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Abstract

A three-dimensional (3-D) metal-organic framework (MOF) with 3-D channels, named CuBTC (or called also
MOF-199 or HKUST-1 {Cus(CyH30¢)2(H,0)s:xH,0}), BTC = benzene-1,3,5-tricarboxylate was synthesized by wet
chemical method. All of prepared samples were characterized by X-ray diffraction, FT-IR spectroscopy, scanning
electron microscopy and BET surface area. The results indicate that CuBTC which was prepared at 110 °C having an
octahedral structure and good morphology. The effect of different temperature on their properties was also investigated.
Concurrently, these materials CuBTC allow the adsorption of CO using the constant volume method in the condition of

my laboratory.
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1. GIOI THIEU

Trong nhiéu nam gan day, vat liéu x6p khung co
kim (viét tit 1a MOF, MOF = Metal Organic
Framework) da thu hat duoc nhiéu su quan tam cua
cac nha khoa hoc trén thé giéi do cac Gmg dung tiém
nang ciia chung trong nhiéu linh vuc khac nhau nhu
du trir khi, hip phu khi, tach khi, cam bién, du trit va
phan phéi thudc,... So v&i cac vat lidu xép truyén
théng khac nhu cac bon hoat tinh va zeolit, vat liéu
x6p khung co kim dwoc xay dung tir cac ion kim
loai (hodc cac dam kim loai) va céc phéi tir hitu co
da chirc niang dé hinh thanh cau trac khung [1]. Véi
céch két hop nhu trén, vat lidu nay ¢6 nhiéu dic tinh
wu viét ma cac vat liéu xdp truyén thong khong co
nhu cau tric da dang, dién tich bé mat riéng cao, thé
tich 16 tréng 16n, do bén nhiét cao (trén 400 °C véi
MOF-5),...

Do tinh da dang cta vat liéu khung co kim, trong
khudn khd bai bao nay ching toi tap trung nghién
ctru vat liéu khung co kim véi ki hiéu la CuBTC.
CuBTC duogc xay dung tir cac ion Cu®* & trung tdm
va cac phéi tt BTC (BTC = benzen-1,3,5-
tricacbocylat) déng vai trd la cac cau hiru co [1, 2].
Cu thé, vat lidu ndy c6 cdu trac tinh thé 1ap phuong
ndm & vi tri trung tdm, duoc hinh thanh tir nhiing
don vi dong tetra cachoxyl d6i ximg, trong do, moi
ion dong két hop véi bdn nguyén tur oxi cua cau ndi
BTC va mdt phan tir nudc. Céu tric dic biét cua

CuBTC la su phéan phéi kich thudce 13 trong theo hai
hinh thai khac nhau va sy hinh thanh lién két &
nhing vi tri kim loai chua bio hoa. Ciu tric 15 trong
thir nhat gdm cac 16 tréng co dang hinh vudng c6
kich thuéc khoang 0,9 nm dugc hinh thanh tir 12
nhém con Cu,(COO),, hinh thanh nén mét
cuboctahecdron. L) trong thir hai gdm cac hdc ¢
dang tir dién c6 duong kinh khoang 0,5 nm dugc xay
dung tir bon vong benzen. Bon vong nay hinh thanh
bé mit bén trong, tim cua nhimg vong nay hinh
thanh mét t&r dién. Nhing héc nay d& dang hinh
thanh nhimng 16 tréng 16n hon thong qua cac ctra s6
hinh tam giac co6 duong kinh 0,35 nm [1, 3, 4].

Nhu cac vat liéu MOF khac, CuBTC ciing c6
df?ly du céc tinh chat ndi bat cta vat liéu khung co
kim. Ngoai ra, so voi nhiéu loai MOF khac, vat liéu
nay ¢6 uu diém hon do 1a thoi gian ton tai 1au (tic 1a
thoi gian khung bi phan hity 1au hon do ban chét cia
vat liéu khung 1a rdng bén trong dan dén dé dang
hap phu nude trong moi trudng) trong diéu kién khi
hau 4m nhu & Viét Nam. D3 c6 rat nhiéu cac phuong
phap ché tao khic nhau dugc nghién ctru dé tong
hop nén loai vat liéu nay nhu thuy nhiét, phuong
phép stt dung vi song, rung si€u am, dién hoa,...
Trong bai bao nay, ching t6i sit dung phuong phap
hoa u6t dé nghién ciru tinh chét cua vat liéu khung
co kim, dong thoi nghién ctru anh hudng cia nhiét
d6 téng hop t6i tinh chit cua ching.
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Mot trong nhiing (g dung cua vat liéu nay la
kha nang luu gitr khi. CO dugc biét dén 12 mot chat
khi khong mau, khdng mui, d& bat chay va c6 doc
tinh cao nén rat nguy hiém, do vay, viéc luu giit CO
1a mot diéu can thiét. Trong dicu kién phong thi
nghiém cua ching t6i, nhom nghién ctru da budce
dau thtr nghiém st dung CuBTC trong viée luu giit
khi CO.

