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ABSTRACT

ZIF-90 is a next-generation porous material composed of zinc tetrahedra
linked by 2-imidazolecarboxaldehyde (IcaH), exhibiting a Zn-lca—Zn
bond angle (145°) that closely mimics the Si-O-Si linkage in conventional
zeolites. Owing to the presence of zinc centers and nitrogen-containing
ligands, ZIF-90 possesses both Lewis acidic and basic active sites, making
it a promising heterogeneous catalyst. In this study, the catalytic
performance of nano-sized ZIF-90, synthesized from zinc acetate
dihydrate, was evaluated in the Knoevenagel condensation of
benzaldehyde (BA) with ethyl cyanoacetate (ECA) in an aqueous medium.
The suitable reaction conditions were established at a 1:1.5 BA.-ECA molar
ratio, a catalyst loading of 1.5 wt.% (based on BA), a reaction temperature
of 70 °C, and a reaction time of 6 h. Under these suitable conditions, a
BA conversion of 87.21% and an ethyl (E)-a-cyanocinnamate selectivity
of 99.15% were achieved.

Gidi thiéu

st dung nguén kém phé bién 1a Zn(NOs),.6H,0 [6-14]
va Zn(CHsCO0),.2H,0 [15-22], ca biét s& dung ZnO

ZIF-90 d& dugc William Morris va cong sy [1] tim ra [&n
dau tién vao ndm 2008. Vi cau truc kiu SOD (sodalite)
tuong tu zeolite [2-4], ZIF-90 ¢c6 m& céu tric (CCDC) la
693596, dudng kinh mao quan bang 0,35 nm, kich
thudc héc 16n ciia mao quan bang 1,12 nm [1], chia ca
tdm acid va tdm base [5]. Trén thé gidi, ZIF-90 dugc
téng hap chi yéu bang phuong phap nhiét dung mai,
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[23]. Dung mdi chd yéu la N,N-dimethylformamide
(DMF) [6,18-20,23], methanol [16,17,21], methanol va
DMF [1522], cung vd&i chat thém dién hinh la
triethylamine (TEA), HCOONa, CH3ONa [6,9,14].

Trong thdi gian gan day, lan dau tién ZIF-90 da dugc
t6ng hop thanh cong tir ZnCl, [5] va tir ZnSO4.7H,0
[24]. ZIF-90 cling da dugc téng hop thanh cong & Viét
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Nam tU Zn(CH3CO0)2.2H,0 [15]. V&i cdu tric doc déo,
lai chra tam acid va tam base, nén ZIF-90 dugc cho 1a
vat liéu mao quan tién tién thé hé mdi cd nhiéu Ung
dung trong thuc tién, nhat 1a ¢ng dung lam chat xuc tac.
Phan Ung ngung tu Knoevenagel da dugc tién hanh tu
lau theo phuang phéap truyén théng bang cach st dung
céc chét xtc tac dong thé nhu amine, mudi amonium,
chét Iéng ion, acid amine, acid Lewis va cac chéat xuc tac
ca kim trong diéu kién dong thé [25-27]. Tuy nhién, hé
théng doéng thé thudng thuc hién & nhiét do cao, viéc
thu hoi xtc tac khé khan, khi tach san pham céan lugng
I6n dung méi dan dén tao ra mot khdi lugng khong nho
chéat thai c6 nguy ca gay 6 nhiém mai trudng [28]. Vé
mat hda hoc, phan Ung ngung tu Knoevenagel hinh
thanh lién két C=C bang céch si dung cac hop chat
methylene hoat déng va aldehyde hoac ketone lam chéat
phan (ng. Phan Ung nay co thé dugc tang téc nhd base
Bransted, trong do, cac vi tri base thu hdt cac proton tu
cac phan t&t methylene bi hdp phu dé tao thanh chét
trung gian carbanion. Viéc sif dung cac chét xuic tac
ludng chic ndng acid-base trd nén rat hap dan vi cac
tam acid va base nay co thé kich hoat déng thai cac dién
diva nucleophile [29], c6 kha néng xUc tac cho cac phan
Uing nhanh han, it budc hon va thu dugc san phdm vdi
hiéu suét cao han [30].

