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ABSTRACT

In the present study, zeolitic imidazolate framework-8 (ZIF-8) is
synthesized quickly in methanol solvent with the support of ultrasound,
and application of photocatalyst for methylene blue (MB)
decomposition reaction under UV radiation. The obtained ZIF-8 was
characterized using X-ray diffraction (XRD), Fourier transform infrared
spectroscopy (FT-IR), and UV-Vis diffuse reflectance spectra (DR-UV-
Vis). The influence pH and kinetics of photocatalytic MB decomposition
and reusability of ZIF-8, were also investigated. The results indicated
that ZIF-8 could work effectively in the wide pH range from 4 to 12.
When the initial pH of the solution increases to 12, the adsorption
capacity and MB decomposition efficiency are both high. The MB
decomposition on the ZIF-8 photocatalyst followed a pseudo-first-order
kinetics model. The structural strength of ZIF-8 as well as the relatively
high photocatalytic efficiency after reuse three times shows that ZIF-8
has good reusability and can be applied to treatment of organic
pollutants in agueous solution.

Gidi thiéu chung

su [2] cong bé su téng hgp nhanh nano tinh thé
ZIF-8 & nhiét do phong tu dung dich methanol cla

ZIF-8 la loai vat liéu khung httu co-kim loai, dugc
tao thanh tU nguyén t& Zn lién két vai 2-
methylimidazolate (melm™), tao thanh cbéng thic
Zn(melm™),. Tinh thé ZIF-8 thudng dudc tao ra trong
moi trudng dung moéi N,N-dimethylformamide
(DMF), c6 dé bén nhiét tu nhiét dé phong dén 450
°C va db bén hoa hoc khi séi trong benzene,
methanol va nudc dén moét tudn [1]. Ngoai ra, ZIF-8
co dién tich bé mat cao (Seer = 1630 m?/g) va thé
tich mao quan 16n (0,636 cm?3/g) [1]. Cac nghién clu
vé ZIF-8 tr& nén hap dan sau khi Cravillon va céng

kém (Il) nitrate va 2-methylimidazole (Hmim). Ngay
nay, ZIF-8 c6 thé dugc diéu ché bang cach st dung
cac phuang phép khac nhau, bao gébm phucng
phép nhiét dung méi [1, 3], t6ng hop trong
methanol & nhiét dé phong [2, 4, 5], t6ng hgp trong
maoi trudng nudc tai nhiét dé phong [6], phucng
phap hé trg vi séng [7], phucng phép vi nhi tucng
dao [8], t&ng hop siéu am [9],.. Tuy nhién, cac
hudng tim kiém phuong phéap t6ng hop don gian,
thai gian diéu ché ngdn, va tiét kiém nang lugng van
dang thu hut nhiéu su chu y cla cac nha khoa hoc.
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ZIF-8 dugc Uing dung lam chét xtc tac dj thé cho nhiéu
phan Ung. Nam 2013, Wee va céng su [3] da sir dung
zeolitic imidazolate framework-8 lam chét xtc tac cho
phan Ung ester hda gilta oleic acid va glycerol. Phan
Ung téng hgp styrene carbonate tr CO, va styrene
oxide vdi ZIF-8 lam chat xic tac clng dugc Zhu va
cdng su [4] nghién cdu. ZIF-8 cling la chat xuc tac di
thé hiéu qua ddéi véi phan Uing téng hgp ethyl methyl
carbonate tU dimethyl carbonate va diethyl carbonate
dugc cong bd bdi Zhou va cong su [10]. Ngoai kha
nang lam xdc tac cho cac phan Ung téng hop hitu co,
ZIF-8 con dugc su dung lam chét xdc tac quang dé
phan hly cac chat & nhiém htu co [5, 1.