2. THUC NGHIEM
2.1. Hoa chit

T4t ca cac hoa chét st dung trong bai bao nay do
hang Merck va Sigma-Aldrich san xuit gom: axit
trimesic  (HsBTC) (CeHeOg), 95 %; mudi
Cu(NOs),.3H,O 99,5 %; N,N-dimetyl formanmit
(DMF), 99 %; etanol, 99,99 %.

2.2. Ché tao miu

CuBTC duoc ché tao bang phuong phap hoa wét
véi quy trinh nhu sau:

- Ché tao miu CuBTC ¢ nhiét d6 phong: trudce
tién, hoa tan 2,62 g Cu(NO;),.3H,0 (Cy = 0,14 M)
trong nudc khir ion ta dugc dung dich 1. Cho 1,26 g
axit H3BTC (Cy = 0,15 M) trong 25 ml con va 15 ml
DMF thu dugc dung dich 2. Sau d6, nho tir tir dung
dich 1 vao dung dich 2, déng thoi khudy déu hdn
hop dung dich trong 18 gid & nhiét do phong. San
pham thu dwoc dem li tm, rira nhiéu lan bang nudc
khtr ion va con. Cubi cung thu dugc bot CuBTC c6
mau xanh nuéc bién. Ki hiéu mau l1a M1.

- Ché tao mau CuBTC & nhiét do cao.

Tuong tu nhu ché tao mdu CuBTC-M1 & trén.
Hoa tan 2,62 g Cu(NOs),.3H,0 (Cy = 0,14 M) trong
nudc khir ion ta duge dung dich 1. Hoa tan 1,26 g
axit HsBTC (Cy = 0,15M) trong 25 ml con va 15 ml
DMF thu dugc dung dich 2. Nhé tir tr dung dich 1
vao dung dich 2, ddng thoi khudy déu hdn hop dung
trong 20 phit, & nhiét do phong thu dugc hon hop
dung dich 3. Sau d6 hdn hop dung dich 3 duogc dua
vao binh teflon dung tich 100 ml duoc dung trong
binh thép va thuy nhiét & cac nhiét do khac nhau lan
luot 1a: 70, 110, 150 °C trong 10 gid véi toe do gia
nhiét 1a 5 do/phut tir nhiét d6 phong bang hé thiét b
tur dong gia nhiét theo chu trinh thoi gian Venticell.
Két thic thi nghiém, lam ngudi mau vé nhiét do
phong r6i dem 1i tim, loc rira nhiéu 1in bang nudc
khtr ion va con. San phém thu dugc ¢ dang bot ¢
mau xanh nuée bién. Ki hiéu mau lan lugt 1a M2,
M3 va M4 tuong tng v6i cac nhiét do ché tao khac
nhau 70, 110 va 150 °C.

Céc san phdm CuBTC thu dugc duoc sdy khd &
70°C va bao quan trong binh hiit chan khong.

Phung Thi Thu va cong sw
2.3. Phwong phap nghién ciru

Dic diém, tinh chat cta vat lidu duge nghién ciru
thong qua cac phép do nhiéu xa tia X (XRD) véi goc
20 = 2-40°, sir dung may nhidu xa ké tia X D5000
(v6i buc xa Cu Ka, A = 1,5406 A) (Vién Khoa hoc
vt lidu), phd hong ngoai FTIR (NEXUS 670) (Vién
K§ thuat nhiét d¢i). Hinh thai hoc ctia cac mau duoc
quan sat bang kinh hién vi dién tir quét phan giai cao
FESEM Hitachi — S4800 (Vién Khoa hoc vat li¢u).
Dién tich bé mat riéng (BET) cua vét liéu dugc thuc
hién trén may do dién tich bé mat riéng Autosorb,
Version 3.0, hdng Quantachrome, USA cuia Vién
Khoa hoc vt liéu.

