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Tom tat: Trong bai bao ndy, vat ligu Cu-ZIF-7 dugc tong hop nhanh tir zinc
nitrate, copper nitrate va benzimidazole ¢ nhiét do phong. Vat liéu téng hop
duge dic trung cau tric va tinh chat bang cac phuong phap: nhiéu xa tia X
(XRD), hién vi dién tir quét (SEM), pho tan sic nang luong tia X (EDX) va
dang nhiét hap phy-khtr hip phu nitrogen. Vit liéu tong hop ciing dugc déanh
gia kha ning hap phu va quang xuc tac. Két qua cho thay vat liéu Cu-ZIF-7
la nhiing tinh thé da dién dong déu vai hinh dang va bé mat duoc xac dinh ro
rang, kich thugc tinh thé ¢& pm. lon Cu(ll) phan tan vao ciu tric véi ty Ié sé
mol Cu:Zn = 1:4,56, twong duong Vi ty 18 sé mol theo tinh toan 1a Cu:Zn =
1:4. Miac du kha nang hap phy pham nhuom rhodamine B khong cao, nhung
vat lidu Cu-ZIF-7 thé hién duoc hoat tinh quang xuc tac phan huy rhodamine
B dudi tc dung cua anh séang nhin thay.

Tir khoa: Cu-ZIF-7, hip phu, quang xtc tac, rhodamine B

1. MO PAU

Trong nhitng nim gan day, vat lieu khung kim loai-hitu co (MOFs) néi chung va vat
lieu khung kim loai-hitu co ¢6 cu tric tuong tu zeolite (ZIFs) noi riéng da hap dan cac
nha khoa hoc trén khip thé gisi. Cac loai vt liéu ndy duoc tao thanh tir cac ion kim loai
va c4c phdi tir hiru co imidazolate, c6 khung mang dac biét, c6 dién tich bé mit, do bén
nhiét va thuy nhiét cao. Bén canh d6, do cau trlic mang linh dong nén cac vat liéu nay
cling dé dang duoc chuc ning hoa va diéu khién kich thuéc mao quan [1-3]. Dén nay,
nhiéu loai vat liéu ZIFs khac nhau da duoc nghién ctu tong hop va ung dung. Trong so
d6, ZIF-7, mot trong nhirng vat liéu ZIFs dugc cong b som nhat, ciing nhan duoc su
quan tam caa nhiéu nha khoa hoc. ZIF-7, duoc tao thanh tir cac ion Zn(ll) va phdi tir
hitu co benzimidalate, cd cau tric kiéu SOD tuwong tu zeolite nén c6 do bén nhiét va
thuy nhiét cao, htra hen cho viéc bién tinh d& dang. Nhiéu cong trinh lién quan dén ZIF-
7 da duoc cong bd, chang han, X. Wu va cong su [4] di nghién ciu tong hop va tng
dung ZIF-7 trong viéc tdch CO> ra khoi CH4. H. Chang va cong su [5] nghién ctu su
hap phu chon loc Ha trong su ¢6 mat cia CO; sau khi bién tinh mang ZIF-7 biang nhém
-NHz. A. Ebramhimi va ddng nghiép [3] nghién ciu hoat tinh quang xuc tac cua ZIF-7
sau khi pha tap bang kim loai (Mn?*, Ni?*, Cu?*, Cd?*) bang phuong phap tam,...Tuy
vay, viéc nghién ctu bién tinh ZIF-7 bang ion kim loai hoat dong Cu(ll) van chua duoc
cong bd nhiéu ¢ trén thé giGi ciing nhu trong nudc.

Trong bai bao nay, ching toi trinh bay két qua tong hop, dac trung Cu-ZIF-7 va buéc
dau danh gia hoat tinh hap phu, quang xdc tac cua vat liéu nay.
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2. THUC NGHIEM
2.1. Hoa chat

Cac hod chit st dung trong nghién cteu nay bao gém: Zn(CHs3COO)2.2H.0
(Guangdong, Trung Qudc), Cu(CHsCOO)2..H.O (Merck, Duc), benzimidazole
(Shanghai, Trung Quéc), ethanol (Xilong, Trung Quéc), dung dich NH3 25% (Xilong,
Trung Quéc) va rhodamine B (Merck, Bic).

2.2. Tong hop vat liéu

Vit liéu Cu-ZIF-7 duoc tong hop theo quy trinh cia M. He va cong su [6], ¢6 su diéu
chinh: Hoa tan 0,5256 g Zn(CH3C00)2.2H-0 va 0,1200 g Cu(CH3C00)2.H20 trong 13
mL ethanol thu duwgc dung dich (1), hoa tan 0,7200 g benzimidazole trong 38 mL
ethanol thu dugc dung dich (2). Cho dung dich (1) vao dung dich (2), thém vao d6 3,84
mL dung dich ammonia (25%), khuay hé trong 10 phut & nhiét d6 phong. Két tia duoc
rira bang ethanol, sau d6 siy kho & 80 °C.

