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ABSTRACT

In this study, a zeolitic imidazolate framework based on ZnNa cluster was
synthesized in water at room temperature. The reaction was studied by
combination of ZnSO4-7H2O with linker 2-methylimidazole (2-HmIm) in
various conditions of 2-HmIm concentration and mole ratios of 2-HmIm/zZn.
The structure of the resulting material was characterized by powder X-ray
diffraction (PXRD). The morphology of the compound was observed by
scanning electronic microscopy (SEM) and the elemental composition was
determined by energy dispersion X-ray spectroscopy (EDS). Thermal
gravimetric analysis (TGA) was used to illustrate the thermal stability of the
material. It was demonstrated that the obtaining Zn-ZIF was successfully
synthesized by green method with high crystallinity and high thermal stability.
The product was further subjected to catalyze the reduction reaction of
environmental pollutant 4-nitrophenol with reducing agent NaBH4. The
preliminary study showed that the pristine Zn-ZIF did not exhibit catalytic
activity due to fully saturated ZnNa sites. This result paves the research
direction to the way of modifying the pristine material resulting in unsaturated
metal sites distributed on the carbon framework.

TOM TAT

Vat liéu khung co kim cdu tric zeolite dya trén cluster tir dién ZnNa duoc téng
hop trong dung méi nuée, & nhiét dg phong. Phan vmg duoc khao sat voi nguén
muoi kém ZnSOsTH20 két hop véi linker 2-methylimidazole (2-Hmim) ¢
nhtmg diéu kién khdc nhau vé néng d ciia 2-HmiIm va ti 1é mol 2-HmIm/Zn.

Cdu triic ciia vt liéu duogc xac dinh bangphuongphap nhiéu xa tia X (PXRD).

Hinh thdi ciia mau duwoc quan sat bang kinh hién vi dién tir quét (SEM) va
thanh phan nguyén té dwoc phan tich bang phé tan xa nang lwong tia X (EDS).

DG bén nhiét cua vt liéu dwoc xac dinh qua phan tich nhiét trong luong (TGA).
Két qud cho thdy vit liéu Zn-ZIF dwoc tong hop thanh céng theo quy trinh héa
hoc xanh vé&i d@é két tinh cao va do bén nhiét Ién. San phzfm duoc tiép tuc sir
dung lam xiic tac phan iing khir 4-nitrophenol véi chat khir NaBHa. Nghién ciru
so bo cho lhtfy Zn-ZIF chwa bién tinh khong thé hién hoat tinh xiic téc do cdc
Vi tri ZnNs dd hodn toan bdo hoa. Két qua nghién ciru nday mo ra dinh hieéng
bién tinh vét liéu tao cac tam kim logi chua béo hoa dwoc bé tri phdn tan trén
khung swon carbon.
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1. GIOI THIEU

Vit lidu khung co kim cau trac zeolite (ZIF) 1a
vat ligu ran két tinh dugc tao thanh do su lién két
giita cac nguyén tir kim loai qua cau néi la cac linker
imidazolate (Huang et al., 2006; Phan et al., 2009).
Hau het cac vit liéu tao thanh c6 “topology” giong
Vi ciu triic cua vat liéu zeolite. Vat liéu ZIF thu huat
nhiéu sy quan tim nghién ctru do cau tric két tinh
cao, dién tich bé mat 16n, 6 bén nhiét va o bén hoa
hoc cao (Chen et al., 2014). Chinh vi nhiing tinh chat
ndi bat nay, vat liéu ZIF dugc ung dung trong nhiéu
linh vyc luu trit khi, phan tach khi (Li et al., 2012),
cam bién (Hu et al., 2014; Kreno et al., 2012), xtic
tac (Liu et al., 2014; Zhang & Lin, 2014) va xt ly
nudc (Hasan & Jhung, 2015; Wang et al., 2014).

