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ABSTRACT

This paper presents the results of a study on the catalytic activity of ZIF-
14 synthesized from zinc acetate dihydrate in the condensation reaction
between benzaldehyde (BA) with ethyl cyanoacetate (ECA). From the
study of the effects of the BA : ECA molar ratio, catalyst content,
temperature, and reaction time in ethanol solvent, the optimal reaction
conditions for achieving BA conversion and ethyl a-cyanocinnamate
(ECC) selectivity of 89.32 % and 92.16 %, respectively, were found to be
a BA : ECA molar ratio of 1:1.5; 1.5 % catalyst (by weight of BA); a
temperature of 50 °C; and a reaction time of 3 hours. The paper also
showed that the crystalline structure of the catalyst was partially broken
after each reaction. The catalyst could be reused up to 5 times,
achieving BA conversion and ECC selectivity of 83.18 % and 90.86 %,
respectively.

Gidi thiéu

canh ¢6 kich thudc mao quan va héc 16n tucng Uing
bang 2,2 va 2,2 A. Tuy nhién, dén nam 2012, cu tric
ZIF-14 da dugc AX. Zhu va céng sy [3] ching minh

ZIF-14 la mét trong s6 vét liéu mdi cd céu tric khung
hitu ca — kim loai (MOFs), dugc tim théy [an dau tién vao
ném 2006 bdi X.C. Huang va céng su [1] vai tén goi ban
dau 1a MAF-5. Nam 2008, R. Banerjee va cong su [2]
cling da xay dung dugc cdu tric cla ZIF-14 tuong tu
nhu céu trdc clia MAF-5. Cac bao cao [1,2] déu ching
minh ZIF-14 ¢ cdu tric tuong tu zeolite ki€u anacime
(ANA) vdi cac h6c mao quan thon dai, hinh elip va dé
x6p 1én, hé mao quan cla ZIF-14 lién két qua vong 6
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rang, ngoai cau truc lién két qua vong 6 canh vdi kich
thudc mao quéan va héc Ién, ZIF-14 con lién két qua
vong 8 canh vdi kich thudc mao quan va héc I6n tuang
Ung bang 4,0 x 5,8 A va 7,0 x 10,0 A. C4u trdc cla ZIF-
14 dugc xay dung tU cac t& dién Zn®* thdng qua cau néi
la cac linker 2-ethyl imidazole (HelM), tao ra goc Zn—
elM—Zn tuong tu géc Si-O-Si trong zeolite [4-6] va xap
xi 145°[2]. Do do dai cau ndi kha I6n cla cac vong
imidazolate so v&i nguyén tr oxy nén kich thudc mao
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quan cla ZIF-14 16n hon so vdi cac vat liéu zeolite co
cung kiéu céu trac [7-9]. Biéu nay md ra mét tiém nang
Ung dung Ién clia ZIF-14 trong linh vuc hap phu va xdc
tac [10].

ZIF-14 dugc téng hap chd yéu bang phuong phap nhiét
dung méi, ngudn kim loai cho t8ng hgp ZIF-14 chl yéu
dugc st dung la Zn(OH), ZnO, Zn(NO3),.6H.0, ca biét
st dung Zn(CH3COO0)».2H,0O [10]. Gan day, ZIF-14 da
dugc t6ng hop thanh céng t&r Zn(CH3CO0),.2H,0 [11]
va tu ZnCl, [12].

Nhing ndm gan day, cac nha khoa hoc da nghién cdu
vé ZIF-14 va budc dau st dung chiing trong inh vuc hép
phu va xdc tac [13-15]. Trong [inh vuc xdc tac, ZIF-14 da
dugc sit dung cho phan Ung téng hop 1-methoxy-2-
propanol tUr propylene oxide va methanol [12,14], phan
Uing téng hap propylene carbonate ti CO; va propylene
oxide [16,17], hay phan Ung gitta dihydroxyacetone
(DHA) va formaldehyde [18] (xem béang 1). RS rang, ZIF-
14 chi mdi rat it dugc st dung lam xdc tac va chua dugc
st dung lam xtc tac cho phan Ung ngung tu gitta
benzaldehyde va ethyl cyanoacetate.