Methylene blue (MB) la hgp chét hdéa hoc di vong
tham, c6 cong thic va khéi lugng phén tir tuong Uing
la CigHisCINSS va 319,85 g/mol [11]. MB dugc s dung
phd bién nhu mot dai dién trong cac phdm nhudm
hitu co thudng cd mat trong nudc thai dét nhudm. Su
c6 mat MB trong moéi trudng nudc lam ngan can su
tham nhap cla anh séng, do dé lam gidm kha nang
quang hdp, va pha hiy tham m§ tu nhién cla bé mat
nudc. MB cling dugc st dung phé bién trong cac loai
thudc thy y va thudc danh cho con ngudi trong mét sé
qui trinh chudn doan va tri liéu [12]. Cac quy trinh xit ly
nudc thong thudng khong thé phan hly dugc MB, do
nd cd cdu tric vong tham phuc tap, ban chat ua nudc,
va c¢6 do bén cao dudi tac dong cla anh sang, nhiét
do, hoa chét,... Nhiéu qui trinh xr ly khéc nhau da
dugc &p dung dé xi ly phdm nhuém cé chita trong
nudc thai cia cac nganh cong nghiép, nhu sy phan
hdy sinh hoc, oxy hda hda hoc, loc, hdp phy, quang
xUc tac,... Trong do, phuong phap oxy hda quang xuc
tac dugc cho la mét trong nhitng cach thic hiéu qua
nhat dé€ phan hiy MB [12].

Trong bai bao nay, ZIF-8 dugc téng hgp nhanh trong
dung méi methanol vdi su hd trg cla song siéu am.
Hoat tinh quang xUc tac cla vat liéu thu dugc cling
dugc danh gia thdng qua phan Ung phan hldy MB dudi
buc xa tia UV.

Thuc nghiém va phuang phap nghién cdu

Diéu ché ZIF-8

Quy trinh t6ng hop ZIF-8 dugc diéu chinh ti quy trinh
dugc mo ta trong tai liéu [4]. Trong mot quy trinh dién
hinh, 8 mmol Zn(NO3),.6H,O (Fisher) dugc hoa tan vao
1,4 mol methanol (Fisher) thu dugc dung dich 1; va
64,4 mmol melm (Acros) dugc hoa tan vao 1,4 mol
methanol thu dugc dung dich 2. Sau do, dung dich 2
dugc thém vao dung dich 1 dé tao thanh hén hop, tién
hanh siéu am hén hgp thu dugc trong 0,5 gid (st dung

may siéu am SONICS Vibra-cell). Cudi clng, chat bot
ZIF-8 mau tréng thu dugc bang cach ly tam & 3000
vong/pht, rdia 3 1an véi methanol va sdy khé qua dém
100 °C.

Pha tinh thé cla vat liéu dugc quan sat bang phuong
phap XRD trén may 8D Advance (Bruker, Germany)
dung tia bdc xa Cu Ka & vung quét goc 26 tu 5-50°.
Dac trung clia cac nhom chitc dugce ghi bang phd FT-IR
trén may Jasco FT/IR-4600 (Japan). Phd DR-UV-Vis
dugc ghi trén nén BaSO4 clia may UV2600 Shimadzu
(Japan).

Xdc dinh diém ddng dién

Piém dang dién cua vat liéu ZIF-8 dugc xac dinh theo
qui trinh dugc mo ta trong tai liéu [11]. Cho vao mét
loat cac binh tam giac (dung tich 100 mL) 50 mL dung
dich NaCl 0,01 M. Gi4 tri pH ban dau cua dung dich
(pHi) dugc diéu chinh nam trong khoang tu 2 dén 12
bang HCl 0,1 M hay NaOH 0,1 M. Cho vao mdi binh
tam giac trén 0,05 g vat liéu t8ng hop, day kin va lac
bang méy lac trong 48 gid. Sau do, dé lang, loc sach
huyén phu bang gidy loc, do lai cac gia tri pH goi la
pHt. DO thi biéu dién mdéi quan hé su khac nhau gitta
cac gia tri pH ban d&u va sau cing (ApH = pHr - pH)
theo pHi 1a dudng cong cét truc hoanh tai ApH = 0
cho ta gia tri pH dang dién (ki hiéu pHezc). Tién trinh
nay dugc thuc hién tuang tu déi véi dung dich KCI 0,01
M.

