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ABSTRACT

In this study, nano crystal ZIF-67 was successfully synthesized at room-
temperature using ethanol as solvent. Several factors affecting the
synthesis including solvent type, solvent content were investigated. The
synthesized nano crystal ZIF-67 was characterized by different
techniques such as XRD, FT-IR, SEM, TEM, BET (N, adsorption -
desorption) and TGA/DTA. The Co”*/Hmim/Ethanol molar ratio of
1:8:276 was determined as the most suitable one for the synthesis of
nano-ZIF-67 with large BET surface area of 1437,5 mz/g, small crystal
size of 50nm, mesopore size (dmeso) Of 30nm and high thermal stablity
up to 500°C.

Gidi thiéu chung

Vat liéu ZIF-67 dugc t8ng hap t mudi Co°” va ngudn
hltu co la 2-metylimidazole trong cac dung méi nhu
metanol, nudc, DMF,...

Nh& cac uu diém trong cdu tric va tinh chat ma kha
nang Ung dung cua ZIF-67 cling rat da dang: hap thu
khi, luu trlr khi, hdp phu, xUc tac, cdm bién,... Yu li va
cac cong sy [1] da téng hop ZIF-67 trong sy c& mat
hoac khéng cé TEA va Ung dung dé hap phu cé hiéu
qua cic chdt mau trung tinh (rhodamine B), anion
(metyl da cam) va cation (xanh metylen). Chang va
cong sy [2] clng cong bé dung lugng hdp phu cuc
cao dén 2430 mg/g & 20°C va gan 3000 mg/g & 40°C
cla ZIF-67 vd&i Malachite Green - mét trong nhing
thu6c nhuém phé bién nhét trong céng nghiép dét.

Gan day, mét s6 bao cao dd md ta cac nghién cdu xdc
tac quang hoda dua trén ZIF-67. Nghién clu cla L.
Yang va céng su [3] cho rang céc céu tric nano-ZIF-67
dope bdi Cu cé dac tinh xic tac quang hda dung &nh

sang nhin thdy dé xit ly chat mau methyl da cam. Lin
va cong sy [4] st dung ZIF-67 la mét chéat xtc tac di
thé dé kich hoat peroxymonosulfat dé loai Rhodamine
B. Lee va cac cong su [5] da st dung ZIF-67 dé xit ly Cr
(VI) dudi céc tia blc xa UV, VIS va NIR va ti 1& gidm
tuong Ung lan lugt 1a 71,22; 69,52 va 40,79%.

Nhu vay, vét liéu ZIF-67 cé kha nang tan dung dudc
nang luong énh sang quang phd (UV-VIS-NIR) day du.
Cac két qua [3-7] cho thédy ZIF-67 la mét chét xtc tac
hdp thu anh sang quang phé déy du va hiéu qua vé
chi phi @& giam 6 nhiém trong céng nghé xr ly nudc
va nudc thai.

Wang va céng su [8] da si dung nano-ZIF-67 nhu mét
chat hiép doéng xtc tac cung vdéi [Ru(bpy)3] la chat
nhay quang trong phan Ung quang xuc tac dung anh
séng vung nhin thdy-hdng ngoai gan dé khar CO
trong diéu kién mém dat hiéu quad cao hon cac loai
MOFs khéc.

Nghién ctu cla Yang va cong su [9] cho rang ca tam
axit va baza gilp ZIF-67 lam chét xic tac hiéu qua
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trong viéc t6ng hgp ethyl methyl carbonate (EMC) -
moét dong dung méi trong pin Li-ion thuong mai. Két
qua cho théy xtc tac cé hiéu sudt tdi 83,39% va hoat
tinh gidm rét it sau 4 chu ky phan Ung, co tiém nang
thay thé cac xic tac dong thé Ti(OBu)4 Bu>SnO, and
BuSnCl; dang s dung hién nay.

Liu va cac cong su [10] da su dung phuang phép lai
hdp phu - hédp thu trén hé huyén phu ZIF-67/nudc-
etylen glycol dé thu hoi dén 68% CoHs tir hdn hop
CoHa/CoHg chi sau 1 chu trinh.

Ngoai ra, ZIF-67 d& dugc si dung lam chét hdp phu
dé hédp thu oxy trong pha khi va nudc [11], lam cém
bién hoa hoc dé phét hién formaldehyde [12], CO; [13]
va dang mang hén hap ZIF-67 [14] d€ hap thu c6 hiéu
qua CO,, c6 tinh chon loc hinh déng cao nén dugc
dung dé phéan tach khi propylen/propan [15] hodc phdi
hop trén chat nén polyme hén hop (MMMs) dé tang
cuong kha nang phan téach, cé hiéu qué trong lam tién
chét va template dé diéu ché cac xic tac phan Ung
ORR va OER trong Iinh vyc céng nghé luu trd va
chuyén déi nang luong thay thé cho cac kim loai quy
hiém, dat tién [16-18].

