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TOM TAT

Bai béo trinh bay két qua téng hop vét liéu (Zn/Co)-zeolite imidazole frameworks
((Zn/Co)ZIFs) bang phuong phap dung nhiét két hop véi vi séng va ting dung lam
chét xuc tac quang trong vung anh sang kha kién. Cac vat liéu tong hop duoc xac
dinh bang cac phuong phap nhidu xa tia X (XRD), hién vi dién tir quét (SEM), dang
nhiét hap phu nitrogen. Két qua cho thay vat liéu (Zn/Co)ZIFs c6 do két tinh cao
véi véi dién tich bé mat 16n (1637,3 m2/g). (Zn/Co)ZIFs thé hién hoat tinh phan huy
quang xdc tdc cao trong vung anh sang kha kién doi véi thudc nhudm xanh
methylene (MB) trong dung dich nudc. Ngoai ra, vat liéu (Zn/Co) ZIFs cling c6 kha

ndng quang xuc tac phan huly nhiéu phdm mau httu co (methyl organe, congo red).

Tw khéa: quang xuc tac, xtuc tdc di thé, xanh methylene, ZIF-8, ZIF-67,
(Zn/Co)ZIFs.

1. MO PAU

Vit liéu khung Zeolite Imidazole Frameworks (ZIFs) la mot trong nhitng loai
vat liéu thugc nhom khung hitu co kim loai (MOFs), duoc tao thanh tir cac cation héa
tri hai phoi tri t& dién (M?* = Zn hay Co ) véi cac phdi ti imidazolate [23; 25]. ZIF-8
[Zn(2-methylimidazole):] va ZIF-67 [Co(2-methylimidazole):] da thu hut nhiéu nha
nghién ctru do su bén nhiét, bén hoa hoc va kiém soat duoc hinh thai [12; 17]. ZIF-8 va
ZIF-67 duoc nghién ctru ting dung nhiéu trong linh vuc nhu hdp phy, tach khi va xtc
tac. Tuy vay, tng dung cta ZIFs trong xtc tdc quang xtc tac chuwa duoc nghién ctru
nhiéu. Nhin chung, ZIFs c6 nang luong vung cdm 16n nén chi hap phu tia cyc tim (
ZIF-67 va ZIF-8 c6 nang luong vung cdm (Eg) twong ting la 4,3 eV va 5,3 eV) [2]. Do do,
viéc lam giam Eg d€ cai thién hoat tinh chat quang xuc tac cua ZIFs trong vung anh
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sang kha kién duwoc nhiéu nha khoa hoc quang tam. Yang va cong su [23] da nghién
ctu dua thém Cu vao ZIF-67 da thuc ddy hoat tinh xtc tdc cua Cu/ZIF-67 cho viéc
phan huy methyl cam trong vung anh sang kha kién. Lin va cdng su [7] ciing cho thdy
ZIF-67 nhu la mot chat xdc tac di thé ¢ thé hoat hda peroxymonosulfate d€ phan huy
Rhodamine B (RDB) trong nudc. Thanh va cong sw [16] cho thdy rang ZIF-8 dugc bién
tinh boi oxit sat thé hién quang xtic tac tuyét voi cho viéc phan huy RDB trong ving
anh sang kha kién. Zhou va cong su [25] lan dau tién da cong bo tong hop (Zn/Co)
ZIFs, két qua cho thady déc tinh hda hoc cua ZIFs da kim loai dwoc cai thién nhiéu hon
so voi nhitng ZIFs don nhw ZIF-8 va ZIF-67. Tuy nhién cac hoat tinh quang xtc tac ctia
nhom vat liéu nay it duoc cong bé.

