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structure,

In this paper, ZIF-11 material was synthesized from benzimidazole and
different zinc salt sources at room temperature. The obtained samples
were characterized using XRD, SEM, FTIR and TGA measurements. The
results showed that the synthesized materials had nano-size, and
uniformity with the sharp dodecahedrons structure of ZIF-11. Zinc
sources had an influence on the size and nature of the ZIF-11 crystal.
The average crystalline size of the nanoparticles calculated by Scherrer
equation were 85.5 nm for sample of zinc nitrate, 91.9 nm for sample of
zinc chloride and 111.5 nm for sample of zinc acetate. The obtained
samples had high thermal stability (> 460 °C). The adsorption capacity
of the synthesized materials for iodine from aqueous solution was very
high (236 mg/q).

Gidi thiéu chung

Vat liéu zeolitic imidazolate frameworks (ZIFs) la mot
phan I6p dac biét cta ho vat liéu MOFs, dugc tao
thanh tUr cac cau ndi httu ca imidazole va ion kim loai.
Tuang tu nhu zeolite aluminosilicate truyén théng, ZIFs
o6 c4u truc da dang, trong doé cac ion M?* déng vai tro
cua silic trong khi cac anion imidazolate tao thanh cac
cau ndi tuong tu vai tro clia oxy trong cau tric zeolite
vdi gbc M-Im-M khodng 145° [1]. Vi tinh x8p cao, kha
nang chiic nang hod phong phu cling nhu tinh én
dinh nhiét va héa hoc dac biét, vat lieu ZIFs thé hién
tiém nang Ung dung trong nhiéu linh vuc khac nhau [1,
2]. Cho dén nay da cé hang tram loai ZIFs khac nhau
dugc cong bé 1], trong s6 do, ZIF-11 ¢ dé bén nhiét
va thuy nhiét cao trong nudc cling nhu trong dung
moéi hitu co, l1a mét trong hai loai ZIFs hia hen nhét
(ZIF-8 va ZIF-11) theo Yaghi va cong su [3, 4]. Vi thé,

ZIF-11 dang dugc quan tam nghién cltu ngay cang
nhiéu, nhét la trong cac inh vuc tach chéat, hdp phu va
xUc tac [5, 6]. ZIF-11 ¢d cau trdc kiéu RHO dudc tao
thanh tUr cac ion kém va phdi tir benzimidazole. Nhu
céc vét liu ZIFs khac, ZIF-11 dugc téng hgp chl yéu
bang phucng phéap nhiét dung méi [7] va phuong
phép dung mbi & nhiét dé phong [8]. Nhiing nghién
clu vé vat liéu ZIFs trong thai gian qua cho thay rang
diéu kién téng hgp nhu nhiét do, ty 1& ion kim loai/phdi
tU, lugng dung mdi,... déu co anh hudng dén su hinh
thanh pha, hinh thai, kich thudc,... cla vat liéu téng
hap [7]. Tuy vay, cac nghién clu vé diéu kién téng hop
anh hudng dén cdu trdc va tinh chét cta vat liéu ZIF-11
van chua dugc cong bé nhiéu.

Nham gép phan danh gia anh hudng cla nguén mudi
k&m dén cau truc va tinh chéat cua vat liéu ZIF-11, trong
bai bao nay, chiing téi trinh bay két qua dac trung vat
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liéu ZIF-11t6ng hap tir 3 ngudn mudi khéac nhau la zinc
acetate, zinc chloride va zinc nitrate. Ngoai ra, kha
nang hap phu cla 3 loai vat liéu cling dugc danh gia
budc dau.

Thyc nghiém va phuang phap nghién cdu
Hod chdt

C4c hoa chét st dung trong nghién clu nay bao gém
Zn(CH3CO0),2H,0O (Xilong, Trung Qudéc, AR > 99%),
Zn(NO3)2.6H,O (Xilong, Trung Qudéc, AR, >99%) va
ZnCly ((Xilong, Trung Qudc, AR, > 98%), Benzimidazole
(Shanghai, Trung Qudc, AR, 98%), ethanol (Xilong,
Trung Quéc, >99,7%) va toluene (Xilong, Trung QuEC).