Khdo sdt hogt tinh quang xtc tdc

Hoat tinh quang xuc tac cla ZIF-8 dugc danh gia
théng qua phan Ung quang phan hay phédm nhuém
MB dudi buic xa ctia den UV-C (Philips TUV 16W T5 4P-
SE, Poland): 0,05 g chét xtc tac dugc cho vao 100 mL
dung dich MB néng dé 5 mg/L trong binh cau hai ¢
dung tich 500 mL c6 gan sinh han hoi luu. Trudc khi
chiéu xa, dung dich huyén phu dugc khudy bang may
khudy ttr trong boéng téi 60 phut dé dat dugc can bang
hap phu-khir hdp phu. Trong suét thai gian chiéu xa,
sy khudy tU van dugc gitt nguyén dé tao dugc dung
dich huyén phu dong nhat. Sau mdi khoang thai gian
xac dinh, 5 mL dung dich dugc l&y ra, li tdm, loai bo
chat xtc tac, ndng dd MB con lai trong dung dich dugc
xac dinh bang phuong phap UV-Vis trén méy Jasco V-
770 tai Admax = 664 nm.

K&t qua va thdo luan
Hinh 1 trinh bay gidn d& XRD va phd FT-IR cla mau

ZIF-8 t6ng hop. Quan sat gian do XRD (hinh 1.a) ta
thay xudt hién pic dac trung cho cau trdc ZIF-8 tudng
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tu vai nhiéu cong bd trude day [1, 4, 5, 10]. Trong dé,
pic nhiéu xa (011) tai 26 = 7,2° ¢4 cudng dé cao chi ra
sU ton tai cac cau trdc ZIF-8 vdi dé tinh thé cao. Diéu
nay cho thdy mdi trudng siéu am co hiéu qua rat tét
dén sy hinh thanh cdu tric tinh thé cua vat liéu.
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Hinh 1: Gian doé XRD (a) va phé FT-IR (b) cta ZIF-8

PhéS FT-IR clia mau ZIF-8 dugc trinh bay & hinh 1.b, cac
dai hap thy clia cac mau nay cling phu hgp vdi cac két
qua cla cac bao céo trudc day vé vat liéu ZIF-8 [5, 10,
11]. Dai hap thu tai 3170, 3097 va 2922 cm~ tuang Ung
véi cac dao déng hoa tri bat déi xiing clia C—H no va
trong vong thom. Dai hép thu tai 1564 cm™ dugc qui
cho dao déng hoa tri cla lién két C=N. Cac dai hap
thu tai 13071456 cm™' la tudng thich vai dao ddng
hoa tri cla vong imidazole, trong khi dai hép thu tai
1145 cm™" 1a do dao ddng hoé tri cia C-N trong vong
thom. Tuang tu, dai hdp thu tai 995 cn™" va 758 cm™
c6 thé dugc qui cho dao déng bién dang clia C-N va
C—H. Ngoai ra, dai hép thu tai 690 cm™ la dao déng
bién dang ngoai mat phdng clia vong imidazole. Dai
hép thu nhon tai 424 cm™ dugc tao ra do dao déng
hoé tri ctia Zn—N chi ra rang cac nguyén ti kém da lién
két v&i cac nguyén tU nitg trong cac cau ndi 2-
methylimidazolate. Dai hdp thu tu c6 dinh tai 3406

cm ¢é 18 la dao dbng cla lién két O—-H clia cac phan
0 nudc hap phu.

