liéu ZIF-11 tong hop dugc dic trung bang cac phuong phap: Phd XRD dugc ghi trén
may nhiéu xa Ronghen VNU-D8 Advance (Bruker, Germany), sir dung ngudn birc xa
CuKq v6i budc song A = 1,5406 A, goc quét 26 thay doi tir 2 — 40°; phd FTIR trong
pham vi 400 — 4000 cm™! duoc ghi trén may IR-Prestige-21(Shimadzu) st dung k§ thuat
ép vién KBr; anh SEM & cac d6 phong dai khic nhau dugce do bang thiét bi SEM JED
2300; phén tich nhiét TGA dugc thuc hién trén may Setaram Labsys TG (Phap) trong
khong khi.

Kha ning hap phu ciia cac vat liéu ZIF-11 tong hop duoc danh gia qua sy hap phuy iodine
tu dung dich nuéc. Quy trinh nhu sau: Cho vao cbc 100 mL dung dich iodine 96 mg/L,
6n dinh & nhiét d phong (30 °C), thém vao do 40 mg chat hap phy, tién hanh khuay trong
60 phut, lay mau, ly tam loai chat hap phu va chuan d6 mau bang (dung dich Naz3,03 0,01
N (pha tir dng chuan) dé xac dinh ndng d6 iodine. Dung luong hap phu (DLHP) q (mg/g)
duogc tinh theo cong thtrc:

(Co=C)V

q=—— (1)

m
trong do, Co véq C 12 ndng do ban dau va ndng do sau khi hap phu cua dung dich iodine
(mg/L), V 1a thé tich cua dung dich (mL) va m la khoi luong chat hap phu (mg).

3. KET QUA VA THAO LUAN

Phuong phap nhleu xa tia X (XRD) dugc s dung dé xac dinh thanh phan pha ciia cac
mau vt liéu tong hop. Hinh 1 trinh bay gian dd XRD cua cac mau tong hop & cac thoi
gian khac nhau. Co thé thay rang, gian dd XRD ctia cic mau tong hop trong thoi gian tir
3 gid dén 5 gid déu xuat hién cac peak nhidu xa dic trung cho vat liéu ZIF-11 tuong tng
véi cac mat nhiéu xa (01 1), (002), (112), (022), (013), (004), (033), (024), (015), (044)
va (006) [7]. Céc peak nhifu xa dic trung déu sic nét va c6 cuong do 16n. Hau nhu khong
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thiy xuat hién céc peak la trén gian d6 XRD ctia cac mau ndy. Trong khi d6, mau tong
hop trong thoi gian 1 gio chi xuat hién mot vai peak dic trung cho vat liéu ZIF-11 véi
cudng do bé, khong sic nét. Tir do, c6 thé nhan thiy rang, vat liéu ZIF-11 hinh thanh
hoan chinh va ¢ d6 tinh thé cao sau 3 dén 5 gio tong hop.

011

<+

1z

noz2
133
0nls
IEE)
00

Cuong do (Cps)

0 5 10 15 20 25 30 35 40
Géc 28 (do)
Hinh 1. Gidn do XRD ciia vat liéu ZIF-11 tong hop 6 cdc thoi gian khdc nhau

Bang 1. Mgt vai thdng sé cdu tric cua c&c vt liéu ZIF-11 tong hop & cac thoi gian khac nhau

Mat nhiéu Géc nhiéu xa 20 (d9) Khoang cach d (nm)

@ M3h M4h M5h M3h M4h M5h
(011) 458 4,40 438 19,347 20,101 20,201
(002) 6,38 6,23 6,18 13,875 14,221 14,304
(112) 7,76 7,59 7,58 11,400 11,631 11,665
(022) 8,92 8,75 8,74 9,917 10,105 10,109
(013) 9,98 9,81 9,78 8,872 9,026 9,040
(004) 12,54 12,39 12,38 7,048 7,155 7,156
(033) 13,32 13,13 13,14 6,653 6,735 6,742
(024) 14,04 13,85 13,84 6,305 6,387 6,396
(015) 15,98 15,79 15,80 5,542 5,612 5,603
(044) 17,14 16,98 16,96 5171 5,223 5,216
(006) 18,78 18,62 18,60 4,725 4,766 4,761

