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TOM TAT

Hydroxide kép hé Mg-Fe dwoc tong hop
bang phwong phdp dong két tia véi ty 1é Mg/Fe
lan lwot 1a 2/1, 3/1 va 4/1, cdc méu hydroxide kép
sau khi tong hop dwoc nung ¢ 450 °C d@é tao
thanh hén hop oxide. Cdu triic va tinh chat cia
cac hydroxide kép trucc va sau khi nung dwoc
xdc dinh théng qua cdc phwong phdp nhiéu xa tia

X (XRD), SEM, BET, TGA, ICP. Hydroxide kép
sau khi nung dwoc iing dung lam xic tac cho
phan tmg benzoylation Friedel-Crafts. Uu diém
clia xiic tdce ndy so véi xiic tic acid Lewis truyén
théng la cho hiéu sudt cao, thoi gian phan img
ngdn, dé dang thu héi va ¢ thé tdi sir dung.

Tir khéa: Hydroxide kép Mg-Fe, benzoil hoa Friedel-Crafts, kich hoat vi séng

MO PAU

Hydroxide kép c6 cong thuc tong quat la
[MZ L M3 (OH),]**[A"wn].MH,0. Trong d6 M**
12 kim loai hoa tri (I) nhu: Mg, Zn, Ca, Fe, Ni,...
M** 14 kim loai héa tri (III) nhu: Al, Fe, Cr, ...
A" 14 c4c anion rat da dang c6 thé 1a phL’rc anion,
anion hiru co, x 1a ti s6 nguyén tr " (0,2 <
x < 0,33). L6p hydroxide [M?*1-xM* ,(OH),]** la
hdn hop cua cac hydroxide cua kim loai hoa tri
(I) va (III) trong d6 mot phan kim loai héa tri
(II) dugc thay thé bang kim loai héa tri (111) nén
mang dién tich duong, tai dinh & cAc nhém OH,
tam 1a cac kim loai, ¢6 cdu triic twong ty nhu cdu
tric brucite trong ty nhién. Lop xen gitra [A™
wn]-MH>0 1a cac anion mang dién tich &m va cac
phan tir nuéc nam xen giira 16p hydroxide trung
hoa I6p dién tich duwong cua I6p hidroxide. Cac
vt liéu c6 ciu tric 16p, ma dic biét 1a hydroxide
kép (sét anion), c6 cac tinh chat hoa-ly doc dao
nhu ¢6 dién tich bé mat 1on, truong 1én khi ngam
vao nudc, kha nang trao ddi ion, cung céc lién két
M-O- ¢6 hoat tinh cao nén c6 kha nang hap phuy,
dac biét la kha nang xtc tac nho 6 cac tam base

va acid xuat hién sau cac qué trinh xu 1y nhiét [1-
3],

Phan trng benzoylation Friedel-Crafts l1a mot
trong nhitng phan Gng quan trong dé diéu ché
keton hwong phuong. Theo truyén thng, phan
ang nay su dung acyl chloride hoic acid
anhydride 1am tac nhan acyl hoa. Di véi phan
ing truyén théng 1a st dung xdc tac AICI; phai
can véi hai dwong lugng va xuc tac sau phan ang
khong thé thu hoi duoc. Qué trinh tién hanh phan
ung sir dung dung méi doc hai, méi truong phan
ung phai khan nuéc va tro, thém vao do, xuc tac
khong thé thu hoi va tai st dung duoc [4-5]. Do
d6, nhiéu loai xc thc méi va than thién véi moi
truong thay thé cho AICl; dang dugc cac nha
khoa hoc nghién ctru va phat trién [6-8].
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So dd 1. Phan tmg benzoylation anisol str dung xtic
tac AICI,
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Muc tiéu cua dé tai nay la nghién ciru hinh
thai va cau tric cua hydroxide kép hé Mg-Fe véi
ty 16 Mg®*/Fe** thay dbi lan luot 1a 2/1, 3/1 va
4/1, ddng thoi khao sat hoat tinh xdc tac cua vat
lieu nay trén phan ang benzoylation
Friedel—Crafts.

