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ABSTRACT

Nanometer-sized ZIF-90 has been preparatied from zinc acetate
dihydrate. XRD, F-TIR, SEM, TEM, BET, DTA methods were used to
characterize the research samples. The results have shown that the
formed ZIF-90 has crystallinity of 100 %, BET specific surface reaches 1,051
m?/g, of which the external surface reaches 292 m?/g, total capillary
volume reaches 0.472 cm?/g, average crystal size of 38 nm (according to

SEM), heat stable up to 285 °C and efficiency of 78.2 %.

1. Gidi thiéu chung

Vét liéu khung imidazole cdu tric zeolite (ZIFs) la mot
phan nhém clia ho vét liéu khung hiu cg — kim loai
(MOFs). Vdi cdu tric khéng gian ba chiéu, ZIFs dugc
hinh thanh tur lién két gitta cac trung tadm kim loai va cac
imidazolate [1,2]. Do cdu tric tuong ty zeolite nén ZIFs
c6 do x6p cao, ¢d hat dong déu, bén nhiét, bén thly
nhiét va bén hda hoc [2,3].

ZIF-90 la mot trong nhitng vat liéu tiéu biéu cla phan
nhom ZIFs, da dugc W. Morris va cong su [4] tim ra lan
dau tién vao nam 2008. Theo do, ZIF-90 két tinh & dang
cubic, nhém khéng gian /-43m, théng sé manga = b =
c=172715 Ava o =B =y =90° C&u tric clia ZIF-90
ki€u SOD (sodalite) vong 6 canh tuong tu zeolite kiéu
FAU [5], dugc xay dung tU cac t& dién Zn®* qua cau ndi
la 2-imidazole carboxaldehyde (IcaH), tuong tu nhu cac
tU dién SiO4 va AlO4™ trong c8u tric cla zeolites [6,7],
véi gbc Zn — Ica — Zn gan giéng goc Si — O — Si trong
zeolite va xap xi 145° [8]. ZIF-90 c6 dudng kinh mao

quan bang 3,5 A va kich thudc héc 16n clia mao quan
bang 11,2 A [4] d& dugc nhiéu nhdm nghién ctu trén
thé gidi quan tdm téng hap, dac trung va Ung dung [8-
15].

@ lcaH 6
‘ o+
Zn2+
(a ’ (b)

Hinh 1: Long sodalite (a) va su ghép néi t& dién Zn?*
véi cau ndi lcaH tao ra ZIF-90 (b) [16]

ZIF-90 dugc téng hap chi yéu bang phuong phap nhiét
dung mai. Cho dén nay, thanh phan tién chat thi nhat
la ngudn cung cép Zn®* cho téng hgp ZIF-90 chl yéu la
Zn(NOs),.6H,O [7,9,10,17] va Zn(CH3COO),.2H,0 [16,18-
26], ca biét st dung ZnO [27]. Tién chat Zn?* thudng
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dugc hoa tan riéng ré trong dung méi hitu cg [23,25]
trudc khi tao hdn hgp phan Ung vai dung dich chia
linker IcaH dé téng hap ZIF-90.

Tién chat th hai khdng thé thi€u dé tao ra lién két trong
ZIF-90 la linker lacH. Trong céu trdc ZIF-90, mbi phan tut
IcaH lién két vdi 2 cation Zn?* thdng qua nguyén ti N
(Zn = Ica = Zn). IcaH thudng dugc hoa tan trong dung
moi hay hoa tan trong chéat thém trudc khi tao hén hap
phan Ung vdéi dung dich chita Zn?* dé téng hop ZIF-90.
Qué trinh hoa tan c6 thé co tac dung cla nhiét do
[5,10,23,25] hoac khudy tron [6,23].

Bén canh céc tién chét Zn?* va HicA, dung moi cé vai
tro thiét yéu la dong nhét hoac xdc tién viéc ghép ndi
Zn’* véi lcaH dé hinh thanh céu trac ki€u SOD cla ZIF-
90. K& tur khi ZIF-90 dugc t6ng hap cho dén nay, dung
moi dugc st dung chu yéu la dung méi hitu ca va rét
da dang, nhiéu nhat la N,N-dimethylformamide (DMF)
va methanol (CH3OH). Céc coéng trinh [4,8,11,23,25] sU
dung dung méi DMF la chét Idng duy nhat dé hoa tan
céc tién chét Zn’* va lcaH, dong thai la méi trudng tao
mam va Ién 1én cua tinh thé ZIF-90. Ngoai viéc st dung
DMF la dung méi chinh, mét sé céng trinh nghién clu
con bé sung thém dung moéi CHsOH [28-30] hay
dimethyl sulfoxide (DMSO) [18] hodc chi thém
triethylamine (TEA) [31], trioctylamine (TOA) [32] hodc
thém dong thai ca TEA va n-hexane [4].