T6ng hop vt liéu

Vat liéu ZIF-11 dugc téng hop theo quy trinh clia M.
Hel va cong su [4] c6 su diéu chinh, cu thé nhu sau:
hoa tan 0,6 gam benzimidazole trong 43 mL ethanol,
ti€p theo cho 26,5 mL toluen va 0,35 mL dung dich
NH; (25 %) vao dung dich benzimidazole, khudy hdn
hop trong 5 phdt. Sau do thém 0,55 gam
Zn(CH3C0O0),.2H,0 vao dung dich thu dugc trén roi
ti€p tuc khudy trong 4 gic & nhiét dé phong. Két tla
dugc ly tam, ria bang ethanol, sdy kho trong 24 gis &
50 °C. Ky hiéu mau la ZIF-11-Ac.

Thuc hién tuong tu déi véi Zn(NOs)..6H.O (0,75 g) va
ZnCl> (0,34 g). Ky hiéu cac mau thu dugc 1an luct la
ZIF-11-Ni va ZIF-11-Cl.

Bdc trung vat liéu téng hgp va tha khd ndng hdp phu

Vat liéu t6ng hop dugc dac trung bang cac phuong
phap: Phd XRD dugc ghi trén may nhiéu xa Ranghen
VNU-D8 Advance (Bruker, Germany), s& dung nguoén
buc xa CuKa v&i budc song A = 1,5406 A, géc quét 26
thay déi tir 2° dén 50°. Phé FTIR dugc ghi trén may IR-
Prestige-21(Shimadzu) s& dung ky thudt ép vién KBr.
Anh SEM dugc do bang thiét bi SEM JED 2300. Phan
tich nhiét TGA dugc thuc hién trén méay Setaram
Labsys TG (Phap) trong moi trudng khf tra (Ar).

Khd nidng hdp phu cla cac vt liéu ZIF-11 téng hap
dugc danh gia qua su hdp phu iodine tir dung dich
nudc. Quy trinh nhu sau: Cho vao céc (loai 100 mL) 50
mL dung dich iodine 100 mg/L, 6n dinh & nhiét d6
phong (25 °C), thém vao dé 20 mg vét liéu ZIF-11, tién
hanh khudy trong 60 phut, &y mau, ly tdm loai chét
hap phu va chudn d& mau bang dung dich Na»S,0s

0,01 N (pha tlr 6ng chudn) dé xac dinh néng do iodine.

Dung lugng hép phu dugc tinh theo cong thuc.
_(c,-0)v
- m

V)

trong do, Co va C la ndng dé ban dau va néng dé sau
khi hdp phu cla iodine (mg/L), V la thé tich clia dung
dich (mL) va m la khéi lugng chét hap phu (mg). Chat
hap phu nghién ctu la ZIF-11-Ac, ZIF-11-Cl va ZIF-11-Ni.

Két qua va thao luan

Cac mau téng hop dugc dic trung bang nhiéu xa tia X
va két qua trinh bay & Hinh 1.
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Hinh 1: Gian dd XRD cla cac mau ZIF-11 dugc t8ng
hgp tU cac mudi khac nhau

