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In the present study, manganese modified zeolitic imidazolate
framework-8 (Mn-ZIF-8) and zinc-manganese bimetallic oxides
(denoted as Mn@Zn), which was formed by Mn-ZIF-8 heat treatment,
had been prepared and applied as photocatalysts to decompose
methylene blue (MB) under UV radiation. The influence of manganese
content on the structure of ZIF-8, as well as the temperature and heat
treatment time of Mn-ZIF-8 material to produce Mn@Zn with high
photocatalytic activity was investigated. Results showed that all Mn-ZIF-
8 samples have photocatalytic activity, but the MB decomposition
efficiency of Mn-ZIF-8 samples were lower than pure ZIF-8. The suitable
condition for heat treatment of Mn-ZIF-8 to produce Mn@Zn with high
photocatalytic activity was at 500 °C for 5 hours. However, the MB
decomposition efficiency of this sample only reached 22% after 180
minutes of UV radiation.

Gidi thiéu chung

Zeolitic imidazolate frameworks (ZIFs) la ho vat liéu
thudc khung hitu c-kim loai (MOFs). Chidng la mét ho
vat liéu mdi cd cau truc tinh thé chifa cac tinh chat déc
déo cla cd zeolite va MOFs, v&i mao quan nhd dong
nhéat va dién tich bé mat cao [1, 2]. ZIFs ¢ céac lién két
cdu trdc giéng nhu zeolite, trong dé, cac cation kim
loai hda tri hai lién két phdi trf dang t& dién vdéi cac
anion imidazolate [2, 3]. ZIFs trd nén thu hut trong
nhiing ném gan day, dac biét la cac Ung dung trong
finh vuc luu trf va phan tach khi [4, 5], xUc tac [6], cdm
bién hoa hoc [7, 8] va dan thudc [9]. ZIF-8 la mot trong
cac vat liéu ZIFs dugc nghién cliu nhiéu nhat, do c6 do

bén hda hoc va dé bén thly nhiét cao. Ngoai ra, ZIF-8
con co dién tich bé mat riéng tét (Seer = 1630 m?/g) va
doé x6p 16n (0,636 cm?/g) [2]. Biém néi bat nia la ZIF-8
co thé dugc t6ng hgp trong dung méi methanol &
diéu kién nhiét do phong va ap suéat thugng [10, 11].

Hau hét céac céu truc ZIF-8 dugc nghién cldu trong
nhitng nam qua déu dua trén thanh phan don kim
loai. Do do, viéc diéu ché ZIF-8 cé thanh phan
chtta hdn hop tir hai kim loai trg 1én s& md& ra
nhiéu ca hoéi Ung dung cla loai vat liéu mdi vai cac
tinh chat doéc dao nay [12-14]. Mangan & dang
mudi hda tri Il (cung hoa tri v&i thanh phan kém
trong khung mang cla ZIF-8) nén c6 thé thay thé
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nguyén t6 kém trong khung mang cta ZIF-8 nham
tao ra loai vat liéu khung htu co-kim loai c6 chua
hai kim loai (Mn va Zn). Hon nlta mangan cling la
nguyén t6 kim loai chuyén tiép nén cé thé ma
rong khd ndng Ung dung cla loai vat liéu nay
trong nhiéu linh vuc khac. Ngoai ra, viéc gan cac
kim loai chuyén tiép, trong d6 cé kim loai mangan,
lén ZnO cling cé kha nang lam thay déi hoat tinh
quang xuc tac ctia ZnO [15, 16].

Trong bai bao nay, zeolitic imidazolate framework-8
pha tap mangan (Mn-ZIF-8) dugc téng hgp trong
dung méi methanol v&i su hd trg cla song siéu am.
Sau do, composite cla oxit kim loai kém va mangan (ki
hiéu Mn@Zn) dugc tao ra bang cach x ly nhiét Mn-
ZIF-8. Hoat tinh quang xUc tac cla cac vat liéu dugc
danh gia thong qua phan Ung phan hiy MB dudi bic
xa tia UV.