Dé so sanh vat liéu ZIF-7 ciing dugc tong hop theo quy trinh trén ma khong sir dung
Cu(CH3C00)2.H.0

2.3. Pic trung vt ligu tong hop va thir hoat tinh hap phu, xUc tac

Vit lidu ZIF-7 va Cu-ZIF-7 tong hop duoc dic trung bang cac phuong phap: Phd XRD
duoc ghi trén may nhiéu xa Ronghen VNU-D8 Advance (Bruker, Germany), st dung
nguodn buc xa CuKo véi budc song 4 = 1,5406 A, goc quét 26 thay doi tir 2 — 40°; anh
SEM ¢ cac d6 phong dai khac nhau duge do bang thiét bi SEM JED 2300; pho EDX
dugc do trén may SEM JED 2300 va dang nhiét hap phu—khir hap phu nitrogen duoc do
trén thiét bi Micromeritics ASAP 2020.

Kha nang hap phu cua cac vat liéu ZIF-7 va Cu-ZIF-7 téqg hop dugc danh gia qua su
hap phu rhodamine B (RhB) tir dung dich nudc. Cho vao coc 150 mL dung dich RhB 10
mg/L, 6n dinh & nhiét o phong (25 °C), thém vao d6 30 mg vat ligu tong hop va tién
hanh khuay hon hop trong bong toi. Sau cac khoang thoi gian 10, 20, 30, 60 va 90 pht,
lay mau ly tim va xic dinh nong do RhB bing phuong phap phd UV-Vis. Dung luong
hap phu (DLHP) dugc tinh theo céng thuc:

_ (Ci-c)v

e )
trong do, Ci va Ct la ndng d¢ cua dung dich RhB ban dau va ¢ thoi diém t (mg/L), V la
thé tich cua dung dich (mL) va m la khoi Iwgng chat hap phu (mg).

Hoat tinh quang xuc tac cua vat liéu dugc danh gia qua kha nang phan huy RhB. Cho
vao cbc 100 mL dung dich RhB 10 mg/L, 6n dinh & nhiét d6 phong (25 °C), thém vao
d6 20 mg vat liéu tong hop va tién hanh khudy dung dich trong béng téi trong 60 phat
dé qua trinh hap phu dat can bang. Sau d6 dung dich dwoc chiéu sang bang dén halogen
(250 W, ¢6 kinh loc tia UV) trong 60 phit. Nong d6 cua RhB truéc va sau khi chiéu
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sang duoc xac dinh bang phuong phap phé UV-Vis. Hiéu suat phan huy RhB duoc tinh
theo cong thuc sau:

H =L 100 ()
trong d6, Ci (mg/L) va Cr (mg/L) 12 ndng d6 RhB trudc va sau khi chiéu sang.
3. KET QUA VA THAO LUAN
Hinh 1 1a anh cia mau ZIF-7 va Cu-ZIF-7 téng hop tﬂ,mgéi zinc nitrate, copper nitrate
va benzimidazole. Cac mau vat li¢u tong hop deu la chat ran, dang bot min, xop, c6 mau
trang doi véi mau ZIF-7 va mau hong dat cua mau Cu-ZIF-7 ching to dong da phén tan
vao cau truc cua vat liéu nhu chi ra ¢ két qua EDX.

Hinh 1. Hinh dnh cia mdu ZIF- 7 va Cu-ZIF-7 téng hop
Thanh phan nguyén t6 cua mau Cu-ZIF-7 téng hop duoc phan tich bang phuong phap
pho EDX va ket qua dugc chi ra ¢ Bang 1 va Hinh 2. Két qua ¢ Bang 1 va Hinh 2 cho
thay, vat liéu Cu-ZIF-7 tong hop chtra cac nguyén to chinh la C, Zn, Cu, O va luong rat
nho Si (cé thé 1a do tap chat). Ty 1é mol Cu:Zn =1:4,56, thé}p hon mot chat so vai ty 1€
tinh toan la 1:4, nhu vay, ion Cu(Il) da phan tan rat tot vao cau tric vat liéu.
Bang 1. Thanh phan nguyén té ciia cac mau Cu-ZIF-7
Nguyén tb C 0 Cu Zn Si Tong

Thanh Ehaq 77.46 457 3,22 14,69 0,05 100
(% nguyén tir)

