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TOM TAT

Vat liéu Zr- va Hf-MOF dang thu dugc nhiéu sy quan tam nghién ctu, dac biét trong linh vuc lam
sach nudc nhu loai bd cac hgp chat hitu co dédc hai trong phan bén, thuéc trir sau, va cac ion kim
loai. Ngoai ra, MOF con la ting vién trong nghién ctiu cdm bién sinh hoc bai yéu t6 it doc, co tinh
chat da dang, dién tich bé mat cao, tdm kim loai hoat dong va dé bén tét. Vat liéu Zr-BDC va Hf-BDC
dugc t8ng hop bang phuong phap nhiét dung méi va phan tich bang mot sé phuong phap nhu
nhiéu xa tia X dang bot (PXRD), nhiét trong lugng vi sai (TGA), va hap phu khi nitrogen 77 K. Két
qua phan tich cdu tric va tinh chat cho thay hai vat liéu c6 do tinh thé hoa cao, do bén nhiét trén
500 °C va dién tich bé mat theo phuong trinh BET la 950 va 1450 m? g~ 1. Hai vat liéu MOF nay
cho thay kha nidng hap phu hop chat indole véi luong tai trén 150 m2 g~! va hiéu suét tai trén 80%.
Kha nang bat gitr ion fluoride ctia hai vat liéu sau khi tai indole dugc chiing minh dua trén co ché
bat va tat huynh quang clia hgp chat tin hiéu indole. Hé vat liéu MOF mang indole cho thay hiéu
qua bat gitt ion fluoride & nbng d6 1000 ppm sau 120 phat. Nghién clu cho thédy tiém nang cla
vat liéu x6p mang hap chat tin hiéu indole trong ché tao cam bién bat gitrion fluoride trong nudc

va trong moi trudng sinh hoc.

Tuwkhoa: MOF, phat hién ion fluoride, hdp phu indole, vat liéu huynh quang

GIGI THIEU

Fluorine thudng ton tai dang ion vo co trong nudc va
6 ¥ nghia to 16n véi sic khoe clia xuong va ring. !
Hap thu qua nhiéu fluorine cé thé gy ra hién tugng
nhiém fluorine nha khoa, sdi thin, réi loan trao d6i
chat va khéi u. 2 Fluorine trong nuéc uéng cé thé dugc
phét hién béi sy thay ddi tin hiéu quang hoc hodc so
mau thong qua hai co ché chinh: (i) Hidro cia nhém
O-H, N-H hoédc C-H da dugc proton héa hodc lién
két véi fluorine (fluorine hitu co) dan dén sy thay d6i
phd nguyén th (ii) Fluorine 1a mét base Lewis lién
két véi acid Lewis nhu silic, boron va cho d) nhay
va chon loc cao. >* Vi co ché thit nhét, mot s6 hgp
chét hitu co dugc stt dung nhu tin hiéu dé€ phét hién
fluoride nhu curcumin, dan xuit indole, dan xuit
coumarine, aminobenzodifuranone, fluorescein 5(6)-
isothiocyanate.>® Trong s& d6, indole (IND) c6 cdu
tric vong chiia nguyén tu nitrogen va la khung sudn
ctia nhiéu thudc quan trong it gay doc tinh t€ bao. Vat
liéu x0p nhu silica x0p (mesoporous silica), vat liéu
khung hiiu co-kim loai (Metal-Organic Framework-
MOF) gan céc phén tt tin hiéu c6 thé dugc ing dung
trong cam bién phat hién ion fluoride thong qua hién
tugng bat va tit huynh quang,®~'?