Thyc nghiém va phuang phap nghién cdu
Pigu ché ZIF-8, Mn-ZIF-8 va Mn@Zn

Quy trinh diéu ché ZIF-8 dugc diéu chinh tU quy trinh
dugc mo ta trong tai liéu [17]. Trong mot quy trinh dién
hinh, 8 mmol Zn(NOs)»-6H.O (99%, Fisher) dugc hoa
tan vao 1,4 mol methanol (99,9%, Fisher) thu dugc
dung dich 1; va 64,4 mmol 2-methylimidazole (99%,
Acros) dugc hoa tan vao 1,4 mol methanol thu dugc
dung dich 2. Sau d¢, dung dich 2 dugc thém vao dung
dich 1 dé tao thanh hdn hap, tién hanh siéu am hdn
hgp thu dugc trong 0,5 gid (s dung may siéu am
SONICS Vibra-cell). Cubi clung, chat bot ZIF-8 mau
trdng thu dugc bang cach ly tdm & 3000 vong/phut,
rifa 3 1an véi methanol va sdy khd qua dém & 100 °C.

Vat lieu ZIF-8 pha tap kim loai mangan cling dugc
téng hagp theo quy trinh trén vdi ti 1é mol Mn/Zn chia
trong dung dich 1 an luct la 1/9, 2/8, 3/7 va 4/6 (tién
chat mangan dugc st dung la MnCl,-2H,O, >99,0%,
Merck, Buc). San phdm Mn-ZIF-8 thu dugc ¢ mau
vang nhat. Sau d6, Mn@Zn dugc diéu ché bang cach
xUf ly nhiét Mn-ZIF-8 & cac nhiét do khac nhau (250,
500 va 730 °C) trong mét khodng thdi gian xac dinh.
Cac san phdm Mn@Zn cé mau vang dam dan khi tang
nhiét do xur ly.

Pha tinh thé clia vat liéu dugc quan sat bang phuong
phép XRD trén may 8D Advance (Bruker, Germany).
Phan tich trong lugng theo nhiét dé dugc thuc hién
trén may Labsys TG/dTG SETARAM. Thanh phan héa
hoc clia cac mau dugc phan tich bang phuang phap
EDX trén may JEOL (JED-2300 AnalysisStation).

Khdo sdt hogt tinh quang xtc tac

Hoat tinh quang xUc tac cla cac vat liéu dugc danh gia
thdng qua phan Ung quang phan hiy MB dudi buc xa
cla den UV-C (Philips TUV 16W T5 4P-SE, Poland):
0,05 g chét xuc tac dugc cho vao 100 mL dung dich
MB néng dé 5 mg/L trong binh cau hai ¢§ dung tich
500 mL c6 gén sinh han hoi luu. Trude khi chiéu xa,
dung dich huyén phtu dugc khudy bang may khudy tu
trong bong t6i 60 phdt dé dat dugc can bang hép
phu-khtt hdp phu. Trong suét thdi gian chiéu xa, su
khudy tUr van dudc gitt nguyén dé tao dugc dung dich
huyén phu déng nhét. Sau mdi khoang thdi gian xac
dinh, 5 mL dung dich dugc ldy ra, li tdm, loai bd chat
xUc tac, néng dé MB con lai trong dung dich dugc xac
dinh bang phuang phép UV-Vis trén méy Jasco V-770
tai Amax = 664 nm.