Trong s& cac xuc tac di thé ludng chic nang thi xdc tac
trén cg sa ZIFs rat dugc quan tam, do trong céu tric cla
ZIFs da chita sdn 2 loai tam acid va tam base. Céng trinh
[31] dé& thuc hién phan Ung ngung tu BA va ECA trén
xUc tac nano-ZIF-8 trong cac dung moéi khac nhau
(nudc, tetrahydrofuran, hexane, ethanol, DMF, ethyl
acetate, toluene va DMSQ), cho hiéu suét san pham tir
7-97 % sau 30 phut. Trong do, hiéu suét san pham Ethyl
(E) a-cyanocinnamate (ECC) cao nhat bang 92 va 97 %
tuong Ung vai dung méi st dung la DMSO va DMF. Gan
day, cong trinh [32] d& khao sat hoat tinh xUc tac cua
nano-ZIF-8 trong phan Ung ngung tu gita BA va ECA.
Két qua cho thdy nano-ZIF-8 cho dé chuyén hoa BA
trong dung méi nudc gan nhu hoan toan sau 3 gid khi
st dung xuc tac bang 5 % khéi lugng BA.

Tiép theo bai bao [15], bai bao nay trinh bay két qua
nghién cltu hoat tinh xUc tac clia nano-ZIF-90 dugc téng
hgp tUr zinc acetate dihydrate trong phéan Ung ngung
tu Knoevenagel gitta BA va ECA. D6 bén cla xic tac
cling d& dugc thao luan.

Thuc nghiém
Xuc tdc va héa chdt
Xuc tac nano-ZIF-90 dudgc téng hgp theo [15] véi cac

dac trung: B& mat riéng (BET) bang 1051 m?/g, kich
thudc hat bang 38 nm (theo SEM), bén nhiét dén 290
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°C, t6ng thé tich mao quan bang 0,472 cm?/g, xUc tac
c6 chra mao quan trung binh tap trung tai 3,7 nm. Hoa
chat gom BA, ECA, ethanol clia hang ADAMAS, Trung
Qudc, do tinh khiét 99 % va nudc cat hai lan.

Nghién cdu xdc tdac

Phan Ung ngung tu Knoevenagel gilta BA va ECA dugc
thuc hién trong diéu kién cé khudy va gia nhiét. Cu thé,
tién hanh hoa tan mot lugng ECA xac dinh trong mét
lugng nudc xéac dinh thu dugc dung dich A. Tiép theo,
rot mét lugng BA xac dinh vao dung dich A tao thanh
dung dich B. Dung dich B dugc rét vao binh phan Ung
chifa s&n chét xuc tac nano-ZIF-90 va dugc khudy trén
& téc do 500 vong/phut. Ty 1é mol BA : ECA bang 1:1,0;
1:15;1:2,0va1:2,5. Khéi lugng chat xuc tac st dung
bang 0; 1,0; 1,5 va 2,0 % (theo khéi luong BA). Nhiét d6
phan ng bang 30, 50, 70 va 90 °C. Thdi gian phan Ung
bang 4, 6, 8 va 10 gid. Két thic phan Ung, tién hanh loc
tach chét xuc tac, dung dich cudi cling dugc phan tich
bang sac ky khi — khéi phé (GC-MS). D& nghién clu db
bén va tinh hiéu qué cla xUc tac, sau khi tim dugc diéu
kién thich hgp, xuc tac dugc tién hanh lién tiép trong 7
lan. Sau mdi lan phan Ung, xUc tac dugc loc ria va séy
kho & 100 °C trong 3 gids, phan tich nhiéu xa tia X (XRD).
Xlc tac dugc phan tich XRD trén may Siemens D8
Advance-Bruker (D), phan tich san phdm phan Ung
trén may sac ky khi Agilent 78908B.