Vat liéu MOF bao gom hai thanh phan chinh 1a cum
kim loai va cdu néi hitu co dang thu hat dugc rat nhiéu

su quan tdm nghién ctu trong khodng 20 nim gin
day. !4 Mot s6 dic tinh ndi bat nhu 16 x6p 16n, do
bén nhiét va dd bén hoa hoc cao do cau truc duoc thiét
ké ban dau hoic dugc bién tinh sau khi téng hgp ma
vat liéu MOF c¢6 thé€ dugc ting dung trong nhiéu linh
vic nhu hip phu va tach loc khi, xtc tac, cdm bién,
van chuyén thudc, dién héa va xt Iy méi trusng. 151
Véi ti trong thdp, dién tich bé mit riéng 16n va su
thong thoang ctia cdu triuc, MOF cho phép cac phin
tt khdach & hai trang thai 1ong hodc khi c6 thé ra vao
trong hé thong 16 x6p & nhiing diéu kién cu thé ma
khong gay anh hudng hay pha vé khung suén ctia vét
liéu va do6 la co s dé vat liéu nay thuc hién qua trinh
hép phu.?° So vé6i nhiing chit mang truyén théng nhu
zeolite, than hoat tinh, nhém phosphate thudng cé
dién tich bé mat thdp, ciu truc khong linh hoat thi
MOF la ting vién trong nghién ctiu cdm bién sinh hoc
do yéu t6 it doc, c6 tinh chit da dang, dién tich bé
mit cao, tim hoat dong va do bén tét.>1723 Vit lidu
MOF tam kim loai zirconium va hafnium (Zr-MOF
va Hf-MOF) véi uu diém vé d bén trong moéi truong
nuéc,?* c¢6 kha ning hip phu hop chét IND & cic
noéng d6 khac nhau 25 va d6 doc tinh té& bao thap?° 1a
c0 sG cho nghién ctiu kha nidng cdm bién ion fluoride
trong moi trudng nudc. Chinh vi vay, trong nghién
ctiu nay, chung tdi thuc hién hap phu indole trén hai

Trich dan bai bao nay: Thanh HN, Uyén D T, Ngoc P K, Tan D L H, Linh N H T. Nghién cttu hap phuindole
cha vat liéu nano khung hitu co-kim loai tam Zr va Hf cho ting dung cam bién ion fluoride. Sci. Tech.
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vat liéu 1a Zr-BDC va Hf-BDC bdi kim loai Zr va Hf
v6i ciu ndi hitu co 1,4-benzenedicarboxylate (BDC)
va khdo sat kha ning phat hién ion fluoride ctia hé
MOF mang indole (IND/Zr-BDC) va IND/Hf-BDC)
hudng dén ché tao vét liéu cdm bién ion fluoride.

VAT LIEU VA PHUONG PHAP

Héa chat

Muéi zirconium chloride (ZrCly, 99%) va hafnium
chloride (HfCly, 98%), dugc mua tii Sigma-Aldrich.
Ciu ndi hitu co terephthalic acid (H,BDC, 99%),
potassium fluoride (KF, 99%), indole (IND, 99%), 4-
bipyridine (4-BP, 99%) dugc mua tii Acros. Dung moi
N,N-dimethylformamide (DMF, 99%), acetic acid
(AcOH, 99%), dichloromethane (DCM, 99%), ethyl
acetate (EtOAc, 99%) dugc mua tii Fisher.

Thiét bi

Thiét bi phan tich cdu tric va tinh chét vatliéu dugc st
dung nhu nhiéu xa tia X dang bot (PXRD) Bruker D8
Advance, quang phé hong ngoai (FT-IR) Bruker Ver-
tex 70, phan tich nhiét trong lugng vi sai (TGA) TA
Q500 Thermal Analysis, phan tich hip phu déng nhiét
nitrogen (N, adsorption) Quantachrome Autosorb-
iQ2. Phén tich lugng chit hip phu bang thiét bi sic
ky ghép ddu do ion hoa ngon Itia (GC-FID), Agilent.
Kinh hién vi huynh quang Olympux BX-53. Bon siéu
am (Elma S10).