Két qua va thao luan

Tinh chdt cdu tric va khd ndng xdc tdc quang phdn
hay MB cua ZIF-8 va Mn-ZIF-8
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Hinh 1: Gidn dd XRD cla ZIF-8 va c4c mau Mn-ZIF-8
t6ng hgp & ti 1é mol Mn/Zn khac nhau

Gian do XRD cla ZIF-8 va cac mau Mn-ZIF-8 dudc
trinh bay & hinh 1. Ta thdy cac nhiéu xa v&i do trat tu
cao cla ZIF-8 tuong Ung vdéi cac mat (011), (002), (112),
(022), (013) va (222) [17] gidm dan khi tang ti 1& mol
Mn/Zn tir 1/9 dén 2/8, va cdu tric cla ZIF-8 gan nhu
khéng hinh thanh khi ti 16 mol Mn/Zn béang 3/7 va 4/6.
Nhu vy, viéc pha tap nguyén t6 mangan vao hdn hop
phédn Ung d& can trg qua trinh hinh thanh cdu trdc cla
ZIF-8. Hon nita, hiéu suét hinh thanh san phdm cling
giam nhe, ham lugng Mn-ZIF-8 thu dugc bang khoang
60-70% so vd&i ham lugng cla ZIF-8 khi diéu ché ma
khéng pha tap mangan.
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Ngoai ra, nhiéu xa XRD clia cac mau Mn-ZIF-8 cling
khong xudt hién pic nao & goc Ién (20 > 40°), diéu nay
chiing t6 khéng co sy hinh thanh cac dang oxide kim
loai trong hdn hop phan Ung.

SU so sanh hiéu sudt hdp phu va quang phan huy MB
clia mau ZIF-8 vdi cac mau Mn-ZIF-8 dugc trinh bay &
hinh 2. K&t qua cho thdy, sau 60 phut ti€p xic, mau
Mn-ZIF-8 vdi ti 1é mol Mn/Zn = 1/9 ¢6 hiéu suét hap
phu (9%) gan tuong ty so vai mau ZIF-8 (10%), nhung
mau Mn-ZIF-8 ¢o ti 1&é mol Mn/Zn = 2/8 thi ¢o hiéu
sut hdp phu cao hon (14%). B6i vd&i mau Mn-ZIF-8 co
ti 16 mol Mn/Zn bang 3/7 va 4/6 thi hiéu sudt hdp phu
giam dang k€ (chi 4-5% sau 60 phut tiép xtc). Tuy
nhién, khi tién hanh chiéu tia bldc xa UV thi hiéu suét
quang phan huy MB clia t&t ca cac mau xic tac Mn-
ZIF-8 déu xay ra cham va th&p hon so véi mau ZIF-8
(38-54% so vd&i 64%). Nhu vay, viéc pha tap mangan
trong qua trinh tng hop ZIF-8 lam can trd su hinh
thanh vat liéu ZIF-8, déng thai hiéu qua quang xdc tac
clia cac mau Mn-ZIF-8 cling gidm so vdi vat liéu ZIF-8
tinh khiét.
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Hinh 2 : Su phan huy quang MB trén chat xUc tac ZIF-8

va cac mau Mn-ZIF-8 téng hgp & ti 1é mol Mn/Zn khac

nhau (Diéu kién thuc nghiém: chat xdc tac 0,5 g/L; MB
5 mg/L; nhiét d6 30 °C; chiéu UV sau 60 phut)

K&t qua phan tich & trén cho thdy mau Mn-ZIF-8 co ti
& mol Mn/Zn = 2/8 van duy tri cac dac diém cla loai
vat liéu khung hitu ca-kim loai ZIF-8, déng thai cling
c6 hoat tinh quang xdc tac phan hiy MB cao hon so
VGi cac mau Mn-ZIF-8 khac. Do do, mau nay dugc
ching téi lua chon dé khao sét tinh chat nhiét.

