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ABSTRACT

The paper presents the first research results on the synthesis of ZIF-94
from ZnSO4.7H20 and some factors affecting the formation of ZIF-94.
In this study, XRD method was used to study the crystallinity and particle
size through the Scherrer equation. Nitrogen adsorption and
desorption method, SEM and TEM were also used to determine the
characteristics of the synthesized ZIF-94.

The research results showed that the linker, solvent, additives in the
reaction components, crystallization time and temperature have
significant effects on the formation of ZIF-94. Suitable conditions were
also discussed for the formation of ZIF-94 with BET specific surface of
709 m?/g, average particle size of 55 nm (by SEM) and crystallinity of
100 % (by XRD).

Gidi thiéu chung

ZIF-94 la mét trong s6 ZIFs c6 cu tric sodalite (SOD),
da dugc tim thdy lan dau tién vao ndm 2010 bdi S.
Aguado va cong sy vdi tén goi la SIM-1[1]. Cai tén ZIF-
94 dugc dat lan dau bai W. Morris va cdng su trong
cong bé vao nam 2012 [2]. Vé ban chat SIM-1va ZIF-94
€6 cau tric giéng nhau khi ldc dau dugc danh gia thong
qua phuang phap nhiéu xa tia X (XRD) don tinh thé. Bén
nam 2015, c4u truc tinh thé ciia nd mdi dugc xéc dinh
hoan toan bang phuang phéap thuc nghiém két hap tinh
toan thdng qua cac phuang phap hoéa ly khac nhau nhu
XRD, phé céng hudng ti hat nhan (NMR) trang thai ran,
ly thuyét ham méat dé (DFT), hién vi dién ti quét (SEM),
nhiét trong luong (TGA) [2].

Theo do, trong ciu tric cla ZIF-94, cac t dién Zn®*
dugc két néi thong qua lién két phéi tri véi linker (4-

methyl-5-imidazolecarboxaldehyde, HalmIM) [3] giéng
nhu cac ti dién SiO4 va AlO4™ lién két vdi nhau tao thanh
zeolite [4,5] va thudc dang SOD vdi vong lién két 6 canh
tuang tu zeolite kiu FAU [6]. Budng kinh mao quan cua
ZIF-94 khoang 3 A néi thong véi cac héc 16n cé kich
thudc 9,1 A [1,7]. Do cau truc ZIF-94 dudc lién két bdi
c4c thanh phén hitu cg va kim loai, nén mao quan cua
né c6 thé gidn ng kha linh hoat va vi véy, ZIF-94 c6 thé
hép phu dugc cac phan ti cd dudng kinh déng hoc I6n
hon dang ké so vdi kich thudc mao quan clia né. Day la
diéu rét dac biét ma zeolite khéng thé co duac [8].

Trong téng hop ZIF-94, mudi Zn®* dudc stt dung phd
bién 1a Zn(NO3)2.6H0 va Zn(CH3COO0)2.2H20, dung
moi duge sur dung thudng la N,N-dimethylformamide
(DMF) [1,3,9] hodc CH3OH cé bé sung tetrahydrofuran
(THF) [9,10]. M6t s& cong trinh st dung dung moi
CH3OH nhung cé b6 sung chat thém NaOH/NH2OH [11-
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13], hodc b6 sung HCOONa [14], hodc bé sung déng
thoi ca THF va NaOH/NH4OH [15]. Chua c6 bao cao nao
cong bé da t8ng hop dugc ZIF-94 tir cac mudi Zn®*
khéc.

ZIF-94 dugc t6ng hap 1an dau tién co dién tich bé mat
rieng theo BET bang 471 m?/g tir Zn(NO3)2.6H20 [1]. Gan
day, ZIF-94 dugc téng hap tir Zn(CH3CO0)2.2H20 cho
dién tich bé mat rieng bang 470 m?/g [16] va bang 390
m?/g [17].

Trong thdi gian gan day, & Viét Nam c6 mét sé béo céo
téng hap cac vat lieu MOFs va ZIFs [18-20], trong do
bao céo [20] cong bé két qua dau tién da téng hop ZIF-
90 thanh cong t&r mudi ZnCla. Bay la bédo cdo md dudng
cho viéc phét trién ngudn cung cdp mudi kim loai cho
t6ng hop ZIFs ngoai cac ngudn kim loai théng thudng
da biét.