VAT LIEU VA PHUONG PHAP
Téng hop hydroxide kép Mg-Fe

Hydroxide kép hé Mg-Fe c6 cong thuc téng
quat  [Mg(I1)1Fe(l11),(OH).I**(CO5*)y2.nH,0
dugc tong hop bang phuong phap dong két tua.
Dung dich mubi chloride caa Mg(ll) va Fe(lIl)
vai ty 16 Mg?*/Fe® xac dinh dugc nho tir tir vao
dung dich Na,CO3; 1 M ¢ nhiét d6 phong. Hon
hop phan g duoc khudy tron lién tuc bang may
khudy tir voi téc o 500 vong/phat. Han hop sau
d6 duoc gia héa ¢ nhiét do6 phong trong vong 24
gio, sau d6 rira tia dén khi loai bo hét ion CI (thu
bang dung dich AgNO; 0.01M), liy phan rin dé
say & 80 °C trong 24 gio. Nghién min va thu san
pham. San phim dwoc nung & 450 °C dé tao
thanh hon hop oxide ciia Mg (IT) va Fe (II1) duoc
sir dung lam chat xuc tac.

Phin tich vat li¢u xic tac

Phuong phap nhidu xa tia X sir dung dé dinh
tinh thanh phan pha cua tinh thé trong cac mau.
Thiét bi duoc str dung la mady D2 PHARSER —
Hang Brucker (d6i am cyc 1a Cu, K, = 1,54060
A), goc 20 quét tir 5-85 °, busc nhay goc 26 1a
0,03 °, thoi gian lvu & mdi budc 1a 0,8 gidy.
Phuong phap hap phu dang nhiét BET duoc sir
dung dé xac dinh dién tich bé mat riéng cua san
phim, miu duoc phan tich trén may
Micromeritics Instrument Corp.'s Tristar 11 3020
Analyzer va khi dugc s dung la khi nitrogen.
Phuong phap chup anh bang kinh hién vi dién tir
quét FE-SEM duoc sir dung dé xac dinh hinh thai
va kich thuéc hat, cd&c mau dwoc chup biang may
FE-SEM S4800-Hitachi & 10 KV. Phuong phap
ICP xac dinh ham lugng kim loai Mg va Fe trong
MAu, cac mau dugc phan tich trén may ICP-OES

Optima 4300DY Perkin Elmer. Phuong phap
phan tich nhiét cho biét sy thay doi khdi luong
ciia mau theo nhiét do, thiét bi duoc sir dung la
may TGAQS500, toc do nang nhiét 1a 10 °C/phut.

Khao sat hoat tinh xuc tac

Phan tng dugc thuc hién trong may vi séng
chuyén dung CEM Discover. Cho vao 6ng
nghiém vi séng chuyén diang mot hdn hop gém
anisole (0,108 g, 1 mmol), benzoyl chloride (0,21
g, 1,5 mmol) va xdc tac hydroxide kép Mg-Fe
nung (0,0324 g, 30 % theo khdi lwong anisole).
Pit hdn hop phan tmg vao 10 vi séng, diéu chinh
cdng suat, nhiét do va thoi gian thich hop. Sau
khi phan ung két thuc, dé& nguodi hdn hop dén
nhiét d6 phong va tién hanh ly trich san pham
bang dung mdi ethyl acetate. Lép hitu co dugc
raea vai dung dich NaHCO; bdo hoa (3x10 mL)
va ria lai véi nuéc (3x10 mL). HAn hop san
pham duoc lam khan véi Na,SO, va cd quay thu
hdi dung méi. Do chuyén hoé cua phan g duoc
xac dinh bang GC sir dung hop chat noi chuén
dodecane.