Quy trinh téng hop vat liéu

Vat liéu Zr-BDC va Hf-BDC dugc téng hop theo quy
trinh d4 dugc cong b6.?” Can 95,1 mg mudi ZrCly
hodc 130,7 mg mudi HfCly (0,4081 mmol) vao vial
A chta 2 mL dung méi DMF va chiéu xa siéu 4m
trong 20 phuat d€ hoa tan mudi kim loai. Can 67,8
mg HpBDC (0,4081 mmol) vao vial B chiia 1,314 mL
dung mo6i DMF va chiéu xa siéu am trong 20 phut
dé hoa tan hoan toan HyBDC. Tiép d6, cho hén hgp
dung dich B vao A va tiép tuc chiéu xa siéu 4m trong
30 phut thu dugc hén hgp dung dich C. Tiép tuc cho
thém 0,686 mL acetic acid vao hén hgp C va chiéu xa
siéu 4m thém 10 phut r6i déy kin vial C va gia nhiét
tai 120 °C trong 24 gid. Sau khi phan tng két thuc
va d€ ngudi, mau dugc ly tim & 8000 vong trén phut
trong 3 phut va thu ldy phan chét rdn mau trang. Thuc
hién rtia v6i dung moéi DMF trong 2 ngay (5 mL/14n, 3
lan/ngay) va trao déi véi dung méi DCM trong 2 ngay
(5 mL/14n, 3 14n/ngay)

Quy trinh hap phu
Quy trinh hdp phu IND trén vat liéu Zr-BDC va Hf-
BDC dugc thuc hién trong diéu kién khudy ti & nhiét
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dd phong. Can 100 mg vat liéu MOF vao lo chtia 5
mL IND c¢6 néng d6 2 mg mL~!. Sau 2 gig, ly tam
hén hgp dé thu ldy phan dich chiét va phan chét ran.
Phan dich chiét: L4y 0,5 mL dung dich cho vao lo c6
ndp, sau d6 thém vao 0,5 mL dung dich 4-BP va lic
déu. Po GC-FID dé xac dinh ti 1é s6 mol gitta IND va
4-BP. Tinh todn dua trén d6 thi duong chuin dé xac
dinh ndéng d¢ IND trong dich chiét. Tu do gian tiép
xac dinh nong d¢ da hip phu va tinh toan khéi lugng
da hép phu vao vat liéu. Lugng IND hép phu sau khi
can bang (q.) dugc tinh dya trén sy khéc biét vé nong
d6 IND trudc va sau qua trinh hdp phuy, theo phuong
trinh (1):

Ge = (CO*Ce)V (1)

w

Trong do: C, va C, (mg mL~!) 14n luot 1a nong do
IND ban d4u va néng d6 IND cén béng,
V (mL) 1 thé tich ctia dung dich IND,
W (mg) 1a khéi lugng ban dau cia MOE.
Phén chét rin: Thyc hién rta nhanh vdi ethanol (3
mL/1an, 3 1an). D€ kho ty nhién va luu mau.

Qui trinh bat giition fluoride

Dung dich KF 1000 ppm dugc pha tit mudi potassium
fluoride va nudc khii ion & nhiét 4o phong. 10 mg
vat liéu IND/Zr-BDC va IND/Hf-BDC dugc cho vao
2 mL dung dich KF theo néng d¢ khao sat ti 0-1000
ppm va thoi gian tit 30-120 phut. Sau d6, ly tim hon
hgp dé thu ldy phan chit rin va tién hanh chyp dnh
bai kinh hién vi huynh quang.