Hién nay, hudng nghién ctu vé vat liéu khung hitu ca -
kim loai & Viét Nam d& dugc quan tam nhiéu hon. Vét
liéu ZIF-67 cling da dugc téng hgp trong dung moi
H,O c6 mat Trietylamin dé ng dung trong phan Ung
ngung tu déng vong cla cac amin tham [19, 20]. Tuy
nhién, cé rét it cong bd téng hgp thanh cong vat liéu
nano-ZIF-67 cé kich thudc tinh thé < 100 nm, dic biét
trong dung mai etanal.

Thyc nghiém va phucong phap nghién cldu
2.1. Nguyén liéu

Cac hoda chat Co(NO3),.6H,O, n-Butanol, etanol,
metanol loai tinh khiét Trung Qudc; 2-metylimidazol
(99%) cua Merk (Buc). Nudc cat mét 1an duge chung
cét tai phong thi nghiém.

2.2. Téng hgp ZIF-67

Tién hanh hoa tan 1,47g (5 mmol) Co(NOs),.6H,O
trong 20-80ml dung mdi (dung dich A) va 3,31g (40
mmol) 2-metylimidazol (Hmim) trong 20-80ml dung
maoi (dung dich B). Sau do rot tu tU dung dich A vao
dung dich B, khudy trong 30 phat. Hon hap phan Ung
két tinh khong khudy trong 24 gid & nhiét do phong.
Dung dich sau két tinh dugc ly tam 3 1an, méi 1an rda
bang 30 ml dung méi etanol. Chét ran sau ly tdm dugc
sdy chan khéng & 120°C trong 4 gio. Mét s6 yéu t&
dugc khdo sét trong qué trinh téng hgp: ngudn dung
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moi, ham luong dung mai. Hiéu sudt san phém tinh
theo mudi Co®*, % khéi luang.

2.3. Céc phuang phap ddc trung

Gian do nhiéu xa tia X dudc ghi trén may D8-Brucker
(Blc), s&r dung &ng phat tia X bang Cu vdi budc song
CuKy = 1,54056A, dién ap 40KV, cusng do dong dién
40mA, nhiét dé 25°C, géc quét 20 = 5 + 45° vdi t6c
dé quét 0,02°/s. Anh SEM dudc chup trén may Field
Emission Scaning Electron Microscope $-4800. Anh
TEM dugc chup trén méay JEOL JEM -1010 (Nhat) & hiéu
dién thé 80KV. PhS IR dudc ghi trén méy héng ngoai
IJMPACT FTIR 410 (Buc) theo k¥ thuat ép vién vdi KBr
(ty 16 Tmg m&u/200mg KBr), nhiét do 25°C. Dién tich
bé mat riéng va thé tich 16 x8p dugc xac dinh trén may
Micromeritics Gemini VII 2390 (M§).

K&t quava thaoluan
3.1. Anh hudng cla ngudn dung moi

Két qua nghién clu anh hudng cla ngudn dung moi
dugc trinh bay trén bang 3.1 va hinh 3.1.

Bdng 1: K&t qua clia cac mau t8ng hap trong
cac dung mdi khac nhau

TT | Ky hiéu Dung D6 hép | Hiéu suét
mai phu t6ng

toluene, hap, %kl
(%KkI)

1 Z67-H20 | H,O 7,5 88,1

2 /67-Me MeOH 16,6 66,6

3 Z67-Et EtOH 55,2 43,4

4 /67-Bt n-BtOH - 0

Qua bang 3.1 cho thdy mau Z67-H20 téng hop trong
moi trudng H,O ¢ hiéu sudt thu cao nhét, loc rira dé
dang bang loc hit chan khéng nhung dung lugng hép
phu toluen lai rat thap. Con mau Z67-Bt téng hap
trong dung méi n-BtOH lai khéng thu dugc san phém
rén. Khi t6ng hap van thédy co phan Ung xdy ra lam déi
mau dung dich sang mau tim dém nhung c6 thé do
chi tao thanh mam hoac tinh thé nhd nén khi loc rira,
ly tdm khong thu dudc tinh thé. Hai mau Z67-Et va
767-Me téng hop trong dung méi tuong Ung la EtOH
va MeOH can phai ly tdm mdi thu dugc san pham.
Trong d6, mau Z67-Et c6 hiéu sudt téng hgp thap hon
(43,4% khéi lugng) nhung lai cé dung lugng hédp phu
toluen cao hon nhiéu 55,2% so vdi 16,6% khéi lugng
clia mau Z67-Me, ching té do x8p 16n hon nhiéu. Két
qua nay phu hgp vdi phuang phap XRD trén hinh 3.1.
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Hinh 1: Gidn dd XRD clia cac mau téng hgp trong
dung mai khac nhau: H,O (a) , MeOH (b), EtOH (c).