Pé danh gia cu thé hon anh hudng cia thoi gian tong hop dén ciu trac cta vat liéu ZIF-
11, cac thong sb cau triic dd duge xem xét. Bang 1 trinh bay goc nhiéu xa, khoang cach d
(tinh tir phwong trinh Bragg 2dsind = n4) va mat nhiéu xa tuong umg voi cac peak dac
trung ctia cac mau ZIF-11 tong hop ¢ cac thoi gian tir 3 gio dén 5 gio. S6 lidu ¢ bang 1
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chi ra rang, khi ting thoi gian tong hop tir 3 gio dén 4 gio, cac peak dic trung dich vé
phia goc nhidu xa nhé hon, twong Gmg véi khoang cach d ting 1én. Diéu nay c6 thé dan
dén su gia tang kich thuéc mao quan cua vat liéu. Tuy nhién, khi tiép tuc tang thoi gian
téng hop tir 4 gio 1€n 5 giod, goc nhidu xa hau nhu giam khong dang ké va khoang cach d

cung hau nhu khong ting dang ké. Nhu vy, sau 4 gio tong hop cau triic vat liéu gan nhu
da on dinh.

IMS-NKL 5.0k 8.9mnm x15.0k SEM)

IMS-NKL 2 0k 4. 8mm x2.00k SE(M

- Mau 4h
Hinh 2. Anh SEM ciia cdc mau ZIF-11 tong hop ¢ cdc thoi gian khdc nhau
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Cac méu ZIF-11 tong hop & cac thoi gian khac nhau ciing dugc dic trung bang hién vi
dién tr quét (SEM) va két qua duoc trinh bay trén hinh 2. Cac anh SEM véi d6 phong dai
khac nhau & hinh 2 cho thy rang, miu tong hop trong thoi gian 1 gio xuét hién cac tinh
thé va cac tinh thé nay két thanh cac khdi c¢6 hinh dang nhu cac khdi cau. Trong khi cac
mau vat liéu tong hop trong 3 va 4 gid déu hinh thanh céc khdi c6 cdu trac da dién 12 mit
hinh thoi dic trung cta ZIF-11 rat rd rang va sic nét, twong tu véi két qua cua G.
Khandelwal va cong su [3]. Kich thudc cac khdi da dién tang khi tang thoi gian tong hop
tir 3 gid 1én 4 gio. Nhu vay, két qua phan tich anh SEM ciing cho thay rang vat liéu ZIF-
11 hinh thanh hoan chinh sau it nhét sau 3 gio tong hop, phu hop voi két qua XRD & trén.

Céc nhom chire bé mt va sy hinh thanh lién két gitta cac ion Zn** v6i cac phoi tir Blm
dugc khao sat bang pho hong ngoai (FTIR). Hinh 3 1a pho FTIR cta cac mau tong hop
trong 1 gio, 3 gio va 4 gio.
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Hinh 3. Phé FTIR ciia cic mau ZIF-11 tong hop trong cdc thoi gian khdc nhau
Bang 2. Mot s6 dao dong va déic trung lién két ciia vit liéu ZIF-11 tong hop

S6 séng (cm™) Pic trung TLTK

428 Lién két Zn— N [3, 6]

740, 1182 Lién két C — H trong vong benzene ctua BIm [3]
1117 lién két N — H trong vong imidazole [6]
1242 lién két C — N [6]
1464 lién két C = C trong nhan thom ctia BIm [3, 8]
1610 lién két C — C trong nhén thom ciia BIm [3,8]
3420 lién két O — H ctia nude hip phu vat 1y.1 [3]

Céc mau ZIF 11 tong hop déu xuat hién peak dic trung cho dao dong hoa tri ciia lién két
Zn-N & s6 song 428 cm™ [3, 6], cac peak trong ving tir 600 dén 1600 cm™ dic trung cho
dao dong hoa tri va dao dong bién dang cua cac lién két trong vong BIm [3, 8]. Ngoai ra,
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cac mau con xudt hién 1 peak tu & s6 song 3420 cm™ dic trung cho lién két O — H cua
nude hap phu vat 1y [3]. Mot s6 dao dong va dic trung lién két trong vat liéu duoc chi ra
0 bang 2.

