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ABSTRACT

This article presents the first research results on synthesizing ZIF-94
from zinc nitrate hexahydrate in ethanol solvent without adding any
other substances.

Experimental sample was studied by modern physicochemical methods
such as XRD, F-TIR, SEM, TEM, BET, DTA. The successfully synthesized
ZIF-94 has a specific surface area (BET) of 565 m?/g, particle size of 60

nm and heat stable up to 310 °C and efficiency of 68.6 %. The research
results open up a good opportunity to synthesize ZIF-94 from zinc
nitrate hexahydrate in environmentally friendly solvent for application
in the fields of adsorption and catalysis in Vietnam.

Gidi thiéu chung

Vao nam 2010, S. Aguado va cdng su 1an dau tién da
téng hap dugc MOF trén ¢g s& imidazolate da thay thé
(substituted imidazolate-based MOF) va dat tén la SIM-
1[1], d@&n n&m 2015 c4u tric tinh thé clia SIM-1 dugc xay
dung bang cach két hap thuc nghiém va tinh toan [2].
Nam 2012, W. Morris va codng sy cling da téng hop
thanh cong ZIF-94 [3] giéng vdi céu tric cia SIM-1. Nhu
vay, SIM-1va ZIF-94 chi khac nhau vé tén goi, cau tric
hoan toan giéng nhau.

ZIF-94 |3 tinh thé rén két tinh, trong dé céc t dién ion
kim loai Zn®* dugc két néi thong qua lién két phdi tri véi
4-methyl-5-imidazolecarboxaldehyde  (HalmIM)  [4],
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tuong tu nhu céc t dién SiO4 va AlO4™ trong cdu tric
clia zeolites [5,6]. ZIF-94 c6 céu tric SOD vong 6 canh
tuong tu zeolite Y [7], dudng kinh mao quan khoang 0,3
nm ndi théng vai cac hée 1én ¢é kich thudce 0,91 nm [1,3].
Trong thdi gian qua da co cac nghién ctu, t6ng hop
ZIF-94 va budc dau sur dung trong finh vuc hap phu [9-
1] va xuc téac [12,13]. Tuy nhién, cac nghién clu, t6ng
hgp va Ung dung ZIF-94 chl yéu & quy md phong thi
nghiém va cac thi nghiém mo phong. O Viét Nam cho
dén nay chua cd nhém nghién citu nao cong bé da téng
hop thanh cong ZIF-94.

Trong téng hgp ZIF-94, tién chat thd nhét la mudi Zn?*
dugc st dung rat rong rdi la Zn(NOs).6H.O va
Zn(COOCH;z),.2H,0, va tién chat thir hai la HalmIM. Bén
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canh do, dung méi dugc st dung dé tao ra moi truong
phan Ung va/hodc bé sung cac chét thém dé diéu chinh
pH cla dung dich két tinh. Dung mdi thudng la N,N-
dimethylformamide (DMF) [1,3,9] hodc CH3OH c6 bé
sung tetrahydrofuran (THF) [11,14]. Mét s6 cong trinh s
dung dung méi CHsOH nhung ¢ b sung chét thém
NaOH/NH.OH [15-17], hodc bd sung HCOONa [18],
hodc bé sung déng thai ca THF va NaOH/NH,OH [8].
Viéc t6ng hop ZIF-94 tir dung moi C:HsOH hau nhu
chua dugc thuc hién, dac biét la ZIF-94 dugc t6ng hop
trong dung moi C:HsOH ma khong bé sung chét thém.

(a) (b)

Hinh 1: Khung ZIF-94 véi linker dudc biéu thj bang
vong tron mau dé, trong do cac chdm mau xanh
lam, dd va tréng tuong Ung la cac nguyén tuf nito,
carbon va oxy (a), linker 4-methyl-5-
imidazolecarboxaldehyde (b) [8].

Két qua téng hgp ZIF-94 [an dau tién cé dién tich bé mat
riéng theo BET bang 471 m?/g va kich thudc hat bang 10
um tU Zn(NO3),.6H20, trong dung méi DMF, tai nhiét dé
85 °C, thai gian 72 gids [1]. Gan day, ZIF-94 dugc téng hap
tlr Zn(CH3COO),.2H,0 trong dung mdi CH;OH c6 bé
sung NaOH va THF trong 16 gid & nhiét d6 phong, cho
dién tich bé mat riéng bang 464 m?/qg [15].