Gian do XRD (hinh 3.1) cho thdy cac mau da co su xuat
hién cua pic dac trung cla ZIF-67 & vi trf 20 = 7,3; 10,4;
12,8%... Tuy nhién, mau Z67-H20 cé cusng do thap,
nhiéu pic nhiéu cta pha la. Su xudt hién cac pic la
trong mau Z67-H20 khéng phéi ctia Co(OH),, CoO
hay Co nén c6 thé la phic hydrate cla Co clng vdi
mét s6 pha chua biét. Mau Z67-Et cé cudng do pic
dic trung cao nhét, dudng nén phang nhét ching té
dé tinh thé cao nhét.

Vé ly thuyé&t, dung mdi cé vai tro hoa tan mudi coban,
Hmim va tach H' khai Hmim tao ra Mim . lon Co®" két
hop vdi cac ion Mim™ tao polyme, réi tao tinh thé ZIF-
67. Theo béo cdo [22], dung mdi c6 thé gay ra hiéu
Ung nhiét doéng hoc va déng hoc trong qua trinh hinh
thanh MOFs va c6 thé déng vai tro: (i) ligand; (i) moi
trudng phan Ung; (iii) vua la ligand, vira la méi trudng
phan Ung; (iv) tac nhan dinh hudng cau tric (Structure
directing agent — SDA). Cac hiéu Ung nay cé thé thay
d6i bang viéc bd sung vao hdn hop phan Ung cac hap
chat thom khéac nhau. Bdo céo cla Park va cong su
[23] clng cho rang, cdu tric khong chi dugc hinh
thanh bdi viéc si dung linker phu hgp, ma con bdi su
hé trg clia SDA nhu mét dung maéi ki€u amide. Tian va
cdng sy [24] clng da khéng dinh, mét sé dung moi
hitu ca co thé dong vai tro nhu la SDA hodc nhu mot
tac nhan tao céu tric sg cdp trong qué trinh téng hop
cac loai vat liéu imidazolate co6 cdu tric tuong tu
zeolite. Do d6, c6 thé cho rang, & day dung méi cling
tham gia vao qua trinh t6ng hgp ZIF-67 nhu mét SDA.

Trong diéu kién thuc nghiém, pha ZIF-67 c6 thé duoc
hinh thanh trong cac dung maéi khéac nhau vé dé phan
cyc  (H>O>metanol>etanol>n-butanol) va chiéu dai
dudi ky nudc (n-butanol>etanol>metanol>H,0) dan
dén su khac nhau vé dd tinh thé va hiéu suét san

phédm. Mau Z67-Et sit dung dung méi etanol cho két
qua tét nhét trong diéu kién thuc nghiém.

3.2. Anh hudng clia ham lugng dung moi

Bdng 2: K&t qua clia cac mau téng hap Vvdi
lugng dung méi khac nhau.

TT Ky hiéu Ham D6 hép | Hiéu
luong phu sudt
dung toluene , | téng
moi, ml %Kk| hop,

%k

1 Z67-Et40 40m| 45,3 38,7

2 Z67-Et80 80ml 55,2 43,4

3 Z67-Et160 | 160m! 491 42,8

4 Z67-Et240 | 240ml 48,4 42,6
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Hinh 2: Gidn d& XRD clia cac mau thay déi ham luong
dung mai: (a) 40 ml, (b) 80 ml, (c) 160 ml, (d) 240ml

Khéng chi ban chat dung méi ma lugng dung méi thay
d8i dan dén ndng do cac chat tham gia phan Uing thay
déi cling anh huéng téi su hinh thanh tinh thé trong
qua trinh két tinh hinh thanh tinh thé.

Vi véy, trong phan nghién clu nay, anh hudng cla
ham luong dung méi duoc khdo sét thay déi theo ham
lugng dung méi la 40, 80, 160, 240 (ml) tuong Ung ty 1é
mol EtOH/Co la 138, 276, 552, 828. Trén hinh 3.2 va
bang 3.2 1a két qua phan tich clia cac mau dudc téng
hap vdi nhiing ham lugng dung méi khac nhau .