3. KET QUA VA THAO LUAN

Hinh 1 trinh bay gian d nhiu xa tia X cta bdn
mau CuBTC ¢ cac nhiét do khac nhau. Két qua phan
tich gian do nhidu xa tia X cho thiy ca bon miu déu
quan sat dugc cac dinh nhiéu xa sdc, nhon voi cuong
d6 16n & cac vi tri gibng nhau.
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Hinh 1: Gian d6 nhiéu xa XRD ctia bén miu
CuBTC: M1, M2, M3, M4 & cac nhiét do khac nhau

Pac biét la cac dinh & vi tri 20 = 6,7, 9,5,
11,65, 13,5, 19,3 va 26°, tuong Gng voi cac chi sb
Miller 1an luot 1a: (200), (220), (222), (400), (440)
va (731), dic trung cho vat liéu khung co kim
CuBTC (phu hop voi cac tai ligu da dugc cong bd
truge do) [1, 5, 7]. Diéu do co thé khang dinh rang
ca bdn miu nay déu co céu truc tinh the Bén canh
do, tir 35 dén 40° ta quan sat & ca hai miu déu thiy
dinh nhidu xa cua CuO, chiém mot luong rat nho
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trong mau, dién hinh & 26 = 35,5° v4i cudng do rat
nho. Lugng CuO nay dugc hinh thanh trong qua

IMS-NKL x6.00k SE(M)

IMS-NKL x8.00k SE(M)

Nghién cieu anh huong cua phuwong phap...

trinh phan tmg c6 thé do lwong Cu(NOs), van con du
sau khi n6 két hop voi H;BTC tao ra.

5.00um | IMS-NKL x8.00k SE{M)

Hinh 2: Hinh thai hoc caa bén mau CuBTC

Pang cht y, trong gian dd nhidu xa tia X ctia bon
mAu ndy ta ciing thy rd cuong d6 dinh nhiéu xa cta
mau M3 (¢ 110 °C) manh hon so véi C4&C mau con
lai, dién hinh 1a dinh nhiéu xa (222). Nguoc lai d6i
v6i mau M4 (¢ 150 °C) cudng d6 dinh nhidu khong
cao va 1a thap nhat. Nhu vy c6 thé khang dinh ring
d6 két tinh cia mau M3 1a tot nhat va ctia mau M4 la
thip nhit trong bén mau. Pé ching minh cho diéu
nay chung t6i tién hanh quan sat hinh thai hoc cua
bbn mau nay (hinh 2). Anh FESEM cho thiy ca bon
mau déu thu duoc cac tinh thé c¢6 cu tric bat dién
(c6 kich thude tir 8 dén 20 um). Khi ting tir nhiét do
phong dén nhiét d6 110 °C twong tmg véi cac miu
M1, M2, M3 ta thdy: nhiét do ting cac tinh thé
CuBTC dugc hinh thanh t6t hon va hoan hao hon
voi céc bo canh 1d nét so voi cac tinh thé bat dién
dugc hinh thanh véi mau ché tao ¢ nhiét do thip
hon. Dién hinh, mau M3 cho tinh thé 6t nhét. Tuy
nhién khi ting nhiét 46 dén 150°C (miu M4), anh
FESEM cho thdy cdu trac hinh thai hoc ctia miu bi
méo va xudt hién nhidu manh vun so vdi cac mau
khéc. Cac két qua vé hinh thai hoc cho thiy su phu
hop véi két qua duoc thé hién trén gian d6 nhiéu xa
tia X.

Dua trén cac két qua dat dugc, budc dau co thé
khang dinh nhiét 6 chi yéu lam thay d6i hinh thai
hoc cua vat liéu va khong lam thay d6i dén céc tinh
chét khac vé céu trac. D& chimg minh rd rang hon
cho diéu nay, chiing t6i tién hanh phan tich phd hong
ngoai cua hai mdu M1 (O nhiét do phong) va mau
M3 (O 110°C) (dwoc trinh bay trén hinh 3). Nhin

