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TOM TAT

Bai bao nay trinh bay két qua nghién cizu bién tinh ZIF-8 bang Fe?* theo cac ti 1¢ mol
Zn?*IFe** lan luot 12 9/1; 8/2 va 7/3. Vat liéu dwoc dic trung bang cdc phwong phdp XRD,
BET, AAS, XPS, DR-UV-Vis. Két qud cho thdy & ti Ié Fe** thap mét phan Fe?* da thay thé
dong hinh véi Zn*"trong mang ZIF-8. Khi t/ 1é Fe** ting Ién thi mét phan Fe**thay thé
trong mang va mét phan phan bé trong mao qudn. Ot 1¢ Zn?*/Fe** > 7/3 vdn con cdu tric
zeolite nhung khi 1 16 Zn**IFe** < 7/3 thi cdu tric zeolite bj pha vé. Nang hrong viing cdm
giam tir 3,2 eV ciia ZnO dén 2,2 eV khi bién tinh vat liéu ZIF-8 bang Fe®*.

Tir khéa: vdt liéu, bién tinh, ZIF-8

1. PAT VAN PE

Trong nhimg nam gan day, nhom vat
liu khung zeolite imidazolate kim loai
(ZIFs) (zeolite imidazolate frameworks),
noi 1én thu hat nhiéu sy quan tdm cua
nhiéu nha khoa hoc do sy da dang vé bo
khung, su uyén chuyén vé viéc bién tinh
[1, 5, 6, 7].Trong sb céc loai vat liéu ZIFs,
thi ZIF-8 dugc nghién cau rong rdi nhat,
ZIF-8 duoc tao thanh tir nguyén tir Zn lién
két véi 2- methylimidazolate (MelM), tao
thanh cong thirc Zn(MelM),, ZIF-8 6n dinh
nhiét va hoa hoc [1, 5, 6]. Cac hudng
nghién ctu vé& quy luat tong hop, bién tinh,
tim kiém ¢ng dung méi cua vat lidu ZIFs
da va dang dugc nghién ctru ngay cang
nhiéu trong nuéc ciing nhu trén thé
giéi.Vat lieu ZIFs lam chat mang gan cac
tdm xuc tac 1a céc tiéu phan kim loai va
oxit kim loai co6 kich thuéc nano meét trong
mang ludi tinh thé, hodc 1a 1am chat mang
gan cé4c tiéu phan hiru co... Gan day s
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dung ZIF-8 lam chit mang oxit Fe,Os dang
duoc cac nha khoa quan tam[4]. Trong
nghién ciu ndy, ching tdi trinh bay két qua
tong hop ZIF-8 tr zZn* va 2
methylimidazole, sau d6 bién tinh bang Fe®*,
2. THUC NGHIEM

K&m nitrate hexahidrat (Zn(NO3).
6H,0, Korea) va sit sulphate heptahidrat
(FeSO,4.7H,0, Merck) dugc sir dung lam
nguon  kim loai.  2-methylimidazole
(C4HsN2, Sigma-Aldrich) dung 1am phdi tri
hiru co.

Tong hop ZIF-8 theo tai liéu [2, 3, 5,
7]: Cho 2.8 mmol kém nitrate hexahidrat
hoa trong 1.4 mol methanol vao 64.4 mmol
2-methylimidazole hoa tan trong 1.4 mol
methanol, dung may khudy manh hén hop
trong 24 gio, sau d6 li tam dung dich san
pham bang may li tam Hettich EBA 8S voi
tbc d6 3000 rpm trong 10 pht, rira lai két
taa 3 1an v6i methanol. San pham thu duoc
sdy qua dém ¢ nhiét do 120°C.
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Tong hop bién tinh vat liéu ZIF-8 ciing
tién hanh va sir dung héa chat twrong ty nhu
tong hop ZIF-8 nhung lan luot thay thé mot
phan kém nitrate hexahidrat bang sit sulphate
heptahidratvéi ti 1€ mol Zn(NOg). 6H,0:
FeSQO,.7H,0 tuong ttng 14 9:1; 8:2; 7:3 va 6:4.

Dé xac dinh ciu tric cua cac san pham
thu duoc, ching tdi st dung cac phuong
phap phan tich nhu gian 46 XRD duoc ghi
trén may D8-Avance-Bruker vai tia phat xa
CuK o cdng suat 40KV, géc quét tir 1° dén
30°%; xac dinh dién tich bé mat bing phuong
phap dang nhiét hap phu va kha hip phu
N2(BET) trén may Micromeritics ASAP
2020, cac mau hoat héa & 150°C trong 4
gio dudi ap suat chan khong trudce khi do.

