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APPLICATIONS OF MOFs MATERIALS (CuOBA) AS A CATALYST FOR 
REACTION OF 5'-BROMO-2'-HYDROXYACETOPHENONE AND 

BENZYL ETHER 

Nguyen Thi Thu Ha\ Nguyen Thien Thao^ 

Tom tat - Vat lieu MOFs (CuOBA) duoc 
tdng hap thdnh cong bang phuang phdp nhiet 
dung moi. NhOng dac trung hoa li cua xdc 
tdc ran nay dd duoc xdc dinh bang mot so 
ki thuat phdn tich khdc nhau bao gom: nhieu 
xa tia X (XRD), hien vi dien tii quJt (SEM), 
hien vi dien tH truyen qua (TEM), phdn tich 
nhiet trpng luong (TGA) vd pho hong ngoai 
(FT-IR). CuOBA duoc sii dung Idm xuc tdc 
di th/ trong phdn vtng ghep ddi C=0 giiia 
5'-bromO'2'-hydroxyacetophenone vd benzyl 
ether vdi do chuyen hoa cao. Cdc yeu td dnh 
hudng den hoat tinh xuc tdc cua phdn utng 
nhu thdi gian, nhiet do, nong do tdc chat 
phdn vCng, dung moi vd khdi lUOng xuc tdc 
dd duoc khdo sdt. NhUng kit qud phdn tich 
cho thdy, CuOBA siC dung xuc tdc cho phdn 
ling vdi do chuyen hoa 87% vd con cd khd 
ndng thu hoi sdu lan md khdng mdt di hoat 
tinh xdc tdc. 

TU khoa: vdt lieu MOF, xdc tax: dSng, 
phdn ling ghep ddi C=0. 

Abstract The metal organic frame
works material (CuOBA) was synthesized 
by solvothermal method. The physieoehem-
ical characteristics of this solid catalyst 
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were determined by a number of different 
analytical techniques including X-ray pow
der diffraction (XRD), scanning electron mi
croscopy (SEM), transmission electron mi
croscopy (TEM), thermogravimetric analy
sis (TGA), and Fourier transform infrared 
(FT-IR). The CuOBA was used as a het
erogeneous catalyst for the coupling reac
tion of C=0 connection between 5'-bromo-
2 '-hydroxyacetophenone and benzyl ether in 
good conversion. The effects of time, temper
ature, concentration of reactants, solvents, 
and mass of catalyst were surveyed. The 
results revealed that CuOBA is used as a 
catalyst for organic reactions with conver
sion of 87%, and the solid catalyst could 
be recovered six times without a significant 
degradation in catalytic activity. 

Keywords: MOF material, copper cata
lyst, C=0 coupling reaction, 

I. DAT VAN DE 
Nghien cflu vat lieu c6 ciu true xdp va be 

mat rieng Idn la mot ttong nhflng thfl thach 
cua nhieu nhdm nghien cflu thuoc nhilu 
trUdng dai hpc va vien nghien cflu tien the 
gidi. Nam 1999, nhom nghien cflu cua Omar 
M.Yaghi da tim ra loai vat heu c6 cau true id 
xdp cd bl mat rieng Idn vdi cac tinh chit dac 
biet bang sU kit hdp gifla khung kim loai -
hflu cd (Metal Organic Frameworks - MOFs) 
[l]-[3]. Vat lieu MOFs cd ciu tiruc tinh the 
dfldc sap xip CO ttat tfl ttong khong gian, 
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dien tich be mat rieng Idn, khung ciu true 
linh dong c6 the thay ddi dfldc, dp ben nhiet 
cao [4]... Vi nhflng tinh chat dac biet dd cua 
vat lieu MOFs, no dfldc ling dung ttong nhilu 
linh vUc khac nhau nhu hip phu, tach, iuu trfl 
khi, xuc tac, lam chit mang, din truyen thudc 
ttong linh vUc vat lieu y sinh [4]-[6]. Dac 
biet, viec flng dung vat lieu MOFs lam xflc 
tac di thi ttong tdng hdp hflu cd dl thay the 
xuc tac ddng th^ truyln thdng Idiong c6 kha 
nang thu hdi la vin de dang dfldc quan tam 
nghien cflu ttong nude va tten thi gidi. Xuat 
phat tfl thflc ttang chung do, nghien cflu "Ung 
dung vat lieu CuOBA lam xuc tdc cho phdn 
ling giita 5'-bromo-2'-hydroxyacetophenone 
vd benzyl ether" da dUde thUc hien. De tai 
da tien hanh khao sat cac dac tinh xuc tac 
ciaa vat lieu CuOBA ttong phan flng hflu 
cd gifla 5'-brom-2'-hydroxyacetophenone va 
benzyl ether; ddng thdi khao sat vl kha nang 
thu hdi va tai sfl dung cua vat lieu CuOBA. 
Tfl do, chung toi se lam ndi bat nhflng tinh 
nang Uu viet cua vat lieu CuOBA lam xuc 
tac di the' ttong tong hdp hflu cd cd the dap 
flng dUdc cac yen cau cua hoa hpc xanh ngay 
nay, gdp phin bao ve mdi trfldng. 