Phdm mau dwgc sit dung nhiéu trong nhiéu nganh cong nghiép nhw da, gidy,
nhya, dac biét nhiéu trong nganh cong nghiép dét nhudm. Sy hién dién cua pham
nhudm trong nudc thai la mot mdi quan tdm 1én do nhiing anh huodng bat loi cua
chung dén doi song sinh vat. Viéc dua thudc nhuém vao moi truong la mot van dé
quan tam cho ca ddc tinh va m§ quan. Mau séc la chat gay 6 nhiém dau tién dugc nhin
thay trong nudc thai. Sy ¢6 mat tham chi mét luong rat nho thudc nhudm trong nudc,
it hon 1 mg/L d8i v6i mot s& thudc nhudm ciing rat dé nhin thay [13]. Vi vay tim kiém
nhtng ky thuat than thién va hiéu qua d€ loai bo thudc nhuém tir nwdce thai da tro
thanh van dé quan trong va cap bach, ¢ y nghia hét sttcc quan trong trong cong tac bao
vé mdi truong noi chung cling nhu muc tiéu cta cac nha khoa hoc noéi riéng. Nhiéu
phuong phép hoéa ly thong thuong da dugc phat trién dé xit ly nuwdc thai ¢ mau nhw
oxi hoa sinh hoa [5], hap phu [3; 9; 11] trao ddi ion [8; 21], xtic tac quang hoa [1; 13; 14],
dong tu hoa hoc [4; 18], dong tu dién hoa [22], tuyén ndi [26], oxi hda nang cao [19].
Trong cac phwong phép trén, thi quang xuc tac duge xem xét la mot trong nhitng ky
thuat hita hen vi hiéu qua xt ly cao, chi phi thap va thuwc hién don gian.

Trong bai bao nay, (Zn/Co)ZIFs duoc tong hop bing phuong phép dung nhiét

hd tro vi séng, hoat tinh phan hiy quang xuc tac cta (Zn/Co)ZIFs d8i véi xanh
methylene cling duoc nghién ctru.

2. PHUONG PHAP THUC NGHIEM
2.1. Hoa chat

Cobalt nitrate (Co(NOs)6H20, Deajung, Han Qudc); 2-methylimidazole
(CsHsN2, Sigma, My) (Hmim); methanol (CHsOH, Guang Zhou, Trung Qudc); ethanol
(C:Hs0OH, Guang Zhou, Trung Qudc); kém nitrate (Zn(NOs).6H0, Deajung, Han
Qudc); methyl organe (CisH1sN3sNaOsS), methylene blue (CisHisCINsS, ky hiéu MB),
congo red (C2H2Ne(SOs)2Naz (Nashik, An D0). Tt ca cic héa chat déu la tinh khiét
phan tich.
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2.2. Thiét bi

Gian d6 nhiéu xa tia X (XRD) duoc ghi boi mot nhiéu xa k& D8 Advance Bruker
, Btec v6i mot nguon bire xa Cu-Ka (A = 1.5406 A). Hinh thai cta ZIF-67 dugc quan sat
boi hién vi dién tr quét (SEM) (SEM JMS-5300LV, Nhat). Nghién ctu tinh x3p bang
cach do dang nhiét hap phu va giai hdp phu nito véi thiét bi Micromeritics 2020
Volumetric Adsorption Analyzer System, My. Pho t&r ngoai kha kién (UV-Vis) do trén
thiét bi Lambda 25 Spectrophotometer — Perkin Elmer, Nhat tai budc song cta cuc dai
cia MB (Amax = 664 nm).

2.3.Tong hop ZIF-67, ZIF-8 va (Zn/Co)ZIFs

Céc mau ZIF-67, ZIF-8, (Zn/Co)ZIFs duwoc tong hop theo tai liéu tham khao [6;
20; 24; 25]. Can mot lwgng chinh xac 2,328 g Co(NOs)2:6H20 hoa tan trong 100 mL
CH:0H va 2,624 g 2-metylimidazol hoa tan trong 100 mL CH3OH. Cho hdn hop vao
binh tam giac 250 mL, khudy déu bang may khudy tir trong 30 phtt, tiép tuc dua mau
vao trong thiét bi vi séng, mau duoc chiéu vi séng 40 phut. Sau d6 mau duoc li tam
trong thoi gian 10 phut (5000 vong/phut). Chat ran thu duwgc rita ba Ian lién tuc véi
dung mdi ethanol. Say san pham thu duwgc trong khoang 24 h & nhiét d6 120 °C. Mau
ran thu dwoc ki hiéu ZIF-67. Lam twong tw nhung thay mudi cobalt bing mudi kém
thu dwgc mau ZIF-8. Mau (Zn/Co)ZIFs duoc tdng hop twong tu nhw qui trinh tdng hop
ZIF-67 hay ZIF-8. Trong d6 0,4752 g Zn(NOs)26H20 va 1,8624 g Co(NOs)2:6H20 hoa
tan trong 100 mL CHsOH va 2,624 g 2-metylimidazol hoa tan trong 100 mL CHsOH.