Dé xac dinh thanh phan nguyén té ciing
nhu trang théai oxi hoa trong mau, ching toi
sir dung cac phuong phap: Quang phé tia X
(X-ray photoelectron spectrocopy, XPS)
dugc do trén may Shimadzu Kratos
AXISULTRA DLD spectrometer cic giai
nang luong lién két duoc hiéu chinh bing
cach chuan ndi véi pic Cls (& 284,6eV), quét
vai do phéan giai cao cho cac pic Fe2p (lI),
Fe2p (1) tir 700 eV - 716 eV va Zn(2p) tu
1015 eV - 1050 eV, pic dugc phén giai trén
phan mém Casa XPS; Quang phd hip thy
nguyén tor (AAS) duogc do trén may
PinAAcle 900F dé xac dinh Zn** tai budc
song 213,9 nm, dong thoi két hop voi
phuong phap so mau trén may quang phd
UV-VIS THERMO Evolution 600, tai budc
séng 510 nm dé xac dinh Fe**, Fe**.

Nang lugng ving cam duge xac dinh
bang phd kha kién, tir ngoai trén may quang
phd DR-UV-VIS quét tir 200nm- 800nm.

3. Két qua va thao luan

Hinh 1 trinh bay két qua XRD cua cac
mau ZIF-8 dugc tdng hop bang Zn?*, hdn
hop Zn** va Fe®* vei ti 16 mol khac nhau.
Két qua cho thay céc pic nhidu xa tia X cua
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cac mau c6 ti 1& mol Zn?*/Fe®*bing 9/1; 8/2
va 7/3 tring véi cac pic cua ZIF-8 tong hop
bang Zn®* va déu phu hop vai nhiéu cong
trinh cong bd trude day vé ZIF-8[1-3],
ching to tinh thé ZIF-8 dugc hinh thanh khi
thay thé Zn*" bang Fe** vai ti 1& nhu trén.

ZIF-8

cuong do (abr)

et I ZIF-8(9:1)
ZIF-8(8:2)

ZIF-8(7:3)
— ZIF-8(6:4)

Hinh 1: Gidn do XRD cua mau ZIF-8 vaZIF-8
bién tinh bang sdt véi ti 1é Zn**/Fe® khac nhau

DPang chu y 1a hdén hop ti 1& mol
Zn**/Fe** bing 6/4 khong xuat hién pic,
chang té khong hinh thanh tinh thé ZIF-8 &
ti 1& nay. Ngoai ra ching ta c6 thé nhan
thay rang cuong do pic cia cac mau giam
dan khi ti 16 mol Zn*/Fe** giam hay cuong
d6 pic tang khi ham luong Zn®* I6n.
Nguyén nhan cé thé la do Fe®* khong tham
gia vao té bao mang trong hé cubic cua
ZIF-8. Nhu vay, gidi han dé téng hop ZIF-
8 tir hdn hop Zn*" va Fe** véi ti 16 mol
Zn*[Fe?* t6i thiéu Ia 7/3. Tir vi tri nhidu xa
trén gian do 1 va chi so Miller trong hé cubic
cua ZIF-8, str dung phuong trinh:

1 (hP+k* 1) V6i g = A
d? a’ 2sin @
dé tinh gia tri tham s t& bao a trong hé cubic
cta cac mau ZIF-8 tong hop dugc.