Cau trdc cta cac mau téng hop duoc dic trung bang nhiéu xa tia X va két qua dugc
trinh bay ¢ Hinh 3. Gian d6 XRD cua mau ZIF-7 chta ddy du cac peak dic trung cua
loai vat liéu nay [3,4,6], cac peak déu rd rang, co cuong do cao va sic nét, nhat 1a peak
chinh & gdc 26 = 8,93° ung véi mat nhiéu xa (110), ching to vat liéu ZIF-7 da duoc
t6ng hop thanh cong va c6 do tinh thé cao. Mau Cu-ZIF-7 ciing xuat hién gan nhu day
du cac peak dic trung cua vat liéu ZIF-7, chi c6 peak tng véi mat (101) ¢ goc 26 =
7,61° 1a khdng xuét hién. Nhu vy, vé co ban vt liéu Cu-ZIF-7 van duy tri dugc ciu
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trdc caa ZIF-7. Sy ¢6 miat caa ion Cu(ll) trong ciu tric mang chi 1am thay dbi hinh thai
cua vat liéu nhu dugc trinh bay & két qua SEM.
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Hinh 2. Gian dé EDX cua cac mau Cu-ZIF-7
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Hinh 3. Gidn do XRD cua cac mau ZIF-7 va Cu-ZIF-7 téng hop

Hinh 4 trinh bay anh SEM cua mau ZIF-7 va Cu-ZIF-7 téng hop do & cac do phan giai
khéc nhau. Quan sat anh SEM cua mau ZIF-7 (Hinh 4a,b) c6 thé thay mau nay xuat hién
c4c hat tinh thé hinh cau kha dong déu véi kich thudc khoang 0,15-0,30 um dugc hinh
thanh tir cac cac hat nho hon, tuy nhién, bé cac mit tinh thé khong duoc rd rang SAC nét.
Két qua nay tuong tw Vi cdng bd cua M. He va cong su [6]. Theo M. He, diéu nay co
thé 1a do téc do deproton hda nhanh chéng cua cac phdi tir hitu co trong dung dich
ammonium hydroxide trong hé nugc/ethanol, dan dén sy phat trién nhanh cua tinh thé.
M3au Cu-ZIF-7 (Hinh 4c.d) xuét hién cac tinh thé da dién (20-12 mit) ddng déu hon voéi

(o, =
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bé mat dugc xac dinh rd rang, sic nét. Nhu vay, su ¢ mat cua ion copper da lam thay
doi hinh thai tinh thé cua vat liéu tong hop.
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Hinh 4. Anh SEM cua cac mau ZIF-7 (a,b) va Cu-ZIF-7 (c,d) tong hop

Tinh chat bé mat caa vat liéu tong hop duge dic trung bang phuong phap dang nhiét
hap phu — khir hap phy nitrogen va két qua dugc trinh by & Hinh 5. Céc thong s6 thu
duoc tir két qua do dang nhiét hap phu va khu hap phu nhu dién tich bé mit riéng
(Seet), duong kinh mao quan va thé tich mao quan cta cac mau ZIF-7 va Cu-ZIF-7
duoc trinh bay trong Bang 2. Co6 thé thiy duong dang nhiét hap phu — khu hap phu
nitrogen cua cac mau deu thugc loai 11 theo phan loai IUPAC. Cac mau déu xuat hién
cac vong tré ¢ &p suat twong d6i cao. Cac vong tré nay co I8 lién quan dén khoang
khong ton tai giita cac hat vat liéu. Dién tich bé mat riéng cua cac mau ZIF-7 va Cu-
ZIF-7 tinh toan tir s6 liéu dang nhiét lan luot 1a 2,96 m?/g va 2,72 m?/g. Dién tich bé
mat cta ZIF-7 trong nghién ctru nay ciing twong tu nhu cua tac gia M. He (2,6 m?/g) [6]
va M. Ebrahimi (2,83 m?/g) [7]. Theo céc tac gia nay, vat liéu ZIF-7 c6 mao quan hep
nén N khdng thé di vao trong cic mao quan ma chi ¢6 thé hap phu I&n bé mat ngoai nén
dién tich tinh duogc tuong dbi thap.


https://www.sciencedirect.com/science/article/abs/pii/S0167577X16319048#!

90 NGUYEN HO NGOC THU va cs.

8
6 I[
H7
— 5-
z 6
-

i 5
\S/ 34 N 4
Z =l
S 2 .

y 3
o
2 | T~ ZIFT7 n—'l-"'::'/'
= ! 1,,,”#‘##"’""- el gun (2
fn N m-m-m l""'._=::'.'.
-m m-E-E-H- _m-H-

g- 0 Il.llllll..l .I.I-.l-.l'l'.'.'.'.’. u-8 ~ I
3 Cu-ZIF-7 "

T T T T T T T T T r

0.0 0.2 0.4 0.6 0.8 1.0

Ap suit tuong doi p/p,

Hinh 5. Puong dang nhiét hap phu- khir hdp phu Na ciia cde mau ZIF-7 va Cu-ZIF-7
Bang 2. Théng sé cau tric cia mau ZIF-7 va Cu-ZIF-7

