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TOM TAT

Trong nghién cuu nay, vat ligu khung co kim dua trén cluster
[ZrsO4OH),], goi la Zr-MOF-NH, duwoc tong hop
tr muoi  zirconium  chloride  (ZrCly) va  linker
2-aminobenzene-1,4-dicarboxylic acid (H.BDC-NH;) trong hé
dung moi N,N“-dimethylformamide (DMF) va formic acid
(HCOOH) bdng phwong phdp nhiét dung moi. Cau triic cia vit
lieu dvwoc xdac dinh bang phwo‘ng phdp nhiéu xa tia X (PXRD) va
phuong phap quang phé hong ngoai (FT-IR). Hinh thdi ciia mau
duroc quan sdt bang kinh hién vi dién tir quét (SEM) va thanh phan
nguyén té dwoc xdc dinh bang phé tan xa nang luong tia X (EDS).
Vit liéu Zr-MOF-NH, tiép tuc dwoc chlorine hoa bc%ng dung dich
sodium dichloroisocyanurate (NaDCC) 1% tao thanh vdt lieu Zr-
MOF-NHCI. Ham luong chlorine trong vat lieu dwoc xdc dinh
bang phirong phdp chudn dé iodometric/thiosulfate.

T khod: Chlorine héa, do két tinh, chudn dé idometric/thiosulfat,
vdt lieu khung co kim

ABSTRACT

In this study, a metal-organic framework based on [Zrs04(OH)4]
cluster, termed Zr-MOF-NH;, was synthesized by the reaction of
zirconium chloride (ZrCly) and 2-aminobenzene-1,4-dicarboxylic
acid linker (HBDC-NH,) in N,N ~dimethylformamide (DMF) and
formic acid (HCOOH) by solvothermal synthesis. The structure of
the resulting material was characterized by powder X-ray
diffraction (PXRD) and fourier-transform infrared spectroscopy
(FT-IR). The morphology of the compound was observed by
scanning electronic microscopy (SEM) and the elemental
composition was determined by energy dispersion X-ray
spectroscopy (EDS). The Zr-MOF-NH> was further chlorinated
with 1% NaDCC solution forming the resulting material
Zr-MOF-NHCI. The chlorine loading on the material was
quantified by the iodometric/thiosulfate titration method.

Keywords: Chlorination, crystallinity, iodometric/thiosulfate
titration method, metal-organic framework material
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1. GIOI THIEU

Vit liéu khung lai hoa hiru co -kim loai (MOF)
1a vat liéu ran két tinh duogc tao thanh tir cac cau nbi
hitu co va céc cluster kim loai. Cho dén nay, c6 hon
90.000 cAu trac MOF khéc nhau da duge bao cdo va
cung cip mot s6 lwong 16n cau trac MOF cho nghién
ciru va tng dung (Jones, 2022). Vit liéu MOF cé
nhimng vu diém vuot tréi nhu ¢6 d6 xdp cao, dién
tich bé mit riéng 16n va cau tric linh hoat (Chen et
al., 2020). Vi nhimg dac diém nay, MOF da duoc
nghlen ctru v6i nhiéu ung dyng nhu hap phu/tach
khi, xtc tac, dan truyén thudc, cam bién va xur ly
chét 6 nhiém (Ma et al., 2020).

Trong céc loai vat licu MOF, MOF dua trén tdm
kim loai zirconium dugc quan tam hon ca vi loai vat
lidu nay dugc tao béi cluster [ZrO4(OH)4] ndi voi
nhau qua linker 1,4-benzenedicarboxylic acid
(H2.BDC) ¢c6 d6 bén nhiét va d6 bén héa hoc cao, goi
la Zr-MOF (Bunge et al., 2018; Cho et al., 2019).
Khi thay thé linker H,BDC bang 2-aminobenzene-
1,4-dicarboxylic acid (H,BDC-NH>) van thu duoc
vt liéu Zr-MOF-NH, ¢6 céu trac khong d6i. Ngoai
ra, Zr-MOF-NH, khong chi c6 doc tinh thap, kha
nang chéng nuée cao, dd 6n dinh ciu trac tot (Gu
Na, 2023) ma nhém -NH, con 1a co s¢ dé bién tinh
héa hoc theo dinh huéng mong muén. Mot vi du
dién hinh 1a thuc hién bién tinh nhém -NH,
thanh -NHCI c6 kha nang lam ting tinh khang khuan
cua vat liu (Si et al., 2017). Trong nghién ctru nay,
vat litu Zr-MOF-NH, duoc tong hop tir mudi
zirconium (IV) chloride (ZrCly) va linker
H,BDC-NH,. Qua trinh chlorine héa va xac dinh
ham luong chlorine trong vat li€u tao thanh
Zr-MOF-NHCI ciing dugc trinh bay.