II. TONG QUAN NGHIEN CtfU 

Tren the gidi, vat lieu MOFs da dfldc 
nghien cflu tfl rit sdm va cho din thdi diem 
hien tai, vat lieu MOFs da c6 nhflng bUdc 
tien trien Idn ve khoa hpc bdi chflng cd tilm 
nang flng dung rong rai ttong nhilu Iinh vflc. 
Dien hinh la cac cong tiinli nghien cflu ve 
vat heu MOFs luc nay tap trung vao cac van 
dl thilt ke, tong hdp vat lieu MOFs c6 bl 
mat rieng 16n de flng dung trong lUu ttfl khi, 
hip thu khi, tach khi va da cd nhflng edng 
trinh nghien cflu flng dung lUu tiiJ khi H2 cua 
cac vat lieu IRMOF-1, IRMOF-8, IRMOF-
18, I R M 6 F - 1 1 va MOF-177 [JHIO]. Nam 
1998, Omar M.Yaghi va cac ddng nghiep da 
tdng hdp MOF-69, MOF-70, MOF-80 dUa 
tten cau ndi carboxilic acid va cac kim loai 
nhu Zn, Pb, Co, Mn va Tb [10]. 

Tfl nam 2010 tid lai day, hUdng nghien cflu 
flng dung cac vSt lieu MOFs ttong ki thuat 
xuc tac ngay cang thu hut sfl chu y cua nhieu 

nhdm nghien cflu tten the gidi. Trong dd, 
nhflng nhom nghien cflu ndi bat la Garcia, 
Cejka va De Vos ciing vdi cac cong sU. Hiy 
nhien, cac cong ttinh nghien ciiu nay chi tap 
trung vao flng dung cua vat lieu MOFs lam 
xflc tac, hoac chit mang xuc tac d mflc dp 
khao sat hoat tinh cua mot sd vat heu MOFs 
ttong cac phan flng tdng hdp hiJu cd va hoa 
diu thdng dung, nen cd the ndi day la mdt 
linh vflc dang can them rit nhieu nghien cflu 
de cd the xay dflng dfldc mot cd sd dfl lieu 
vl hoat tinh xuc tac cua loai vat lieu nay. 

Nam 2014, In Su Kim et al. da nghien 
cflu ve xuc tac ddng the Cu(0AC)2 va Cul 
lam xuc tac cho phan flng ghep C=0 gifla 2 
aeyl phenols and 1,3-dicarbonyl tao san pham 
este. Kit qua la hieu suit tdng hdp san ph&i 
tuy theo moi nhdm, hieu suit thay ddi khac 
nhau ttong khoang tfl 68% din 97% [11]. 
Nghien cflu cho thiy rang xuc tac ddng the 
khong cd kha nang thu hdi va tai sut dung 
nhieu lan trfldc khi mit di hoat tinh xuc tac. 

De cai thien nhflng nhfldc diem eua xuc 
tac ddng the ttong phan flng ghep ddi C=0, 
nam 2016, Phan Thanh Sdn Nam cung vdi 
cac hpc tto da nghien cflu tdng hdp vat 
heu Cu-MOF-74 va flng dung lam xflc tac 
cho phan flng ghep doi C=0 gifla 2-hydroxi 
acetophenone va benzyl ether dat hieu suat 
tten 85%. Nghien cflu da chflng to vat lieu 
Cu-MOF-74 cd kha nang thu hdi va tai sfl 
dung sau lin thUc hien phan flng ma vSn dat 
dUdc hieu suit cao [12]. 

Cung tiep tuc nghien cflu vl vat lieu Cu-
MOF-74, nam 2017, Yonghui Li et al. da 
khao sat sU anh hfldng cua nhiet dd va dung 
mdi den hoat tinh va cau true cua vat lieu 
Cu-MOF-74 ttong qua ttinh xut li khi NH3. 
Nhdm nghien cfl̂  da thanh edng ttong viec 
tdng hdp vat lieu Cu-MOF-74 bang phUdng 
phap nhiet dung mdi va ap dung thanh cong 
vat lieu Cu-MOF-74 lam xflc tac phan flng 
ttong quy ttinh xfl li khi NOx vdi kha nang 
xuc tac rat hieu qua cua vat lieu khi xfl li 
khi NO dat hieu suit len din 97.8% d 210°C 
[13]. 

Cac nghien cflu tten da chflng minh dfldc 
viec sfl dung vat lieu MOFs lam xuc tac cho 
phan flng hflu cd deu dat hieu suat rit cao 
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so vdi cac vat lieu truyln thdng va cung thay 
dfldc sfl Uu viet vl kha nang thu hdi va tai sfl 
dung cua vat lieu. Dilu dd chflng to vat Ueu 
MOFs dfldc flng dung ttong linh vflc xuc tac 
cho cac phan flng hoa hpc rit cd tiem nang 
phat trien va can dfldc nghien cflu rong rai 
hdn. Vi vay, vat lieu CuOBA dfldc nghien cflu 
lam xuc tac cho phan flng gifla 5'-brom-2'-
hydroxyacetophenone va benzyl ether trong 
de tai nay la vat lieu dap flng dfldc cac dieu 
kien cua xuc tac di the vdi tSm xuc tac la 
kim loai ddng. Nhflng day la lan dau tien vat 
lieu CuOBA lam xflc tac cho phan ling gifla 
5'-bromo-2'-hydroxyacetophenone va benzyl 
ether vdi vai tio la mot xuc tac di the. 