Gian do phan tich nhiét clia 2-methylimidazole va mau
Mn-ZIF-8 vdi ti [é mol Mn/Zn = 2/8 dugc trinh bay &
hinh 3. Quan sét gian d® TG/dTG cla tién chét 2-
methylimidazole ta thdy cé hai su mat khdéi lugng tai
226 va 332 °C tudng Ung vdi khéi lugng mét 1a 61,8%

va 31,1%, dugc cho la su phan hdy va chay cia 2-
methylimidazole. B&i v&i mau Mn-ZIF-8 ta thdy, trong
khodng nhiét dé khao sat (tU nhiét dé phong dén 900
°C) c6 3 su mat khéi lugng. Su mat khéi lugng thd nhat
(khéi lugng mat 9,35%) xay ra chu yéu & nhiét dé 256
°C (dugc xac dinh trén dudng cong dTG) cé thé la su
loai bé dung méi MeOH hay cac dang cla tién chat 2-
methylimidazole khéong tham gia phan Ung. Su mat
khéi lugng thir hai (khéi lugng mét 21,21%) xay ra chd
yéu & nhiét do 455 °C (dudc xac dinh trén dudng cong
dTG) c6 thé 1a sy phan hiy cac cdu ndi imidazole
trong céu tric khung co-kim cuia vét liéu Mn-ZIF-8. Va
sy mat khéi lugng th( ba (khéi lugng mat 30,10%) xay
ra chi yéu & nhiét d6 728 °C (dugc xac dinh trén
dudng cong dTG) dugc cho la su phan hdy va dét
chay cac thanh phén hitu cg cudi cung co trong vat
liéu Mn-ZIF-8 thu dugc. TU nhiét dé >750 °C dén 900
°C ta théy khong con sy gidm khéi lugng nao, diéu do
chi ra rang cac thanh phan hitu cg d& dudgc loai bo
hoan toan, nghia la lic nay chi con lai chu yéu la céc
oxide cua kim loai (kém oxide va mangan oxide). Do
dé, ba nhiét dd khac nhau, bao gém 250, 500 va 730
°C, dugc lya chon dé xir ly nhiét vat liéu Mn-ZIF-8
nham tao ra dugc Mn@Zn va Ung dung lam chét xdc
tac quang phan huy MB trong dung dich nudc. Cac két
quéa nghién cliu dugc trinh bay & muc 3.2.
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Hinh 3 : Gidn d6 TG/dTG cla 2-methylimidazole va
mau Mn-ZIF-8 vdi ti 1é mol Mn/Zn = 2/8

Tinh chdt cdu trdc va khd ndng quang xuc phdn hay
MB ctia Mn@Zn

Hinh 4 trinh bay két qua phéan hiy quang dung dich
MB trong dung dich nudc vdi su co mat clia mau xdc
tdc Mn@Zn dudc tao ra bang cach nung mau Mn-ZIF-
8 & cac nhiét do khac nhau trong 1 gid. Quan sat hinh
4 ta thdy cac mau Mn@Zn tao ra déu co hoat tinh
quang xuc tac phéan hay MB dudi diéu kién co chiéu
buc xa UV, va hiéu sudt quang xuc tac phan hiy MB
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sau 180 phut chiéu buc xa la gan nhu nhau (hiéu suat
phan hly MB dat 17-18%). Tuy nhién, mau Mn@Zn
dugc tao ra vdi viec xit ly mau Mn-ZIF-8 & 250 °C c6
hiéu sudt hap phu (trong bdng t&i) cling nhu kha nang
xUc tac quang xdy ra nhanh hon so vdi hai mau dudc
xU ly & 500 va 730 °C.

Mau Mn-ZIF-8 dugc xf ly bang cach nung trong 3 gics
tai cac nhiét dé trén (bao gdém 250, 500 va 730 °C)
cling dugc thuc hién. Cac két qua khado sat hoat tinh
quang xUc tac phan hily MB dugc trinh bay trong hinh
5. K&t qua cho théy hiéu suat quang xuc tac sau 180
phut chiéu blc xa tang dan ti 15% dén 19% khi xur ly
mau Mn-ZIF-8 & nhiét d6 250 °C va 500 °C, va lai gidm
con 12% déi véi mau xtr ly & 730 °C.
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Hinh 4 : Hiéu sudt phan huy quang MB trén cac mau
Mn@Zn dugc tao ra bang cach nung mau Mn-ZIF-8 &
cac nhiét dé khac nhau trong 1 gig (Diéu kién thuc
nghiém: chéat xtc tac 0,5 g/L; MB 5 mg/L; nhiét d6 30
°C; chiéu UV sau 60 phut)
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Hinh 5 : Hiéu sudt phan huy quang MB trén cac mau
Mn@Zn dudc tao ra bang cach nung mau Mn-ZIF-8 &
cac nhiét dé khac nhau trong 3 gid (Diéu kién thuc
nghiém: chéat xtc tac 0,5 g/L; MB 5 mg/L; nhiét d6 30
°C; chiéu UV sau 60 phut)