Nhimng phan tich vé phd hong ngoai cho thay hau nhu khong c¢é su khac biét vé cac lién
két trong cac miu ZIF-11 téng hop & cac thoi gian khac nhau. Cac mau déu c6 sy ton tai
phirc giita ion kim loai va phdi tir ciing nhu cac lién két dic trung cho phdi tir.

Do bén nhiét cia cac mau vat lidu tong hop dugc danh gia bang phan tich nhiét trong
lugng (TGA). Hinh 4 trinh bay két qua phan tich nhiét (TGA) cua vat li¢u ZIF-11 tong
hop trong thoi gian 1 gio va 5 gio.
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Hinh 4. Gian do phan tich nhiét TGA cia vit liéu ZIF-11 tong hop ¢ 1 gio'va 5 gio

Dbi v6i mau téng hop trong thoi gian 1 gio (M1h), gian @6 TGA hau nhu chi ¢6 mot giai
doan giam khdi lwgng chinh tir khoang 470 °C, twong ng voi sy phan huy hodc chay cua
céc cau ndi BIm trong vt liéu [6]. Trong khi d6, gian d6 TGA cua mau tong hop trong
thoi gian 5 gio (M5h) c6 2 giai doan giam khdi luong. Giai doan 1, & khoang nhiét do
thap (<300 °C), khdi lugng giam khoang 10%, dugc cho 1a lién quan dén sy bay hoi cua
H20 hip phu vt 1y hodc ciling c6 thé ciia mot s6 phan tir BIm chwa phan © ung hét bam sau
bén trong cdc mao quan. Giai doan 2, & khoang nhiét d6 cao (> 500 °C), mau co su giam
khéi lwong 16n, lién quan dén su phan huy va chay ciia cau ndi BIm trong vat liéu. Nhu
vay, cac mau ZIF-11 téng hop déu co do bén nhiét cao, nhat 1a mau M5h d6 bén nhiét
khoang 510 °C. Hinh dang gian d6 TGA va d6 bén nhiét khac nhau giira 2 mau c6 18 lién
quan dén cau tric ctia chung. Mau M5h ¢6 cdu tric hoan chinh va 6n dinh hon so véi mau
M1h (két qua XRD).

Theo C. Falaise va cong su [9], vat li¢u khung hiru co kim loai (MOFs, ZIFs) c6 d6 xop
lon va kich thudc mao quan tuong tu kich thude phén tir iodine nén chung 1a chat hap
phu iodine tiém ning. Vi thé, ¢ day iodine dugc sir dung dé danh gia kha nang hap phu
ctia cac mau ZIF-11 tong hop. Hinh 5 trinh bay DLHP iodine ctia cic mau ZIF-11 tong
hop trong céc thoi gian khac nhau. Cac mau déu thé hién DLHP iodine khé cao dat 183,5
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mg/g d6i miu M1h, 223,1 mg/g dbi v6i mau M3h, 230,8 mg/g dbi v6i mau M4h va 228,6
mg/g dbi véi mau M5h. Két qua nay cho thay, khi ting thoi gian téng hop tir 1 gid lén 3
gid DLHP iodine tang kha nhanh (ting 39,6 mg/g), nhung néu tiép tuc ting thoi gian tong
hop tir 3 gio 1én 4 gio DLHP chi tang nhe (tang 7,7 mg/g), con khi thoi gian tong hop
tang tir 4 gio 1én 5 gio, DLHP khong tang ma c6 sy giam nhe (giam 2,2 mg/g). Diéu nay
¢6 18 lién quan dén su thay doi cdu trac cia cac mau vat ligu téng hop nhu da trinh bay ¢
trén. Mau M1h chwa c6 su hinh thanh hoan chinh ciu trac ZIF-11, trong khi mau M3h
céu trac ZIF-11 d hinh thanh hoan chinh.Vi thé kha nang hap phuy iodine cia mdu M3h
cao hon nhiéu so véi mau M1h. Khi ting thoi gian tong hop tir 3 gior 1én 4 gid kich thude
mao quan cta vt liéu ting nén DLHP ting, con khi ting thoi gian tong hop tir 4 gid 1én
5 gio, kich thudc mao quan gan nhu khong ddi trong khi kich thude cac khdi tinh thé vat
lidu tang, c6 1& vi thé ma DLHP giam nhe.
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Hinh 5. Dung leong hdp phu iodine ciia cdc mau M1h, M3k, M4h va M5h
4. KET LUAN

