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ABSTRACT

In this work, the zinc/cobalt-based zeolite imidazolate framework-67
was synthesized using solvothermal method. Their application in the
RhB dye degradation and inhibition of bacteria growth were
investigated. The obtained materials were characterized utilizing
scanning electron microscope (SEM), X-ray diffraction (XRD), and
nitrogen adsorption-desorption isotherms. Our study reported the use
of (6Co/4Zn)ZIF composite for the simultaneous treatment of both
Rhodamine B dye and bacteria. The result showed that the prepared
composite could remove RhB dye up to 95% by both adsorption and
photodegradation, and exhibited good antibacterial activity against
both Gram-negative E. coli (67,7% inhibition rate) and Gram-positive S.
aureus (57,6% inhibition rate) under visible-light condition. Our study
indicated that 6Co/4Zn)ZIF composite could be a potential material for
the waste-water treatment ain textile industry.

Gidi thiéu chung

quan tdm cho c& doc tinh va m§ quan. Mau sac la chét
gay O nhiém dau tién dudc nhin thay trong nudc thai.

Qua trinh cong nghiép hoa phéat trién manh mé trong
thai gian qua d& gép phan cho sy tang trudng kinh té
dang k€. Tuy nhién bén canh dé thi sy & nhiém moi
trudng trong nhitng nam gan day cling dang & muc
béo déng, anh hudng dén mdi trudng séng cla con
ngudiva sinh vat. Trong dé nudc thai ti cac ¢d s& san
xuat cong nghiép, dac biét trong do nudc thai ti cac
cg s& dét nhudm, su hién dién clia phdm mau trong
nudc thai la mét méi quan tdm Ién do nhitng anh
hudng bat Igi clia ching dén dgi séng sinh vat. Du
lugng thudc nhudém vao modi trudng la mot van dé

Sy cd mat tham chi mét lugng rat nhd thudc nhudm
trong nudc, ft han 1 mg/L déi vai mot sé thudc nhudm
cling rat dé nhin thdy [1]. Nudc thai chra thuSc nhudém
la rat doc hai, la tac nhan gay ra ung thu va dot bién
gen [2, 3]. Bén canh dé su ton tai cla vi khudn trong
nudc clng gdy anh hudng nhét dinh dén moi trusng,
dac biét & cac ching vi khudn thudc nhém
Enterobacteria, nhém vi khudn Gram am, ky khi c6 kha
nang gay cac bénh trén dudng rudt & ngudi va dong
vat, v&i dai dién phd bién nhét 1a Escherichia coli
(E.coli). Chi s6 quan trong vé vi sinh vat trong viéc
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danh gia nudc thai la chi s6 Coliforms, néng do vi
khudn E.coli la 1 trong s& 3 chi tiéu dé danh gia chi s§
Coliforms. Vivay tim kiém nhirng ki thuat than thién va
hiéu qua dé khr mau va khir khudn cé trong nudc thai
da trg thanh van dé quan trong va cdp bach, c6 vy
nghia hét siic quan trong trong cdng tac bao vé moi
trudng ndi chung cling nhu muc tiéu cla cac nha khoa
hoc ndi riéng. Nhiéu phuong phap hda ly thong
thuong da dugc phat trién dé xit ly nudc thai cd mau
nhu oxi hoa sinh héa [4], hdp phu [5-7], trao dGiion [8,
9], xUc tac quang hda [10, 11], oxi hda nang cao [12]...
Tuy nhién trong cac phuong phap trén, thi xdc tac
quang hda dugc xem la mdt trong nhitng ky thuat co
khd nang x(r ly déng thdi mau va vi khuén, hiéu qua x
ly cao, khéng sinh ra san phdm phu trong méi trudng.