Bang 1: XUc tac ZIF-14 trong mét sé phan Uing da cong bo

Phan Ung Thanh phén phan Ung Nhiét & Thaigian D6 chuyén D6 chon loc  Tai liéu
Céc chatphan Ung, BET claxic Xuctidc, phdn  phdnung, hoachdt  san phdm tham
mol/mol tac, m?/g %KL Ung, °C gio phan Ung, chinh, % khao
%
CH;OH + PO CH3OH: PO =8:1 464 1,85 110 5 PO:90,3  1-MP: 92,6 [14]
CH3;OH + PO CH3OH: PO = 8:1 464 1,85 110 7 PO: 100 1-MP: 92,2 [14]
CH3;OH + PO CH3OH: PO =8:1 830 110 6 PO: 100 1-MP: 98,6 [12]
CO; + PO 24 mmol PO; 0,8 464 0,05g Nhiét do 5 PO: 83 PC: > 99 (6]
MPa CO; phong
CO, + PO 24 mmol PO; 0,8 - - Nhiét do 5 PO: <1 PC:0 [16]
MPa CO; phong
CO, + PO 24mmol PO; 0,8 464 0,85 80 5 PO: 83 PC: 99 7]
Mpa CO; mmol PO
DHA + formal 0,045 g DHA; 100 - 003g 80 0,5 DHA: 50  Erythrulose: (18]
dehyde m! formaldehyde 38

Phan Ung ngung tu gilta benzaldehyde (BA) va ethyl
cyanoacetate (ECA) la mét phan Uing Knoevenagel dién
hinh, s& dung cac chét xtc tac déng thé nhu amine,
mudi amonium, chat Idng ion, acid amine, acid Lewis va
c4c chét xUc tc ca kim [19-21]. Phan Ung trong hé déng
thé thuong thuc hién & nhiét do cao, khé khan khi thu
hoi xuc tac, s¢t dung lugng I6n dung méi gay 6 nhiém
maoi trudng [22].

Phan Uing ngung tu c6 thé s dung chét xuc tac ludng
chic nang acid-base [23] dé thuc ddy phan Ung dién ra
nhanh hon, it budc hon va thu dugc san phdm véi hiéu
sudt cao hon [24]. Trong s6 cac xUc tac di thé ludng
chiic ndng acid-base thi vat liéu ZIFs rat dugc chd y vi
trong cau truc ctia chiing d& chira sén 2 loai tam acid va
tdm base. D& cd mét s6 cong trinh bao cao két qua
nghién cru hoat tinh xUc tac trong phan Ung ngung tu
gitfa BA va ECA [25-30] (xem bang 2). Két qua, da co 4
codng trinh nghién cdu st dung ZIF-8 lam chét xuc téc
trong phan ng ngung tu gilta BA va ECA [27-30] cho
két qua tét. Trong do, khi st dung dung mébi ethanol,
phan Ung ngung tu gitta BA va ECA cho hiéu suét ethyl
a-cyanocinnamate (ECC) bang 82 % trong 0,5 gi¢ phan

Ung & 80 °C [28], bang 93,1 % trong 4 giG phan Ung &
40 °C [29]. Nhu vay, phan Ung ngung tu gilta BA va ECA
dugc thuc hién trén cac xtc tac mao quan con han ché,
déi vai ho vat liéu ZIFs mdi chi s&r dung ZIF-8. Viéc khao
sat phan Ung nay trén ZIF-14 tr& nén can thiét va co y
nghia thuc tién.

Tiép theo bai bao [11], bai bao nay trinh bay két qua
nghién clfu hoat tinh xdc tac cla ZIF-14 dugc téng hop
tUr zinc acetate dihydrate trong phén Ung ngung tu
gitia BA va ECA. Cac két qua nghién clru dd bén va kha
nang tai st dung cua xuc tac cling dugc thao luan.