Tiép theo cong trinh téng quan vé véat liéu MOFs va ZIFs
cdu tric Me(almIM), [19,20], bai bao nay trinh bay két
quad nghién ctiu téng hop ZIF-94 ti Zn(NOs)2.6H.0
trong dung moi C.HsOH ma khéng bé sung chat thém,
trong thdi gian chi 6 gid tai nhiét dé phong.

Thuc nghiém va phuang phap nghién cdu

SU dung hoda chdt gdm Zn(NQOs),.6H,O clia hang JHD,
Trung Quéc cd dd tinh khiét 98 %, HalmIM va CoHsOH
clia hang ADAMAS, Trung Quéc ¢ dé tinh khiét 97-99
% va nudc cét hai lan.

Tién chat Zn?* dugc hoa tan hoan toan vao CoHsOH
theo ty 16 mol Zn?* : C;HsOH = 1,5 : 720 thu dugc dung
dich A. Linker HalmIM dugc hoan tan hoan toan vao
C2HsOH theo ty 1&é mol HalmIM : C;HsOH = 12 - 1.080
thu dugc dung dich B. Tiép theo, rét dung dich B vao

dung dich A. H&n hap nay sau d6 dugc két tinh trong 6
gid tai nhiét dé phong, co khudy tron lién tuc dé tao thanh
ZIF-94. BOt ZIF-94 thu dugc bang cach rira nhiéu lan bang
nudc cét, réi sdy chan khdng trong 5 gio & 150 °C.

Mau t6ng hop dudc dic trung bdi phuong phap nhiéu
xa tia X (XRD) trén may D8 ADVANCE-Bruker (Butc); phé
hap thu hdng ngoai (FT-IR) trén méay IMPACT FTIR 410
(BUc); chup anh hién vi dién t& quét (SEM) trén may S-
4800 (Nhat), chup anh hién vi dién tir truyén qua trén
may JEM 1010 (Nhét); xac dinh bé mat riéng (BET) trén
hé Micromeritics Gemini VI 2390 (M), ghi gidn do
TG/DTA trén may STA 409PC-NETZCH (buc).

SU dung phuong trinh Scherrer @€ tinh kich thudc tinh
thé tir gidn do XRD [17]: L = KM/(B.cos)

trong do: L la kich thudc tinh thé (nm), K la hang s
(0,96), A la budc song tia X (nm), B 1a chiéu rong tai mot
nlfa pic co cudng doé cuc dai (FWHM) (radian) va 0 la
goc nhiéu xa (radian).

Hiéu suét clia phan Ung dugc xéc dinh la ty 1é gitta khoi
lugng chét ran ZIF-94 thuc té thu dugc (My) so vai khéi
lugng ZIF-94 t&i da cd thé dugc tao ra theo ly thuyét
(My) bdi phuang trinh: Y (%) = (Mw/Mi).100.

Két qua va thao luan

Két quad phan tich XRD cla cac tién chat kim loai va
linker, cung vdi ZIF-94 tao thanh dugc trinh bay trén
hinh 2. T& hinh 2 c6 thé quan sat thay ré gian do nhiéu
xa tia X cla 3 tinh thé nay rat khac biét. Cac pha tinh thé
Zn(NO3),.6H,0 va HalmIM co cudng do pic rat manh,
sac nét, dudng nén rat thép va khong co pic nao tring
v3i pic xudt hién trén nhiéu xa tia X clia mau ZIF-94 téng
hop. Biéu nay da chiing 6, cac pha nguyén liéu da bi
chuyén héa hét dé tao ra ZIF-94.

S

Lin (Cps)

HalmIM

l Zn(NO3)2.6H.0
A

5‘ B 10 20 30 40
2-Theta - Scale
Hinh 2: Gian d® XRD cla cac tién chét
(Zn(NOs).6H,0, HalmIM) va ZIF-94 t8ng hop
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Nhiéu xa tia X clla mau ZIF-94 t8ng hop khong thay su
cod mat cla bét ky pha tinh thé nao khéc, rat phu hop
v&i dif liéu moé phong [21,22]. Vi tri dinh va cudng dé pic
rat khdép vai dit liéu don tinh thé ZIF-94. Cac chi s6 Miller
(hkl) tuong Ung vdi ting dinh da xac nhan mau ZIF-94
téng hop dugc co cdu tric pha lap phuong. Pic dac
trung manh nhét tai mat phan xa (11 0) Ung vdi gia tri
20 = 7,467° (d = 11,829) c6 cudng dd manh, dé rong
chan pic kha I6n chiing to tinh thé ZIF-94 tng hap dudc
o kich thudc nhd.