III. PHUONG PHAP NGHIEN CCV 
A. Tong hop vat lieu CuOBA 

Vat lieu CuOBA dUde tdng hdp bang each 
cho b.0968g Cu(N03)2.3H20 (0.4 mmol) va 
ligand 4,4'-Oxybisbenzoic acid (0.2 mmol) 
hoa tan ttong hdn hdp dung mdi DMF/H2O 
vdi ti le 2:1 (6 mL) rdi tiln hanh khuay hdn 
hdp d nhiet dp phong va ap suit khi quyen. 
Sau do, hdn hdp dfldc cho vao chai bi 8 mL, 
day nap kin va gia nhiet d 110°C trong hai 
ngay. Sau khi lam ngupi den nhiet dp phong, 
thu liy phan chit ran bang phfldng phap li 
tam, chit ran sau do dfldc rfla vdi DMF 3 
lan/ngay trong ba ngay de loai bo tap chat va 
tilp tuc trao ddi bang diehloromethane ttong 
ba ngay (1 lin/ngay). Cac tinh the CuOBA 
thu dfldc sau khi hoat hoa d 1 SÔ C tiong sau 
gid se cd mau xanh dfldng vdi hieu suit tdng 
hdp la 75% (dfla tten 4,4'-Oxybisbenzoic 
acid). San pham sau khi tdng hdp dem phan 
tich FT-IR, XRD, va TGA [14].' 

B. Khdo sdt hoat tinh xuc tdc cua vat lieu 
CuOBA vdo phdn vCng ghep ddi C=0 

Vat lieu CuOBA dfldc tdng hdp d tren 
va flng dung lam xuc tac trong phan 
flng ghep ddi C=0 gifla 5'-bromo 2'-
hydroxyacetophenone (0.3 mmol) va ben
zyl ether (0.6 mmol) tao thanh san pham 
2-aeetyl-4-bromophenyl benzoate, phan flng 
dUdc thflc hien vdi chat oxi hoa TBHP (3 
dfldng Ifldng), 10 mol% xflc tac CuOBA 

ttong 1 mL DMSO 6 SCC ttong 8 gid 
va chit noi chuan la diphenyl ether nhfl 6 
Hinh 1. 

1) Chudn bi mau phdn tich GC: Sau khi 
phan flng kit thuc, ta tien hanh phan tich miu 
bang may sac ki khi (GC) de xac dinh hieu 
suit phan flng. May GC cua hang Shimadzu 
vdi diu do ion hoa ngpn Ifla (FID) va cot Zb 
Wax (chieu dai ia 30 m, dfldng kinh ttong la 
0.25 mm, va chieu day Idp film la 0.25 fim). 
Chfldng ttinh nhiet cho may GC nhU sau: 
miu dfldc gia nhiet tijf lOÔ C din IZÔ C va 
gifl d 120''C ttong mot phut; sau do gia nhiet 
tfl 120" den 130°C vdi tdc dp 40'*C/phut, giii 
mau d ISO^C trong hai phflt; gia nhiet 130° 
den 260°C vdi tdc dp 40°C/phflt, gifl mau d 
260''C ttong ba phut. 

Sau khi thuc hien phan flng kit thflc, san 
pham dfldc ttich mlu bang dung mdi ethyl 
acetate/nfldc vdi ti le 3/1, sau dd dfldc lam 
khan bang 2 g sodium sulfate, rdi nit 1 mL 
miu de phan tich GC. 

Hieu suit phan flng dfldc xac dinh dfla vao 
dien tich peak san pham va noi chuan, thdng 
qua dfldng chuan (y = 0.009x + 0.012 vdi R̂  
= 0.9986) ta c6 edng thflc: 

Hieu.suat{%) = [0.009.-^ -\- 0.012].100 

Trong do: 
Ssp'- dien ti'ch peak cua san pham 
Snc'- dien tich peak cua noi chuan 
2) Kiem tra tinh di the cua vat lieu 

CuOBA: De' kiem tia tinh di the cua MOF 
CuOBA, phan flng dUdc thuc hien vdi dilu 
kien nhfl sau: ti le moi gifla 5'bromo-
2'-hydroxyacetophenone/benzyl ether = 1/3, 
ham Ifldng chit xflc tac 3 moi% CuOBA, bdn 
dfldng Ifldng chit oxi hoa TBHP (tiong nfldc) 
ttong I mL DMSO, d nhiet dp 100''C, ttong 
nam gid, sau do tach xuc tac ra khoi hdn hdp 
phan flng bang each li tam va Ipc xuc tac ra, 
sau do lay hdn hdp phan flng da dfldc tach 
xuc tac cho vao chai bi day nap kin va tiep 
tuc thUe hien phan flng nhu d dilu kien tten. 