TU Hinh 1, ¢4 thé thdy gian do XRD clia mau téng hop
vai ngudn mudi Zn(Ac), (ZIF-11-Ac) xudt hién cac peak
nhiéu xa dac trung cho vat liéu ZIF-11 & cac goc va mat
nhiéu xa tuong Ung la 4,41° (011); 6,23° (002); 7,59°
(112); 8,75° (022); 9,81° (013); 12,39° (004); 13,13° (033);
13,85° (024); 15,17° (015); 15,79° (044) va 18,62° (006)
[9] Gidn dd XRD clia mau nay hau nhu khéng thay xudt
hién peak la, chiing té vét liéu téng hop c6 do tinh
khiét cao. Cac peak nhiéu xa dic trung cé cudng do
I6n, dinh peak s3c nét thé hién rang cdu tric vat liéu
ZIF-11 téng hgp cd ban chét tinh thé cao. Vé ca ban,
gian dd XRD cla cac mau téng hgp tUf cac nguodn
mudi ZnCl, (ZIF-11-Cl) va Zn(NOs), (ZIF-11-Ni) cling
xuat hién cac peak dac trung cho vat liéu ZIF-11, tuy
nhién, bén canh céac peak dac trung gian do cla céc
mau nay con xudt hién mot s6 peak clia pha khac (*)
(chua xac dinh dugc). Do dé, cac mau ZIF-11-Cl va ZIF-
11-Ni c6 @6 tinh khiét khéng cao bang mau ZIF-11-Ac.
Hon nita, cudng do peak nhiéu xa cla cac mau ZIF-11-
Clva ZIF-11-Ni cling gidam nén cac mau nay cé do tinh
thé khong cao. Kich thudc tinh thé clia cac mau téng
hgp tinh theo phuang trinh Scherrer [10] dua vao peak
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nhiéu xa Ung vai mat (011) 1an lugt 1a 85,5 nm (mau ZIF-
11-Ni), 91,9 nm (mau ZIF-11-Cl) va 111,5 nm (mau ZIF-11-
Ac). Nhu vay, cac mau téng hop déu cé kich thudc nano
va ngudn mudi kém anh hudng dén cau trdc vat liéu.

PhS héng ngoai (FTIR) (Hinh 2) d& dugc su dung dé
xac dinh cdc nhom chic bé mat va xem xét su hinh
thanh c&u trdc cda ZIF-11.

= ZIE-11-M 1117 1002773,
] 2925
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£
=
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e
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Hinh 2: Ph& FTIR clia cac mau ZIF-11-Ac, ZIF-11-Cl va
ZIF-11-Ni téng hap

Nhu thé hién trong Hinh 2, phS FTIR clia cac mau ZIF-
11 t6ng hop tUf cac ngudn mudi kém khac nhau déu
xudt hién peak & s6 séng 428 cm™ dac trung cho dao
déng hoa tri cla lién két Zn-N [11, 12]. Phé FTIR cla
cac mau ZIF-11 cling xudt hién cac peak trong vung tuf
600 dén 1600 cm™ dac trung cho dao déng hoa tri va
dao déng udn cong cla cac lién két trong vong
benzimidazole [12, 13]. Chang han, cac peak & s& song
740 cm™ va 1182 cm™' lién quan dén lién két C — H
trong vong benzene cla benzimidazole [6, 12], céc
peak & s6 séng 773 cm™, 1002 cm~ va 1300 cm™" dac
trung cho dao déng uén cong cta vong imidazole [6,
13], peak & s6 song 1117 e~ dac trung cho dao déng
uén cong cda lién két N — H trong vong imidazole [6],
peak & s6 séng 1242 cm™" dac trung cho lién két C — N
[11], peak & s6 song 1464 cm™" lién quan dén lién két C
= C [12] va peak & s6 song 1610 cm™ lién quan dén lién
két C — C [13] trong nhan thom cua benzimidazole,
peak yéu & s6 song 2925 cm™ dac trung cho dao
déng hoé tri cta lién két C — H trong vong imidazole
[13], cac peak yéu & 3028 cm™ va 3076 cm™' lién quan
dén lién két = C — H ctia nhan tham [12]. Ngoai ra, céc
mau con xudt hién 1 peak tu & s6 séng 3420 cm~' dac
trung cho lién 1két O — H clia nudc hédp phu vat ly [12].
Cac phan tich vé phé héng ngoai cho thdy da co su
hinh thanh cac lién két dac trung cla vat liéu ZIF-11.