Hinh 3: Anh SEM (trén) va anh TEM (dudi)
clia mau ZIF-94 téng hap

Hinh 3 mé ta anh SEM va TEM clia mau ZIF-94 téng hap
dugc. TU day co thé quan sat thdy cac tinh thé xuét hién
déu dan, khdng co pha la, mat dé kha day, kich thudc
tinh thé trung binh tinh theo SEM va theo TEM déu bang
60 nm.

Chung ta déu biét phuang phép chup anh SEM va TEM
khac nhau vé nguyén ly (quét bé mat va xuyén thau qua
vat thé), kich thudc tinh thé trung binh khi do theo hai
phuong phép nay gén nhau da chiing té cac tinh thé
tao thanh trong mau rat déng déu. Khi st dung phuong
trinh Scherrer dé tinh kich thudc tinh thé tit mau ZIF-94
cho két qua trung binh bang 55 nm.

Két qua ghi ph6 hdp thu hong ngoai cla tién chét
HalmIM va ZIF-94 thu dudc trén hinh 4 da xac nhan,
dam phé & ving 1655-1663 cm™ dac trung cho dao
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doéng clia nhom aldehyde (—~CHO) [23] va dam phé &
vung 1493-1511 cm™ d&c trung cho dao dong cla lién
két doi C=C [16] déu xudt hién & phS F-TIR cua HalmiM
va ZIF-94 téng hap. Diéu nay ¢ nghia la trong céu tric
cla mau ZIF-94 t6ng hop dugc cé chia lién két cla
imidazolate tU linker HalmIM.
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T T
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Hinh 4: Ph& IR clia HalmIM (dudi) va mau
ZIF-94 t6ng hap (trén)

Hinh 5 trinh bay gidn do hap phu va gidi hap phu nitg
clia mau ZIF-94 t6ng hop.

250 ) ZIF-94
—@— Happhy

Giai hap phu
200 _| —

150 |

100

c]
£
S
£
2
s
2
5
£

Quantity Adsorbed (cm*/g STP)

_ 2
50 BET =565 m’/g

2 4 10 20

Pore Width (nm)

[ [ I I
0.0 0.2 0.4 0.6 0.8 1.0

Relative Pressure (p/p°)

Hinh 5: Gian dd hdp phu va gidi hap phu nitg,
phan bé 16 x8p viing mao quéan trung binh
(hinh chén nhd) clia mau ZIF-94 téng hop

Su xudt hién vong tré 16n ching td da xay ra hién tudng
ngung tu trong cac mao quan trung binh va ¢ hinh
dang cla dudng dang nhiét hap phu kiéu IV. Két qua
nay khéng giéng nhu két qua cé hinh dang clia dusng
dang nhiét hap phu kiéu | va khéng co vong tré nhu cac
bao céo [8,16]. Su xudt hién mao quan trung binh trong
mau ZIF-94 dugc tng hop trong bao cdo nay co thé 1a
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do su co cum clia cac tinh thé ZIF-94 co kich thudc nano
va day la mao quén trung binh thr cdp. Hinh 5 cling cho
thay, thé tich hdp phu I6n ngay tai ving ap suét tuang
déi rat thap (p/p° < 0,02) chiing td vat liéu nay chia
nhiéu vi mao quan. Bén canh do, tai vung ap suét tuong
déi rat cao (p/p° > 0,98) dudng hap phu va gidi hap phu
c6 d6 déc thdp da xac nhan mau khong chira cac mao
quan lén.