Khi téng hgp ZIF-90, ty 1é mol IcaH : Zn?* = 2 : 11a dung
ty 1&é mol tao nén cu tric ZIF-90. Tuy nhién, thuc té céc
céng trinh t6ng hap ZIF-90 d& cong bé cho thay ty 1é mol
lcaH : Zn* = 2 :1[25,27] khéng nhiéu, thudng bang 4 : 1
[6,33,34] d€ du IcaH, cé biét cong trinh [35] thuc hién vdi
ty 16 mol IcaH : Zn®* = 8 : 1. Ngoai ra, mét s& cong trinh
t6ng hap ZIF-90 lai 18y du Zn®* khi lua chon ty 1é mol IcaH
170’ < 211 [5]. BGi vdi ty 16 mol dung mai : Zn®* lai rét
khéc biét, dao dong tlr 127 : 1dén trén 2.000: 1[27,32,33].

K&t qua téng hop ZIF-90 s& dung ngudn Zn’* la
Zn(CH3C0O0),.2H,0 vdi bé mat riéng BET dudc cong bé
tr 920-1.597 m?/g [16,18-21]. Trong do, BET Ién hon
1.300 m?/g c6 céc bao céo [16,21] va cht yéu dugc tién
hanh trong dung méi duy nhét la DMF [36].

Vé doé bén nhiét, cdu tric clia ZIF-90 trong cac béo cao
da cong bd chiu dugc nhiét dé dén 140 °C [37], cao nhéat
dén 320 °C [16]. Kich thudc tinh thé ZIF-90 dao déng
trong khoang rét rong, tr 0,275 pum [8] dén 55,7 um [38],
mot s6 béao céo téng hgp dugc ZIF-90 c6 kich thudc <
100 nm va déu dugc t6ng hgp trong dung méi DMF
[23,32,35], ca biét trong hé dung m&i DMF/DMSO [18].
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Hiéu suat ZIF-90 rat it dugc cong bé. Theo [29,35], khi
téng hop ZIF-90 t&r Zn(NOs),.6H,O cho hiéu sudt téng
hop ZIF-90 tuong Ung bang 30 va 11 % tinh theo Zn®*.
Tiép theo hai cong trinh téng quan vé MOFs va ZIF-90
[36,39], bai bdo nay trinh bay két qua téng hgp ZIF-90
tU Zn(CH3CO0),.2H,0 trong dung méi DMF va CH3;OH
cho hiéu suét cao trong diéu kién téng hop ém diu.

2. Thyc nghiém va phudng phéap nghién ciu

S& dung hda chét gém Zn(CH3CO0),.2H,0 va CH3OH
cla héng JHD, Trung Qudc cé do tinh khiét 98 %, HicA
clia hang ADAMAS, Trung Quéc co dé tinh khiét 97 %,
DMF clia hang Zhanyun, Trung Quéc c6 doé tinh khiét
98 % va nudc cét hai lan.

Tién chat Zn?* dugc hoa tan hoan toan vao CHsOH theo
ty 16 mol Zn?* : CHsOH = 1: 200 thu dugc dung dich A.
Linker HicA dugc hoan tan hoan toan vao DMF theo ty
l& mol HicA : DMF = 3 :100 thu dugc dung dich B. Tiép
theo, rét dung dich A vao dung dich B. Hon hap nay sau
dé dugc két tinh trong 6 gid tai nhiét dé 60 °C, khong
khudy tron dé tao thanh ZIF-90. B6t ZIF-90 thu dugc
bang céch rita vdi nuéc cat nhigu 1an va séy chan khéng
trong 5 gio & 150 °C.

Mau téng hop dudc dic trung bdi phuong phap nhiéu
xa tia X (XRD) trén may D8 ADVANCE-Bruker (BUc); phé
hap thu hdng ngoai (F-TIR) trén méay IMPACT FTIR 410
(BUc); chup anh hién vi dién tir (SEM) trén may S-4800
(Nhat), chup anh hién vi dién t& truyén qua trén may
JEM 1010 (Nhat); xac dinh bé mat riéng (BET) trén hé
Micromeritics Gemini VII 2390 (M$); ghi gian d6 TG/DTA
trén may STA 409PC-NETZCH (Buc).