KET QUA VA BAN LUAN

Phan tich ciu tric vatliéu

Vat liéu sau qua trinh t6ng hgp dugc phan tich ciu
truc, tinh chét va hinh thai bing mét s6 phuong phép
nhu PXRD, FT-IR, TGA, hdp phu ding nhiét nitro-
gen & 77K va SEM. Két qua phén tich XRD dang bot
mau vat liéu Zr-BDC va Hf-BDC bang thiét bi Bruker
D8 advance dugc thuc hién & thong s6 goc quét 260
tit 3-30° dugc thé hién trong Hinh 1. Gidn d6 PXRD
ctia vat liéu Zr va HE-BDC cho thdy c6 mét s6 tin hiéu
nhiéu xa cudng do cao tai vi tri 7,42° 8,53 12,16°
14,28° va 17,10° dai dién cho cdc mit mang (111),
(200), (220), (331) va (400) déc trung cho loai vét liéu
€6 cdu truc tinh thé v6i 6 mang co s& 16n. So sanh véi
gian do nhiéu xa tl cdu trac don tinh thé cta vat liéu
UiO-66 cho thdy sy tring khép tai cac vi tri tin hiéu
nhiéu xa, diéu nay cho thiy ciu truc vat liéu téng hgp
tuong tu nhu vét liéu Zr-BDC va Hf-BDC ¢4 cdu tric
lap phuong, nhém d6i xiing khong gian Fd-3m, thong
s6 mang a=20,7465 A cac gbc a=B=y=90,00°.%8
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Hinh 1: Két qua phan tich PXRD ctia Zr-BDC (a) va Hf-BDC (b)

Két qué phan tich TGA mau vat liéu Zr-BDC va Hf-
BDC (Hinh 2) dugc thuc hién véi t6c do gia nhiét 1a
5 °C/phut trong méi trudng khong khi, tit nhiét do
phong dén 800 °C. Pudng cong thay ddi khoi lugng
trong Hinh 2 cho thdy rang d¢ bén nhiét ctia Zr-BDC
va Hf-BDC la khodng 500 °C va sy mat khéi lugng
theo nhiét d6 phti hgp véi vat liéu x6p khung hiiu co
kim loai Zr va Hf-MOF 28 Khéi lugng bi mét 14n lugt
ctia Zr-BDC va Hf-BDC trong khoang nhiét do dudi
400 °Cla 13% va 11%, nguyén nhén la do su bay hoi
va phan hay ctia nudc, va cdc dung moéi hiu co lién
két voi kim loai. Trong khoang nhiét do tit 500 °C
dén 600 °C, xay ra su giam khdi lugng déng ké1a 44%
va 27% tuong ting v6i 2 mau vt liéu Zr-BDC va Hf-
BDC do su sup d6 cu tric khung hitu co x6p. Vat
liéu sau khi gia nhiét trén 600 °C con lai thanh phan
cht yéu la oxide kim loai ZrO, va HfO,. Tu gian d6
TGA c6 thé chling minh qua trinh rat chan khong da
loai dugc phén 16n phan ti khach trong khung x6p
vat liéu.

Dién tich bé mit dugc xdc dinh bing phuong phép
do hép phu nitrogen ép sudt thdp & 77 K bdi thiét bi
iQ2. budng déng nhiét hdp phu va gidi hdp cla hai
vat liéu Zr-BDC va Hf-BDC thé hién d6 thi dac trung
ctia duong hép phu déng nhiét loai I (Hinh 3a). Dién
tich bé mit dugc tinh toan theo Brunauer-Emmett-
Teller (BET) ctia Zr-BDC va Hf-BDC 14n lugt 1a 1450
m? g~ va 950 m? g~! véi dudng kinh 16 x8p khoang
11 A (Hinh 3b). Dién tich bé mit ciia Hf-BDC thap
hon Zr-BDC dugc giai thich do khdi lugng nguyén ti
ctia Hf ndng hon Zr nén vt liéu Hf-MOF thudng cé
khéi lugng nguyén ttt 16n hon dan dén tinh todn dién
tich bé mit (m? g~!) nho hon, két qua nay phu hop
v6i vat liéu UiO-66 (Zr va Hf) di cong bs. 27230