Thuc nghiém

Xdc tdc va héa chdt

XUc tac ZIF-14 dugc t8ng hap theo [11] vdi cac dac trung:
Bé mat riéng (BET) bang 513 m?/g, thé tich vi mao quan
bang 0,22 cm?/g, kich thudc hat khodng 400 nm (theo
SEM). Hdéa chat gom BA, ECA, ethanol cla hang
ADAMAS, Trung Quéc, do tinh khiét 99 % va nudc cat
hai lan.
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The hogt tinh xtc tdc

Phan Ung ngung tu Knoevenagel gilta BA va ECA dugc
thuc hién trong binh phan Ung kin, c6 khudy va gia
nhiét. Tién hanh hoa tan mét lugng ECA xac dinh trong
mét lugng ethanol xéac dinh thu dugc dung dich A. Tiép
dén, rot mét lugng BA xac dinh vao dung dich A, sau do
hén hap nay dudc rét vao binh phan ting chifa sdn chét
xUc tac ZIF-14 dugc dung dich B. Dung dich B dugc
khudy trén & t6c dé 500 vong/phut. Ty 1é mol BA : ECA
thay d6ibang 1:0,5;1:1,0;1:1,5 va 1: 2,0. Chat xdc tac
dugc st dung vdi khéi lugng thay déi bang 0; 1,0; 1,5;

2,0 va 2,5 % (theo khéi lugng BA). Nhiét dé phan Ung
thay ddi bang 30, 40, 50 va 60 °C. Thdi gian phan Uing
thay déi bang 1, 2, 3 va 4 gid. Két thiic phan Ung, chat
ran dugc tach riéng, chét 1dng ducc phan tich bang sac
ky khi — khSi phé (GC-MS).

XUc tac dugc téng hop trong diéu kién thich hop, dugc
tai st dung lién tuc 5 1an. Sau mai [an phan Ung, xUc tac
dugc loc, rira va sdy khd 6100 °C trong 3 gid, phéan tich
nhiéu xa tia X (XRD). Xuc tac dugc phan tich XRD trén
may Siemens D8 Advance—Bruker (BUc), phan tich sén
phdm phan Ung trén may sac ky khi Agilent 7890B két
hop khéi phé chon loc Agilent 5973N (M§).

Bang 2: M6t s6 vat liéu mao quan dudgc st dung lam chét xtc tac trong phan ting ngung tu gitta BA va ECA

Thanh phan Dung 5 S Nhiét  Thai bo bo Hiéu Tai
. . Béc trung xUc tac s dung . ) o . i,
phan Ung moi doé gian  chuyén chon suat liéu
Ténxic  BET, v, SEM, phdn  phdn héaBA, loc ECC, % tham
thc m¥Yg cm¥/g nm tng, °C  Ung, % ECC, khao
gis %
BA: ECA=1: 1; xUc tac - Zeolite Y 0,190 - 100 3 71 100 71 [25]
0,02g da trao
d&i ion
BA: ECA =8:7; DMSO IRMOF  3.683 1,740 - 40 2 99 100 99 [26]
IRMOF bang 0,06
mmol
BA: ECA =9,8:9,4; DMSO ZIF-8 - - - 60 1 >99 96 [27]
ZIF-8 bang 0,015 g
__HO _ 82
__THF _ 65
Hexane /
Ethanol 82
BA: ECA = 3,5: 4, DMF ZIF-8 1279 0,604 100 80 0,5 - _ 97 (28]
ZIF-8 bang 0,025 g Ethyl 49
acetate
Toluene 32
DMSO 92
BA: ECA =1:1; ZIF-8  Ethanol ZIF-8 1570 0,709 32 40 4 93,6 99,4 93,1 [29]
bang 3 % BA
BA: ECA =1:2; ZIF-8 H.O ZIF-8 1570 0,709 32 30 5 100 90,3 90,3 [30]

bang 3 % BA

Két qua thir hoat tinh xdc tdc

Hinh 1 trinh bay két qué khao sat anh hudng cua ty lé
mol BA : ECA (hinh 1a) va dnh hudng clia ham lugng xtc
tac ZIF-14 (theo khdi lugng BA) (hinh 1b). Khi khao sat ty
Ié mol BA : ECA thay ddi, cac yéu té khac dugc gitr
nguyén (ham lugng xdc tac 1,5 %; nhiét d6 phan Ung 50
°C; thai gian phan Ung 3 gid). Khi khdo sat ham lugng
x(c tac thay ddi, cac yéu t6 khac dugc gilt nguyén (BA :
ECA =1,5; 50 °C; 3 gig).