Gian dd XRD (hinh 3.2) cho thdy cac mau Z67-Et80,
767-Et160 va Z67-Et240 téng hop & ham lugng dung

moi 80-240ml EtOH co6 cuong do pic dac trung tuong
duong nhau, déu cao hon mau Z67-Et40 (40ml EtOH),
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khong c6 pha la. Dong thai két qua trén bang 3.2 cling
cho thdy hiéu sudt téng hop cua cac mau Z67-Et80,
Z67-Et160 va Z67-Et160 cling cao hon mau Z67-Ft40,
dung lugng hédp phu dat cuc dai & mau Z67-Et80 su
dung 80ml EtOH. C6 thé giai thich dieu nay |a: mau co
lugng dung moi 80-240 ml du gidp ndng do cac chét
dat gia tri thich hgp dé phan Ung tao tinh thé ZIF-67.
Tuy nhién, trong khoang nong dé thich hgp thi khi
dung it dung méi, ndng do cac chét s& cao han, ¢ thé
tao ra nhiéu mam dan dén hat nhd hon, x8p hon nén
dung lugng hép phu cao hon. Qua trinh hinh thanh
tinh thé 1a qué trinh “hoa tan - két tinh lai” nén khi
lugng dung moi nhiéu thi ngoai tao diéu kién cho
phan Ung xdy ra thi né cling hoa tan cac hgp phan
nhiéu hon nén giam hiéu sudt thu. Khi thu dugc chét
luong tuong duong ma dung lugng it dung méi sé d&
t6n dung mai va thé tich thiét bi khong can qué 16n.

Nhu vay, mau Z67-Et80 co ti 1é mol C02+/mim/EtOH =
1:8:276 la thich hgp hon.

3.3.D3ctrung cua vat liéu ZIF-67 t8ng hgp dugc

Chon mau ZIF-67 dugc téng hop trong 80ml tuong
Ung vdi ti 1& mol C02+/Hmim/EtOH 1:8:276, dung mai
EtOH vdi diéu kién khong khuéy, trong 24h & nhiét do
phong, loc li tdm va séy chéan khong tai 120°C trong 4
gi 1a mau thich hgp trong diéu kién thuc nghiém.
M&u ZIF-67 t8ng hop dudc dic trung day dd cau tric
va tinh chét bang cac phuong phap hoa ly hién dai
nhu XRD, IR, BET, SEM, TEM,... va dugc so sanh vdi
mau ZIF-67 trong tai liéu tham khao [8].

a)

_JLA_L_,J NETSVEE

5 15 20 30 40

Hinh 3.3: Gian d& XRD clia mau ZIF-67 t8ng hap (a) va
mau ZIF-67* [8] (b)

Gian dd XRD clia mau ZIF-67 téng hop va mau ZIF-67*
[8] dugc trinh bay trén hinh 3.3. C6 thé thay gian do
XRD clia hai mau cd cac dinh nhiéu xa hoan toan
tuong tu, khéng 1an pha la, khong chita pha vé dinh
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hinh. Nhu véy 1a cdu tric cla chidng hoan toan giéng
nhau va chi chtfa pha tinh thé ZIF-67. Tuy nhién, cé thé
nhan thay cudng do pic dic trung clia mau tng hop
dugc thdp hon nhung do réng chan pic lai 16n hon
nhiéu, ching té kich thudc hat ctia mau téng hgp nho
hon nhiéu mau so sanh. Diéu nay cling dudc chiing
minh qua anh SEM, TEM cuia cac mau (hinh 3.4).

Y

(a) b §Hv T @ 0 J -_4 [ (b)

V- 90,0kV
Diroct Mag: 100000x

Hinh 3.4: Anh SEM, TEM clia mau ZIF-67 (a), (c) va
ZIF-67*%[8] (b), (d)

C6 thé khang dinh su khac biét rét I6n vé kich thudc
tinh thé gitta mau ZIF-67 t6ng hop dugc va ZIF-67%(8].
Ca hai mau déu cé cac tinh thé kha dong déu, trong
dé mau ZIF-67%[8] co kich thudc ¢& 500-600nm 18n
hon nhiéu mau ZIF-67 t6ng hop dudc (theo SEM 13
100-200nm, theo TEM 13 40-50nm). Hinh thai tinh thé
cla ching déu la cac khdi hinh thoi 12 mat. Bay la mot
ki€u rét phS bién d6i véi ZIF-67, tuy nhién, khi tinh thé
c6 kich thudc nano thi hinh dang s& khong sac nét
bang tinh thé 16n.