SU dung phuong trinh Scherrer @€ tinh kich thudc tinh
thé tUr gidn do XRD [40]:

L = KM(B.cosB)

Trong dé: L la kich thudc tinh thé (nm), K la hang s&
(0,96), A la budc séng tia X (nm), B 1a chiéu réng tai mét
nra pic c6 cudng doé cuc dai (FWHM) (radian) va 0 la
goc nhiéu xa (radian).

Hiéu sudt clia phan Uing tao thanh ZIF-90 dugc xac dinh
la ty 1& gilta khéi lugng chat ran ZIF-90 thuc té thu dugc
(Mtt) so véi khéi lugng ZIF-90 téi da c6 thé dugc tao ra
theo ly thuyét (MIt) bdi phuong trinh:

Y (%) = (Mtt/MIt).100
3. Két qua va thao luan

Hinh 2 trinh bay gidn dd XRD cla cac tién chét HicA,
Zn(CH3C00),.2H,0 va ZIF-90 téng hop dugc ghi trong
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cung diéu kién. Co thé quan sat thay ca 3 mau nay co
cac pic dac trung hoan toan khac biét, chi cd6 mét pha
tinh thé duy nhét, dudng nén phang, khéng 1an pha vo
dinh hinh chiing té dé tinh khiét cao.
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Hinh 2: Nhiéu xa tia X cla HicA, Zn(CHsCO0)2.2H,0
va ZIF-90 t&ng hap

Trén gian d& XRD cla mau ZIF-90 t8ng hdp, cac pic
nhidu xa xuat hién tring khdp vdi gidn dé XRD dugc mo
phdng cho céu trdc tinh thé ZIF-90 (CCDC693596) [4].
Cac dinh nhiéu xa quan sat dugc & goc 20 = 7,4°,10,4°,
12,8°,14,7°,16,5°, 18,0°, 22,1°, 24,5°, 26,7°, 29,7°, 30,5°
va 32,4° sinh ra tUf sy phan xa clia cac mat phang tinh
th€(011),200),(112),(022),013),222),(114),2
33),(134),044),244) va(35)trong ZIF-90 [41-
43]. Béang luu y la gidn do6 XRD cla ZIF-90 c6 dé réng
chan pic dac trung (FWHM) kha I6n, chiing té mau nay
co kich thudc nho. Két qué tir XRD chiing to rang, ZIF-
90 da dugc téng hap thanh cong véi do két tinh tét.

Hinh 3 mo ta két qua ghi phé hdp thu hdng ngoai (F-
TIR) clia mau HicA va ZIF-90 t8ng hgp. Co thé quan sat
thdy dam phd xung quanh 1681 cm™ xuét hién véi cudng
dd manh trong ca hai gidn do. Pay la dam phd dac
trung cho dao déng kéo dai cua lién két C=0 va sy ton
tai cia nd da chiing minh sy cé méat cla cac nhém
aldehyde trong tinh thé ZIF-90 [44,45]. Cac dam phé
xung quanh vung 1456, 1414 va 1360 cm™ tuong Ung
dac trung cho dao déng udn cla lién két C-H, C=C,

C=N trong vong imidazolate [46]. Cac dam phd xung
quanh viing 955 va 789 cm™ tuong Uing dac trung cho
dao doéng udn trong va ngoai mit phing cla vong
imidazolate [44]. Trong khi dé, cac dam phd xung
quanh ving 531va 425 cm™ dac trung cho dao déng kéo
dai clia lién két Zn-N [47]. Viéc xuét hién day du cac dinh
hap thu hdng ngoai tai cac budc séng trén hinh 3 da xac
nhan sy ton tai cau tric ZIF-90 trong mau téng hop.
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Hinh 3: Phé F-TIR clia HicA va ZIF-90 t6ng hop

Anh SEM va anh TEM cla mau ZIF-90 t6ng hop dudc
trinh bay trén hinh 4. Quan sat thdy cac tinh thé tao
thanh déng déu va cau tric hinh khéi khép kin, tuang
tu nhu [48]. Kich thudc tinh thé trung binh do dugc bang
38 nm theo SEM va bang 32 nm theo TEM. S dung
phuang phap XRD do dugc kich thudc trung binh cla
tinh thé ZIF-90 bang 30 nm. Ba phuong phap nay déu
cho kich thudéc tinh thé trung binh khé gan nhau, chiing
td cac tinh thé tao thanh kha dong déu va co mat do
day dac.