2.4. Nghién cttu hoat tinh quang xtc tac phan huy MB trén (Zn/Co)ZIFs

Cho 0,080g vat liéu (Zn/Co)ZIFs vao cdc thuy tinh dung tich 1000 mL, chita 500
mL dung dich MB ( néng d¢ ban dau Co = 50 mg/L). C6c thuy tinh dwgc day kin vdi 14
nhudm, dit trong béng toi d€ ngan phan ting véi anh sang va hon hop duoc khudy
bang mdy khuay tir trong 120 phuit d&¢ dam bao vat liéu hdp phu dat dén bao hoa hoan
toan. Sau d6 5mL mau dwoc hit ra dem ly tdm d€ loai chat hdp phu (Zn/Co)ZIFs.
Néng d6 MB con lai trong dung dich duoc xac dinh bang quang phd hap phu UV-Vis
tai budc séng Amax= 664 nm.

Sau khi qua trinh hdp phu/giai hdp dat dén trang thai can bang, déen duoc bat
séng dé chiéu sang hon hop. Tiép theo 3 mL mau dugc duoc rat ra dinh ky tai cac
khoang thoi gian xac dinh, sau d6 ly tim d¢ loai chat ran (Zn/Co)ZIFs. Nong dd mau
con lai trong dung dich dwoc xac dinh nhu da dugc néu & trén.
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3. KET QUA VA THAO LUAN
3.1. Pac trung cua vat liéu (Zn/Co)ZIF

Hinh 1 trinh bay gian d6 XRD ctia cac mau ZIF-67, (Zn/Co)ZIFs va ZIF-8. Vi
ZIF-8 va ZIF-67 két tinh trong cling mdt nhém khong gian 143m [10] nén cac nhiéu xa
duwoc quan sat cung mot vi tri. Cac peak nhiéu xa duoc quan sat tai mat nhiéu xa (011),
(022), (112), (013), (222), (114), (233), (134), (044), (244) va (235) tuwong tng vai vat liéu
ZIF-8 va ZIF-67 [6; 10; 24; 25]. (Co/Zn)ZIFs thu dwoc cac nhiéu xa cung vi tri véi ZIF-8
va ZIF-67. Ngoai ra khong tim thdy cac peak nhiéu xa nao khac xuéat hién, diéu nay cho
thdy cadc mau thu duwoc cé do tinh khiét cao. Vi ban kinh ion ctia Co(Il) va Zn(Il) trong
phéi tri tt dién 1a gan bang nhau (0,74 A va 0,72 A). Nén ZIF-8 va ZIF-67 két tinh trong
cung hé tinh thé véi cau truc sodalite, nén ion Zn(I) c¢6 thé thay thé dong hinh ion
Co(I).

Hinh thai ctia ZIF-67, ZIF-8 va (Zn/Co)ZIF dwgc thé hién trén hinh 2. ZIF-67 cho
cac hat ¢6 hinh dang da dién 12 mit, sic nét véi duong kinh dao dong khoang 800-1000
nm. Mau (Zn/Co)ZIFs van gitt duoc hinh théi da dién cua ZIF-67. Tuy nhién, mau
(Zn/Co)ZIFs c6 hinh thai cdu truc tao thanh tir cac hat 6 kich thude nhd hon (200-300
nm). Diéu nay cho thay viéc thém Zn da kim ham su phat trién ctia cac hat tinh thé.

—ZIF-67
—— (Zn/Co)ZIFs
—ZIF-8

-—
2000 cps

(011)

Coodgg fioéituy chon)

2 theta (fiof

Hinh 1. Gian d6 XRD ctia cac mau ZIF-67, (Zn/Co) va ZIF-8
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300 nm

Hinh 2. Anh SEM ctia ZIF-67 (a); (2Zn/8Co)ZIF (b) va ZIF-8 (c).