2. PHUONG PHAP NGHIEN CUU
2.1. Thiét bi, hoa chat

Cac mau nhiéu xa tia X dang bot (PXRD) dugc
do trén may Bruker D8 Advance str dung CuKa da
duoc loc Ni (A =1,54178 A) hoat dong v&i cong suét
40 kV/30 mA, gboc quét 20 tir 3 dén 50 ° véi toc do
quét 0,01 °.s!

Hinh thai va thanh phan nguyén t ctia cac mau
dugc phan tich bang thiét bi FESEM (S-4800,
Hitachi, Nhat Ban) dugc trang bi phan tich phé tan
xa nang luong tia X (EDS, Nhat Ban) véi dién ap 15
kV.

Phé hdng ngoai (IR) dwoc do trén thiét bi
Shimazu IR Affinity-1S — c6 thém bd do mau nhanh
QATR 10 Shimazu, khong can nén vién va phti KBr.
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Hoa chat duoc sir dung trong nghién ctru gdom
ZrCly dugc mua tr cong ty Sigma-Aldrich,
2-aminobenzene-1,4-dicarboxylic acid, sodium
dichloroisocyanurate (NaDCC) dugc mua tir cong ty
Acros; formic acid (HCOOH), acetic acid (AcOH),
sodium thiosulfate pentahydrate (Na,S;03.5H>0),
potassium iodide (KI), ethanol (EtOH) duwoc mua tir
cong ty Fisher; acetone va N, N’-dimethylformamide
(DMF) ¢6 xuat xir tir Trung Qudc.

2.2. Quy trinh téng hep

Zr-MOF-NH:

Vit liéu Zr-MOF-NH, dugc tong hop bang cach
hoa tan 114,17 mg (0,49 mmol) ZrCl, trong 0,70 mL
DMEF va 2,70 mL HCOOH. Hén hop dugc danh siéu
am trong 15 gidy roi cho vao lo phan g 20 mL dun
& 120 °C trong 30 phut, dé ngudi. Sau d6 0,70 mL
dung dich DMF chtra 50,68 mg (0,28 mmol)
H,BDC-NH, duoc thém vao lo va lic déu. Hon hop
phan g dugc cho vao ta sdy & nhiét do 135 °C.
Sau 48 gio, lo phan ng dwoc liy ra va dé ngudi &
nhiét do phong, thu duogc bot két tinh ling xubng day
lo.

vat  liéu

Vat liéu Zr-MOF-NH; sau khi duoc tich ra khoi
dung dich phan tmg duoc rira lan lugt bang DMF va
acetone (3 x 10 mL, mdi lan rua), tién hanh hoat hoa
chéan khong trong 24 gid ¢ nhié¢t d6 phong va dugc
gitt trong 1o thuy tinh dé su dung cho céac phan tich
tiép theo.

2.3. Quy trinh chlorine héa vat li¢u

Zr-MOF-NH: va xiac dinh ham lugng
chlorine trong vat liéu tao thanh

Vit liéu Zr-MOF-NHCI dugc téng hop bang
cach chlorine héa nhom -NH, trong vét liéu
Zr-MOF-NH,. Ngam 100 mg vt li€u Zr-MOF-NH,
trong 10 mL dung dich NaDCC 1% trong 8 gid rdi
rira vat liéu v6i nude cit 3 1an (3 x 10 mL) dé loai
b6 tap chat, trao dbi dung moi véi acetone (3 x 10
mL). Chat rin dwoc 1am kho bang hé thdng hut chan
khong & nhiét d6 phong.