Hinh 4: Anh SEM (a) va anh TEM (b) ctia ZIF-90
téng hop

Trén hinh 5, dudng dang nhiét hdp phu va giai hap phu
N> ctia mau ZIF-90 téng hap thudc dudng dang nhiét
loai I [49]. Su hédp phu N> rét manh & ving ap suat tuong
https://doi.org/10.62239/jca.2025.018
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déi rat thap (P/Po = 0-0,07) la do su hién dién cla cac
vi mao quan, trong khi suhdp phu & viing ap suét tuang
déi cao (P/Po = 0,42-0,99) vé&i vong tré kha 16n 1a do su
ton tai clia cdc mao quan trung binh thd cdp, dugc hinh
thanh bdi qué trinh k€ tu cac tinh thé cé kich thudc
nanomet [50]. Hinh chén nhd trén hinh 5 ghi nhan, phan
b& mao quéan trung binh tap trung chd yéu & vung 3.7
nm vdi pic ¢ cudng dé manh, ngoai ra con xuét hién
mao quan Idn & vang 5,1 nm nhung cuong doé yéu. Su
tén tai mao quan I8n da lam cho dudng cong hap phu
va gidi hdp phu cb do déc kha Ién & ving ép suét tuang
déi cao (P/Po = 0,98-0,99) dd&i vdi vét liéu cd kich thudc
nano, tuang tu nhu [16].
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Hinh 5: Budng dang nhiét hap phu va giai hap phu
N> ctia mau ZIF-90 téng hap va phan bé 16 x6p
vung mao quan trung binh, mao quan I&n (hinh

chen nhd)

Mau ZIF-90 tng hgp c6 dién tich bé mat riéng bang
1.051 m?/g (theo BET), bang 1/398 m?/g (theo Langmuir),
trong do dién tich bé mat ngoai bang 292 m?/g. Téng
thé tich mao quén dugc xac dinh bang 0,427 cm?/g,
trong do thé tich vi mao quan bang 0,359 cm?/g.

Hinh 6 biéu dién gian d& mét khdi lugng clia mau ZIF-
90 téng hgp. TU hinh 6 thay 6, gidn dd TG clia mau ZIF-
90 xuét hién hai giai doan méat khdi lugng ré rét, hinh
dang dudng cong tuong tu nhu cac béo cao [4,16]. Theo
dé, giai doan th nhat & khodng 25-65 °C mét 8,3 %
khéi lugng la do qua trinh mat nudc hdp phu trong mao
quan. Giai doan thir hai & khoang 290-642 °C mét 61,7
% khéi lugng va xuét hién hai diém uén, cho théy giai
doan dau o thé la do sy phan hiy cac nhém aldehyde
trong vong imidazolate clia ZIF-90, va giai doan sau la
su pha hly khung cdu tric ZIF-90. Téng khéi lugng mét
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di bang 70,0 % la rat 16n, ching té mau ZIF-90 t8ng hap
c6 dé x6p cao va ghi nhan dé bén nhiét dén 290 °C.
Sau 642 °C dudng cong TG khéng thay déi khéi luong
do chuyén thanh ZnO, vé&i 30 % khdi lugng con lai.
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Temperature (°C)

Hinh 6: Budng cong TG clia mau ZIF-90 t8ng hap

Hiéu suét ZIF-90 tao thanh dugc dugc tinh toan dua trén
lugng chat rén ZIF-90 thuc té thu dudc so véi lugng ZIF-
90 tinh theo ly thuyét, bang 78,2 %. So v&i mét sé cong
trinh d& cong bé, hiéu suét ZIF-90 tao thanh (tinh theo
7n’*) bang 11-30 % [29,35] thi két qua thu dugc tir bao
cao nay la rat dang ghi nhan.

K&t ludn

D3 tng hop thanh cong ZIF-90 tU zinc acetate
dihydrate véi hiéu sudt 78,2 % bang phuong phap nhiét
dung moi. ZIF-90 tao thanh c6 bé mét riéng BET bang
1.051 m?/g, thé tich 16 x&p bang 0,472 cm?/g, chlfa mao
quan trung binh tép trung & 3,7 nm. ZIF-90 dugc téng
hop co dé tinh thé 100 %, kich thudc trung binh bang
38 nm (theo SEM), bén nhiét dén 290 °C. biéu kién t6ng
hop: ty 1é mol Zn?* : HicA : DMF : CH3OH =1:3:100 :
200. Phan Uing dudc tién hanh trong 6 gid & nhiét d6 60
°C, khéng khudy tron.

K&t qua nay md ra mét ca hoi tét dé téng hop ZIF-90
tlr zinc acetate dihydrate trong diéu kién don gian,
chét lugng t6t nén c6 thé dé dang dugc thuong mai
hoa.

L&i cdm an
Cé4c tac gia xin chan thanh cdm on Bai hoc Bach khoa

Ha No&i da tai trg kinh phi thdng qua dé tai T2024-PC-
072.
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