Két qua va thao luan
Két qud nghién ctru hogt tinh xtc tdc

Hoat tinh xUc tac cla chat xidc tac nano-ZIF-90 dugc
danh gia trong phan Ung ngung tu Knoevenagel gitta
BA va ECA d€ tao thanh Ethyl (E) a-cyanocinnamate
(ECC) theo phuang trinh phan Ung:
C6H5-CHO + CHz(CN)(COOCgHs)

2> CeHs-CH=C(CN)(COOC,Hs) + H,O

Hinh 1a trinh bay két qua khado sat hoat tinh xdc tac
nano-ZIF-90 theo ty 1é mol BA : ECA bang 1:1,0;1:1,5;
1:2,0va1:25, vdi cac diu kién khac khéng thay déi
(khéi lugng xuc tac bang 1,5 % theo khéi lugng BA, nhiét
dé phan tng 70 °C, thdi gian phan Ung 6 gid). TU hinh
1a c6 thé thdy, khi ty 1é mol BA : ECA =1:1,0, d6 chuyén
héa BA bang 84,54 % va dat cuc dai bang 87,24 % (ng
v&ity 1é mol BA : ECA = 1:1,5, gidm nhe bang 87,06 %
khi ty 16 mol BA : ECA = 1:2,0. Dac biét, do chon loc
ECC I6n nhét (bang 99,15 %), hiéu sudt ECC cling I6n
nhét (bang 86,47 %) so vdi cac gia tri con lai Ung vai ty
lé mol BA : ECA =1:1,5. Két qua nay dugc cho la tét
hon khi st dung xuc tac ZIF-8 v&i d6 chuyén hoa BA
bang 82 % (25 mg xUc tac, ty 16 mol BA : ECA = 7:8, sau
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30 phat & 80 °C trong dung méi H,0) [33] va bang 76,5

% (100 mg xUc tac, ty 1é mol BA : ECA = 1.1, sau 6 gi§ &
30°C, dung mdi toluene) [34]. K&t qud phan tich mét

mau dién hinh bang GC dugc chi ra trong hinh 1c.

Anh hudng cla ty 1& mol BA : ECA (@)
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Hinh 1: Anh hudng cla ty 1& mol BA : ECA (a), ham
lugng chét xUc tac (b) va két qua phan tich GC mét
mau dién hinh ()

Trén hinh 1b, bén phan Ung thay déi ham lugng chét
xUc tac bang 0; 1,0; 1,5 va 2,0 % (so vdi khéi lugng BA),
trong khi cac diéu kién khac khéng thay déi (ty 1é mol
BA : ECA =1:15, 70 °C, 6 gi®) cho db chuyén hoa BA,
do chon loc ECC va hiéu suat ECC thu dugc khac nhau.
Dang cha y la khi khéng st dung xdc tac, do chuyén hoa
BA bang 4,38 %, dé chon loc ECC bang 30,83 %, nén
hiéu sudt ECC thu dugc chi bang 1,35 %. Tréai lai, ca ba
mau con lai st dung khéi lugng xdc tac bang 1,0; 1,5 va
2,0 % déu cho két qua tét. Tuy nhién, d6 chuyén héa

BA, d6 chon loc ECC va hiéu sut ECC tao thanh dat gia
tri cuc dai tuong Uing bang 87,21; 99,15 va 86,47 % khi
st dung khéi lugng chét xtc tac bang 1,5 %.

Anh hwéng clia nhiét do phan (ing
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Hinh 2: Anh hudng clia nhiét do phan Ung

Trén hinh 2, anh hudng cla nhiét dé trong phan Ung
ngung tu BA va ECA cling d& dudgc khdo sat. Nhiét do
phan Uing thay déi bang 30, 50, 70 va 90 °C trong cling
diéu kién (ty 1é mol BA : ECA =1:1,5; 1,5 % xUc tac, 6
gid), cho dé chuyén hoa BA tang dan tuong Ung bang
80,28; 84,02; 87,21 va 88,07 %, nhung dé chon loc ECC
lai thay d&i khéng nhiéu (tuong Ung bang 96,35; 98,84;
99,15 va 97,72 %), dat cuc dai khi phan Uing dudc thuc
hién & 70 °C.
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Hinh 3: Anh hudng cla thai gian phan tng