3) Khdo sdt khd ndng thu hdi vd tdi 5M" 
dung cua vdt lieu CuOBA: Thi nghiem khao 
sat dUdc thUc hien dilu kien phan flng lOO Ĉ, 
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Hinh 1: Phan flng gifla 5 '- bromo- 2'-hydroxyacetophenone va benzyl ether 

dung mdi DMSO (1 mL), ti le moi 5'-bromo-
2'-hydroxyacetophenone/benzyl ether la 1/3, 
ti le moi xuc tac la 3 mol% vdi bdn dfldng 
Ifldng chat oxi hoa TBHP (trong nude). San 
pham dUdc phan tich GC sau thdi gian 14 
gid phan flng. Sau khi phan flng kit thiic, 
xuc tac CuOBA dfldc tach ra khoi hdn hdp 
phan flng bang phUdng phap li tam va rfla 
vdi DMF (3 mL/lan/ngay) ttong ba ngay va 
ttao ddi vdi diehloromethane (3 mLAan/ngay) 
tiong ba ngay, sau do siy tiong dilu kien 
chan khong thu dfldc vat lieu CuOBA va tai 
sfl dung nhfl quy ttinh tten d cac lan phan 
flng tilp theo. 

dp dich chuyen nho so vdi phd cua 4,4'-
Oxybisbenzoic acid. Cu the, tten phd FT-
IR cua CuOBA xuit hien cac peak tiong 
khoang 600-1600 cm~^ la nhflng dao dong 
dan hen kit cua CuOBA (Hinh 4). Tai peak 
1675 cm~^ tien phd 4,4'-Oxybisbenzoic acid 
acid (Hinh 3) la sfl dao dong co dan lien ket 
C=0 , ttong khi tien phd FT-IR cua CuOBA 
dp dich chuyen cua lien kit C = 0 la 1605 
cm~^, chflng to da cd sfl hinh thanh lien kit 
Cu-0 , lam dp dich chuyen cua lien kit C = 0 
giam di 70 cm~^. Tfl kit qua tten, chung toi 
CO the kit luan rang vat lieu CuOBA da dUdc 
tdng hdp thanh cong. 

IV. KET QUA VA THAO LUAN 

A. Tong hap vat lieu CuOBA 

Tinh the CuOBA da dfldc tdng hdp 
bang phUdng phap nhiet dung moi tfl mudi 
Cu(N03)2.3H20 va 4,4'-Oxybisbenzoic acid 
vdi hieu suit 75%. Vat lieu CuOBA sau do 
dUdc xac dinh dac trUng cau ttue bang nhilu 
xa tia X dang bpt (PXRD) (Hinh 2). Kit qua 
cho thiy deu c6 cac gdc nhieu xa dac trUng 
a cac gdc 2 0 = 12.5", 29.0", 36.5", 42.5", 
16.5", 18.0", 61.5°, 73.5", 78.5", phu hdp vdi 
nghien cflu trfldc dd [14]. Dieu nay cho thiy 
CuOBA da dfldc tdng hdp thanh edng. 

c i u ti^c vat lieu CuOBA tilp mc dfldc 
phan tich bang phd hdng ngoai (FT-IR) 
the hien tien Hinh 3. Ket qua phan ti'ch 
cho thay phd FT-IR cua CuOBA tdng hdp 
bang phfldng phap nhiet dung mdi cd nhflng 
diem gidng va mot sd peak cd sfl giam 

Mdt tiong nhflng ylu td quan tipng nhat 
ddi vdi vat lieu la yeu td bin nhiet. Vi vay, vat 
lieu CuOBA tiep tuc dfldc tien hanh phan tich 
nhiet ttpng Ifldng (TGA). Hinh 5 cho thay tfl 
50"C cho din 250"C cd sfl thay ddi tipng 
lUdng khdng dang ke, d6 c6 the la do sfl bay 
hdi cua mot sd phan tfl nho va dung mdi con 
sot lai. Tfl 350''C bat diu c6 sfl giam khdi 
lUdng, nguyen nhan la do sU phan huy din 
cau ndi hflu cd din nhiet dp 404°C hau nhU 
cau true ciia CuOBA bat diu bi pha vd. Tfl 
kit qua tten, chung tdi c6 the kit luan rang, 
CuOBA dUdc tdng hdp van dam bao dfldc 
dac tinh ben nhiet din khoang 300"C nhU 
nhflng nghien cflu trfldc. Va anh SEM cua 
CuOBA dfldc ttinh bay d Hinh 6 cho thiy 
cac tinh the CuOBA thu dfldc ed hinh dang 
nhfl nhflng lat mong va c6 ciu ttuc xdp. 