Vat liéu ZIFs (Zeolitic Imidazole Frameworks) la mot
trong nhiting loai vat liéu thuéc nhom khung htu co
kim loai (MOFs), dugc tao thanh tU cac cation hoa tri
hai phéi tri t& dién (M2* = Zn hay Co ) vd&i cac phdi ti
imidazolate [13, 14]. Pa s6 ZIFs ¢ nang lugng vung
cdm Ién, nhu ZIF-67 va ZIF-8 cd ndng lugng ving cdm
tuong Ung la 4,3 eV va 53 eV [15]. Vi vay, viéc lam
giam Eg dé cai thién nhitng dac tinh quang xdc tac cla
ZIFs trong vung anh séang kha kién la hét strc can thiét
va cb y nghia thuc tién. M6t s6 nghién clru trude day
clia Thanh va cs. [16] d& cho thdy ZIF-8 bién tinh bang
oxit st la chat xuc tac quang tuyét vai cho phan Ung
phan hiy RDB trong vung &nh sang kha kién. Yang va
cs. [17] da dua thém Cu vao ZIF-67 da thic déy hoat
tinh xtc tac cta Cu/ZIF-67 cho viéc phan hiy MO
trong vung anh sang kha kién dat hiéu qua cao. Zhou va
cs. [14] 1an ddau tién da téng hap ZIFs dua trén Zn/Co
VvGi cac tinh chdt hda hoc da dudc cai thién so vdi
nhiftng khung kim loai don nhu ZIF-8 va ZIF-67. Tuy
nhién, cac nghién clu hoat tinh quang xUc tac clia vat
litu nay dé dong thai khi mau va khir khudn chua
dugc nghién clu. Vi vay, trong nghién ctru nay ching
toi tién hanh t6ng hop bién tinh ZIF-67 khao sat hoat
tinh xdc tac quang hda déng khr mau Rhodamine B va
knir dai dién 2 ching vi khudn E. coli ATCC 25922
(Gram am) va S. aureus ATCC 25923 (Gram dudng)
trong dung dich nudc dudi diéu kién anh sang kha
kién.

Thuyc nghiém va phuang phap nghién cttu
T6ng hop ZIF-8, ZIF-67 va (6Co/4Zn)ZIF
Cobalt nitrate (Co(NO3)2:6H20, Deajung, Han Quéa); 2-

methylimidazole (C4HeN2, Sigma, My) (Hmim);
methanol (CH3OH, Guang Zhou, Trung Qudc); ethanol

(CoHsOH, Guang Zhou, Trung Qudc); k&m nitrate
(Zn(NO3)2.6H20, Deajung, Han Qudc); Rhodamine B
(C28H31CIN203, ky hiéu RhB).

Vat liéu ZIF-8, ZIF-67 va (Co-Zn)ZIF (ty Ié mol Co/Zn=
6/4, ky hiéu ZC) dugcténg hop theo tai liéu tham khao
[18, 19]. Can mdt lugng chinh xac 2328 g
Co(NO3)2:6H20 hoatantrong 100 mL CH3OHva 2,624
g 2-metylimidazol hoa tan trong 100 mL CH3OH. Cho
hén hdp vao hinh Teflon d&t trong td sdy vai nhiét dé
150°C, trong 5h. Sau dé mau dugc ly tam trong thdi
gian 15 phut (1500 vong/phdt). Chat ran thu dugc rira
ba lan lién tuc véi dung moi ethanol. Sy san phdm thu
dugc trong khodng 24 h & nhiét d6 120 °C. Mau ran
thu dugcki hiéu ZIF-67, lam tuang tu nhung thay mudi
cobalt bang mudi kém thu dugc mau ZIF-8. Mau (Co-
Zn)ZIF dugcténg hgp tuong tu nhu quitrinh téng hap
ZIF-67, trong dé ty 1é mol Co/Znla 6/4.

Cdc ching vi khudn va diéu kién phdt trién

Vi khudn Gram (-) Escherichia coli ATCC 25922 va
Gram (+) Staphylococcus aureus ATCC 25923 dugc s
dung dé nghién cltu hoat tinh khit khudn cla vét liéu.
Chang vi khuén E. coli dugc nudi cdy trong méi trudng
LB (Luria — Bertani) va S. aureus trong moi trudng TSB
(Trypic soy broth).