Nhu béo cao téng quan [21], ZIF-94 dugc téng hgp chu
yéu bang phuong phép nhiét dung méi. Tinh thé ZIF-
94 tao thanh phu thudc vao nhiéu yéu t6 nhu ngudn
cung cap Zn**, dung moi, chat thém va ty & mol cac
hap phén tham gia phan Ung, cling nhu phu thudc vao
cac diéu kién cong nghé khac. Vi vay, bai bao nay trinh
bay két qua dau tién vé téng hap ZIF-94 tir ZnSO4.7H.0
va khado sat mét s6 yéu t6 cd anh hudng dén qué trinh
téng hop ZIF-94 tif ZnSO4.7H20 bang phuong phép
nhiét dung méi & nhiét d6 va ap suat khi quyén.

Thuc nghiém va phuang phap nghién cdu

S0 dung hda chéat gébm: ZnSO4.7H20O cla hang JHD,
Trung Quéc, do tinh khiét 98%. HalmIM, NH4OH,
ethanol (EtOH), triethanolamine (TEA) va
trimethanolamine (TMA) cla hdng ADAMAS, Trung
Qudc, dé tinh khiét 97-99% va nudc cét hai lan.

Tién chat ZnSO4.7H.0 dudc hoa tan vao dung moi
EtOH (dung dich A), HalmIM dugc hoan tan vao dung
moi EtOH va chét thém NH4sOH/TMA/TEA (dung dich
B). Tiép theo, rét dung dich A vao dung dich B. HOn hop
nay sau dé dugc két tinh trong thdi gian 9-15 gid tai
nhiét dé 30-90 °C, c6 khudy tron lién tuc dé€ tao thanh
ZIF-94. BOt ZIF-94 thu dugc bang cach rita vdi nudc cat
cho dén khi nudc ria hét anion SO4%, rdi sdy trong 2
gig & nhiét d6 85 °C va sdy chan khéng trong 6 gic &
nhiét do 120 °C. Cac tién chét, dung mdi, chat thém va
thanh phan mol ctia ching trong hdn hop phan Ung,
clng nhu cac diéu kién vé nhiét dé va thai gian phan
Uing trén mdi mau dugc minh hoa trong bang 1.

Méau téng hgp dudc dic trung bdi phuong phap nhiéu
xa tia X (XRD) trén may D8 ADVANCE-Bruker (Buc); ghi
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phé hdp thu héng ngoai (F-TIR) trén méay IMPACT FTIR
410 (BUc); chup anh hién vi dién tir quét (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 (My); ghi gian do
TG/DTA trén may STA 409PC-NETZCH (Bo).

St dung phuang trinh Scherrer dé tinh kich thudc tinh
thé tir gian do XRD [13]:
L = KM(B.cosB)

Trong dé: L 1a kich thudc tinh thé (nm), K 1a hang 6
(0,96), A la budc song tia X (nm), B la chiéu réng tai mét
nlfa pic c6 cuong dé cuc dai (FWHM) (radian) va 6 la
goc nhiéu xa (radian).

Hiéu suat clia phan Ung dugc xac dinh la ty |é gilta khoi
lugng chat rén ZIF-94 thuc té thu dugc (Mtt) so vai khi
luong ZIF-94 t6i da c6 thé dugc tao ra theo ly thuyét
(MIt) b&i phuong trinh [20]:

Y (%) = (Mtt/MIt).100

K&t qua va thao luan

Hinh 1 trinh bay gidn d& XRD clia cac mau nghién clu
anh hudng clia chat thém va ham lugng HalmiIM. Theo
dé, XRD clia mau Z94-5TMA (trén hinh 1a) chi chlta mét
pha tinh thé duy nhét va tring véi XRD clia mau SIM-1
[1], ZIF-94 [2]. M&u nay khong chira dudng nén vo dinh
hinh, khéng chira pha tinh thé la, cho thdy ZIF-94 tao

thanh cé dé tinh thé cao.
(b)
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Hinh 1: Gian do XRD clia cac mau nghién cltu anh
hudng cta chat thém (a) va ham lugng HalmiM (b)

Trong khi do, XRD clia mau Z94-5NH:OH (trén hinh 1a)
xudt hién pha tinh thé la chua dudc xac dinh, khong xuét
hién pic dac trung cho ZIF-94. Gidn do XRD cla méau
794-5TMA (trén hinh 1a) xut hién pic dac trung cho
ZIF-94 nhung cudng dé réat thap, nén vé dinh hinh cao.
R& rang trén hinh 1a nay, trong nhiing diéu kién téng
hap nhu nhau, khi st dung chét thém khac nhau da cé
anh hudng khac nhau dén qua trinh két tinh ZIF-94.
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MUc do tao thanh ZIF-94 sap xép theo thi tu:
TMA > TEA > NH4OH

Piéu nay trai nguac vai tinh ba za sdp xép theo trat tu:
NHsOH > TEA > TMA

Nhu vay, trong diéu kién thuc nghiém da tién hanh, vai
trd cla chat thém la 1dy H* cia HalmIM dé tao ra anion
lien két almIM™ s& thuén Igi hon khi chat thém c6 tinh
baza yéu nhat.