TAP CHl KHOA HOC TRUONG DAl HOC TRA VINH. SO 33, THANG 03 NAM 2019 

1400 

1200 

1000-

600 

400 

200-

Itfwl ^Aliii^i P lyi^.. t,^tA...^i\^L...^.ii..^., ii^MH^-lli l^ll>l[llllll(lnllllf ̂urS'i™"̂  
20 30 40 50 61 

2-Theta-scale 
Hinh 2: PXRD cua vat lieu CuOBA 

70 80 

S a i f ^ 4-4 OffBEeBCCICACnE 

T . * . i p . f T « 

PCMAB 

R » , i ^ 2 

» . r i a ^ s 

C n d n r nUONG OH 1RA W H 

A ( > M » 4 M > 

" i ^ v i h i i ) i i n i i 

l * u i ^ B : T B e a Q f 

S M B • « 

III III H i l l W III 
I ! ! f !!! IS l isn s issi 

29M J t N 73M 2 m 

Hinh 3: Phd FT-IR cua 4,4' -Oxybisbenzoic acid 



TAP e r a KHOA Hpc T R U O N G D A I HOC TRA VINH. SO 33, T H A N G 03 N A M 2019 KHOA Hpc CONG NGH^ - MUi IKUUWO 

1 I I 
iE 1 8 

III! I II II Mill I II 

e_,j..<w>w 
Tack^KfTA 
HHMri brHOHBi quoc tE i 

H ^ . * — 1 

HiilSaB M 
niawiitnrvnminriiir 

ni 1 -
riiBLi f t 

Hinh 4: Phd FT-IR cua CuOBA 

£ so 

I 

rc) 

Hinh 5: PhSn tich nhiet trong llldng TGA cua CuOBA 



TA.P CHl' KHOA HOC T11U6NG DA' HpC TRA VINH, s 6 33, T H A N G 03 NAM 2( 

6 a 6b 

Hinh 6: Anh SEM (6a) va TEM (6b) cua CuOBA 

B. Khdo sdt hoat tinh xuc tdc ciia vdt lieu 
CuOBA vdo phdn vtng ghep ddi C=0 

l)Anh hudng cua nhiet dp: Trong cac 
phan flng hflu cd, nhiet dp anh hfldng Idn 
din hieu suat phan flng vi vay khao sat ylu 
to nhiet dp la dilu can thilt de giflp tilt kiem 
nang lUdng trong phan flng. Phan flng dUdc 
khao sat tai cac nhiet do 40"C, aO^C, 80"C, 
100°C va 120"C de tim dfldc nhiet dp tdi Uu. 
Kit qua khao sat nhiet dp the hien d Hinh 7. 
Cu the tai nhiet dp 40"C va 60°C, phan flng 
xay ra cham, chi dat hieu suit lan lUdt la 
17.91% va 25.73%. Khi tang len 80"C, hieu 
suit tang len va dat 29.82%. NhUng khi tang 
nhiet dp len 100°C, hieu suit phan flng da 
tang len dang ke la 40.25%. TUy nhien, khi 
tilp tuc tang nhiet dp len 120"C, hieu suit lai 
giam con 28.89%. Dilu do cd the giai thich 
la 5 nhflng nhiet dp thap phan flng khdng xay 
ra hay xay ra 6 dp chuyen hoa thap do khong 
du nang Ifldng hoat hoa cung cip cho cac tac 
chat tham gia phan flng, con d nhiet dp qua 
cao, dung mdi bay hdi nhanh khdng du thdi 
gian phan flng, nhfl vay tai nhiet do lOO^C 
cho hieu suit phan flng cao nhit nen chpn 
nhiet dp tdi Uu de khao sat cac yeu td tiep 
theo. Vdi kit qua nay, khi so sanh vdi xuc tac 
Cu-MOF-74 trong phan flng ghep ddi C = 0 
thi xuc tac CuOBA xay ra d nhiet dp cao hdn, 
dilu nay cung phu hdp bdi nhom the brom 
cua 2'- hydroxyacetophenone d dieu kien kho 
xay ra hdn khi khong c6 nhom thi brom [12] 

40 60 80 100 120 

Niiiitdo("C) 

Hinh 7: Anh hfldng cua nhiet dd den hieu 
suit phan flng 

2) Anh hudng cua thdi gian phdn vtng: 
Thdi gian phan flng cung la mot ylu td anh 
hfldng den hieu suit cua phan flng. De khao 
sat ylu td nay, phan flng dUde thflc hien 
trong dung moi DMSO (1 mL), sfl dung 10 
mol% xuc tac CuOBA tai 100"C vdi ti le 
moi 5'-brom-2'-hydroxyacetophenone/benzyl 
ether la 1/2, lUdng chat oxi hoa TBHP (ttong 
nfldc) la ba dUdng Ifldng. 