Ham luogng chlorine trong vat li¢u dugc dinh
luong bang phwong phap chudn do
idometric/thiosulfate; cho 50 mg chit rin sau
chlorine hoa trén vao erlen, thém tiép 10 mL hdn
hop EtOH/ AcOH 0,01 N (ti 1€ 9:1) va 0,1 gram KI.
Erlen dugc lic déu trong 5 phut rdi tién hanh chuan
dd bang dung dich sodium thiosulfate (Na2S,0s)
0,01 N dén khi mau vang ciia dung dich bién mat va
bén trong 20 gidy. Phép chudn do dugc thyc hién lap
lai 3 lan. Ham lugng chlorine trong vat li¢u
Zr-MOF-NHCI dugc xac dinh bang cong thirc (1):



Tap chi Khoa hoc Pai hoc Can Tho

N xV x35,45x100%
2W

%Cl = (1)

Trong d6: N: ndng d6 dwong luong (eq/L),

V: thé tich Na,S,05 0,01 N da dung trong chuan
do (L),

W: khéi luong cuia Zr-MOF-NHCI (g).

Qua trinh chuan d6 dugc minh hoa nhu sau:

-NHCl+2I'+H* —— -NH,+L +CI

25,057 + I, ——> S406* + 21

3. KET QUA VA THAO LUAN
3.1. Phan tich cdu tric chia vat lidu
Zr-MOF-NH: va vat liéu
Zr-MOF-NHCI1
Do két tinh cua tinh thé Zr-MOF-NH, va
Zr-MOF-NHCI dugc kiém tra bang phuong phap
nhiéu Xa tia X dang bot PXRD va duoc so sanh voi
gian do6 PXRD chuan (Hinh 1).

Zr-MOF-NHCI

A

Zr-MOF-NH,

Cuéng dé tiong da&i (a.u.)

M

_ Ui0-66-NH, chudn
l 1 1 1
10 20 30
20 (°)
Hinh 1. Gidan dd PXRD ciia Zr-MOF-l}IHCl,
Zr-MOF-NH: va UiO-66-NH: chuan

Qua Hinh 1, gian dd PXRD cua Zr-MOF-NH,
tdng hop co6 cac peak séc, nhon chimg to vat liéu co
d6 két tinh cao. Gian d6 co 2 peak dic trung & vi tri
20 ~ 7,2 va 8,3 °, cac peak hoan toan phu hop véi
gian dd PXRD chudn dong thoi khong xuét hién
peak la. T diy chiung minh ring vét liéu
Zr-MOF-NH; duoc tao thanh tinh khiét v6i nhom
dbi xtmg Fm-3m va théng sb 6 mang co sd a = 20,89
A, Vi mang = 9116,23 4> (Xue et al., 2021).

Sau khi chlorine hoa, gian d6 PXRD ciia
Zr-MOF-NHCI ¢6 duong nén cao chirng td do két

40 50
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tinh giam. Tuy nhién, Zr-MOF-NHCI van giir dugc
cu tric tinh thé cua vat ligu Zr-MOF-NH, ban du
v6i gian d6 PXRD hoan toan pht hop véi mau chuan
Ui0-66-NH, (Hinh 1).

Su thanh cong cia qua trinh tong hop
Zr-MOF-NH; va Zr-MOF-NHCI ciing dwoc ching
minh qua phd FT-IR. Trén Hinh 2 1a ph6 FT-IR cua
Zr-MOF-NH; va Zr-MOF-NHCI dugc so sanh véi
linker H,BDC-NH,.

Trén phd FT-IR cua Zr-MOF-NH, va
Zr-MOF-NHCI ¢6 peak & vi trf 569 va 561 cm! 12
tin hiéu dic trung cua lién két Zr-O (Liang et al.,
2017), dugc hinh thanh do su lién két giira
nhém -COOH cua linker H,BDC-NH; tdm kim loai
Zirconium. Ngoai ra, linker H,BDC-NH, c6 hai tin
hi€u dac trung cia amine bac mot -NH, & vi tri 3505
va 3389 cm! (Abid et al., 2013). Hai tin hiéu nay
dich chuyén vé vi tri 3275 va 3285 cm™! va c6 cuong
d6 giam khi hinh thanh vat liéu Zr-MOF-NH,. Dang
chu y 1a trén phé FT-IR cua vat liéu Zr-MOF-NHCI
chi thay 1 tin hiéu rd rét cia N-H & vi tri 3275 cm!
do c6 su thay thé mot nguyén tir H trong gbc -NH,
boi Cl. Két qua nay phu hop vé6i nghién ciru trude
d6 cua Gu Na (2023). Két qua phén tich tir FT-IR
khing dinh c6 sy tao thanh vat lieu MOF tir mudi
ZrCly va linker H,BDC-NH, va vat liéu
Zr-MOF-NH; tao thanh dugc chlorine héa thanh
cong.