Hinh 3: Anh SEM clia: a) ZIF-11-Ac b) ZIF-11-Ni;
o) ZIF-11-Cl

Anh SEM cla cac mau trinh bay & Hinh 3 cho thay vat
liéu t6ng hop tU mudi Zn(Ac)2 (ZIF-11-Ac) cé kich thudc
dong déu vai cac khéi cdu tric da dién (12 mat) dac
trung cta ZIF-11 rét rd rang va sac nét [6, 12]. Vat liéu
téng hop t mudi Zn(NOs), cling xudt hién cac khéi
cdu trdc da dién dac trung cla ZIF-11, tuy nhién cac
khéi nay khéng dugc sdc nét nhu mau ZIF-11-Ac.
Tuong ty, mau ZIF-11-Cl (t&r mudi ZnClo) cling xuat hién
cac khéi da dién cla ZIF-11 nhung chua dugc hoan
thién nhu 2 mau trudc. nhu vay, ré rang cac ngudn
mudi su dung téng hgp véat liéu ZIF-11 trong nghién
clu nay anh hudng dén cdu truc tinh thé cla vat liéy,
phtu hap vdi két qua trinh bay XRD & trén.

Phan tich nhiét (TGA) dugc st dung dé danh gia do
bén nhiét cla cac vat liéu t6ng hop. Hinh 4 trinh bay
két qua phan tich nhiét clia cac mau ZIF-11-Ac, ZIF-11-
Ni va ZIF-11-Cl. Gidn do phan tich nhiét clia cac mau
ZIF-11-Ac va ZIF-11-Cl ¢6 dang tuong tu nhau. Hai mau
nay déu cé 2 khoang giam khai lugng. O khodng nhiét
do thdp (<260 °C) khéi lugng gidm khéng dang ké (3-
5%), dugc cho la lién quan dén sy bay hai cla H,O
hap phu vat ly hodc cling cé thé clia moét s§ phan tlr
benzimidazole chua phan dng hét.
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Hinh 4: Gian do phan tich nhiét TGA clia cac mau ZIF-
11téng hop

& khoang nhiét dé cao han (>460 °C d6i véi mau ZIF-
1-Cl va >500 °C d&i v&i mau ZIF-11-Ac), cac mau nay
déu co su gidm khaéi lugng 1dn, lién quan dén su phan
huy cac cau ndi benzimidazole trong vét liéu. Mau ZIF-
11-Ni chi c6 mét budc gidm khdi lugng & khodng nhiét
dd cao (trén 460 °C), dudc cho la do su phan huy céc
phdi t& benzimidazole trong tinh thé vat liéu. Nhu vay
cac mau ZIF-11t6ng hop ¢ dé bén nhiét cao (dén 460
°C) va cac mau co su khac nhau vé dd bén nhiét
nhung khéng déang ké, cé thé lién quan dén ban chat
va kich thudc cla cac tinh thé nhu da trinh bay & két
qua XRD. Mau ZIF-11-Ac c6 do tinh khiét cao hon va
kich thudc tinh thé 16n hon nén c6 dd bén nhiét cao
haon.
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Hinh 5: Dung lugng hap phu iodine clia cac mau
ZIF-11 t8ng hop

Cac mau ZIF-11t6ng hap dugc danh gia kha nang hép
phu qua qua trinh hdp phu iodine trong dung dich
nudc. Két qua trinh bay & Hinh 5 cho thdy cac mau
ZIF-11 t6ng hop c6 dung lugng hdp phu iodine khé
cao, dat 236,06 mg/g déi vdi vat lieu ZIF-11-Ac, 233,52
ma/g d6i véi vat lieu ZIF-11-Cl va 232,25 mg/g déi véi