Ket qua khao sat sU anh hfldng cua thdi 
gian phan flng dfldc the hien ttong Hinh 8. 
Khi tang thdi gian phan flng tfl 8 gid din 
10 gid, din 14 gid thi hieu suit tang len tfl 
40.47%, den 46.6% va 59.44. NhUng khi tiep 
tuc tang thdi gian phan flng them nfla, hieu 
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suit phan flng khdng tilp tuc tang nfla ma 
the hien giam hieu suit, cu th^ la khi tang 
len 18 gid va 20 gid, hieu suit dat tfldng flng 
la 53.26% va 56.37%. Dilu nay cd the giai 
thich khi thdi gian qua ngan se khdng du thdi 
gian de cac tac chit phan flng hoan toan, con 
nlu thdi gian qua dai se sinh ra cac san pham 
phu va lam giam hieu suit. Vi vay, thdi gian 
phan flng 14 gid la tdi du nhat dfldc chpn de 
khao sat cac yeu td tilp theo. 
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Hinh 8: Anh hfldng cfla thdi gian din hieu 
suit phan flng 

3) Anh hudng cua hdm luang chat xuc tdc: 
Ham Ifldng chit xflc tac la mot tiong nhflng 
ylu td anh hfldng ri t quan tipng din hieu suit 
cua phan flng. Thi nghiem khao sat Ifldng xuc 
tac sfl dung thay ddi tfl 0 mol%, 3 mol%, 
5 mol%, 7 mol%>, 10 mol%, 15 mol%. Cac 
yeu td con lai gifl cd dinh nhiet dp tai lOOoC 
ttong thdi gian 14 gid, ti le moi 5 bromo-
2-hydroxyacetophenone/benzyl ether = 1/ 2, 
ttong 1 mL dung mdi DMSO, diphenyl ether 
(0.3 mmol), TBHP ttong nfldc (ba dfldng 
lUdng). Kit qua khao sat dfldc trinh bay d 
Hinh 9 cho thiy rang phan flng hiu nhu 
khong xay ra 6 ham lUdng xflc tac 0 mol%», 
khi sfl dung 3 mol% xuc tac CuOBA thi hieu 
suit phan flng dat 56.34% va ham Ifldng 5 
mol%p xuc tac thi hieu suit la 55.82%. Khi 
tang ham Ifldng xuc tac tfl 7 mol% xflc tac, 10 

mol% xflc tac va 15 mol% xuc tac, hieu suat 
CO sfl thay ddi khong dang ke. Vi vay, viec 
tang ham lUdng xuc tac len den 15 mol% tiiUc 
SU khdng cin thilt vi hieu suit hau nhU khong 
tang len nfla. Nguyen nhan cua dilu nay la 
do ham Ifldng xuc tac qua nhilu c6 the anh 
hfldng din qua ttinh truyen khdi, lam giam 
dien tich tilp xuc cua cac tac chat tiong hon 
hdp phan flng nen lam hieu suit cua phan flng 
giam. Vi vay, Ifldng xiic tac CuOBA tdi du 
dung de khao sat cac yen td khac la 3 mol%. 
Nhfl vay, so vdi nghien cflu trfldc ttong phan 
flng ghep ddi C = 0 cua vat lieu MOF, Ifldng 
xuc tac sfl dung la tfldng dUdng, con thdi gian 
phan flng cua phan flng vdi xuc tac CuOBA 
keo dai hdn so vdi vat lieu MOF-Cu-74 do 
ylu td bin nhiet cua vat lieu CuOBA cao hdn 
[12], nhUng khi so sanh vdi xflc tac ddng the, 
thdi gian phan flng lai nit ngan hdn sau gid 
ttong nghien cflu cua In su Kim et al. la 20 
g i ^ [ l l ] . 
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Hinh 9: Anh hudng cua ham lUdng xflc tac 
din hieu suit phan flng 

4) Anh hudng cua ti le moi tdc chat: Mdt 
yeu td nfla anh hfldng din hieu suit phan 
flng la ti le moi cua tac chit phan flng. Vi 
vay, nghien cflu nay tilp tuc khao sat sU 
anh hfldng cua ti le moi tac chit 5'-brom-
2'-hydroxyaeetophenone/benzyl ether den dp 
chuyen hoa cua phan flng. Phan flng dfldc 
thflc hien ttong dung mdi DMSO, sfl 
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dung 3 mol% xuc tac CuOBA vdi ba 
dUdng lUdng chit oxi hoa TBHP tai 100°C 
trong 14 gift vdi ti 16 moi 5'-brom-2'-
hyd^oxyacetophenone^enzyl ether lan llJdt 
khao sat la 1/1; 1/2; 1/3 va 1/4. 

Ket qua Idlao sat S Hinh 10 cho thay rang, 
ti le moi tac chat c6 tac dong dang Ice d^n 
hieu suit ciia phan ving ghep doi C-O, phan 
ling xay ra kha cham v6i ti le moi si dung la 
1/1 va hi6u suat chi dat 44.76%. Nhung khi 
tang ti le moi len 1/2, 1/3 va 1/4 thi hieu suat 
phan iJng c6 sU thay ddi lin lUdt dat cac gia 
tri 54.51%, 68.51% va 67.62%. Hieu suit d 
ti K 1/3 va 1/4 chenh lech khdng dang k .̂ 
Vi vay, ti le tac chat 1/3 dUdc chon de khao 
sat cac yen to khac. 
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Hinh 10: Anh hfldng eua ti le moi tac chat 
din hieu suit phan flng 