Bang 1: Thanh phan va diéu kién téng hop ZIF-94 tir ZnSO4.7H.0

Thay dé&i chat
Ham luong Ham luong Ham luong thém (mol Thdi gian két | Nhiét do két
STT | Ki hiéu HalmIM (mol | dung méi (mol TMA (mol Zn:NH,OH/ tinh, tinh,
Zn:HalmIM) Zn:EtOH) /n:TMA) Zn.TMA/ h °C
/n.TEA)

1 | Z94-2HalmIM 1:2

2 | Z94-4HalmIM 1:4 1:700 1.5 1:.5TMA 12 30
3 | Z94-6HalmIM 1:6

4 | 794-300EtOH 1:300

5 | Z94-500EtOH 1:500

6 | Z94-700EtOH 14 1:700 15 1:.5TMA 12 30
7 | Z94-900EtOH 1:900

8 | 794-3TMA 13

9 | Z94-5TMA 1:4 1:700 1.5 1:5TMA 12 30
10 | Z94-7TTMA 1.7

1 | Z94-5NH.OH 1:5NH4OH

12 | Z94-5TMA 1:4 1:700 1.5 T.5TMA 12 30
13 | Z94-5TEA T.5TEA

14 | 794-9h 9

15 | 794-12h 1.4 1:700 1.5 T.5TMA 12 30
16 | Z94-15h 15

17 | 794-30° 14 1:700 1.5 1:.5TMA 12 30
18 | 794-60° 60
19 | 794-90° 90

Trén hinh b, gian do XRD clia mau Z94-2HalmIM cé ty
I& mol Zn?* : HalmIM = 1: 2 cho két qua t8ng hap ZIF-
94 kém nhat, do gian do XRD c6 cac pic nhdp nho va
dudng nén vo dinh hinh cao. Bén canh do, gidn dé XRD
clia mau Z94-4HalmIM (ty 1&é mol Zn?* : HalmIM = 1: 4)
va mau Z94-6HalmIM (ty 1& mol Zn?* : HalmIM = 1: 6)
khong co su khac biét dang ké. Ca hai gian dé XRD nay
déu xuét hién day du b pic cta ZIF-94, khéng co pha
tinh thé la, khdng chira nén vé dinh hinh, cho thay ching
dugc két inh t6t. RG rang khi ty 1& mol Zn?* : HalmIM = 1
4 va1:6 du HlamIM cho hiéu quéa téng hop ZIF-94 cao
han khi lugng HalmIM vira du (Zn®* - HalmIM = 1: 2) theo
phuong trinh phan tng: Zn®* + 2HalmIM -> Zn(almiM);
+ 2H*. Tuy nhién, khi so sanh hiéu suat ZIF-94 thuc té thu
dugc thi mau Z94-4HalmIM dat hiéu suét 82,4 %, 16n han
S0 V& 78,2 % clia mau Z94-6HalmIM. Vi véy, ty 1é mol
Zn?* :HalmIM = 1: 4 1a thich hgp nhét.

Hinh 2 trinh bay gian do XRD clia cac mau nghién clu
anh hudng cla ham lugng dung moi EtOH va ham
lugng chét thém TMA. TU day, quan sat hinh 2a c6 thé
dé dang nhan ra khi ty 1& mol Zn®* : EtOH thay d&i thi
gian dd XRD cua ZIF-94 thu dudc la khéng gibng nhau,
mac du déu khong xuét hién pha tinh thé la ngoai ZIF-
94. Gian dd XRD clia mau Z94-700EtOH (ng vdi ty 1&
mol Zn®* : EtOH = 1: 700 cho két qua tét nhét.