Trong sb cac vt li¢u ZIF khac nhau, ZIF-8 dugc
tao thanh boi cac ion Zn?* lién két v6i 2-mIm, 1a mot
trong nhiing vat liéu ZIF dugc nghién ctu nhiéu
nht. Vat liéu ZIF-8 tao thanh c6 “topology” SOD
v6i duong kinh 16 x6p 11,6 A va c6 d6 bén nhiét cao
(550 °C trong N), dién tich bé mat lén (khoang
1700 m? g theo BET) (Park et al., 2006; Zhang &
Hu, 2011). Ngoai ra, vt lieu ZIF-8 dugc chung
minh c6 thé gitt nguyén ciu triic sau 7 ngdy ngam
trong nuéc, dung dich kiém va cac dung méi hiru co
khac nhu methanol, benzene & nhiét d6 thuong va
ngay ca dun nong ¢ 100 °C (Park et al., 2006).

Cho dén nay, c6 rat nhiéu phuong phap tong hop
ZIF-8 dugc cong bd bao gdm nhiét dung méi, vi
song, siéu am, dién hoa & cac diéu kién khac nhau
vé nhiét d6 va trong cac dung méi khac nhau. Nam
2006 nhém Gido su Yaghi tong hop thanh cong vat
liéu ZIF-8 bang phuong phap nhiét dung méi trong
N,N-dimethylformamide (DMF) & 140 °C (Park et
al., 2006). Nhiing tinh chat ndi troi vé do bén nhiét
va do bén hoa hoc ZIF-8 da thu hut hang loat cac
nghién ctu tiép theo nham tim ra diéu kién téi wu dé
diéu chinh kich thudc, hinh thai va dién tich bé mat
cua vat liéu. Nhitng nghién ciru nay dya trén viéc
diéu chinh méi trudng phan (ng bang cach thém vao
cac hop chat amine nham ting cuong kha niang tach
proton cua linker imidazole tao diéu kién thuan loi
cho su hinh thanh lién két voi cac ion kim loai.
Nhiing hop chat amine thudng dwoc sir dung nhu
triethylamine (Gross et al., 2012), n-butylamine
(Cravillon et al., 2011) va poly amine (Tian et al.,
2007). Tuy nhién, phuong phéap tong hop nhiét dung
mdi thuong sir dung cac dung méi hitu co dét tién
va doc hai va phan ung thuc hién cin dun néng.
Phuong phap hoa hoc xanh ngiy cang duoc day
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manh thiuc day cac nghién ciru tong hop ZIF ma
khong can st dung dung méi hiru co. Nam 2011,
Pan va cong su lan dau tién cong bd tong hop thanh
cong vat liéu ZIF-8 trong nudc ¢ nhiét do phong ma
khong can sir dung thém hoa chét diéu chinh moi
truong ciing nhu cac hop chat dinh huéng cau trac
(Pan et al., 2011). Két qua nghién ctru nay cho thay
can mot lugng du rat I6n 2-HmIm cho sy hinh thanh
vat liéu ZIF-8. Jian et al. (2015) cong bd quy trinh
khao sat chi tiét vé quy trinh téng hop ZIF-8 trong
dung méi nudce & nhiét @6 phong. Tac gia chi rd cac
yéu t6 nhu ngudn mudi Zn, ti 1& 2-HmIm/Zn ¢ anh
huong rat 16n dén do két tinh va dé tinh khiét cua
vt liéu ZIF-8 tao thanh. O day mét lan nita tac gia
can st dung lwong du 2-HmIm véi ti 1&¢ mol
2-HmIm/zn tir 35-70 dé thu dugc ZIF-8 c6 do két
tinh cao va khong 1an tap chét. Tuy nhién, viéc dung
mot lugng du hoa chat Ién hon rat nhiéu so véi
lwong can thiét cho phan tmg thi khong phut hop voi
mot trong cac nguyén tic cua hoa hoc xanh.

Trong nghién ctru nay, diéu kién tong hop vat
liu Zn-ZIF tr mudi kém va linker 2-HmlIm trong
dung moéi nudc ¢ nhiét do phong va khong st dung
thém hoa chit khac duoc khao sat. Muc tiéu cta
nghién ctru 13 tim ra diéu kién vé ti 16 2-HmIim/Zn
vira da nhung van thu duogc vat lieu Zn-ZIF c6 do
két tinh cao va tinh khiét. Ngoai ra, vat liéu Zn-ZIF
tao thanh chua bién tinh sau d6 dugc khao sat hoat
tinh xtic tic cho phan ung khir chat thai 6 nhidm
4-nitrophenol (4-NP) thanh 4-aminophenol (4-AP),
mot tien chat can thiét trong tong hop hiru co va
duogc pham, véi tac nhan khir NaBHs Két qua
nghién ciru 12 nén tang dé thyc hién cac nghién ctru
bién tinh tiép theo.