Xay dung duéng chuan xac dinh néng dé
IND

budng chudn d€ xdc dinh néng d6 IND dugc xay
dyng dya trén phuong trinh dudng thing gitta ti 1é
dién tich peak IND/4-BP theo ti 1é s mol IND/4-
BP véi néng do IND trong khoang 1,06x10~> dén
8,53x1073 mmol. IND va 4-BP dugc x4c dinh dua
vao thoi gian Iuu va ti 1é dién tich peak IND/4-BP lay
tit ph6 GC-FID (Hinh 4). Két qua phén tich cho thdy
moi tuong quan gida ty 1é s6 mol IND/4-BP va ti 1¢
dién tich peak ctia 2 chét dugc thé hién qua phuong
trinh dudng thingy = ax+b vdi hé s6 géc a va hing s6
b1a 5,691 va 0,0088. Phuong trinh dudng chudn ¢ hé
s6 tuong quan cao R? 13 0,993 va hé s6 b nho nén c6
thé dugc sti dung dé€ xdc dinh nong d6 IND hép phu.

Xac dinh lugng IND hap phu

Qua trinh hép phu IND dugc thuc hién tai nong do
IND 1a 2 mg mL~!, & nhiét d6 phong va khudy tit
trong 120 phut. Lugng IND hip phu dugc xdc dinh
thong qua phuong trinh dudng chuén va tinh toan
theo phuong trinh s6 112162,8 v 172,4 mgg~! tuong
ung cho vat liéu Zr-BDC va Hf-BDC. Tt két qua nay
¢6 thé xdc dinh dugc hiéu sudt tai IND cua 2 vat liéu
tai néng d6 2 mg mL~! 14 trén 80% va Hf-BDC c6
kha nang hdp phu IND cao hon Zr-BDC. Két qua nay
¢6 thé dugc ly giai boi tuong tdc hdp phu cho nhan
hydro ctia vat liéu MOF va hgp chit IND nhu trong
cdc nghién ctiu trude da dé xudt. > Nhém p3-OH clia
Hf-BDC dé cho hydro hon ctia Zr-BDC bdi tuong
tdc manh cta Hf-O hon Zr-O nén dan dén lugng tai
IND trén Hf-BDC cao hon trén Zr-BDC.** MOF sau
qué trinh hdp phu IND dugc phéan tich PXRD dé xem
xét do bén ctia cdu truc vét liéu khung. Két qua trén
Hinh 5 cho théy cac tin hiéu nhiéu xa déc trung khong
bi mét di va cang khong c6 sy xudt hién thém céc tin
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Hinh 3: Gian d6 hap phu khi nitrogen 77K (a) va phan b6

réng tugng trung cho cac diém hap phu va giai hap

hiéu méi trong gidn d6 cta hai vat liéu IND/Zr-BDC
va IND/Hf-BDC. Két qué nay chiing to vét liéu MOF
nay bén trong méi trudng hdp phu IND va tiém ning
cho qua trinh tai cdc chat khung IND cho cam bién.
Hinh dang cta vat liéu Zr va Hf-BDC trudc va sau khi
hép phu IND c6 thé dugc quan sat &i kinh hién vi dién
tli quét & anh séng tring trong Hinh 6. Anh 6a-d cho
théy vat liéu 1a nhiing tinh thé trong sudt, kich thudc
khoéng 2 micromet. Ngoai ra, hinh chyp kinh hién vi
huynh quang ctia vat liéu Zr-BDC va Hf-BDC trué6c
va sau khi hdp phu IND (Hinh 6e-h) cho théy su phat
quang cta vét liéu sau tai béi sy hién dién IND trong
2 vat liéu IND/Zr-BDC va IND/Hf-BDC.

Kha nang phat hién ion F- ciia hé vat liéu
IND/Zr-BDC va IND/Hf-BDC

Vit liéu IND/Zr-BDC va IND/Hf-BDC dugc nghién
ctiu kha nang phat hién ion dya trén kha nang phat
huynh quang va dép tit huynh quang cta hgp chit
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16 x6p (b) clia Zr-BDC va Hf-BDC. Céc vong tron dac va

IND khi ¢6 sy hién dién ctia ion fluoride. Tai nong
dd khac nhau ctia KF trong khoang tu 250-1000
ppm, sy bt gili ion F~ cta hé vit liéu IND/Zr-BDC
va IND/Hf-BDC sau 120 phut dugc thé hién trong
Hinh 7. Két qua quan sat kinh hién vi huynh quang
cho thdy cudng d¢ phét quang ctia vat liéu mang IND
giam khi n6ng do KF ting 1én va hoan toan bién mat
& dung dich KF 1000 ppm.