5) Anh hudng ciia chat oxi hda: De khao 
sat sU anh hfldng cua cac chit oxi hoa khac 
nhau den hieu suit phan flng, gifl cd dinh 
cac ylu td con lai, chi thay doi cac loai chit 
oxi hda khac nhau. Phan flng dfldc thflc hien 
ttong DMSO (1 mL), sfl dung 3 mol% xuc 
tac CuOBA, ti le moi tac chit 5'-brom-2'-
hydroxyacetophenone/benzyl ether la 1/3 vdi 
ba dUdng lUdng chit oxi hda tai 100"C, thdi 
gian phan flng la 14 gid. Kit qua d Hinh 
11 cho ta kit luan rang phan flng hoan toan 
khong xay ra khi sfl dung cac chit oxi hda 
KMn04, K2S2O8, H2O2. Nguyen nhan day la 

nhflng chit oxi hoa v6 cd khdng c6 kha nang 
tan ttong dung moi hiJu cd va chung c6 the 
se pha v6 ciu tnic cua vat lieu CuOBA. Tilp 
din, khi dung chat oxi hda TBHP ttong nUdc 
thi hieu suit tang len dang ke. 

CluSt axy h6a 

Hinh 11: Anh hUdng cfla chit oxi hda den 
hieu suit phan flng 

6) Anh hudng cua hdm luang chdt oxi hda: 
Tiep djc khao sat sfl anh hudng ham lUdng 
chit oxi hoa den hieu suit phan flng, phan 
flng dfldc thUc hien ttong dung moi DMSO (1 
mL), sfl dung 3 mol% xuc tac CuOBA, d \i 
mol5'-brom-2'-hydroxyacetophenone/benzyl 
ether la 1/3 tai lOO^C, tiidi gian phan flng la 
14 gid. sd dUdng lUdng chit oxi hoa TBHP 
lan lUdt dUdc khao sat tfl khSng dddng Itidng, 
hai dUdng lUdng, ba dUdng lUdng, bdn dUdng 
lUdng va nam dUdng Iddng. Kit qua khao 
sat thi hien d Hinh 12 cho thiy rang, ham 
Ifldng chit oxi hoa anh hfldng din phan flng 
ghep doi C=0 vi khi khong c6 chat oxi hoa 
thi phan flng khong xay ra, khi tang lfldng 
chat oxi hoa ttt hai dUdng lUdng din bon 
dUdng lUdng thi hieu suat phan flng tang len 
tfl 46.54%; 65.88% va 75.29%o. NhUng khi 
tiep tuc tang ham lUdng chit oxi hoa Bn nam 
dUdng lUdng thi hieu suit giam con 73.94%. 
Dieu nay dUdc giai thich do vai tto cua chat 
oxi hoa la tao nen cac gdc tiJ do 6 cac lien kit 
ttong tac chit phan flng de cac tac chat mil 
dien tfl de dang tfldng tac vdi cac chit khac 
va xay ra phdn flng, nhflng khi ham lfldng 
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chat oxi hda qua cao se gay len cac phan 
flng phu va lam giam hieu suit. Vi vay, ham 
lUdng chit oxi hda tai bdn dUdng lUdng la tdi 
Uu nhit. 
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Hinh 13: Anh hudng cua lUdng dung mdi din 
hieu suit phan flng 

Hinh 12: Anh hddng cua ham Ifldng chat oxi 
hda den hieu suit phan flng 

7) Anh hudng cua luang dung mdi: LUdng 
dung moi sfl dung la ylu td quan ttpng anh 
hfldng den hieu suit cfla phan flng. Vi vay, 
chung ta tiep tuc khao sat Ifldng dung moi 
DMSO cho phan flng 6 cac gia tti la 0.5 
mL, 1 mL, 2 mL, 3 mL va 4 mL. Cac dilu 
kien khao sat cua phan fl'ng dfldc cd dinh 
tfl cac yeu td tdi flu 6 tten. Ket qua khao 
sat d Hinh 13 cho thiy khi sfl dung 0.5 mL 
va 1 mL dung moi DMSO thi hieu suit dat 
dfldc tfldng flng la 76.48%o va 75.5%, nhflng 
khi tang lUdng dung moi len 2 mL, 3 mL, 4 
mL, hieu suit cua phan flng lai giam xudng 
lin Ifld't la 66.79%, 57.07%, 56.15%. Dilu 
nay la do khi tang Ifldng dung moi len lam 
cho ndng dp cac chit giam din din kha nang 
tiep xuc cac chit phan flng giam theo. LUdng 
dung mdi sfl dung la 0.5 mL va 1 mL cho 
hieu suit tUdng ddi cao, nhUng nlu chpn dilu 
kien 0.5 mL de khao sat cac yeu td khac se 
gay kho khan ttong qua ttinh ttich miu va 
phan tich. Do do, Ifldng dung moi dfldc chpn 
de khao sat cac ylu td khac la 1 mL. 