Ké&t qua phan tich nhiét ctia mau ZIF-94 t6ng hgp trén
hinh 6 cho thdy dudng cong TGA gidm khéi lugng 12,2
% tU nhiét dd phong dén 85 °C, Ung vdi pic thu nhiét
trén duding cong DTA dat gia tri cyc tiéu tai 70 °C. Day
la giai doan dac trung cho sy mat nudc hip phu ti cac
mao quan, cac héc Idn hodc dung maéi con du ti bé mat
cac tinh thé nano ZIF-94 [8]. Trong khodng nhiét dé tur
85-310 °C, dudng cong TGA khong gidm khdi lugng,
cho thdy khong du tién chat HalmiM. Trong khoang
nhiét do tir 310-520 °C, dudng cong TGA mét dén 60,2
% khai lugng va xac nhan day la giai doan cau trdc tinh
thé ZIF-94 da bi pha v3. Trong giai doan nay, dudng
cong DTA ¢6 2 diém tda nhiét tai 395 °C va 496 °C, ¢
|& 13 do su phan hdy cta cac almIM™ va tiép theo la pha
v8 hoan toan cau tric ZIF-94. Giai doan tu 520 °C trg
di, dudng cong TGA khéng thay déi khéi lugng vi cdu
tric ZIF-94 da bi pha huy hoan toan va chuyén sang
pha tinh thé ZnO bén nhiét. K&t qua trén da cho théy,
ZIF-94 tao thanh méat dén 72,4 % khdi luong va 27,6 %
khéi lugng con lai chinh 1a khéi lugng ctia ZnO. Dang
dudng cong TGA & trén dugc cho la tuong ty nhu cac
codng trinh da cong bé [8,15,23].
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Hinh 6: Gidn @6 DTA/TGA cla mau ZIF-94
téng hop

Nhu vay, ZIF-94 dugc téng hop trong bdo céo nay bén
nhiét dén 310 °C, cao han khéng nhiéu so véi béo cao
gan day da téng hap dudc ZIF-94 bén nhiét dén 300 °C
[15]. Hiéu suét ZIF-94 tao thanh bang 68,6 % tinh theo
khéi lugng ZIF-94 thuc té thu dugc so vdi khéi lugng ZIF-
94 tao thanh theo ly thuyét ti phuang trinh phan Ung:

ZN(NO3)2.6H20 + 2CsHgN2O ---> Zn(CsHsNL0), + 2H*
+ 2NOs™+ 6H0

Cho dén nay ZIF-94 da dugc téng hop tu
Zn(NOs3)2.6H,0 c6 bé mat riéng BET dat 471 m?/g tir lan
dau tién [1], bang 480 m?/g [3] va cao nhat dugc cong
bé bang 591 m?/g [23]. Tuy nhién, cac cong trinh [1,3]
mac du khéng bé sung chét thém, nhung lai dugc thuc
hién trong dung moéi DMF déc hai va diéu kién téng hop
kha khac nghiét (tUr 48-72 gid tai nhiét dé 85 °C). Céng
trinh [23], mac du dién tich bé mét riéng BET clia ZIF-94
tao thanh bang 591 m?/g, cao han so vdi dién tich bé
bat riéng clia ZIF-94 dugc téng hgp trong béo cdo nay
(565 m?/g), cung st dung tién chat Zn(NOs),.6H,O va
dung méi C:HsOH nhung lai phai b sung thém nudc
va chat thém NaCOOH. Cé ba cong trinh [1,3,23] déu
cho kich thudc tinh thé ZIF-94 rét I6n, dao dong tir 1,2-
10,0 um va khéng chlia mao quan trung binh.

K&t luan

Lan dau tién da téng hop thanh cong ZIF-94 ti
Zn(NOs),.6H,O trong dung méi ethanol ma khéng can
bé sung chat thém trong diéu kién don gian. Thanh phan
mol Zn?* : HalmIM : C,HsOH = 1: 8 :1200; phan Ung dugc
thuc hién trong 6 gid tai nhiét d6 phong, co khudy trén
lién tuc. ZIF-94 tao thanh tinh khiét, dién tich bé mat riéng
BET badng 565 m?/g, c6 chfa mao quan trung binh tap
trung tai 3,5 nm, kich thudc tinh thé khoang 60 nm, bén
nhiét dén 310 °C, hiéu suét dat 68,6 %.

K&t qua nghién ctru nay da ma ra mét ca héi tét dé téng
hop nano-ZIF-94 tU Zn(NOs)2.6HO trong dung moi
than thién maéi trudng nham Uing dung trong céc finh
vyc hdp phu va xic tac & Viét Nam.

L&i cam an

Nhoém tac gid chan thanh cdm on Bo Khoa hoc va Cong
nghé, Quy Nafosted va Pai hoc Bach Khoa Ha N&i da
tai trg kinh phf nghién ctru thdng qua dé tai NCUD.02-
2023.05.
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