Thi nghiém ddng khir mau va khor khudn trén cdc loagi
vat liéu

Cho 0,1g vat liéu ZIF-67, ZIF-8 va (6Co/4Zn)ZIFs vao
mbi cdc thdy tinh dung tich 1000 mL, cha 500 mL
dung dich RhB, nbng dé mau ban dau Co = 30 mg/L;
nong dé vi khuén 106 — 107 CFU/mL. Cac c6c thay tinh
dugc day kin, dat trong béng t6i dé ngan phan Ung
v&i anh sang va hdn hgp dugckhudy bang may khudy
tUr (150vong/pht) trong 120 phit dé dam bao vat liéu
hdp phu dat dén bdo hoa hoan toan. Sau dé 10mL
mau dugc hit ra dem ly tdm dé loai chat hdp phu.
Néng dé RhB con lai trong dung dich dugc xac dinh
bang quang phé hdp phu UV-Vis tai budc song Amax =
553 nm. Boéng thai 18y 100 uL dung dich, pha lodng
nhiéu ndng dé khac nhau va trai trén dia thach LB
hodc TSB (cac dia dugc U & 37°C, sau 24 gig ghi nhan
s& khudn lac xuét hién dé danh gia hoat tinh khang
khudn cla vat liéu). Sau khi quéa trinh hdp phu/giai hap
dat dén trang thai can bang, dén dugc béat sang dé
chiéu sang hén hop. Mau dudgc rdt ra dinh ky tai cac
khodng thai gian xac dinh 60 va 120 phut, sau do ly
tam dé loai chat rdn. Nong dé mau va s lugng té bao
vi khuén con lai trong dung dich dugc xac dinh nhu da
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dugc néu & trén. Mau déi chiing la mau khéng chia
vatliéu. M&ithi nghiém duagclap lai 3 an.
Ti & s6ng sot (%) cla vi khudn dugc tinh theo cdng
thuc:

C

T= —.100%

Cac
Trong do6, Cm la s6 t& bao vi khudn clia mau khao sat
va Coc la s6 t€ bao vi khudn cla mau déi ching,
(CFU/mL).

K&t qua va thao luan
Ddc trung cua vit liu

Hinh 1 trinh bay gian do XRD clia cac mau ZC, ZIF-8 va
ZIF-67. Vi ZIF-67 va ZIF-8 két tinh trong cling mot hé
tinh thé 1-43m [20], trén gidn d& XRD xuét hién & cac
goc nhiéu dac trung giéng nhau. ZC ¢ cac nhiéu xa
cung vi tri v&i ZIF-67 va ZIF-8. Tuy nhién, cudng dé
nhiéu xa co su khac nhau. Cudng déd nhiéu xa gidm khi
tdng thanh phéan k&m. Khodng cach khdng gian d cla
cac mat (011), (002), (112), (022), (113), (222) va (114) la
giébng vai nhitng gié tri thu dugc ti XRD clia nhirng
tinh thé ZIF-8 hay ZIF-67 nhu nghién trudc day [13, 14,
20, 21].

—— ZIF-67
—— (6Co/4Zn)ZIF

L J
—>
1600 cps

(011)

Cudng do (abr)

5 10 15 25 30 35

20
26 (do)
Hinh 1: Gidn dé XRD cla ZIF-67, ZIF-8 va ZC.

Hinh thai cia ZIF-67, ZC va ZIF-8 dugc trinh bay trén
hinh 2. Anh SEM cho thdy ZIF-67 Ia cac kh&i ¢ hinh
dang da dién 12 mat, séc nét véi dudng kinh dao dong
khodng 500-1500 nm. Mau ZC van gitt dugc hinh thai
da dién clia ZIF-67. Mau ZC ¢ hinh thai cdu tric tao
thanh tU cac hat ¢ kich thudc nhd hon (50-200 nm),
tuy nhién van gitt dugc hinh thai ban dau cla ZIF-67.
Két qué cho thay viéc thém Zn vao ZIF-67 lam gidm su
phat trién clia cac hat, kich thudc hat gidm ti 800nm
deéi vdi ZIF-67 xudng 100nm déi vdi ZIF-8 va gidm do
két tinh nhu k&t qué phéan tich XRD & trén.