TU hinh 1a, khity 16 mol BA : ECA = 1:0,5 phan Ung cho
do6 chuyén héa BA va db chon loc ECC tuong Ung bang

67,72 va 89,95 %. Trudng hdp nay phan Ung lay du BA.
Khi ty 16 mol BA : ECA = 1:1,0 d6 chuyén héa BA va do
chon loc ECC tang dan tucng Ung bang 88,03 va 90,67
%; sau dé dat cyc dai tuong Ung bang 89,32 va 92,16 %
khi ty 16 mol BA : ECA = 1:1,5. Tiép tuc Iy du ECA bang
cach chonty 1& mol BA : ECA = 1: 2,0 thi d6 chuyén héa
BA va dé chon loc ECC gidam nhe tuong Ung béng 88,74
va 91,08 %. Nhu vay, khi ty 1é mol BA: ECA =1:15sé
cho dé chuyén hoa BA va dd chon loc ECC cao nhét.

Trén hinh 1b, phan ng hau nhu khéng xay ra khi khong
cd mat xtc tac, d6 chuyén hod BA chi dat 1,78 %. Nhung
khi c6 mat xuc tac véi ham lugng tuong Ung bang 1,0;
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1,5; 2,0 va 2,5 % thi dé chuyén hoa BA va dé chon loc
ECC da tang manh, dat cuc dai tuong Ung bang 89,32
va 92,16 % khi ham lugng xuc tac bang 1,5 %. Cé thé
thédy, tu 0 dén 1,0 va 1,5 % ham lugng xuc tac thi do
chuyén hoa BA va do chon loc ECC tang rét nhanh. Biéu
nay chiing té phan Uing dién ra can c6 mat xdc tac va
vat liéu ZIF-14 vdi kich thudc mao quan dudc cho la phu
hop vd&i cac chét tham gia phan Ung, dong thdi kich
thudc nay du rong dé san phdm chinh ECC co kich
thudc 16n hinh thanh va khuéch tan ra khoi cac tdm hoat
tinh clia xuc tac. Khi ham lugng xdc tac tang 1én 2,0 va
2,5 % thi d6 chuyén hda BA va do chon loc ECC déu
gidm cham. Nhu vay, ham lugng xuc tac bang 1,5 % cho
két qua t6t nhat. Biéu nay xay ra cd 18 la tai ham lugng
nay, s6 lugng tdm hoat déng vira du dé€ qué trinh ngung
tu BA va ECA dién ra hiéu qua nhét.

(a) Ty lé BA: ECA
BA:ECA=1:2.0
BA: ECA=1:1.5
BA: ECA=1:1.0
|
BA: ECA=1:0.5 |
0 20 40 60 80 100

m Hiéu suadt SP,% = Do chonlocSP,% m D6 chuyén héa BA, %

(b) Ham lwong xic tac

XUC TAC 2,5%
XUC TAC 2,0%

XUC TAC 1,5%

XUC TAC 1,0%

0 20 40 60 80 100

XUC TAC 0%

w Hiéu sudt SP, % = Do chonloc SP, % m Do chuyén héa BA, %

Hinh 1: Anh hudng cla ty 1& mol BA: ECA (a) va ham
lugng xUc tac (theo khéi lugng BA) (b)

Hinh 2 trinh bay két qua khao sat dnh hudng cla nhiét
dé (hinh 2a) va thai gian phan tng (hinh 2b). Khi khéo
sat anh hudng cla nhiét do, cac yéu t6 khéc dugc git
nguyén (BA : ECA =1:1,5 xtc tac 1,5 %; 3 gid). Khi khao
sat dnh hudng cula thdi gian, cac yéu té khac dugc gitr
nguyén (BA : ECA =1,5; xUc tac 1,5 %; 50 °C).