2. PHUONG PHAP NGHIEN CUU
2.1. Thiét bi va héa chit

Cac mau nhiéu xa tia X dang bot (PXRD) dugc
do trén may Bruker D8 Advance sir dung CuK, da
dugc loc Ni (A = 1,54178 A) va hoat dong & 40
kV/30 mA. Gian dd PXRD dugc ghi nhan & goc 20
= 3-50° vdi toe d6 quét 0.01° s,

Hinh thai va thanh phan nguyén t6 cia cac mau
dugc phan tich bang thiét bi FESEM (S-4800,
Hitachi, Nhat Ban) dugc trang bi phan tich phé tan
xa nang lugng tia (EDS, Nhat Ban) ¢ dién ap 15 kV.

Cac duong cong phan tich nhiét trong luong
(TGA) duoc ghi nhan trén thiét bi phan tich nhiét
TA Q500 trong dong khi nitrogen. Mau dugc gia
nhiét & tdc do 10 °C phat™ tir 25 dén 750 °C.
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bo hép thu cta cac dung dich thu dugc trén may
guang phé UV - Vis A V730 Jasco.

Hoa chét dwoc sir dung trong nghién ciru gébm
ZnS0,:7H;0, methanol c6 xudt x Trung Qudc;
2-methylimidazole (2-HmIm),  nuéc DI,
4-nitrophenol (4-NP) dugc mua tir hing Merck;
sodium borohydride (NaBH4) dugc mua tir cong ty
Fisher.

2.2. Quy trinh tong hop Zn-ZIF
Quy trinh khao sat:

H&n hop gdm 144 mg Zn(SO4)» 7H20 (0,50
mmol) va 82 mg 2-HmIm (1,0 mmol) dugc hoa tan
trong 10 ml nuéc DI. H6n hop phan img sau d6 duoc
déanh siéu am trong 30 gidy va dé ¢ nhiét 6 phong
trong 24 gio, thu dugc bot két tinh mau tring. Dé
khao sat anh huong cua ndng do 2-Hmlm, nong do
2-HmIm thay d6i tir 0,1 M dén 0,5 M véi mdi lan
tang 0,05 M. Sau d6, ndong d6 2-HmIm dugc ¢b dinh
dé khao sat ti 16 mol 2-HmIm/Zn. Theo dé, ti 1& mol
2-HmIm/Zn dugc khao sat & cac ti 18 1:1 dén 5:1.
Sau khi cén tinh toan lai thi ti 1€ mol 2-HmIm/Zn
khao sat dugc ghinhanla1:1;1,5:1;2:1; 2,6:1; 3:1;
3,3:1;4:1;4,4:1 va 5:1.

Quy trinh t0i wu:

Mot hdn hop gdm 287 mg Zn(SO4)2:7H.0 (1,0
mmol) va 360 mg 2-HmIm (4,4 mmol) duoc hoa tan
trong 10 ml nugc DI. Hon hop phan tng sau d6 duoc
danh siéu am trong 30 gidy va dé ¢ nhiét d6 phong
trong 24 gio, thu dugc bot két tinh mau tring. Cac
tinh thé sau do duoc loc va rira sach bang nuéc va
methanol (3 x 5 mL, mdi lan rira). Chat ran duoc
lam kho trong 12 gio' & 80 °C trong tu Sdy chan
khéng va sau d6 duoc giit trong lo thiy tinh dé sir
dung cho cac phan tich tiép theo. Hiéu suit cua phan
tmg 1a 84% dya trén khdi luwong mudi
Zn(SO4)2-7H20.

2.3. Quy trinh kiém tra hoat tinh xic tac
phan &ng khir 4-NP

Phan ng khir 4-NP duoc thuc hién trong mot
cuvette thach anh. Trong thi nghiém khong c6 xuc
tac, 4 mL cua dung dich chét 6 nhiém 4-NP 2 ppm
va 4 mg NaBH. dugc cho vao cuvette thach anh.
Phan ung khtr 4-NP duoc theo ddi bang quang phd
hip thu UV-Vis trong ving tir 200 dén 800 nm &
mai khoang thoi gian phan tmg 2 phut trong 10 phut.
Trong thi nghiém c6 chét xuc tic, dau tién 1 mg
Zn-ZIF duogc cho vao 4 mL dung dich 4-NP 2 ppm
va danh siéu am trong 2 phut. Sau d6 4 mg NaBH,
duogc thém vao va phan tng duoc theo ddi bang phd

56

Tap 59, Sé 2A (2023): 54-59

UV-Vis ding theo quy trinh dugc dung cho thi
nghiém khong c6 chat xtic tac.