Mau Sger (M¥g) | Thé tich mao quan (cm3g) | Pwang kinh mao quan (nm)
ZIF-7 2,96 0,0086 10,34
Cu-ZIF-7 2,72 0,0087 11,05

Hinh 6 trinh bay DLHP RhB cua cac mau ZIF-7 va Cu-ZIF-7 theo thoi gian. C6 thé
thdy kha nang hap phu RhB cua vat ligu ZIF-7 1a khong cao dat khoang 15 mg/g. Nhur
da dé cap o trén vat lieu ZIF-7 c6 kich thuéc mao quan nho trong khi cac phan tir RhB
c6 kich thudc 16n nén khdng thé di vao bén trong cic mao quan vt liéu, do d6 qué trinh
hap phu chi xay ra & mat ngoai, vi vay ma DLHP khong cao. Mic du, ¢d dién tich bé
mat riéng giam nhe so véi mau ZIF-7 nhung DLHP RhB cua mau Cu-ZIF-7 Ién gan gap
2 1an so v&i mau ZIF-7 (dat khoang 28 mg/g). Két qua nay cd thé la do su c6 mat cua
c4c ion copper da tao thém céc tdm hap phu trén bé mat vat liéu 1am gia ting kha ning
hap phu. Két qua & Hinh 6 ciing cho thay qua trinh hdp phu RhB gan nhu dat can bang
sau 60 phdat.

Viéc phén tan ion ddng vao cau tric cua vat liéu ZIF-7 khong chi cai thién hoat tinh hap
phu ma con mang lai hoat tinh quang xuc tac cho vat liéu Cu-ZIF-7 dudgi &nh sang nhin
thay. Hinh 7 trinh bay hiéu suat phan huy RhB cua cac mau ZIF-7 va Cu-ZIF-7 dudi tac
dung cuia &nh séng nhin thiy. Két qua cho thdy mau ZIF-7 hau nhu khong thé hién hoat
tinh quang xc tac khi hiéu suat phan huy RhB chi dat khoang 3%, trong khi mau Cu-
ZIF-7 cho higu suét phan huy RhB dén gan 50%. Nhu vay, véi su c6 mit cua ion Cu(ll)
trong mang ludi, vat liéu Cu-ZIF-7 da thé hién hoat tinh quang xuc tac phan huy RhB
dudi tac dung cua anh sang nhin thiy. Két qua nay mé ra trién vong cho viéc nghién
ctru hoat tinh quang xuc tac cua vat liéu Cu-ZIF-7 trong ving anh sang nhin thay.
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Hinh 6. DLHP RhB cuzia cac madu ZIF-7 va Hinh 7. Hiéu suat phan huy RhB ciia cac mau
Cu-ZIF-7 theo thoi gian ZIF-7 va Cu-ZIF-7 sau 60 phat phan ing
4. KET LUAN

Pi tong hop nhanh cac vat liéu ZIF-7 va Cu-ZIF-7 bang phuong phap don gian di tir
mudi zinc acetate, copper acetate va phéi tir hiru co benzimidazole trong ethanol vai su co
mit caa dung dich ammonia & nhiét 6 phong. Vat liéu tdng hop 1a nhiing tinh thé hinh
cau (ZIF-7) hoic 1a da dién (Cu-ZIF-7) kha dong déu véi kich thude ¢ um. Vat liéu Cu-
ZIF-7 cai hién hoat tinh hip phu rhodamine B so véi vat liéu ZIF-7, dic biét vat liéu Cu-
ZIF-7 ¢6 kha nang phan huy rhodamine B duéi tac dung caa anh sang nhin thay.
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Title: SYNTHESIS AND CHARACTERISTICS OF Cu-ZIF-7

Abstract: In this paper, Cu-ZIF-7 was synthesized from zinc nitrate, copper nitrate and
benzimidazole at room temperature. The resulting material was characterized using X-ray
diffraction (XRD), scanning electron microscopy (SEM), X-ray energy dispersion spectroscopy
(EDX) and nitrogen adsorption-desorption isotherm measurements. The material was also tested
for its adsorption and photocatalytic activities. The results showed that Cu-ZIF-7 had quite
uniform polyhedron crystaline with well-defined shape and surface, crystal size in micrometer.
Copper ions dispersed into the structure of the material with the molar ratio of Cu: Zn = 1: 4.56,
equivalent to the calculated one (1: 4). Although the adsorption capacity of rhodamine B dye of
Cu-ZIF-7 is not high, this material exhibits photocatalytic activity of rhodamine B degradation
under visible light.

Keywords: Cu-ZIF-7, adsorption, photocatalytic activity, rhodamine B.