Khao sat theo thoi gian bat giti trong khodng tu 30-
120 phat dugc trinh bay trong Hinh 8. Tai nong do
KF 1a 1000 ppm, c6 thé quan sat thdy cudng do phét
quang giam dan khi ting thoi gian ngam vt liéu trong
dung dich va bi d4p tit hoan toan sau 120 phut.
KET LUAN

Vat liéu MOF tu tam kim loai Zr va Hf dugc téng hgp
bang phuong phép nhiét dung méi cé dién tich bé mit
x4p xi 1450 va 950 m?g ™!, kich thudc 16 x6p khoang
11A va da loai phin 16n phan ti khach trong 16 x6p.



Tap chi Phdt trién Khoa hoc va Céng nghé - Khoa hoc Tu' nhién 2022, 6(2):2149-2157

045

040 - y=5691x-0. 0088

R2=0.993
0.35 |

0.30 |
025
0.20 |-
015

010 |

i 1& dién tich peak IND/4-BP

0.05 |

UUU | 1 1

0.00 001 002 003

004 005 006 007 0.08

Ti 1& sé mol IND/4-BP

Hinh 4: Dudng chuén ti lé gilta s6 mol va dién tich peak ctia IND/4-BP

Két qua hap phu IND trén hai vat liéu Zr-BDC va Hf-
BDC cho thdy kh ning hp phu la 162,8 mg g~ ! va
172,4 mg g~! v6i hiéu sudt tai trén 80%. Thém vao
d6, vat liéu sau tai IND cho thdy kha nidng bt giti ion
fluoride & néng d6 1000 ppm va thoi gian d€ dép tit
hoan toan tin hiéu huynh quang cia IND/MOF la 120
phut.

LO1 CAM ON
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MOFE: Metal-organic framework
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B.E.T: Brunauer-Emmett-Teller
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Study on indole adsorption of Zr-and Hf-based metal-organic
frameworks for fluoride ion detection

Ha Ngoc Thanh'23, Duc Thi Uyen?3, Pham Kim Ngoc'?, Doan Le Hoang Tan?3, Nguyen Ho Thuy Linh%35"

ABSTRACT

Zr- and Hf-based metal-organic frameworks (MOFs) have recently garnered much attention espe-
cially for water purification such as removal of toxic organic compounds in fertilizers, pesticides,
and metal ions. Moreover, these MOFs are candidates for biosensor materials due to their low toxi-
QR code and download this article city, diverse properties, high surface area, active sites, and stability. In this research, Zr- and Hf-BDC
materials were prepared by a solvothermal method and characterized by advanced techniques, in-
cluding X-ray diffraction, scaning electron microscope (SEM), thermogravimetric analysis (TGA), and
nitrogen adsorption. The structural and property analysis results showed that Zr-BDC and Hf-BDC
have high crystallinity, thermal stability over 500°C, and surface area according to the BET equa-
tion from 950 to 1450 m? g~!. These MOFs exhibited indole adsorption with capacities of over
150 mg g~! and loading efficiency above 80%. The ability of the Zr-BDC and Hf-BDC to capture
fluoride ions after indole encapsulation was demonstrated based on the fluorescence on and off
mechanism of the indole signal compound. The indole carrier system showed an effective capture
of fluoride ions at a concentration of 1000 ppm after 120 min. This study demonstrated the po-
tential of porous materials carrying indole signaling compounds in the fabrication of sensors that
capture fluoride ions in water and in biological environments.

Key words: metal-organic frameworks, ion fluoride detection, indole adsorption, fluoresence
material
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