3. KET QUA VA THAO LUAN
3.1. Phan tich céu tric vat ligu Zn-ZIF

Muc tiéu ciia nghién ciru 1a sir dung t6i thiéu ti
1€ mol 2-HmIm/Zn cho qua trinh hinh thanh vat liéu
két tinh tir mudi Zn(S04)2:7H,0 va 2-Hmim. Dya
vao coéng thirc phan tor mong doi cua vat liéu tao
thanh Zn(2-mlIm)a, ti 1€ mol 2-HmIm/Zn 2:1 dugc
chon dé bit dau cho qua trinh khao sat. Nong do cua
2-HmIm duoc thay d6i tir 0,1 dén 0,5 M véi khoang
cach 0,05 M. Phan tng dugc thyuc hién trong 24 gio
& nhiét @6 phong. Hinh anh lo phan tmg ¢ cac nong
d6 2-HmIm 0,1 M, 0,3 M, 0,4 M, 0,45 M va 0,5 M
duoc chon 1am hinh anh dai dién minh hoa cho két
qua khao sat va dugc trinh bay & Hinh 1. O cac nong
d6 0,1-0,3 M, hau hét san pham 1a két taa lo ling
trong dung dich. Khi ting nong do 1én 0,4 M thi bat
dau thay co sy hinh thanh san pham két tinh ling
xudng day nhung van con 1an nhiéu két tua. Khi tiép
tuc tang néng d6 1én 0,45 M thi c6 sy cai thién dang
ké v& qua trinh két tinh cua vat liéu, cac tinh thé ling
nhiéu xudng day va dung dich trong sudt. Tiép tuc
tang nong do 1én 0,5 M thi lai xuat hién két taa Ian
trong tinh thé tao thanh. Tir ddy nong do 2-HmIm
0,45 M dugc chon ¢6 dinh cho cac khao sat tiép theo.

Hinh 1. Hinh anh lg phan &ng giira mubi
Zn(SO4)2:7TH20 va 2-HmIm & cic nong dd
2-HmIm Khac nhau: a) 0,1 M, b) 0,3 M, ¢) 0,4
M, d) 0,45 M va e) 0,5 M.

Dé khao sat anh huong caa ti 16 mol 2-HmIm/zn
dén sy két tinh cua vat liéu, ti 16 mol 2-HmIm/zn
dugc thay d6i tir 1:1 dén 5:1 & ndng d6 2-HmlIm cd
dinh 0,45 M. Sau khi cdn mau va tinh toan lai, gia
tri nong d6 2-HmIm duoc ghi nhan 1a 0,44 M voi
céc ti 16 mol 2-HmIm/Zn duoc khao sat cu thé 1a 1:1;
1,5:1; 2:1; 2,6:1; 3:1; 3,3:1; 4:1; 4,4:1 va 5:1. Thuc
nghiém quan sat cho thay lo phan ng vai ti I¢ mol
4,4:1 cho tinh thé két tinh min, sang duéi day 6ng
nghiém, phan dung dich thi trong sudt. Cac lo con
lai thi c6 14n két tua lo lung, dung dich duc. Lo phan
ung vai ti 1é mol 2,6:1 va 3,3:1 dugc chon cing véi
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lo 4,4:1 dé tién hanh thu mau va dwoc ddi sanh qua
phan tich d6 két tinh bang phuong phap XRD. Tinh
thé ZIF & cac lo dugc tach ra khoi dung dich phan
{mg va rira nhiéu 1an véi nuée dé loai cac chat phan
tmg con du. Sau d6 mau dugc ria véi methanol va
lam kho ¢ 80 °C trong moi trudng khi nitrogen. Do
két tinh cua tinh thé Zn-ZIF véi ti 16 mol 2-HmIm
4,4:1; 3,3:1 va 2,6:1 dugc kiém tra qua phan tich
PXRD va dugc trinh bay ¢ Hinh 2. O ti 1& mol
2-HmIm la 4,4:1, gian 5 PXRD cua vat liéu Zn-ZIF
¢6 peak sac nhon, duong nén phang ching to vat ligu
tao thanh c6 do két tinh cao. Mau dbi sanh vai ti 16
mol 2-HmIm/Zn 14 3,3:1 cho peak kém séc nét hon
chung t6 d6 két tinh kém hon. Véi ti 1& mol
2-HmIm/Zn 14 2,6:1, dudng nén gian dd PXRD cao,
cac peak nhiéu xa khong rd nét chung to vat ligu co
d6 két tinh thap. Ngoai ra, hai mau 2-HmIm/Zn 13
3,3:1 va 2,6:1 déu c6 sy xuit hién peak la dugc danh
dau (*) ¢ vi tri 2 theta 11,3° ciia pha tap chat khong
xac dinh.