Bdng 1: Gia tri tham s¢ té bao a ciia mau ZIF-

8 va ZIF-8 bi¢n tinh bang sdt véi ti 1¢

Zn**/Fe**khac nhau

MAu a(A’) T,.(om) T, . (om)
ZIF-8(Zn:Fe=10:0) 14,466 140 135
ZIF-8(Zn:Fe=9:1) 16,921 140 135
ZIF-8(Zn:Fe=8:2) 16,932 140 135
ZIF-8(Zn:Fe=7:3) 16,8 140 135
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Bang 1 trinh bay tham sb té bao a cua
c4c mau ZIF-8 tong hop duoc. Gia trj tham
s6 té bao a cua cac mau ZIF-8 tong hop tir
hdn hop Zn* va Fe**16n hon nhiéu so V6i
mau tdng hop tr Zn** va gi4 tri a gan nhu
khong dbi khi ti 16 Zn**/Fe?* khéc nhau.
Ching t6 mot lwong Fe**da thay thé ddng
hinh v6i Zn*, do ban kinh nguyén tir cua Fe
I6n hon ctia Zn nén gié tri a tang 1én ddi Voi
cac mau ZIF-8 tir hdn hop Zn®* va Fe**. Tuy
nhién, khi ham luong Fe®* tang Ién thi gié tri
a gan nhu khong dbi ching to luong Fe?*
thay thé ddng hinh véi Zn?* d bao hoa.
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Hinh 2: Bang nhiét hap phu va gidi hap phu N,
ciia mau ZIF-8 va ZIF-8 bién tinh bang Fe**
Vdi ti 1é Zn?*IFe** khac nhau

Hinh 2 trinh bay dang nhiét hip phy va
giai hap phu N, cua cac mau ZIF- 8 tong
hop dwoc vai cac ti 16 Zn®*/Fe®* khac nhau.
Két qua cho thiy céc dang duong cong

dang nhiét theo kiéu | cia TUPAC di phan
loai. Dung lugng hap phu N giam dan khi
ham lugng Fe?* tang lén.

Bdng 2: Tinh chdt xop cua mau ZIF-8 va ZIF-8
bién tinh bang sat véi ti 1é Zn**/Fe** khac nhau

Méu SBET SLangmuir Dpore Vpore
(m%g) |(mg) |(A) |(cm’/g)
ZIF-8(Zn:Fe=10:0) |1279 1684 391 [1,25
ZIF-8(Zn:Fe=9:1) 1243 1599 2,06 |0,64
ZIF-8(Zn:Fe= 8:2) 952 1251 2,12 10,5
ZIF-8(Zn:Fe=7:3) 720 945 2,09 10,38

Bang 2 trinh bay dién tich bé mat,
duong kinh va thé tich mao quan cua cac
mau ZIF-8 téng hop dugc. Két qua cho
thiy dién tich bé mat va kich thuéc mao
quan caa ZIF-8 dugc tdng hop tir Zn?* cao
hon so vé&i nhiing cong bd trude day[1, 3].
Tuy nhién dién tich bé mat va kich thudc
mao quan giam khi bién tinh ZIF-8 bing
Fe”". Dic biét la thé tich mao quan giam dan
khi ham lugng Fe?* trong hdn hop ting 1én.
Do ion st lién két véi cac ligan trén bé mat
mao quan tao ra I6p ion sit pha 18n trén bé
mat mao quan lam giam duong kinh, dién
tich mao quan ciing nhu dién tich bé mit cua
vat lieu ZIF-8. Bé xac dinh su phan bd oxit
sat trong mao quan, ching tdi tinh hé s
chuan hoa theo phuong trinh:

_ S 7F-8(zn-Fe)
(1- x)'SZIF—S(Zn)

Bding 3: H¢ so chuan héa N ciia cac mdu ZIF-8 va ZIF-8
bién tinh bang sdt véi ti 1é Zn**/Fe**khéc nhau

ZIF-8(Zn:Fe= 10:0) ZIF-8(Zn:Fe=9:1)
1 1,095

ZIF-8(Zn:Fe=8:2) ZIF-8(Zn:Fe=7:3)
0,0961 0.880

Hinh 3 trinh bay két qua do XPS véi
ning luong lién két tir 724 eV dén 700 eV
dbi voi ion sit va tir 1055 eV dén 1010
eV d6i vgi ion kém cua cac mau ZIF-8 va
cac mau ZIF-8 bién tinh bang Fe®". Két
qua cho thdy mau ZIF-8 hau nhu chi c6
kdm con ham lugng Fe?* rit nho co thé
xem khong dang ké. Khi ting dan ham
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lwong Fe?* cudng d6 cua pic Fe ting dan
va phan tich phd cho thay sit trong vat
liéu ton tai hai dang oxit FeO va Fe,Os.
Mau ZIF ti & 9:1 chu yéu la Fe?* va du
doan 1a thay thé ddng hinh toan bo Voi
Zn**. Khi tang lwong Fe lén thi mot phan
Fe’*chuyén thanh Fe®* va tao thanh vat
liu co tu tinh (hat nam cham).
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Bding 4: Thanh phan va trang thai oxy hda ciia cac nguyén to trong cac mau ZIF-8
va ZIF-8 bién tinh bang sdt véi ti |é Zn**/Fe?* khac nhau