8) Anh hudng cua xuc tdc di the: De 
lam ndi bat nhflng Uu diem khi sfl dung 

vat lieu MOFs (CuOBA) lam xuc tac cho 
phan flng ghep doi C=0, do hoat dong xuc 
tac cua no dUdc so sanh vdi nhflng xuc tac 
MOFs khac bao gdm vat lieu MOFs tam 
ddng, tam sat va tam niken. Kit qua khao 
sat a Hinh 14 cho thiy: Fe-BDC, Ni-BDC-
DABCO hieu suit 0% phan flng khdng xay 
ra; khi dung xflc tac Cu(BTC), hieu suit 
dat r i t thip chi 6.5% sau 14 gid phan flng; 
khi sfl dung xuc tac Cu(BDC), hieu suit 
dat dfldc 49%. Con khi tien hanh sfl dung 
xflc tac di the tam ddng khac nhau nhfl ddi 
vdi Cu(BPpC)(BPY), Cu-74, Cu(OBA), hieu 
suit dat lan lUdt la 81%>, 87%, 86%. Vay, 
kit qua cho thiy vat lieu CuOBA lam xuc 
tac cho ph^n flng hflu cd gifla 5'-bromo-
2'-hydroxyacetophenone va benzyl ether cho 
hieu suit tfldng ddi cao 87%, gan bang vdi 
nghien cflu trfldc cua vat lieu Cu- MOF-74 
[12]. 

9) Kiem tra tinh di the cua xuc tdc CuOBA: 
Mot yeu td ri t quan ttpng trong xiic tac di 
the ttong cac phan flng hflu cd la kiem tta 
kha nang leaching cua xuc tac vao phan flng, 
tflc la kiem tta tinh di the eua xiic tac. Kit 
qua khao sat tinh di the cua vat lieu CuOBA 
dUdc the hien d Hinh 15 cho thay rang, khi 
tach xflc tac CuOBA ra khdi hdn hdp thi phan 
flng khong the' xay ra nfla, dilu nay da chflng 
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Xnc tic di the 

Hinh 14: Anh hudng cua xiic tac di the 

nhu khong thay doi. Ket qua thi nghiem cho 
ta thay ro Uu diem vUdt bac cua xiic tac di 
the CO kha nang thu h6i va tai sfl dung cao. 
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minh phan flng ghep ddi C=0 gifla 5'-bromo-
2'-hydroxyacetophenone va benzyl ether chi 
cd the diln ra khi c6 mat xuc tac CuOBA the 
hien tinh chon loc cua xuc tac di the. 

Hinh 15: Kiem tta tinh di the cua xuc tac 

10) Khd ndng thu hoi vd tdi sii dung cua 
xiic tdc CuOBA: Kha nang thu hdi la Uu diem 
ndi bat eua xuc tac di the va la muc tieu 
hudng din cua hoa hpc xanh. Nhd kha nang 
tai sfl dung cao, xuc tac di the ludn dfldc flu 
tien sfl dung trong cac qua trinh tdng hdp hflu 
cd bdi vi cac xflc tac nay cd kha nang thu hoi 
va tai sfl dung nhilu lin trfldc khi bi mit han 
hoat tinh xuc tac. Kit qua 6 Hinh 16 cho thay 
CuOBA cd kha nang thu hdi va tai sfl dung 
sau sau lin ma hieu suit cua phan flng hau 

Hinh 16: Kha nang thu hdi cua vat lieu 
CuOBA qua sau lin tai sfl dung 

V. KET LUAN 
Nghien cflu nay da tdng hdp vat lieu Cu-

MOFs (CuOBA) thanh cong bang phfldng 
phap nhiet dung mdi va da flng dung vat 
lieu CuOBA lam xflc tac cho phan flng 
ghep ddi C=0, vdi nhdm thi brom cua 2'-
hydroxyacetophenone va benzyl ether. Nhflng 
dac trflng li hda cua vat lieu da dfldc kiem 
tra nhu PXRD, FTIR, TGA, SEM va TEM 
da chflng to vat lieu CuOBA c6 cau ttuc 
tinh the va on dinh nhiet den 404''C. Cac ket 
qua khao sat hoat tinh xuc tac cua vat lieu 
CuOBA vao phan flng ghep ddi C=0 gifla 5' 
bromo-2'-hydroxyaeetophenone/benzyl ether 
ttong nghien cflu nay vdi cac thong so 
tdi Uu ve: nhiet dp lOO^C, dung moi 
DMSO (1 mL), ti le moi 5'-bromo-2'-
hydroxyacetophenone/benzyl ether la 1/3, 
ham Ifldng xflc tac la 3 mol% vdi 4 dUdng 
Ifldng chit oxi hda TBHP (ttong nUdc) cho 
hieu suit phan flng cao nhat din 87% va c6 
the thu hdi tai sfl dung sau lin ma khdng lam 
mat di hoat tinh xuc tac cua vat lieu. Tfl do, 
chung ta thay nhflng flng dung cua vat lieu 
MOFs lam xuc tac di the da dap flng dfldc 
nhflng yeu ciu vl hda hpc xanh, gdp phan 
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bao ve moi trfldng va phat ttie'n nganh cong 
nghiep hda hpc. 
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