Hinh 2.a trinh bay su hdp phu va phan huy MB dudi
cac diéu kién khac nhau va trong sy hién dién cda ZIF-
8. K&t qua cho thdy MB kha bén vdi buic xa tia UV, chi
phan huy 17% sau thai gian chiéu xa 240 phut. Khi ¢o
su hién dién cua ZIF-8 (khdng chiéu tia UV), MB chi bj
hép phu 10% sau 60 phut va dat dugc 19% sau thdi
gian tiép xdc 240 phdt trong boéng téi. Nhung khi tién
hanh chiéu blc xa UV trong su hién dién cda ZIF-8 thi
MB bi phan huy kh& nhanh, hiéu sudt phan huy dat
64% sau thdi gian chiéu xa 180 phdt. K&t qua nay
chiing t6 ZIF-8 c6 hoat tinh quang xuc tac.
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Hinh 2: a) Su phéan huy MB dudi cac diéu kién khac
nhau; b) Phé DR-UV-Vis chuyén déi sang ham
Kubelka-Munk cua ZIF-8

Méau ZIF-8 cling dugc phan tich bang phé DR-UV-Vis,
két qua cho thdy ZIF-8 ¢ canh hép thu chu yéu & 230
nm tuong Ung vdi gia tri £y xac dinh dugc trén do thi
Kubelka-Munk la 515 eV (hinh 2.b), gia tri nay cling
tuong déng vdi cac cong bé trude day vé gia tri £4 cla
ZIF-8 [6]. Ngoai ra, mau ZIF-8 cling c6 cac dai hdp thu
yéu & 303 va 415 nm tudng Ung vdi E4 la 3,65 va 2,55
eV (chen trong hinh 2.b). Bay c¢ I& la nguyén nhan lam
cho ZIF-8 c6 hoat tinh quang xUc tac cao.
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pH cla dung dich la mét trong nhing yéu t& quan
trong anh hudng dén phan Ung quang xuc tac phan
huy, né quyét dinh tinh chét dién cla bé mat chét xuc
tdc quang va kich thudc cla cac dang tap hgp dugc
hinh thanh. Do dé, dé xac dinh anh hudng cla pH ban
dau dén dung lugng hédp phu va hiéu sudt phan huy
MB cla vat liéu ZIF-8, pH ban d&u clia dung dich MB
dugc diéu chinh tir 2 dén 12 bang HCl 0,1 M hodc
NaOH 0,1 M, két qua dugc trinh bay & hinh 3.a. Ta thay
ZIF-8 c6 thé hoat déng hiéu qud trong khodng pH
rong tu 4 dén 12, nhung hau nhu khéng quan sat thay
su hdp phu hay phan huy MB xdy ra & pH bang 2. Khi
pH ban dau clia dung dich tang dén 12 thi dung lugng
hép phu va hiéu sudt phan huy MB déu cao. Nguyén
nhan cla van dé nay co Ié la do tuong tac tinh dién
gilta cation phdm nhuém (MB*) va bé mat tich dién am
clia chat xuc tac ZIF-8 (gia tri pHpzc trung binh cta ZIF-
8 la 8,9 dugc xac dinh trén doé thi su phu thudc ApH
vao pHi cla vat liéu ZIF-8 dugc biéu dién trén hinh
3.b).
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Hinh 3: a) Quang phan huy MB trén ZIF-8 & cac pH
dung dich ban dau khac nhau; b) D6 thi xac dinh diém
dang dién cua vat liéu ZIF-8

Trong khodng pH ban dau cla dung dich tir 4 dén 10,
mac du dung lugng hdp phu tadng dén sau 60 phdt tiép
xUc, nhung hiéu suét quang phan huy lai thay déi khac
nhau sau 180 phut chiéu buc xa tia UV. Hiéu suét phan

huy MB tang tU 64% dén 68% khi pH tang tir 4 dén 6,
va gan nhu khoéng thay déi khi pH bang 7, sau do lai
giam xudéng 55% tai pH bang 8, va tang lén 65% tai pH
bang 10. Su thay d&i nay c6 thé dugc gidi thich 1a do
phan Ung quang xUc tac sinh ra H* lam thay d&i pH
cla méi trusng nén hiéu suat phan hdy MB cling thay
déi theo.