Cac mau Mn-ZIF-8 dugc xt ly bang cach nung trong 3
gid tai nhiét do 250, 500 va 730 °C cling dugc phan
tich nhiéu xa tia X, k&t qua trinh bay & hinh 6. Ta thay,
mau xUf ly & nhiét d6 250 °C van xudt hién cac pic
nhiéu xa & goc <30° dic trung cho vat liéu khung hitu
ca-kim loai (ZIF-8), va khéng quan sat thdy cac pic
nhiéu xa & goc 16n hon, digu nay chiing té cau tric
clia ZIF-8 van ton tai khi x( ly & nhiét d6 nay. Khi x ly
3 500 °C hoéac 730 °C ta chi con quan sat thédy cac pic
nhiéu xa dac trung cho ZnO, ma khéng quan sat thay
céc pic nhiéu xa & goc nho (<30°), diéu nay ching td
cu trdc cla ZIF-8 da bi phan hly & cac nhiét dé nay,
va chi xudt hién céc pic dac trung cho ZnO vdi cuong
dé rét cao, nhung khéng quan sét thdy cac pic dac
trung cho mangan oxide. Nguyén nhan co 1€ la do
ham lugng mangan dugc pha tap qué it so vdi kém,
hodc cac nguyén t6 mangan dudc phan tan déu trén
Zn0.
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Hinh 6 : Gian do XRD clia cac mau Mn@Zn dugdc tao
ra bang cach nung mau Mn-ZIF-8 & cac nhiét dé khac
nhau trong 3 gio

Ham Iugng nguyén t6 Mn va Zn c6 trong mau Mn-
ZIF-8 (v6i ti 1é mol Mn/Zn cho vao hén hgp phan tng
bang 2/8) va mau Mn@Zn (dugc tao ra bang cach
nung mau Mn-ZIF-8 & 500 °C trong 3 gid) dugc phan
tich bang EDX. Két qua trinh bay & bang 1 cho thay
rang ti 1&6 mol Zn/Mn trén thuc t&€ Ién hon rét nhiéu so
vai ly thuyét (I6n hon 10-13 [an), diéu nay ching to
ham lugng mangan thuc té& dugc pha tap vao ZIF-8 rét
ft, do vay gian dd XRD khéng quan sét thay cac pic dac
trung clia mangan oxide.

Sy tuong tu vé cdu tric clia ZIF véi cu tric cla zeolite
la su thay thé nguyén t oxy trong zeolite véi cac don
vi imidazolate (Im). ZIFs chita cac don vi co s& T(Im)4, &
day T dé chi cac ion kim loai chuyén tiép cé céu tric t
dién tao lién két phai tri véi bén nhom chic aza (cac
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nguyén tu nitc) cta Im. Tam giac T-Im-T c6 gdc 145°
hoan toan tudng tu véi goc Si-O-Si trong khung
zeolite. Sy tuong tu nay cho phép ZIFs cé cdu tric lién
két nhu zeolite. Cac kim chuyén tiép da dugc st dung
dé tao nén mang cdu tric t¢ dién giéng zeolite la
Fe(ll), Co(ll), Cu(ll) va Zn(ll) [2, 3]. Yéu céu vé céu tric
hinh hoc nay co6 1& khong thuan lgi déi véi ion Mn(ll),
do d6 ham lugng mangan gan vao khung mang thép,
va sy pha tap cla mangan cling can tr& sy hinh thanh
cdu tric tinh thé clia ZIF-8. Day c6 I8 la cac nguyén
nhan lam cho hoat tinh xUc tac cia Mn-ZIF-8 thdp haon
so vdi ZIF-8 tinh khiét. Hiéu suét phan hdy MB trén xuc
tdc Mn@Zn thép cling ¢6 18 la do ham lugng mangan
dugc pha tap qué ft.