Hinh 2: Anh SEM ctia mau ZIF-67 (a), ZC (b) va ZIF-8 ()
Bang 1: Dién tich bé mat riéng va nhitng dactinh tinh
xOp clia ZIF-67, (6Co/4Zn)ZIF

Ky hiéu Seer(M2G7) Ve (cm3.g™)  do (A)

ZIF-67 1530 0,911 20,1
e 1325 0,607 20,2

ZIF-8 1176 0,502 38,1

SBET [0 t6hg dién tich vimao qudn, Vmic la thé tich vi
mao quadn; dp la dudng kinh trung binh mao qudn.

600 =
-
°0
. L
£ 500 [
w |
"’E | gestesttmtta ey
) T (6Co/4zn)ZIF
= +f
= |
=9 |
£ 400 -
=
=
=
@
=
300 -

0.0 0.2 0.4 0.6 0.8 1.0
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Hinh 3: Dang nhiét hdp phu va gidi hdp phu nitta cla
ZIF-67, ZCva ZIF-8
Dién tich bé mat va nhitng dac tinh x6p cla nhitng vat
litu dugc khdo sat bang cach do hdp phu va gidi hap
phu nitd tai 77 K (Hinh 3). Dang nhiét hdp phu va giai
hdp phu thudc loai | theo phan loai cda IUPAC. Tét ca
cac mau déu cd cau tric vixdp. Tuy nhién, dudng dang
nhiét cla ZIF-8 tdng cham tai &p sudt tuang déi Ian.
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Diéunay cho thay rang hé théng mao quantrung binh
hinh thanh gilta cac hat.

Kh& mau RhB va khdr khudn trén cdexdc tdc ZIF-67,
ZIF-8va zZC

Ching t6i da tién hanh nghién clfu hoat tinh xtc tac
quang hda trong diéu kién anh sang kha kién trén cac
chdt xdc tac khac nhau. Qua trinh mat mau cla RhB
trén cac vat liéu ZIF-67, ZIF-8 va ZC xay ra thdng qua
hai qué trinh: hdp phu va xtc tac quang hda. DE tach
qua trinh phan hiy xdc tac va qué trinh hdp phu, qué
trinh hdp phu dugcthuc hién trong béng téi trong 120
phdt dé dadm bdo hdp phu dat dén can bang. Kha
nang lam mat mau cla chat xUc tac dugc danh gia
théng qua hiéu sudt mat mau, qua biéu thirc

100 = (Cq — C
o _100+(C—C)
Co

Trong d¢6, Co va Ctlan lugt la nbng dé ban dau va tai
thai diém t.

Két qua clia cac qua trinh cho thay ZIF-67, ZC va ZIF-8
hdp phu mét lugng dang k€ RhB ¢6 trong dung dich
nudc. Hiéu qua hdp phu cla ZIF-67, ZC va ZIF-8 lan
luot 1a 79,8%, 68,7 va 45,6%. Trong diéu kién 4nh sang
knha kién, ZIF-67 va ZIF-8 khdng thé hién hoat tinh xic
tac. Hoat tinh xUc tac clia vat liéu ZC dugc thé hién rat
ré trén Hinh 4. Hiéu suat kh&r mau cia ZC dat dén
95,4%.