trén hinh 3 ta thiy dang phd dao dong cua hai mau
nay twong doi giéng nhau, do d6 co thé chia phd
hdng ngoai thanh hai viing: ving thir nhét chira cac
dinh duéi 1300 cm™ lién quan dén dao dong cua cac
phéi tir BTC va ving thtr hai chira céc dinh nim
trong khoang 1700-1300 cm™ lién quan dén dao
dong cua cua phdi tir cacboxylat va cho thiy lién két
ciia BTC véi Cu, dién hinh 14 céc dinh & 1645, 1532
cm™ va 1453, 1374 cm™ tuong g véi cac dao dong
kéo bat d6i ximg va dbi xing ciia nhom cacboxylat
trong BTC [5-7]. Su xuat hién mét dinh rong & s6
song 3437+3373 cm™ ¢ ca hai miu twong Gmg véi
c4c dao dong ctia nhom OH™ Két qua nay phu hop
v6i cac két qua da dugc cong bd trude dé [5-7].
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Hinh 3: Phé hong ngoai cua hai mau M1 va M3
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Bén canh d6 trong qua trinh ché tao, hiéu suét
cua phan ung cua mau dugc 0 & nhiét do cao
(110°C) cao hon han so véi miu ché tao ¢ nhiét do
thudng 1an luot 14 69 % va 28 % (khdi luong mau
M3 thu duoc 1a 2,742 gam, con M1 la 1,125 gam).
Nhu da trinh bay & trén, dac trung ctua vat liéu
khung co kim 14 dién tich bé mit riéng 16n. Trong
bai bao nay, chung t6i ciing chi khao sat dién tich bé
mit riéng ctia hai mau M1 va M3 tuong duong nhau
1an luot 1a: 590 m%g va trén 600 m?/g (dai luong nay
chua that su 1a cao so véi nhiéu cong bd khac vé vat
liéu nay).

Dua vao cac két qua & trén, nhém ching tdi da
sir dung mau M3 dé nghién ciru kha ning hap phu
khi CO. Trong bai bao nay, nhom chung toi thuc
hién nghién ctru dya trén nguyén 1y dong khong doi
trong thiét bi sensor cam bién (LANDCOM, Anh).
Do 14, lugng khi diu ra bang voi luong khi giit & dau
vao. Trong phép do nay, luong khi CO giit ¢ dau
vao 1a 300 ppm (twong tng vai 0,15 ml khi CO), sau
d6 cho dong khi CO di vao trong hé théng do hip
phu khi. Trong truong hop khong c6 CuBTC, sau
440 giay lugng khi CO thu ¢ dau ra 1a 300 ppm.
Nhung khi cho CuBTC, sau 24 phut (twong ung voi
1440 gidy) lwong khi CO & dau ra méi dat 300 ppm
(chi ra trén hinh 5). Qua do, c6 thé thiy lwong khi
CO khi di qua CuBTC di bi hip thu vao trong
khung. Tir phép do, lwong khi CO duoc hip thy vao
trong khung xap xi 4,82 ml trén 1 gam CuBTC. Nhu
vay, voi hé thiét bi nay chiing toi co thé sir dung cho
nghién ctru hip phuy khi trén cac loai vat liéu khung
co kim khac nhau.

300 - - .
Khéong co maun

200

Cé miu CuBTC

Lwong khi & diiu ra (ppm)

o

Thoi gian (gidy)
Hinh 4: Buong cong biéu dién lwong khi CO ¢ du
ra khi khéng cé va c6 CuBTC
4. KET LUAN
Trong bai bao nay, chung t0i da nghién ctru ché
tao thanh cong vat li¢u khung co kim CuBTC bang
Lién hé: Phung Thi Thu

Phung Thi Thu va cong sw

phuong phap hoa wdt va di tién hanh nghién ctru
anh hudéng ctua nhiét d6: tor nhiét do phong dén
150°C nén tinh chat cua vat liéu. Qua dé, nhém
chung toi d thiét 1ap quy trinh thich hop cho ché tao
vat liéu CuBTC (thuy nhiét ¢ nhiét d¢ 110 °C) va
budc dau thir nghiém thanh cong viée luu giir CO.
Céc két qua dat duogc 1a tién dé dé nhom xay phat
trién quy trinh ché tao vét liecu MOF va tng dung
trong hap phu khi lam sach méi truong.

Loi cam on. Cong trinh duwoc thuc hién véi su ho
tro kinh phi ciia dé tai co sé cdp Vién Khoa hoc Vit
lieu nam 2015. Cac tac gia chan thanh cam on
Phong thi nghiém trong diém quoc gia vé vit liéu va
linh kién dién twr da giup do thuc hién cac thi nghiém
va do dac.
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