Dién tich bé mét va tinh chat x8p ctia vat liéu da duoc nghién ctru bang phuong
phap dang nhiét hap phu va giai hdp phu nito tai 77 K (hinh 3). K&t qua cho thay dang
nhiét hdp phu va giai hdp phu thudc loai I theo phén loai cia IUPAC va do d6, tét ca
cdc mau tong hop duoc cé cdu tric vi x8p. Tuy nhién dang nhiét ctia mau ZIF-8 cho
thdy duong tré tlr tai ap suat twong d6i cao, do d6 cho thdy cé sw hinh thanh mot hé
théng mao quan trung binh gitta cac hat. Vi vay viéc bién tinh bing kém, lam dién tich
bé mit ctia cac mau ZIFs thu dugc c6 khuynh huéng giam dan theo thit thy sau: ZIF-
67 (1935 m¥/g) > (Zn/Co)ZIF (1637 m?/g) > ZIF-8 (1279 m¥/g).
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Hinh 3. Déng nhiét hap phu / giai hdp phu nito cua ZIF-67, (Co/Zn)ZIFs va ZIF-8

Ning lwong vuing c&m ctia ZIF-67, ZIF-8 va (Zn/Co)ZIFs duoc nghién cttu bang
cach do pho phan xa khuéch tan tir ngoai kha kién (UV-Vis-DR) tai nhiét d6 phong
(Hinh 4a). Cac dai hap thu ddc trung cua Co(Il) duoc thdy 6 khoang 390 nm va 700 nm,
diéu nay cho thay c6 sy hién dién ctia Co(Il) trong (Zn/Co)ZIF duoc tong hop. Néang
legng vung cam duwgc tinh theo phwong trinh Tauc [15].

ahv=A(E - Eg)'n 1)

trong do a 1a hé s6 hap thy, Eg la ndng luong vung cadm, E la nang luong photon ( E =
hv); n=1/2.

Binh phuwong hai v€ phuong trinh (1) ta dwgc phuong trinh sau:
(ahv)?= AXE ~Eg) (2)

Nang luong vliing cdm ctia cac mau dwoc tinh todn thong qua phép ngoai suy
ctia duwong thang tiép tuyén véi duong ddc d6 thi dén truc x (E = Eg) (Hinh 4b). Sy hap
thu yéu cta ZIF-67 dugc thdy trong vung gan tir ngoai ¢ khoang 390 nm, nang lugng
vung cam Eg = 3,0 eV va tai vung kha kién 700 nm véi Eg = 1,6 eV, két qua nay cho thay
co thé 1a do sy chuyén dién t& trong phan 16p 3d cua Co(Il). Peak hdp thu ¢ khoang
230 nm biéu thi lién két gitta Co-imidazole, va nang luwong dich chuyén vung — vung
cta ZIF-67 duoc thdy tai 3,77 eV (nhiing nghién ctu truede day 4,3 eV [2]). Gia tri Eg cua
ZIF-8 duoc xac dinh la 5,2 eV, nho hon mot it so voi nghién cttu trede day 5,3 eV [2].
Do d6 (Zn/Co)ZIFs cho thay su dich chuyén dai hap phu dang ké vé hudéng budc séng
ngan hon trong viung kha kién. Su dan xen cac viing ning luong (viing — viing, trong
vung) c6 thé mong doi ngédn chan sy tai hop cdp electron va 16 tréng quang sinh (e7/h?).
Nhitng két qua nay dw kién rang c6 thé thuc hién dugc hoat tinh xtc tdc quang héa
trong anh sang kha kién.
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Hinh 4. a) Phd UV-Vis DR va (b) gian d6 Tauc cua ZIF-67, (Zn/Co)ZIFs va ZIF-8.

3.2. Phan hiy mau thudc nhudém MB trén vat liéu xtic tic (Zn/Co)ZIFs dwéi 4nh sang
kha kién

Tién hanh nghién cttu hoat tinh xtc tdc quang héa dwoc kich thich dwdi anh
sang kha kién trén cac vat liéu xuc tac. Viéc khtt mau MB trén cac vat liéu ZIFs dién ra
hai qua trinh, 1a hap phu va xtc tac quang héda. D€ tach qua trinh hoat tinh xtc tac va
qua trinh hdp phy, qua trinh hdp phu duoc thuc hién trong béng tdi trong thoi gian
120 phat d€ dam bao dat dén bao hoa va ngay sau d6 den duoc bat sang dé thuc hién
phan tng xtc tic quang héa. Kha ning lam mat mau duoc danh gia bang hiéu suét
mat mau F, F = 100x(Co-Ct)/Co trong d6 Co va Ct la néng d6 cia MB trong dung dich o
thoi diém ban dau va thoi diém t. Két qua cta cac qua trinh duoc thdy trén hinh 5.
Nhin chung cac mau ZIF hdp phu mau MB cao trong dung dich nwéc . Tuy nhién hiéu
sudt hap phu cta cac vat liéu ¢6 khuynh huéng giam khi bd sung thém kém vao (68,2
% doi véi ZIF-67, 60,5 % d6i voi (Zn/Co)ZIFs va 47,8 % d6i voi ZIF-8. Khi chi€u sang,
mau ctia dung dich duong nhu khong doéi khi st dung ZIF-67 va ZIF-8 lam xuc tac.
Trong khi mau cua dung dich mat di rdt nhanh va sau 300 phut chiéu sang, hiéu suat
mat mau dat 100 % . K&t qua trén hinh 5 cho thay ca hai vat liéu ZIF-67 va ZIF-8 khong
thé hién hoat tinh quang xuc tac trong vung kha kién, tuy nhién phoi hop ca hai vat
liéu nay thi c6 thé tao ra mot chat xuc tdc quang trong vung kha kién.