Trén hinh 3, khi nghién clu anh hudng cla thdi gian
phan &ng, bén phan dng da dugc thuc hién trong cling
diéu kién (ty 1&é mol BA : ECA =1:1,5; 1,5 % xUc tac, 70
°C), vdi thai gian phan Ung bang 4, 6, 8 va 10 gid. Két
qua, trong 4 gid dau phan Ung, do chuyén hoa BA d3
tdng nhanh (dén 80,45 %), nhung tdng chédm sau 6 giG
phan Ung (bang 87,21 %). Trong nhing git dau tién, téc
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dd ngung tu BA vé&i ECA gia tdng manh mé cd lién quan
dén kich thudc hat nhd (38 nm theo SEM) cla xuc tac,
nhu d& dugc théo luan trong [34].

Trong khoang thdi gian phan ting 8 va 10 gid, dé chuyén
hda BA tiép tuc tdng cham, tuong Ung bang 87,32 va
87,45 %. Tuy vay, dé chon loc ECC lai dat cuc dai bang
99,15 % trong 6 gic phan Ung. K&t qua nay cho thay, xdc
tac nano-ZIF-90 dugc su dung trong nghién clu nay,
bén canh cac vi mao quan, con chlia mao quan trung
binh tap trung tai 3,7 nm, da tao diéu kién cho cac phéan
tlr phan Ung khuéch tan nhanh dén cac tdm hoat tinh
ngay trong nhiing gid dau tién, phu hgp vdéi nhan dinh
trong [35]. D6 chon loc ECC cao va it thay ddi theo thdi
gian 6 thé la do c4u triic mao quan clia xUc tac bén va
8n dinh trong diéu kién phan Ung da tién hanh. Nhu
vay, tU két qua thu dugc thong qua 4 thong sé da khéo
sat vai 16 phan Ung da dudc thuc hién trén day, cé thé
cho rang, phan Ung ngung tu BA vai ECA té ra rét hiéu
qua khi s&r dung xuc tac nano-ZIF-90 cé hé théng mao
quan phu hgp, va quan trong la ¢4 chfa mao quan
trung binh thi cép dugc hinh thanh bdi su két tu cac hat
xUc tac co kich thudc nano, nén thuan Igi cho su hinh
thanh san pham co kich thudc céng kénh.

Két qua kiém tra @ bén cua xc tdc

DéE kiém tra dé bén cua xdc tac, ching toi da tién hanh
7 1&n phan Uing. Phan tich cdu trdc XRD cla chét xUc tac
nano-ZIF-90 (pha rén) va phéan tich GC (pha ldng) sau
phan Ung lan 1, 1an 3, ldn 5va lan 7.

J ﬂ n A ,  Saustdunglan7
Sau st dung l&n 5

Sau st dung l&n 3

Lin (Cps)

H h H H Sau su dung lan 1

omi_ b

(200)
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Chua st dung

B R e B R L I R AL I e
5 10 20 30 40
2-Theta - Scale
Hinh 4: Gidn d® XRD clia c4c mau xUc tac nano-ZIF-90
chua s dung, sau st dung lan 1, 1an 3, lan 5 va lan 7.
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Hinh 4 trinh bay gian d& XRD cla cadc mau xuc tac nano-
ZIF-90 chua st dung, xUc tac nano-ZIF-90 sau phan Ung
[an 1, 1&n 3, 1&n 5 va lan 7, cho thdy ca 5 gian do XRD
déu chi chifa cac pic dac trung clia ZIF-90, khdng chira
pha la. Biéu nay ching to, xtc tac sau mdi lan phan tng
van bao toan cau trdc ban dau. Tuy vay, néu quan sat
ky s& thay dudng nén clia cac mau xUc tac sau phan Ung
déu khéng phang va tron tru nhu ZIF-90 ban dau. Bong
thai, cusng doé cla 4 pic dac trung nhét tai cac gia tri 26
=7,4°12,8°,16,5° va 18,0° sinh ra tU sy phan xa cla cac
méat phang tinh thé (0171), (112), (013) va (2 2 2) trong
ZIF-90 [1] d& co sy tang gidm, nhung khéng nhiéu.