Bang 1: Ham luang nguyén t& Mn va Zn trong mau
Mn-ZIF-8 va mau Mn@Zn

Phan tram khai lugng .
nguyén t6 Ti1& mol
B /n/Mn
Mau (M £SE, n = 3)
Mn Zn LyM Thhjc
thuyét | té

Mn-ZIF-8 | 0,76 £ 0,11 | 33,12 £ 4,92 4 43,4
Mn@Zn | 1,60+0,05 | 83,67 £1,62 4 52,2

Quan sat hinh 4 va 5 ta thay rang viéc xr ly Mn-ZIF-8 &
500 °C thu dugc vat liéu Mn@Zn cé hoat tinh quang
xUc tac cao han so vdi viéc xUf ly & nhiét dé 250 °C va
730 °C. Do dé nhiét dé xUr ly 500 °C dugc lua chon dé
ti€p tuc khao sét thai gian x ly nhiét vat liéu Mn-ZIF-8.
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Hinh 7 : Hiéu sut phan huy quang MB trén cac mau
Mn@Zn dugc tao ra bang cach nung mau Mn-ZIF-8 &
500 °C trong cac khoang thdi gian khac nhau (Diéu
kién thuc nghiém: chat xtc tac 0,5 g/L; MB 5 mg/L;
nhiét dé 30 °C; chiéu UV sau 60 phut)

Hiéu sudt quang xUc tac phan hdy MB trén cac mau
Mn@Zn dugc tao ra bang cach nung mau Mn-ZIF-8 &
500 °C trong cac khoadng thai gian khac nhau dugc
trinh bay & hinh 7. Ta thdy hiéu suét quang phan hay
MB tdng dan tr 19% dén 22% khi tang thai gian nung
mau Mn-ZIF-8 t 1 gid dén 5 gid, nhung hiéu suat
phan hdy MB lai gidm xudng con 17% khi tién hanh x
ly mau Mn-ZIF-8 trong 7 gid. Nhu vay, viéc x{ ly nhiét
vat liéu Mn-ZIF-8 & nhiét dé 500 °C trong 5 gig thu
dugc Mn@ZnO ¢ hoat tinh quang xUc tac cao nhét.

Ké&t luan

Viéc pha tap ZIF-8 bdang mangan vdi ti 1&é mol Mn/Zn
bang 1/9+2/8 thu dugc Mn-ZIF-8 van con duy tri dugc
cdu truc cla vat liéu khung hitu co-kim loai. Cac mau
ZIF-8 va Mn-ZIF-8 déu c6 kha nang lam chét xic tac
quang dé phan huy MB trong dung dich nudc dudi
buc xa UV. Tuy nhién, hiéu qua phan huy MB cla céc
mau Mn-ZIF-8 thdp hon so véi mau ZIF-8 tinh khiét
(38-54% so va&i 64%). Vat liéu Mn@Zn cling da dugc
tao ra bang cach x{ ly nhiét Mn-ZIF-8. K&t qua nghién
cltu cho thdy viéc xr ly nhiét vat liéu Mn-ZIF-8 & 500
°C trong 5 gig thu dugc Mn@Zn c6 hoat tinh xUc tac
quang cao nhét. Tuy nhién, hiéu sudt phan hiy quang
MB cling chi dat dudc 22% sau 180 phut phan Ung trén
xUc tac Mn@Zn trong diéu kién c6 chiéu bic xa tia UV
3 30 °C (ham lugng chét xuc tac 0,5 g/L, ndng db MB
ban d&u 5 mg/L).
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D&u Mot trong dé tai theo quyét dinh s6 260/Qb-
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