B Phan hiy quang xUc tac

W Hap thu

ZIF-8 ZIF-67 ZC

Hinh 4: Khir mau RhB trén cac chét xdc tac khac nhau
trong diéukién anh sang kha kién

Hiéu qua khi khuén clia vat liéu dugce xac dinh bang ti
16 s6 t€ bao vi khudn trong mau khao séat sau khi tiép
xUc v&i vat liéu vd&i s6 t& bao vi khudn cd trong mau
déi chdng (khdng chda vat liéu). Trén Hinh 5, 6 cho
thdy trong diéu kién khdng cd anh séng hay cé anh
sang, cac vat lieu ZIF-67, ZIF-8 déu c6 kha nang khir
khudn rat thdp déi vai ca vi khudn Gram duong S.
aureus va Gram am E. coli v&i ti 1é séng sot cla té bao

trén 80%. Tuy nhién trong diéu kién c6 anh sang, vat
litu ZC thé hién hoat tinh quang xUc tac t8t, cd kha
nang khir khudn t6t hon khdong cé anh sang, vdi ti 1é
séng sot cla vi khudn Gram duang S. aureus va Gram
am E. coli gidm tuang Ung 2 va 2,5 lan (con 42,4% va
32,3%). Trong khi dé, anh sang khong lam thay déikha
nang khir khudn clia vat liéu ZIF-67 va ZIF-8. Bang 1
tom t&t mét s6 nghién cu vé vat liéu ZIF va vat liéu
nano khac cé kha nang khir khuan. Vat liéu ZC chiing
minh khd nang dong khi mau va kh hai ching vi
khudn Gram (-) Escherichia coli va Gram (+)
Staphylococcus aureus trong diéu kién anh sang kha
kién.

Bang 2: Kha nang khang khudn clia cac composites

Loai Chingvi Khé nang Tai leu
Arlia . A , . tham
vat liéu sinhvat khang khuan khio
ZIF-NIF-ALG E.coli MIC = uM [22]
Ag-ZIF-8 B. subtilis B. subtilis: MIC = 200 uM 23]
nanowire E. coli E. coli: MIC = 300 uM
E. coli E. coli: ZOl = <14 mm;
GEN@NZIF-8 [24]
S. aureus S. aureus: ZOl =19 mm
) E. coli E.coli MIC=0.5mg/ml;
TiZ5/ZIF-8 [25]
S. aureus S. aureus MIC = Tmg/ml
Ti & Uc ché 100% ca hai
E. coli ’ L
WO c)hu\[]g E. fo[z va S. aureus 26]
S aureus d néng dé hat 100 pg/ml
sau 6 gid tiép xtc
Ti 1é Uc ché 57,6% S. Nahien
E. coli aureus va 67,7% E. coli sau o
ZC > GiS 1ED e, 6 xic 1A clu
S qureus gid tiép xtc, cOxic tac ndy
quang

ZOl: vong khang khuédn (zone of inhibition);
MIC: néng do Uc ché tdi thi€u (minimal inhibitory concentration)

Hinh 5: Khtt vi khudn Gram (-) E.coli trén cac vat liéu
khac nhau
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Hinh 6: Khir vi khuan Gram (+) S. aureus trén cac vat
liéu khac nhau
ZIF-8 va ZIF-67 c6 Eg I&n nén khdng bi kich thich
dudi anh séang kha kién. Su két hgp Zn véi Co tao
nén chat xdc tdc ZC vdi khd nang phan hly quang
héa trong diéu kién anh sang kha kién. Biéu nay co
thé gidi thich la do thém Zn vao hinh thanh bang
tang trung gian gilta ving dan (CB) va vung hda tri
(VB) clia ZIF-67 va ZIF-8, &nh sang kha kién co thé
kich thich dién t& tU VB dé trang thai nang lugng
thém vao muc Co3d dén CB két qué hinh hanh dién
& (e7) va 16 tréng quang sinh (h*). Cap e7/h* sinh ra
khr hay oxi hoa O2 va H20 trong dung dich dé hinh
thanh cac géc ty do. Céc gbc tu do nay oxi hoa
nhitng chat & nhiém hitu cg dé€ tao thanh nhitng san
phém khodng hda. Phan Ung xdc tac quang hoa co
thé xdy ra nhu sau:
2C + hv - ZC (h*/e)
e+ 02 - 02"
ZC(h*) ‘OH + H* + zZC(h*)