D6 bén clia xtc tac sau 7 14n phan (ng
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Hinh 5: Hiéu qua s dung xUc tac sau 7 1&n phan Ung

K&t qua phan tich trén hinh 5 cho thay, d6 chuyén héa
BA va do chon loc ECC chi gidm rat it sau méi 1an phan
Uing. XUc tac sau 7 1an phan Ung van cho do chuyén hoa
BA bang 85,82 % va dé chon loc ECC bang 98,47 %,
chimng té day la xtc tac bén va co thé st dung nhiéu lan
cho phén Ung da lya chon.

Vai tro cua xdc tdc trong phdn Uing

Phan Ung ngung tu Knoevenagel gitta BA va ECA trén
xUc tac ZIF-90 dé tao thanh ECC dugc du doan (hinh 6)
dién ra theo 5 giai doan sau day:

- Giai doan (1): Trudc hét, xtc tac ZIF-90 chlra nguyén
tir N ¢o tinh base sé tach nguyén ti H linh déng cla
nhom —CHy— trong ECA tao ra carbanion trung gian (A).
- Giai doan (2): Carbanion trung gian (A) s tdn céng
vao nguyén tir C mang dién duang trong nhom -CH=0
clia BA tao ra san pham trung gian (B).

- Giai doan (3): San ph&m trung gian (B) s& 18y H* tir ZIF-
90-H" tao thanh aldol (C).

- Giai doan (4): Aldol (C) chtra nguyén tr Hy linh déng
sé bi tach ra nhd tam base cla xuc tac ZIF-90 tao ra
carbanion trung gian (D).



Vietnam Journal of Catalysis and Adsorption, 15 —issue 3 (2026) 83-88

- Giai doan (5): H* trong ZIF-90-H* két hgp cing nhdm
OH- trong carbanion trung gian (D) tach ra dé tao thanh
san phdm cudi cung la ECC va hoan tra lai xUc tac ZIF-
90.

CHO LN N

H
ECC ZIF-90 LA
~ =, oy
N °© +H;0 x‘{Zn/N N 0 —
CN —H
CHO ;‘Zn’N\(N'
@ CHO
5 N/_\NC (5)
T NZ e
% o (A)
D S
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® o™
CN
(2) N
—\ 20N
SN e @ > "
T Nf e o o
CHO 0~
— Ho |, @ CN ®)
Lo NN e E)
CHo CN
© =
LN N
— Zn
LN N CHO

Hinh 6: Céc giai doan phan Ung ngung tu Knoevenagel
gitia BA va ECA trén xUc tac ZIF-90 dé xuét.

K&t luén

P& nghién cu hoat tinh xUc tac clia nano-ZIF-90 dudgc
téng hop tir zinc acetate dihydrate trong phan Ung
ngung tu Knoevenagel gitta BA va ECA trong moi
trusng nudc. Két qué thu dugc da chiing té nano-ZIF-
90 la xUc tac t6t cho phan Ung nay. Trong diéu kién thich
hgp vdi ty 16 mol BA : ECA = 1:1,5; xic tac 1,5 % (so vdi
khai lugng BA), nhiét d6 70 °C, thdi gian 6 gid - phan
Uing cho doé chuyén hoa BA dat 87,21 % va db chon loc
san phdm ECC bang 99,15 %.

K&t qua trén cling chiing minh rang, xuc tac nano-ZIF-
90 bén trong diéu kién phan Ung da tién hanh va c6 thé
téi s&r dung khong ft han 7 1an.

Két qua nay md ra mét ca hoi t6t dé t8ng hop ECC lam
dung méi hitu cg quan trong thay thé hang nhap khau
tai Viét Nam.

L&i cam on
C4c tac giad xin chan thanh cdm on Bai hoc Bach khoa

Ha Noi da tai trg kinh phi thong qua dé tai T2024-PC-
072.
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