Trén hinh 2a, dé dang quan sat thay nhiét dé co anh
hudng manh dén tién trinh phan Ung. O nhiét dé thap,
30 °C, d6 chuyén hda BA va dé chon loc ECC tuong Ung

chi dat 56,64 va 45,28 %; tang 1én 68,72 va 87,72 % khi
phan Ung & 40 °C. D6 chuyén hoa BA va do chon loc
ECC tiép tuc tang, dong thai dé chon loc ECC dat cuc
dai bang 92,16 % tai 50 °C. Khi nhiét dé nang lén 60 °C,
do6 chuyén hoa BA dat cuc dai bang 91,52 % nhung do
chon loc ECC lai gidm con 89,83 %. Hiéu suat ECC thu
dugc tai 50 °C dat 82,31 %, con tai 60 °C dat 82,21 %.
Do do, dé tiét kiém nang lugng va uu tién cho dé chon
loc san phdm, ching téi cho rang nhiét dé phan ting
bang 50 °C la thich hgp. Tu két qua nghién cltu anh
hudng clia nhiét do cé thé cho rang, khi nhiét dé tang
dan, t6c d6 phan ly, téc dd khuéch tan gita céc ion
trong dung dich dién ra nhanh hon, ti€p can nhanh hon
dén cac tam hoat dong cua xuc tac dé thuc hién qua
trinh ngung tu. Nhung néu nhiét dé phan Ung cao qua,
6 thé 1am cham qua trinh ngung tu hodc dién ra su
canh tranh gitta c4c ion trong dung dich tién dén tam
hoat ddng clia xUc tac.

(a) Nhiét dé phan trng
60°C
50°C
40°C
| |
30°C
| |
0 20 40 60 80 100

w Hiéu sudt SP, % = Do chonloc SP, % m Do chuyén héa BA, %

(b) Thai gian phan ng
4GI0
3GIO
2GI0
. |
1610 |
0 20 40 60 80 100

m Hiéu sudt SP,% = Do chonlocSP,% m D6 chuyén héa BA, %

Hinh 2: Anh hudng ctia nhiét do (a) va thai
gian phan tng (b)

Trén hinh 2b, quan sat thdy phan Ung dién ra rat nhanh
ngay trong mét gid phan Uing dau tién, dé chuyén hoa
BA va do chon loc ECC tuang Ung da dat 76,78 va 88,82
%. Tiép tuc kéo dai thai gian phan Ung 1én 2, 3 va 4 gid,
do6 chuyén hoa BA va do chon loc ECC tang dén va dat
cuyc dai tuong Ung bang 89,32 va 92,16 % trong 3 gid.
R6 rang thdi gian ¢ anh hudng dén qué trinh ngung tu
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BA va ECA, nhung khong qua rd rét. Biéu nay ¢ 18 la
do xuc tac cé chifa hé théng mao quan 4,0 x 5,8 A va
7,0 x 10,0 A @l thong thoang dé cac chét phan Ung
khuéch tan nhanh vao trong mao quan, tién dén tam
hoat tinh, phadn Ung, réi khuéch tan ra khoi mao quan
tao thanh san pham.

J ZIF-14 tai sir dung lan 5
j ZIF-14 tai st dung l4n 3
E __JL M VO | R
2
g
—
J ‘ ZIF-14 tai st dung lan 1
A A A
Q
= <
~ g —_
J j Q ~ ZIF-14 chua st dung
LA Y W
=)
=) g L
SRS
| a ZIF-14 md phong
5 10 20 30 40

2-Theta - Scale

Hinh 3: Gidn d6 XRD clia ZIF-14 chua s dung, ZIF-14
sau mai 1an tai st dung va ZIF-14 mé phong theo [1]

So sénh vai bao céo [28] (xem bang 2), phan Ung ngung
tu BA va ECA trén xUc tac ZIF-8 (BET = 1.279 m?/g) trong
dung méi ethanol cho dé chuyén hda BA bang 82 %
sau 0,5 gid tai 80 °C, thi két quéa thu dugc trong nghién
clu nay t6t han. Bai véi bao cao [29], phan Ung tuong
ty khi st dung xuc tac ZIF-8 (BET = 1.570 m?/g) cho do
chuyén hoé BA bang 93,6 % va dé chon loc ECC bang
99,4 % trong 4 gid tai 40 °C tuy cao hon két qua trong
nghién cltu nay, nhung ham lugng xuc tac lai s&t dung
nhiéu gép doi (3 % khdi lugng BA). Su khac nhau khi so
sanh vdi két qua nhan dugc tu cac bao cao [28,29] c6
thé con cé nguyén nhan la do cu tric cta ZIF-8 va ZIF-
14 khac nhau (ZIF-8: SOD va ZIF-14: ANA), kich thudc
mao quan cling khac nhau (ZIF-8: 3,4 x 11,6 A va ZIF-14:
40x58Ava7,0x10,0A).