Zn-ZIF (2,6:1)

Zn-ZIF (3,3:1)

e,

cwong do (a.u.)

_J | l I Zn-ZIF (44:1)

1I0 2I0 3IO 40 50
20 (°)
Hinh 2. Gian dd PXRD ciia Zn-ZIF ¢ cac ti 1¢
mol 2-HmIm/Zn 4,4:1, 3,3:1 va 2,6:1

Gian dd PXRD cua Zn-ZIF véi ti 1& mol
2-HmIm/Zn 4,4:1 dugc so sanh véi gian d6 PXRD
chuan cua vat liéu ZIF duoc tao thanh tir 2-HmIm
va Zn (ZIF-8) va dugc trinh bay ¢ Hinh 3. Hinh 3
cho thiy cac peak trén gian d cua mau thuc nghiém
va cua ZIF-8 hoan toan phu hgp nhau va khong cé
Xuit hién peak la, chirng to vat liéu tao thanh 1a tinh
khiét va c6 "topology” SOD cua ZIF-8. Tur day
thong s6 mang co sé ciia Zn-ZIF duoc xac dinh, a =
b=c=17,4512 A va Vi mang = 5314,64 A%,

Vi vay, ti 16 mol 2-HmIm/Zn 4,4:1 dwoc chon dé
tong hop vat liéu Zn-ZIF cho cac phan tich tiép theo.
So sanh véi nhitng cong b trude d6 cua Pan et al.
(2011) va Jian et al. (2015) cho thay ti I¢ mol
2-HmIm/Zn tir 35 dén 70 1a can thiét dé thu duoc vat
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lieu ZIF-8 co do két tinh cao va tinh khiét. Két qua
ha thap ti 16 mol 2-HmIm/Zn xubng 4,4:1 tir nghién
ctru nay dap tmg thém duoc mot trong cac yéu cau
ctia hoa hoc xanh 1 tiét kiém hoa chét.

mau chuén ZIF-8
| WU YN

_JK_LL_U. T

cwong do (a.u.)

Zn-ZIF

Jw Aehr e Arnann
1 1 1
10 20 30

26 (°)
Hinh 3. Gian @6 PXRD ciia Zn-ZIF dwoc so
sanh voi gidan do caa mau chuan ZIF-8

40 50

3.2. Hinh thai va thanh phin nguyén té cia
vt ligu Zn-ZIF

Hinh 4 1a hinh anh cua vat liéu Zn-ZIF dugc
quan sat dudi kinh hién vi dién tur quét (SEM). Qua
d6 cho thay Zn-ZIF thu dwoc c6 kich thudc tinh thé
nho khoang 1um véi dang hinh khéi khong 16 nét.
Thanh phan nguyén tb trong vt liéu Zn-ZIF dugc
xéc dinh bang phan tich EDS va két qua duoc trinh
bay ¢ Hinh 5. Két qua phan tich cho thiy Zn-ZIF
gom cac nguyén té C (43,91%), N (23,11 %) va Zn
(32,99%) dting nhu mong doi.