D3 téng hop duogc vat liéu ZIF-11 trong hé dung méi ethanol-toluene & nhiét do phong.
Thoi gian tong hop anh hudng dén ciu trdc cua vat ligu. Vat lieu ZIF-11 thu dugc c6 cau
trdc hoan chinh va kich thuéc ddng déu sau 3 gid tong hop, co dd bén nhiét cao va c6 cau
trdc on dinh sau 4 gio tong hop. Vit ligu tong hop thé hién kha nang hap phuy tét ddi véi
iodine va DLHP cao nhat tng vai mau tong hop trong thoi gian 4 gio.

TAI LIEU THAM KHAO

[1] B.D.Pimentel, A. Parulkar, E-K. Zhou, N. A. Brunelli, and R. P. Lively (2014). Zeolitic
imidazolate frameworks: next-generation materials for energy-efficient gas separations,
ChemSusChem, 7, 1-40.

[2] B. Reif, J. Somboonvong, M. Hartmann, M. Kaspereit and W. Schwieger (2021).
Synthesis of ZIF-11 membranes: The influence of preparation technique and support
type, Membranes, 11, 523.



64

NGUYEN VAN THIEN TRIET va cs.

[3]

[4]

[5]

[6]
[7]

[8]

[9]

G. Khandelwal, N. P. M. J. Raj, and S.-J. Kim (2020). Zeolitic imidazole framework:
Metal-organic framework subfamily members for triboelectric nanogenerator, Adv.
Funct. Mater. 1910162.

B. Reif, C. Paula, F. Fabisch, M. Hartmann, M. Kaspereit, W. Schwieger (2019).
Synthesis of ZIF-11 — Influence of the synthesis parameters on the phase purity,
Micropor. Mesopor. Mater., 275, 102-110.

M. He, J. Y. Q. Liu, Z. Zhong, and H. Wang (2013). Toluene-assisted synthesis of RHO-
type zeolitic imidazolate frameworks: Synthesis and formation mechanism of ZIF-11
and ZIF-12, Dalton Trans, 42, 16608-16613.

J. M. Lucero, T. J. Self, and M. A. Carreon (2020). Synthesis of ZIF-11 crystals by
microwave heating, New J. Chem., 44, 3562-3565.

F. Hao, Y. Yao, Y. Li, C. Tian, X. Zhang and J. Chen (2015). Synthesis of high-
concentration B and N co-doped porous carbon polyhedra and their supercapacitive
properties, RSC Adv., 5, 77527.

J. Cheng, D. Ma, S. Li, W. Qu and D. Wang (2020). Preparation of zeolitic imidazolate
frameworks and their application as flame retardant and smoke suppression agent for
rigid polyurethane foams, Polymers, 12, 347.

C. Falaise, C. Volkringer, J. Facqueur, T. Bousquet, L. Gasnotb and T. Loiseaua (2013).
Capture of iodine in highly stable metal-organic frameworks: a systematic study, Chem.
Commun., 49, 10320.

Title: EFFECT OF TIME ON THE STRUCTURE OF ZIF-11 MATERIAL SYNTHESIZED AT
ROOM TEMPERATURE

Abstract: In this paper, ZIF-11 material was synthesized from benzimidazole and zinc acetate at
room temperature. Effect of synthesis time on the ZIF-11 structure was investigated. The obtained
samples were characterized using XRD, SEM, FTIR, and TGA measurements. The results
showed that the ZIF-11 material was completely formed after 3 hours and had a stable structure
after 4 hours of synthesis. The synthesized material had a uniform structure with a sharp
dodecahedron shape and high thermal stability (> 500 °C). The size of the material increased with
synthesis time. The ability of materials to absorb iodine depended on the time of their synthesis.
The sample synthesized in 4 hours showed the best adsorption capacity.

Keywords: ZIF-11, synthesis time, adsorption, iodine.