Pho hap phu UV-Vis ctia dung dich MB duogc hién thi trén hinh 6a. Peak hap
thu tai budc séng 325 nm va 664 nm dugc cho la do vong bezen va nhém mang mau
trong lién két. Cuong d6 hap phu giam khi tang thoi gian chiéu sang va mau ctia MB
trong dung dich gan nhu hét hoan toan sau khoang thoi gian 420 phut (300 phut chiéu
den). Diéu nay cho thay nhém mang mau bi phan huy hoan toan dudi diéu kién chiéu
den trén vat liéu xac tac (Zn/Co) (hinh 6a). Thtr nghiém COD cing duoc thwc hién dé
giai thich phan huy xuc tdc quang hdéa (Hinh 6b). Két qua cho thay, gia tri COD giam
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dang ké tir nong d6 dung dich ban dau la 82,6 mg/L xudng con 4,5 mg/L, diéu nay cho
thay xuc tac quang hda phan huy gan hoan toan mau MB thanh CO..
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Hinh 5. Khtt mau MB duéi diéu kién anh sang kha kién trén cac xuc tac khac nhau

(BKTN: Co =50 mg/L; V =500 mL; khdi luong chat xtc tac la 0,08 g)
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Hinh 6. a) Phd hap thu phu thudc vao thoi gian; b) COD cua dung dich MB (BKTN: Co = 50
mg/L; V =500 mL; khéi lwgng chat xuc tac la 0,08 g; thoi gian hdp phu trong bong t6i 120 phat).

Thi nghiém loc cling duoc tién hanh, trong d6 chat xac tac dwgc loc sau 150
phut phan tng, su khit mau thuéc nhuém gan nhu ding lai mac du den van chiéu lién
tuc dén 320 phat (hinh 7). Sy khit mau ctia dung dich MB khong xay ra trong diéu dién
chi chiéu den, khong co6 xtc tac, diéu nay cho thdy MB bén dudi anh sang kha kién va
it bi anh huong quang phan. Cac két qua trén cho thay (Zn/Co)ZIFs la chat xuc tac di
thé trong phan huy xtc tdc quang hoa cia MB.
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Hinh 7. Thi nghiém loc (DKTN: Vaa = 500 mL; kh6i lugng chét xtac tac la 0,08 g; hdp phu trong
bdng t6i 120; phan hiuy quang hoa trong 320 phut)

Ca hai ZIF-8 va ZIF-67 déu c6 Eg 16n, vi thé anh sang kha kién khong thé kich
thich. Nén két hop ca hai d€ hinh thanh (Zn/Co)ZIFs d€ c6 thé hinh thanh bang tan
trung gian 6 mitc Co 3d dugc dién mot phan gitra bang dan (CB) va bing héa tri (VB)
cua ZIF-67 va ZIF-8, vi vay anh sang kha kién c6 thé kich thich dién tk tir bang hoda tri
dé trang thai nang luong thém vao muc Co 3d dé€ dién tir c6 thé kich thich lén bang
dan, dan dén hinh thanh electron (e-) trén bang dan va 16 tréng quang sinh (h*) & bang
hoéa tri (VB). Cap e/h* sinh ra c6 thé oxy héa H20 hay khtr O: trong dung dich dé€ hinh
thanh cac goc tu do, nhitng gdc tw do nay oxi héa nhitng chat 6 nhiém hitu co dé tao
thanh nhiing san pham trung gian, CO:2 va H20 [1; 16]. Cac phan ng xtc tac quang
héa cé thé dwoc dién ta nhu sau:

(Zn/Co)ZIFs + hv — (Zn/Co)ZIFs (h*/ e) 3)

C4c dién tix e~ (VB) va cac 16 tréng quang sinh h* (CB) tac dung véi H20 va Oz
tao ra cac gdc tw do "OH va 'O~

(Zn/Co)ZIFs(h*) + H:O — "OH + H*+ (Zn/Co)ZIFs (4)

(Zn/Co)ZIFs(e) + Os — *O2 + (Zn/Co)ZIFs )
‘OH + MB — san pham phan hay (6)
*O + MB — san pham phan hay (7)

3.3. Nghién ctru kha ning xtic tic quang phan hily mot s6 phdm mau khéc

Hinh 8 trinh nay ddng hoc hdp phu va quang xtc tac phan hay caa mét s6
phdm mau xanh methylen (MB), methylene cam (MO) va do6 cong go (CGR). Két qua
cho thay (Zn/Co)ZIFs c6 kha nang hap phu cao d6i voi tat ca cac loai pham mau, qua
trinh hdp phu dat can bang sau 120 pht. Sau khi chiéu sang kha ning mat mau giam
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rat nhanh, sau 320 phtt gan nhe mat mau hoan toan. Két qua nay cho thay vat liéu
(Zn/Co)ZIFs la mét xtc tac quang hda tiém nang trong viéc phan hiy chat mau htru co.

—— MB
—— MO
—— CGR

Pha# hug quang xua taa

0

L] L] L] L] L] L] 1
0 50 100 150 200 250 300 350 400 450
Thoépgian (phut)

Hinh 8. Dong hoc hap phu va phan hily quang xtc tac cia MB, MO va CGR trén vt liéu
(Zn/Co)ZIFs

( DKTN: Vad = 500 mL; khoi luong chat xtac tac 14 0,08 g; hdp phu trong bong tdi 120; phan huy
quang hda xtc tac trong 320 phut)

4. KET LUAN

Vat liéu (Zn/Co)ZIF duoc téng hop thanh cong bang phuong phép thiy nhiét
két hop véi vi song. Vat liéu c6 hinh thai dong nhat, do két tinh cao vdi dién tich bé
mat cao lén dén 1637,3 m?/ g.

(Zn/Co)ZIF c6 kha nang phan huy xtc tac quang tdt trong vung anh sang kha
kién d6i véi pham mau MB trong dung dich nude. Sy phan hiy MB trén vat liéu xtc
tac xay ra hoan toan tao thanh CO: . (Zn/Co)ZIFs cling ¢ kha nang xdc tac quang hoa
phan huy mot s6 phdm mau nhu Congo red, Methyl orange trong vung anh sang kha
kién.

LOI CAM ON

Nghién cttu nay duoc sy hd tro cua dé tai cAp Bo “B2017-DHH-38 - Nghién cttu phat
trién dién cuc mang graphene oxit dang khtt (rGO) bién tinh ting dung trong phan tich
mot s8 hop chat hitu co trong cdc mau dwoc pham, sinh hoc bang phuong phap dién

7”7

hoéa”.
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PHOTOCATALYTIC DEGRADATION OF DYES IN AQUEOUS SOLUTION
USING (Zn/Co)-ZEOLITE IMIDAZOLE FRAMEWORKS CATALYST
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Faculty of Chemistry, University of Sciences, Hue University
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ABSTRACT

In the present paper, the synthesis of zinc/cobalt based zeolite imidazole
frameworks ((Zn/Co)ZIFs) using microwave assisited solve thermal method and its
photocatalytic activity =~ was demonstrated. The obtained materials were
characterized by means of X-ray diffractometry (XRD), scanning electron
microscopy (SEM), nitrogen adsorption/desorption isotherms. The catalytic activity
of (Zn/Co)ZIFs was tested by photocatalytic degradation of methylen blue dye in
visible light region. It was found that the obtained (Zn/Co)ZIFs possessed the high
crystalinity with high specific surface areas (1637.3 m?/g). (Zn/Co)ZIFs manifested
an excellent photocatalytic degradation of methylene blue from aqueous solution
in visible light region. Further, the resulting (Zn/Co)ZIFs could photo-catalyze the

degradation reations of several dyes such as methyl organe and congo red.

Keywords: Blue methylene (MB), photocatalysis, heterogeneous catalysis, ZIF-8,
ZIF-67, (Zn/Co)ZIFs.
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