/a

Vi ZIF-67 bao gdm ion coban la ‘ndt” va 2-
metylimidazol la “cau ndi’, cac dai trong phé IR chu
yéu dugc gan cho phdi t& 2-metylimidazol. PhS FTIR
cla mau ZIF-67 cho thdy cac dai trong khoang
600-1500cm™' cé thé duoc quy cho céc dao dong kéo
gidn va udn cla vong imidazole, trong khi dai phé &
1578cm’” tuong Ung vdi bién dang kéo dai cua lién két
C=N trong 2-metylimidazol. Ngoai ra, cac dai & 2925
va 3133cm” ¢ ngudn géc tir bién dang kéo dai cua C-
H trong vong thom va chudi béo trong 2-
metylimidazol. Cac dém phd da xac nhan co su chuyén
hdéa imidazole thanh imidazolate tuong ty nhu da
dugc bao céo trong [4, 5, 8, 10, 19, 21].
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Hinh 3.5: Ph& FTIR clia mau ZIF-67 téng hgp

Trén hinh 3.6a, dudng dang nhiét hap phu va giai hap
phu N> cla mau ZIF-67 téng hgp dugc va ZIF-67* [8]
cho thdy r6 co su gibng va khac nhau. Su giéng nhau
13 ca hai mau déu hédp phu N, dang | vdi lugng rét cao
ngay tai gia tri p/p, rét thap chiing to bé mat riéng cla
chdng rét 16n, chia chd yéu la vi mao quan. Dién tich
bé& mat riéng theo BET (Sger) clia mau ZIF-67 téng hop
I6n hon mau ZIF-67* tuong Ung 13 1437 m?/g va 1325
m*/g [8].

—+— ZIF-8.7-10/02 - Adsonptio
—&— ZIF-6.7-10/02 - Desorplion
| P
a) |t
L g
/4
2
& 2 A
s a P WP S
r B A s B
E b
5
Eoqf
LR
F w0
-
&
o o1 02 03 04 0s a8 o7 os 2 1.0
Relative Pressure (p/p?
BJH Desorption dVidw Pore Volume
Qo6 ZF-87-1012 S
a0t A
R
oot
[ b)
~ 0.01 1 T |
E |
2 l
5 \
£ omel+
e \
& goosd—+ +
Y Fa
0. "
X
\ #
o % 7
\ AH— / \
oy L \
., it
) 4

1
Pore Width {nm)

Hinh 3.6: Gian d6 hép phu va nha hédp phu Nz (a) va
phan bd 16 x6p (b) ctia mau ZIF-67

Tuy nhién, khi ap suét tuong déi P/Po tur 0,5 dén 1 atm
thi gidn do hdp phu clia mau ZIF-67 t6ng hop xuédt
hién vong tré con mau ZIF67* [8] thi khdng co chiing
td ZIF-67 téng hop co chta mao quan trung binh.
Mao quan trung binh cla mau ZIF-67 t6ng hgp hinh
thanh tir khodng tréng gitta cac hat tinh thé co kich
thudc c¢8 nanomet.

Qua hinh 3.6b ta thdy mao quan trung binh cta ZIF-67
tap trung & khodng 30 nm con vat liéu ZIF-67* [8] chi
c6 vi mao quan, khéng cé mao quan trung binh. K&t
qua nay dung vdi nhan dinh cé mao quan trung binh
thong qua gian dd hdp phu & phan trén.

Trén gian do phan tich nhiét DTA/TGA clia mau ZIF-67
trong méi truong N, (hinh 3.7) cho thay khi tang nhiét
dén 500°C thi t8ng lugng mét khéi luong khoang 5%
Ung vdi quéa trinh nha cac chét bi hdp phu (dung moi,
am,...) va xudt hién pic tdéa nhiét dat cuc tri tai 550°C -
Ung vd&i qué trinh phan hiy manh ZIF-67. Nhu vay, cé
thé khang dinh mau nano-ZIF-67 t8ng hop dugc bén
dén trén 500°C, cho phép vat liéu lam xUc tac cho céc
phan Ung dudi 500°C.
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Hinh 3.7: Gian d6 phan tich nhiét cta ZIF-67
K&t luén

Da téng hgp dugc vét liéu nano-ZIF-67 trong diéu kién
thich hgp s& dung dung moi EtOH, vdi ti 1é mol
Co”"/Mim/EtOH 13 1:8:276. Vat liéu t8ng hop dudc co
dién tich bé mat riéng (BET) cao dén 1437m2/g, kich
thudc hat khoang 50 nm, chfa mao quan trung binh
tap trung tai 30 nm, bén nhiét dén 500°C.

L&i cdman
Nhém tac gia tran trong cdm on Trudng BH Béch khoa

Ha No&i da tai trg kinh phi thuc hién qua dé tai T2017-
PC-018.
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