KET QUA VA THAO LUAN
Tinh chét cia xuc tic

Cuimg d§

Mg Fe

S — Pyroaurite
2-Theta )
Hinh 1. Gian d4 nhiéu xa tia X cua cac mau hydroxide
kép Mg-Fe sau khi tong hgp

Tir gian dd nhidu xa tia X cua cac mau
hydroxide kép dugc tong hop bang phuong phap
dong két tia (Hinh 1) nhan thdy ca 3 mau
hydroxide kép déu c6 vi tri cic miii tin hiéu nhiéu
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xa trung véi phd tham chiéu cua khoéang
pyroaurite MggFe,(CO3)(OH)16.4H,0. Do do, ¢é
thé két luan rang ca 3 mau déu c6 céu tric dang
pyroaurite.

Bang 1. Thanh phan khéi luong Mg va Fe trong
cac mau hydroxide kép Mg-Fe

STT | Ky hiéu miu | Ty Ié mol Mg/Fe"
1 Mg,Fe; 1,77
MgsFe; 2,86
Mg,Fe; 4,00

Ty 18 mol Mg/Fe dugc xic dinh bang
phuong phap ICP-OES

S$-4800 10.0kV 8.0mm x60.0k SE(M) 14/04/2016

KV 8.2mm x60.0k SE(M) 14/

Két qua phan tich thanh phan nguyén t cta
cac mau b dng phuong phap ICP  (Bang 1) cho
thiy ty 16 Mg /Fe gan dat véi ty & kim loai mong
mudn. Didu nay c6 thé dugc ly giai 1a do pH cua
dung dich kiém héa déu ¢ duéi pH két tua cua
ion Mg®*, pH sau phan &ng nim & khoang 11.
Viéc chon pH niam giira khoang két tua cua ion
Mg va ion Fe®* 1a dé cho san pham khong bj
dinh huéng tao hoan toan két taa Mg(OH), va két
taa Fe(OH); riéng ré. Vi vay, khi méi tao thanh
san pham, trong san phim chua it Mg hon lugng
ly thuyét.

0kV 8.1mm x10.0k SE(M

Hinh 2. Anh SEM ciia c4c mAu hydroxide kép Mg,Fe, (A, B), MgsFe; (C, D) va Mg,Fe; (E, F) sau khi nung & cac
d6 phong dai khac nhau
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Anh SEM cho thay hinh thai cua hydroxide
kép sau khi nung c6 dang phién, kich thuéc hat
khong dong déu, bé mat vat liéu tao thanh go ghé
va c6 su keo tu chung té chdng cé ciu tric kha
xdp, 6 tac dung nang cao dién tich bé mat riéng.
So sanh két qua ciia mau hydroxide kép da tong
hop dwoc so véi nhom tac gia Breu thiy c6 sy
tuong ddng vé hinh théi vat liu, kich thudc hat
kha dong déu véi duong kinh khoang 2 um [9].

Khéi lwomg, %

N " T "
Nhift 4§ (C)

Hinh 3. Gian d phén tich nhiét TGA ciia miu MgsFe;

Két qua phan tich nhiét (Hinh 3) cho thay hai
qua trinh giam khéi lwong ¢ khoang 30-100 °C va
100-200 °C tuong (rng V&i sy mat nude hat am
va mat nuéc cau tric cua miu. Do giam khéi
lwong cua mau trong khoang nhiét do tir 30 dén
200 °C la 18,41 %. Khoang 200-500 °C: Khdi
lwong giam manh va do giam khéi lwong khoang
24-25 %, nguyén nhan do ¢ su mat nuéc & 16p
hydroxide kém véi qué trinh phan hay carbonate
& 16p xen giira tao hdn hop MgO va MgFe,0,.
Can cu trén gian d6 phan tich nhiét ching toi
chon nhiét ¢6 nung cac mau hydroxide kép la 450
°C trong vong 4 gid véi muc dich dya vao sy mat
nudc cau tric tao ra cac vat liéu c6 bé mit riéng
cao c6 thé sir dung lam chét xc tac cho phan ang
benzoylation Friedel—Crafts.