vat liéu ZIF-11-Ni. Nhu vy, cac vat liéu ZIF-11 téng hop
déu thé hién khad nang hdp phu tét déi vdi iodine tir
dung dich nudc va hau nhu khéng cé su khac nhau
dang ké vé kha nang hap phu cla 3 mau vét liéu t6ng
hop tUf 3 nguén mudi khac nhau. Theo C. Falaise va
cdng sy [14], vat liéu khung htu cg kim loai (MOFs,
ZIFs) c6 do x6p 16n va kich thudc mao quan tucng tu
kich thudc phan t iodine nén ching la chét hdp phu
iodine tiém nang. K&t qua budc dau nay md ra trién
vong cho hudng nghién clu Ung dung cua vat liéu
ZIF-11.

K&t luadn

D3 téng hop thanh cong vat liéu ZIF-11 ti cac ngudn
mudi k8m khac nhau bang hé dung moi ethanol-
toluen & nhiét d6 phong. Vat liéu téng hap cé kich
thudc nano, déng déu va cé dé bén nhiét cao. Ngudn
kém cé anh hudng dén kich thudc tinh thé va ban chét
clia vat liéu. Vat liéu t6ng hgp thé hién kha nang hép
phu tét déi vdi iodine.

Tai liéu tham khao

1. Pimentel B. D., Parulkar A., Zhou E-K_, Brunelli N. A,,
and Lively R. P. (2014), ChemSusChem, 7 (2014), 1-
40.

2. G.Zhong, D. Liy, and J. Zhang, J. Mater. Chem. A, 6
(2018), 1887.

3. K S.Park, Z. Ni, A P. Cété, J. Y. Choi, R. Huangs, F.
J. Uribe-Romo*, H. K. Chae, M. O'Keeffe, and O. M.
Yaghi, Proc. Natl. Acad. Sci. U. S. A, 103 (2006),
10186-10191,

4. M. He J.Y.Q Liy Z. Zhong, and H. Wang, Dalton
Trans., 42 (2013), 16608-16613.

5. Ting-Ting Han, L-Ning Wang, J H
Potgieter,Journal of Solid State Chemistry 282
(2020), 121108.

6. J. Sanchez-Lainez, B. Zornoza, C. Tellez and J.
Coronas, J. Mater. Chem. A, 4 (2016), 14334-14341.

7. B. Reif, C. Paula, F. Fabisch, M. Hartmann, M.
Kaspereit, W. Schwieger, Micropor. Mesopor.
Mater. 275 (2019), 102-110.

8. B.R. Pimentel, M. L. Jue, E. K. Zhou, R. J. Verploegh,
J. Leisen, D. S. Sholl, R. P. Lively, The Journal of
Physical Chemistry C., 123 (2019), 12862-12870.

9. F. Hao, Y. Yao, V. Li, C. Tian, X. Zhang and J. Chen,
RSC Adv., 5 (2015), 77527.

10. E. Sohouli, M. S. Karimi, E. M. Khosrowshahi, M.
Rahimi-Nasrabadi, F. Ahmadi, Measurement , 165
(2020), 108140.

1. J. M. Lucero, T. J. Selft, and M. A. Carreon, New J.
Chem., 44 (2020), 3562-3565.

https://doi.org/10.51316/jca.2021.013
82


https://doi.org/10.51316/jca.2021.013

Vietnam Journal of Catalysis and Adsorption, 10 —issue 1 (2021) 79-83

12. G. Khandelwal, N. P. M. J. Raj, and Sang-Jae Kim, Polymers 12 (2020), 347.
Adv. Funct. Mater. 30 (2020), 14. C. Falaise, C. Volkringer, J. Facqueur, T. Bousquet, L.
https://doi.org/10.1002/adfm.201910162 Gasnotb and T. Loiseaua, Chem. Commun. 49
13. J. Cheng, D. Ma, S. Li, W. Qu and D. Wang, (2013), 10320.

https://doi.org/10.51316/jca.2021.013
83


https://doi.org/10.51316/jca.2021.013
https://doi.org/10.1002/adfm.201910162