Nhu vay, tU két qua khao séat 4 yéu té cé anh hudng dén
phan Ung ngung tu néu trén, co thé rut ra diéu kién
phan Ung thich hgp 1a ty 1é mol BA : ECA = 1:1,5; xUc
tac 1,5 %; nhiét do 50 °C va thdi gian phan Ung 3 gid.

Nghién ciu tdi sir dung xuc tdc

XUc tac dugc khdo séat kha nang tai sir dung qua 5 chu
ky phan ung lién tiép dudi diéu kién thich hgp da xac
dinh & trén. Sau méi chu ky, xUc tac dugc tach riéng, ria
sach, sdy kho & 100 °C trong 3 gid va st dung cho chu
ky ti€p theo. Cac mau xUc tac sau tai st dung dugc phan
tich XRD nham danh gia su thay déi cau tric tinh thé, so
sanh vdi xUc tac chua st dung va ZIF-14 mé phong
trong khi phén 1dng sau phan (ng dugc phan tich bang
GC-MS. Két qua dugc trinh bay trén Hinh 3

Tai str dung xuc tac
LANS
LAN 3

LAN 1
1 1 1 1

0 20 40 60 80 100

W Hiéu sudt SP,% m Do chonloc SP, % m D6 chuyén héa BA, %
Hinh 4: Hoat tinh xUic tac sau céc lan téi st dung

Quan sat hinh 3 6 thé théy, gidn dé XRD cla ZIF-14
chua st dung rét giéng ZIF-14 mé phdng, da dugc thao
luan trong [11]. Sau méi 1an tai st dung, gian dd XRD cla
xUc tac da gidm dan cuang dé pic dac trung, nhung kha
chém, dé tinh thé ZIF-14 con lai sau khi tai s¢t dung 1an
1, 3 va 5 tuagng Ung dugc xac dinh theo phuong phép
XRD nhu d& mo ta trong [11] bang 98, 92 va 86 %. Bang
tryc giac théy rang, pic dac trung & goéc 20 = 7,4° giam
nhe cudng do, nhung cudng doé clia chum pic & ving
20 ~ 26,4° dén 31,1° lai tang lén. Day ¢6 |& la hé qua cla
mot phan tinh thé ZIF-14 d& chuyén sang pha vé dinh
hinh sau m&i [an phan ng.

Hinh 4 trinh bay két qua xac dinh dé chuyén héa BA, do
chon loc va hiéu sudt ECC sau khi s& dung xUc tac 1an 1,
3va 5. Ro rang, ca 3 chi tiéu nay déu gidm dan qua mai
[an st dung, nhung khé cham. Sau khi tai s&t dung xdc
tac lan thi 5, do chuyén hda BA va déd chon loc ECC
tuong Ung con 83,18 va 90,86 %. K&t qua nay phlu hgp
vai két qua phan tich XRD trén hinh 3. Su gidm dan dé
chuyén hoda BA va dé chon loc ECC ¢6 18 1a do xuc tac
da bi pha v& mot phan cdu trdc tinh thé dan dén lam
gidm s6 lugng tdm hoat déng trong xuc tac.

K&t ludn

D3 khao sat hoat tinh xuc tac cua ZIF-14 dugc téng hap
tlr zinc acetate dihydrate trong phan ¢ng ngung tu
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gitfa BA va ECA. Theo do, da tim ra diéu kién phan Ung
thich hop dé cho do chuyén héa BA va dé chon loc ECC
tuang Ung bang 89,32 va 92,16 % la: ty 1& mol BA : ECA
=1:1,5; x4c tac 1,5 % (theo khaéi lugng BA); nhiét dé 50
°C va thai gian 3 gi¢. C4u trdc tinh thé cla xuc tac b
pha v& mét phan sau mdi 1an phan Ung. Xuc tac cé thé
tai si dung dén lan thr 5 cho dé chuyén héa BA va do
chon loc ECC tuang Ung bang 83,18 va 90,86 %.

L&i cam on

Nhém tac gia chan thanh cadm on B6 Gido duc va Bao
tao va truong Bai hoc Kién Giang da tai trg kinh phi
nghién cu thong qua dé tai 2026.
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