S
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Hinh 2. Phé FT-IR cia H:BDC-NH: (a), vat liéu
Zr-MOF-NH: (b) va Zr-MOF-NHCI (¢)

3.2. Phin tich hinh thai cia vat liéu
Zr-MOF-NH: va vit liéu Zr-MOF-NHCI1

Hinh thai cua vat 1ié}1 Zr-MOF-NH; va
Zr-MOF-NHCI dugc mo ta lan luot & Hinh 3a va
Hinh 3b.
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Theo hinh anh FE-SEM (Hinh 3a) cho thdy cac
tinh thé Zr-MOF-NH, ¢6 dang hinh bat dién véi kich
thudc micro. Tuy nhién, kich thudc cua cac tinh thé
khong dong déu va hinh dang bat dién cia tinh thé
khong 16 nét, diéu nay dwoc giai thich béi tac dung
clia viée st dung modulator HCOOH. Két qua nay
phu hop voi nghién ciru cia Ali-Ahmad et al. (
2023). Cuy thé 13, su canh tranh giita modulator
HCOOH va linker H,BDC-NH, trong viéc phdi tri
véi ion kim loai dé tao nén cac don vi xay dung ciu
trac (SBU) anh huéng dén téc d6 tao mam, kich
thude tinh thé gia ting nhanh dan dén kich thudc
khong dong déu va hinh dang tinh thé khong sic nét.
Tuy nhién, khong st dung modulator thi khong
thanh cong dé hinh thanh vat liéu két tinh Zr-MOF-
NHo.

Hinh thai bé mit cua vét liéu Zr-MOF-NHCI gb
ghé hon sau khi chlorine héa (Hinh 3b) nhung hinh
dang va kich thudc vat liéu khong d6i. Két qua nay
phu hop véi két qua phan tich PXRD trude do.

Hinh 3. Anh hién vi FE-SEM ciia vit liéu
Zr-MOF-NH: (a) va Zr-MOF-NHCI (b)

3.3. Phan tich thanh phin nguyén tb cia vét
liéu Zr-MOF-NH: va Zr-MOF-NHCI

Pé xac dinh thanh phan hoa hoc cua vat liu
Zr-MOF-NH, va Zr-MOF-NHCI, phén tich EDS da
duogc thuc hién. Két qua EDS cua Zr-MOF-NH, va
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Zr-MOF-NHCI duoc trinh bay lan luot & Hinh 4a va
Hinh 4b.

Ph6é EDS cho thiy vat liéu Zr-MOF-NH, c6
thanh phan cac nguyén t6 ding nhu mong doi bao
gdom C (33,55%), O (28,34%), Zr (35,69%) va N
(2,42%). Sau khi chlorine hoa, ¢6 sy hién dién 10 rét
nguyén t6 Cl trong céu triic ciia Zr-MOF-NHCI.

Hinh 4. Phd EDS ciia vat liéu Zr-MOF-NH: (a)
va Zr-MOF-NHCI (b)

3.4. Phan tich ham lugng chlorine trén vat
liéu Zr-MOF-NHCI1

Ham lugng chlorine trong vat liéu
Zr-MOF-NHCI ciing duoc xac dinh bang phwong
phap chuén d6 idometric/thiosulfate. Két qua cho
thdy thé tich trung binh qua ba lin chuan d¢ cua
NaS;0; 0,01 N la 5,1 mL. Tor d6 ham lugng
chlorine trong mau Zr-MOF-NHCI duoc xac dinh
theo cong thirc (1) 1a 1,8%.

4. KET LUAN

Nghién ciru da tong hop thanh cong vat lidu
Zr-MOF-NH, tir mubi ZrCls va linker H;BDC-NH,
trong dung méi DMF/HCOOH bang phwong phép
nhiét dung méi. Vat liéu tao thanh dugc chlorine hoa
thanh cong hinh thanh nén vét liéu Zr-MOF-NHCI
v6i ham lwong chlorine 13 1,8%. Nghién ctru chi tiét
vé quy trinh chlorine hoa Zr-MOF-NH, dé xac dinh
diéu kién t6i vu nham dat ham luong chlorine cao
nhét s& dugc 1am 15 trong nghién ciru tiép theo.
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