" 10.0um

Hinh 4. Hinh 4nh SEM cua vat liéu Zn-ZIF

V 8 1mm x5,00k SE(M

Element Line
CcK
NK
ZnlL

Total

Hinh 5. Phé EDS ciia Zn-ZIF sau hoat héa
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3.3. P§ bén nhiét caa vat liéu Zn-ZIF

Vat lieu Zn-ZIF sau khi hoat hoéa dugc xéc
dinh d6 bén nhiét qua phan tich TGA tir 30 dén
750°C trong dong khi nitrogen véi toe do gia nhiét
10°C min'.. Hinh 6 cho thay khong c6 sy giam khoi
luong & nhiét do dudi 550°C, chung toé cac phéan tir
dung moéi da duoc loai hoan toan khoi vat liéu. Két
qua nay hoan toan phu hgp véi phan tich EDS, ¢ do
khong c6 su hién dién ciia nguyén t6 oxygen tir cac
phan tir dung méi, nude hay methanol. Ngoai ra, két
qua nay ciing cho biét do bén nhiét cua vat liéu lén
dén 550°C. Sy giam manh khéi luong trong khoang
nhiét do tir 550 dén 700°C do su phan hay khung
suon cua vt liéu Zn-ZIF.

100
98 |-
;‘\J 96
E
£ %r
E]
w0 92 -
=
X
90
88 -
. e
0 100 200 300 400 500 600 700
Nhiét dé (°C)
Hinh 6. Gian d6 TGA caa vat liéu Zn-ZIF da
hoat héa

3.4. Xiic tac phan ng khir 4-NP bing vt ligu
Zn-ZIF chuwa bién tinh

Pé tham do hoat tinh xuc tac cia Zn-ZIF vira
tdng hop, phan ng khir chit thai 6 nhiém 4-NP bing
tac nhan khtr NaBH, dugc nghién ctru. Hinh 7 trinh
bay két qua thi nghiém do phé hap phu UV-Vis theo
thoi gian cia phan ung khir 4-NP. Pau tién phd
UV-Vis ciia 4-NP duoc do riéng ré cho thay 4-NP
¢6 d6 hap thu manh ¢ 400 nm. Tiép dén do hap thu
cua dung dich phan tng khir 4-NP véi su hién dién
ctia chat khir NaBH, dugc tién hanh do phd UV-Vis
theo thoi gian 0-10 phuat, véi mdi lan do cach nhau
2 phut. Két qua cho thay NaBH4 khong khir duoc
4-NP vi cuong d6 peak ciia 4-NP khong doi va dong
thoi khong xudt hién peak méi cua sy hinh thanh
4-AP & A = 300 nm (Hinh 7). Két qua nay 1a mot
thuan loi dé kiém tra hoat tinh xtic tac cta vat ligu
Zn-ZIF. Sau d6 vat liéu Zn-ZIF dugc cho vao dé
khao sat hoat tinh xuc tac phan tng khi 4-NP véi
tac nhan khr NaBH4. Quy trinh dugc thyc hién
twong tu, mau dung dich phan ung sau mdi 2 phut
dugc phén tich phd UV-Vis trong tong thoi gian 10
phiit va két qua duoc trinh bay & Hinh 8. Két qua
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cho thay vat liéu Zn-ZIF chua qua bién tinh khong
thé hién hoat tinh xtic tac. Piéu nay dugc giai thich
1a do tat ca tam kim loai Zn trong cau trac Zn-ZIF
da bio hoa vai phdi tri tir dién cua cluster ZnNy4 (Liu
etal. 2017).
(a)

— Omin

2 mins
4 mins
— 6mins

— 8 mins

10 mins

Do hép thu (a.u.)

500 600 700
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4. KET LUAN

1 1
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Nghién ciru da tong hop thanh cong vat lidu
Zn-ZIF theo quy trinh hoa hoc xanh trong dung moéi
nudce, & nhiét d6 phong. Vat li¢u tao thanh c6 do két
tinh cao va do bén nhiét 16n. Vat liéu Zn-ZIF chua
qua bién tinh khong thé hién hoat tinh xuc tac do tim
kim loai Zn di bio hoa v6i phdi tri tr dién trong
cluster ZnN,. Két qua tir dé tai co ¥ nghia quan trong
1am co s& dé thuc hién cac nghién ctru bién tinh trén
cAu trac Zn-ZIF d tan dung uu diém vé céu trac
khung sudn két tinh viing chic dong thoi ning cao
hoat tinh x0c tac cua vat liéu.
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