Trén hinh 2b, khi ty 1& mol Zn®* : TMA thay déi thi két
qua téng hap ZIF-94 cling dugc danh gia tuong tu nhu
khi thay déi ty 1& mol Zn?* : HalmIM. M&u Z94-5TMA ¢
ty 16 mol Zn’* : TMA = 1: 5 cho két qué tao ra ZIF-94
t6t nhat, do gian do XRD clia mau nay chi cd moét pha
tinh thé ZIF-94 sdc nét, khong chita nén vo dinh hinh.
D6 tinh thé ZIF-94 dudc xac dinh theo XRD bang 100 %.
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Hinh 2: Gian d& XRD clia cac mau nghién cliu anh
hudng cla ham lugng dung maéi (a) va ham lugng
TMA (b)

Hinh 3 trinh bay gian dd XRD clia cac mau nghién clu
anh hudng clia thdi gian va nhiét dé két tinh. Tu hinh 3a
c6 thé thay, thai gian két tinh cé dnh hudng nhat dinh
dén qua trinh téng hgp ZIF-94. Trong 9 gid két tinh, chi
€6 55 % ZIF-94 dugc tao thanh, kép dai thém dén 12 gis
két tinh dat 100 % tinh thé ZIF-94. Tuy nhién, tiép tuc
kéo dai thai gian két tinh lén 15 gid thi d6 tinh thé ZIF-
94 gidm xudng con 96 %. Diéu nay dugc gidi thich la do
trong diéu kién thuc nghiém da tién hanh, 9 gid két tinh
la chua du dé céc anion almIM™ dugc tao ra va két ndi
VG cac cation Zn’* tao thanh bd khung cla ZIF-94.
Nhung khi da dat do tinh thé 100 % sau 12 gi¢ két tinh,
néu tiép tuc kéo dai thai gian thi do tinh thé ZIF-94 lai
co xu huéng gidm di, c6 thé 1a do cdu tric ZIF-94 via
hinh thanh bi pha v& mét phan va tan vao dung dich.
Piéu nay dugc chiing minh khi hiéu suat ZIF-94 cia mau
794-12h bang 82,4 % nhung hiéu suét ZIF-94 clia mau
794-15h chi dat 69,9 %. R rang, t6ng hop ZIFs noi
chung va téng hop ZIF-94 ndi riéng, dé dat dugc déng
thai do tinh thé va hiéu suét cao la mét thach thic.

@ (b)
794-9h
794-30°
M M
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Hinh 3: Gian do XRD clia cac mau nghién clu anh
hudng cla thai gian (a) va nhiét dé két tinh (b)

Lin (Cps)
Lin (Cps)

Trén hinh 3b, gian d& XRD cla 3 mau két tinh & cac
nhiét d6 khac nhau la rat khac nhau. Cu thé, mau Z94-
30° két tinh & nhiét d6 phong cho két qua tét nhat vdi
do tinh thé ZIF-94 dudc xac dinh bang 100 %. Trong khi
mau Z94-60° két tinh & 60°C chi dat do tinh thé bang
45 %, dudng nhiéu xa tia X nhdp nho, khong sac nét. Tai
https://doi.org/10.62239/jca.2024.078
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nhiét do két tinh 90°C, mau Z94-90° chi con vét clia ZIF-
94 khi pic dac trung cho ZIF-94 tai goc 28 = 7,34° co
cuong do rat yéu, thay vao do la céc pic la chua dugc
x&c dinh vdi pic dac trung xudt hién dinh cuc dai tai géc
28 = 20,20°. Nhu vay, trong diéu kién thuc nghiém da
tién hanh, yéu té nhiét déng hoc da quyét dinh su hinh
thanh ZIF-94. Khi nhiét dé két tinh tang 1én, téc do tach
H* khodi HalmIM dién ra nhanh han, nhung lai ghép néi
vGi Zn?* cham hon dé tao ra khung cau tric ZIF-94 (mau
794-60°) hodc khong tao ra khung cdu tric ZIF-94 (mau
Z94-90° ma tao ra tinh thé la chua dugc xac dinh.

TU céc két qua nghién ctu trén day cé thé thay, ZIF-94
d& dugc téng hop thanh cong t&r ZnSO4.7H20 véi do
tinh thé 100 % trong cac diéu kién: ty 1& mol Zn®* :
HalmIM : EtOH : TMA = 1:4:700 : 5, két tinh & nhiét
dé phong (30°C) trong 9 gid, c6 khudy trén lién tuc.