Phuong trinh déng hoc bac nhdt cda md hinh
Langmuir-Hinshelwood [5, 11] dugc mé ta nhu sau:

In(C/Co) = —k.t
Trong do, C, la ndng dé ban dau va C; la ndng dé con
lai trong dung dich & thdi diém phan Ung t cla chét
phan Ung, t la thai gian phan Ung va k 1a hang s& toc
dé clia phan Ung.
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Hinh 4 : D6 thi mé ta phuong trinh déng hoc béc 1 (a)

va hang s6 téc do tuang Ung (b) cla sy quang phan

huy MB trén ZIF-8 & cac pH dung dich ban d&u khac
nhau

K&t qué phan tich cac dir liéu phan Ung quang phan
hiy MB trén xUc tac ZIF-8 trong giai doan ké tu khi
chiéu buc xa tia UV theo phuong trinh déng hoc bac
nhat dugc mé ta & hinh 4.a. Ta thdy, cac diém thuc
nghiém gan nhu thang hang vdi hé s tuong quan cao
(R° = 0,9564-0,9966) ching té su phan huy quang MB
trén ZIF-8 tuan theo mé hinh déng hoc bac 1.
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Céc gia tri hang s6 t6c dd k clia phan Ung tai cac pH
dung dich ban dau khac nhau dugc biéu dién trén hinh
4.b. Ta théy, gia tri hang s6 k tdng manh khi pH dung
dich tang tU 2 dén 6, sau do giam nhe dén pH bang 8,
va lai tiép tuc tdng manh dén pH bang 12. Két qua nay
cling gan tuong dong vdi cong bé clia Jing va cdng su
[11], cho thay rang hoat déng quang xuc tac cta ZIF-8
thich hgp trong méi trusng kiém manh, va diéu nay
hoan toan khéc biét véi cac chat xic tac quang truyén
théng khéc.
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Hinh 5: Hiéu suét quang phan huy MB (a) va phé FT-IR
(b) clia cac mau ZIF-8 tai st dung

Sau mdi thi nghiém, chat xdc tac ZIF-8 dugc thu hoi
bang cach log, rita vdi nuéc va sdy khd dé téi st dung.
Két qué khao sat hoat tinh xtc tac sau 3 1&n téi str dung
dugc trinh bay & hinh 5.a. C6 thé thdy rang hiéu suat
quang phan huy MB trén xic tac ZIF-8 tai s&t dung cé
gidam nhe sau 3 [an tai st dung, hiéu suét phan hay MB
gidm tU 68% (trén mau xuc tac ban dau) dén con 42%
(trén mau xUc tac dugc tai st dung lan thir 3). Dieu nay
chiing to hoat tinh quang xuc tac cla ZIF-8 van con
hitu hiéu sau 3 lan t&i s&r dung.

Cac mau ZIF-8 tai st dung cling dudc phan tich bang
phé FT-IR (hinh 5.b). Ta thay cac dao déng dac trung
clia ZIF-8 gén nhu khéng thay déi, diéu dé cho thay
cdu trdc cua ZIF-8 van bén viing trong diéu kién
nghién cltu nay.

Két luan

Vat liéu ZIF-8 dugc téng hop thanh cong trong dung
moi methanol & nhiét dé phong dudi diéu kién siéu
am trong 30 phut. Vat liéu thu dudc c6 do tinh thé cao
va c6 hoat tinh quang xUc tac phan huy MB dudi buc
xa UV trong khodng pH réng (tUr 4 dén 12). Tai pH cao,
hiéu sudt hdp phu MB cla ZIF-8 tdng manh, van dé
nay cling gop phén hiéu qua cho su phan huy MB cua
chét xic tac. Phan Ung quang phan huy MB trén xic
tac ZIF-8 tuan theo mé hinh ddng hoc bac nhét. ZIF-8
cling c6 kha nang téi s dung cao déi vdi phan Ung
phan hdy quang MB dudi diéu kién buc xa tia UV.
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