"‘OH /02" +RhB -

+ H20 -
san phdm phan hiy

Bén canh dé cac gbcty do "OH / 02" ¢ thé oxy hoa
pha hly mang té bao, cac bao quan va DNA cla vi
khuan, dan dén vi khudn bj tiéu diét. Bay cling dudc
xem 1a mét trong nhiing co ché diét khudn chinh cla
nhiéu loai vat liéu dugc gidi thich cla cac nghién cru
truge day [27-31] [8,9, 10, 11,12]. Két qua nghién cliu
cho thédy vi khudn Gram &m E. coli nhay cam v&i cac
vat liéu nghién cltu hon so véivikhudn Gram duong S.
aureus, do sy khac biét vé ciu truc mang té€ bao Gram
am va Gram duang [31].

Khd nang chuyén héa chdt mau dugc nghién clu
thdng qua md hinh Hinshelwood-Langmuir cho xuc
tdic di th€ & cac ndng do khac nhau. M6 hinh
Langmuir-Hinshelwood dang rit gon nhu sau:

C
In (C—z) = —I,t
trong do krla hang s6 t6c dé phan hay (phuat™), Co, Ct
la ndbng d6 cla RhB tinh tai thai diém dat can bang
hdp thu trong béng t6i va tai thai diém t cla quang
xUc tac.
Két qua tinh todn cho thdy hé sé t6c dd phan huy (ki)
mau RhB trén vat liéu ZC gidm dén tur 0,028 dén 0,004
(phut™) khi néng dé RhB tang tur 10 — 50 mg/L. Biéu
nay co thé giai thich khi nbng dé mau RhB cang 16n cb
thé lam can trd anh sang tuong tac tdi vat liéu xic tac,
dan dén hiéu qua quang xuc tac giam va lam giam téc
do phan hay mau.
x-

Hép thy trong 161

Phan hly quang ¥(c tic

Hinh 7: Bdng hoc hdp phu va xic tac phan hay trén
vatliéu ZC (BK TN: V: 500 mL RhB, ndng dé ban dau:
10 mg/L dén 50 mg/L, khéi lugng chét hap phu: 01 g,

t6c do khudy trén: 300 rpm)

K&t luan

ZIF-67, ZCva ZIF-8 dugcténg hop bang phuong phap
dung nhiét trong thdi gian 5h ¢ hinh thai dong nhét,
dé ket tinh cao va cd dién tich bé mat tuang Ung la
ZIF-67 (1530 m?/g), ZC (1325 m2/g) va ZIF-8 (1176 m2/q).

Cac vat liéu ZIF-67, ZC va ZIF-8 hdp phu mdt lugng
dang ké RhB c6 trong dung dich nudc, tuy nhién hiéu
qua hédp phu gidm khi tang ham lugng Zn. Hiéu qua
hadp phu clia ZIF-67, ZC va ZIF-81an lugtla 79,8%, 68,7
va 45,6%. Trong diéu kién anh sang kha kién, ZC thé
hién hoat tinh quang xUc, hiéu suét khif mau RhB cla
ZC dat dén 95,4%. ZIF-67 va ZIF-8 khdng c6 hoat tinh
quang xuc tac.
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Cac véat liéu ZIF-67, ZIF-8 déu it c6 khad nang khi
khudn déi véi ca vi khudn Gram duong S. aureus va
Gram &m E. coli v&i ti 1é séng sot cla té bao trén 80%.
ZC clng thé hién khi khudn rét thdp trong diéu kién
khong chiéu séang. Tuy nhién trong diéu kién cd anh
sang, vat liéu ZC thé hién hoat tinh quang xuc tac tét,
cb kha nang khir khudn t6t vai cd hai chang vi khudn
trén. K& qua cho thdy vi khuén Gram am E. coli nhay
cdm vdi cac vat liéu nghién cru (ZC) han so vdi vi
khudn Gram duang S. aureus.
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