Tén mau AAS XPS
Fe(g/kg Fe(%)
FeO Fe,Os FeO/Fe203 FeO Fe,O3 FeO/Fe203
ZIF-8 <0.05 <0.05 / / / 0
ZIF-8(Zn:Fe=9:1) 1.76 26.9 0.065 100 / 0
ZIF-8(Zn:Fe=8:2) 1.59 63.4 0.025 17.94 82.06 0.219
ZIF-8(Zn:Fe=7:3) 2.47 120 0.021 43.67 56.33 0.775

Bang 4 trinh bay thanh phan va trang
thai oxy hda cta cac nguyén té kim loai cd
trong cac mau ZIF-8 tong hop dugc. Theo
két qua phan tich XPS cho thay ti &
FeO/Fe,Oslan luot trong cac mau ZIF-8
bién tinh 9:1; 8:2 va 7:3 giam xudng. Két
qua nay khac vai phéan tich AAS, ti 1€ nay
tang 1én. Piéu nay do phuong phap XPS
phén tich trén bé mat, két qua chi phan tng
trén bé mat va lugng Fe?*tap trung trén bé
mat nhiéu.
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Hinh 4: Gian d6 DR-UV-Visciia ZnO va ZIF-8
bién tinh bang sdt véi t7 16 Zn**/Fe®* khéac nhau

Hinh 4 trinh bay gian d6 DR-UV-Vis
cua ZnO va ZIF-8 bién tinh bang sat, gian
dd cho thay gian 46 DR-UV-Vis cua cac
mau ZIF-8 bién tinh bang sit c6 do dbc
thap hon so véi ZnO. Xac dinh ning luong
viing cdm theo phuong trinh Tauc.

Bdng 5: Néng lirong ving cdm(Eg) cua cua
ZnO va ZIF-8 bién tinh bang sdt véi ti 1é
Zn**/Fe** khéc nhau

Mau Eg(eV)

ZnO 3.191906
ZIF-8(9:1) 2.187749
ZIF-8(8:2) 2.233277
ZIF-8(7:3) 2.050249

Bang 5 trinh bay gia tri nang lugng
viing cim cta cac mau ZIF téng hop duoc,
gi4 tri nang lwong vlng cam cia Cac mau
ZIF-8 tong hop tir hdn hop Zn** va Fe®*
nho hon so v&i mau ZIF-8 tong hop tir
Zn**. C6 thé do trong cac mau ZIF-8 tong
hop tir hdn hop Zn?* va Fe®*, cac ion Fe*
va Fe?" ton tai dudi dang Fe3O4. Trén co so
nay, ching ta c6 thé dung vat liéu ZIF-8
téng hop tir hdn hop Zn?* va Fe®* 1am chit
xUc tac cho nhiéu phan ang quang hoa.

4. Két luan.

Trong bai bao nay, ching t61 da nghién
ctu tong hop ZIF-8 va bién tinh ZIF-8
bang Fe?*, vat liéu ZIF-8 thu duoc c6 dién
tich b& mat cao, khi bién tinh bang Fe®* thi
dién tich bé mat giam, kich thudc té bao
mang ting 1én va niang luong ving cim
giam dan. Nhu vay vat liéu nay c6 thé 1am
chat x(c tac quang hoa & ving anh sang
kha kién.

MATERIALS INTEGRATION RESEARCH ZIF-8(Zn, Fe)
Mai Thi Thanh"”, Nguyén Phi Hung?,
Hoang Van Puc®, Pinh Quang Khieu®,
(1) Quang Nam University, (2) Quy Nhon University, (3) Hue University
ABSTRACT
In this article, it shows denaturation results ZIF-8 by Fe** following rates of mol
Zn**/Fe**respectively as 9/1; 8/2 and 7/3. Materials are characterized by the method XRD,
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BET, AAS, XPS, DR-UV-Vis. Result shows that rate of Fe?* is low a part of Fe?" replacing
isomorphic to Zn®* in network ZIF-8. When Fe?* rate increases, a part of Fe?* replaces in
network and a part is distributed in capillary. In rate of Zn®*/Fe®*> 7/3 there is structure
zeolite but when rate of Zn?*/Fe** < 7/3, structure zeolite is broken. Energy of entrenched
habitsreduces from 3,2 eV of ZnO to 2,2 eV when materials tailoring ZIF-8 by Fe?".
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