(a

(110)

Lin (Cps)

5 10 20 30 40
2-Theta - Scale

400 |
(b)
BET = 709 m?/g

300 zé

Ouantity Adsorbed (cm?/a STP)
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(©)
100 {7 —e— Happhy | £
—0o— Giai hap €
047 2 4 10 20
Pore Width (nm)
0 T I I T
0.0 0.2 0.4 0.6 0.8 1.0

Relative Pressure (p/p°)

Hinh 4: Gidn do XRD (a), gidn do hap phu va giai
h&p phu Nz (b) va phan bé 16 x8p viing mao quan
trung binh clia ZIF-94 dugc t6ng hgp tu
ZnS04.7H20 (0

Pé dac trung mau ZIF-94 dugc téng hap trong diéu kién
thich hap ké trén, hinh 4 trinh bay gidn dé XRD, gian do
hap phu va giai hdp phu nitg va phan bé 16 x8p ving
mao quan trung binh ctia nd. TU hinh 4a, gian d XRD
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clia ZIF-94 t6ng hop dugc khéng théy su ton tai clia cac
pha tinh thé la nao khac, hoan toan phu hgp vai di liéu
mo phdng [22,23] va ZIF-94 dugc téng hop tir [1,2]. Cac
chi s6 Miler (hkl) tuong Ung v&i mdi dinh nhiéu xa ghi
nhan méau ZIF-94 tao thanh c6 céu tric lap phuong. Pic
dac trung manh nhét tai mat phan xa (11 0) Ung vdi goc
20 = 7,384° c6 cuong dé rat manh, dé rong chan pic
thong qua gia tri FWHM I6n ching té tinh thé ZIF-94
téng hap dugc co do tinh khiét cao, co kich thudc nho.
Trén hinh 4b, gidn do hap phu va gidi hap phu nitc cla
mau ZIF-94 téng hop co hinh dang cla dudng dang
nhiét hdp phu kiéu IV. Két qua nay khong giéng nhu két
qua ¢ hinh dang ctia duding déng nhiét hap phu kiéu |
va khong co vong tré nhu cac bao cao [15,24]. Su xudt
hién vong tré 16n cho thay da xay ra hién tugng ngung
tu trong cac mao quan trung binh trong khoang &p suét
tuong ddi p/po = 0,47-0,99. Su xuat hién vong tré cé thé
la do sy két tu clia cac tinh thé ZIF-94 co kich thudc
nano. Bé mat riéng theo BET dugc xac dinh bang 709
m?/g, dién tich bé mat ngoai bang 175 m?/g, t8ng thé
tich mao quan bang 0,345 cm®/g, trong do thé tich vi
mao quan bang 0,251 cm?/g. Quan sat hinh 4c c6 thé
thay, mao quan trung binh trong mau ZIF-94 dugc tng
hop khéa tap trung xung quanh 4 nm. Viéc xuat hién mao
quan trung binh nay d& md ra mot ca héi tét trong viéc
Uing dung ZIF-94 t&ng hop dugc dé chuyén hda cac hap
chét hitu ca cé kich thudc phan t 16n.

Hinh 5: Anh SEM (a) va &anh TEM (b) ctia mau
ZIF-94 dugc téng hop t&r ZnSO4.7H20

Hinh 5 trinh bay anh SEM (hinh 5a) va anh TEM (hinh
5b) ctia ZIF-94 dugc téng hap trong diéu kién thich hop.
Cé thé dé dang nhan thay, cac tinh thé ZIF-94 xuat hién
vdi kich thudc kha dong déu. Kich thudc tinh thé trung
binh do dugc theo SEM bang 55 nm, theo TEM bang 52
nm va theo XRD bang 50 nm. Su sai khac theo ca ba
phuong phép nay la khéng nhiéu cho thay cac tinh thé
tao thanh déng déu, cung ki€u cdu truc lap phuong nhu
da chi ra bdi phuang phap XRD.

K&t ludn

ZIF-94 da dugc téng hgp thanh cong lan dau tién tu
mudi ZnSO4.7H20 vdi bé mat riéng theo BET bang 709
m?/g, kich thudc hat trung binh bang 55 nm (theo SEM),
do tinh thé 100 %, trong 9 gid két tinh tai nhiét d6 phong
(30 °C), o6 khudy tron lién tuc. Thanh phan phan Ung
thich hap theo mol la: Zn?* : HalmIM : EtOH : TMA = 1:
4700 : 5. Trong diéu kién thuc nghiém da tién hanh,
tat ca cac yéu té da kha sat vé tién chat, dung moi, chat
thém va diéu kién phan Ung déu cé anh hudng nhét
dinh dén sy hinh thanh ZIF-94. Bang chu vy la, ZIF-94
thuan Igi hinh thanh trong maoi trudng kiém yéu. Khi thoi
gian két tinh tang 1én, cac tién chat chuyén hda tao
khung céu tric ZIF-94 cuc dai sau 9 gio. Khi nhiét d6 két
tinh tang, do tinh thé ZIF-94 gidm dan va chuyén sang
pha tinh thé khéac.
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