Phé nhifu xa tia X ¢ ta mau hydroxide kép
sau khi nung ¢ 450 °C (Hinh 4) c6 cac miii tin
hiéu nhiu xa dic trung &ng véi pha tinh thé cua
pha MgO va pha Fe,03, cac miii tin hiéu nay c6
d6 rong chan phd I6n va cuong do thap gan nhu
I3n vao dudng nén.

Deriv. Weight (%°C}

o
-]
Lot
E Mg Fe,
Q| ‘
"I'IL L Fe:0y
|
MeO
T | Pyroaurits

Hinh 4. Phé nhiéu xa tia X cia mau hydroxide kép
Mg-Fe sau khi nung
Bang 2. Dién tich bé mit riéng cua cac mau
hydroxide kép sau khi nung

sTT | Kyhigu | Dign tich bzé mit riéng
mau (m9/g)
1 Mg,Fe; 71,694
2 MgsFe; 13,315
3 Mg,Fe; 7,310

" Dién tich b& mat riéng cia cac mau nung dwoc Xac
dinh bang phuong phap BET

Dién tich bé mat riéng cua cac mau sau khi
nung chénh léch dang ké, cu thé miu cé ty lé
Mg/Fe la 2/1 c6 dién tich bé mit riéng cao nhat 1a
71,694 m?/g, va mau ty 18 4/1 c6 dién tich bé mat
riéng thip nhit 7,310 m?%g, du doan 1a do khi
ham luong sat trong mau cang ting thi lugng
anion & 16p xen gitra (CO3%) cang nhiéu vi thé
trong quéa trinh xtr Iy nhiét & 450 °C cac anion
nay bi phan hay 1am cho vat liéu toi x5p hon, dan
dén tang dién tich bé mat riéng.

Hoat tinh cia xuc tac

Khao sat anh hwong cua cac yéu té khdi
lugng xdc tac, nhiét do, thoi gian, ty 1€ mol gita
chat nén va tac chat dén hiéu suat ciia phan @ng,
xUc t&c st dung la hydroxide kép Mg-Fe ty lé
3/1, phan tng khong dung mdi thuc hién trong
méy vi song CEM, thu duoc két qua trong Bang
3.
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Bing 3. Khao sat khéi lwgng xuc tac, nhiét dg, thoi gian va ty 1¢ giira chat nén va tac chat

STT Khéi lrgng Ty 18 Thoigian | Nhiétd9 | Do chuyén héa
xtc tac (%)* | anisole:benzoyl chloride (phut) (°C) (%)°
1 10 1:1 15 100 40
2 20 1:1 15 100 40
3 30 1:1 15 100 63
4 40 1:1 15 100 11
5 50 1:1 15 100 51
6 100 1:1 15 100 42
7 30 1:1 15 80 30
8 30 1:1 15 120 43
9 30 1:1 15 140 61
10 30 1:1.2 15 100 65
11 30 1:.15 15 100 75
12 30 1:2 15 100 74
13 30 1:15 5 100 65
14 30 1:1,5 10 100 73
15 30 1:15 20 100 77

4 Khéi lwong chit xuc tac duoc tinh theo phan tram khéi lugng anisole.
®Po chuyén hoa dugc xac dinh dya vao GC st dung ndi chuan dodecane.

Diéu kién tdi wu cho phan tng benzoylation
anisole vai tac chat benzoyl chloride 1a chiéu vi
song trong 10 phut & 100 °C, ti l&¢ mol
anisole:benzoyl cloride 12 1:1,5, lwong xuc tac ti
wu 13 30 % khéi lugng chat nén anisole. Sau khi
tién hanh téi wu hoa nhiét do, thoi gian va céc
diéu kién phan tung khac thu dugc hiéu suét tdi
uu 1a 73 %. Khi tang thoi gian 1én 15 phat thi d6
chuyén hoé chi tang 2 % la khong dang ké. Tir
két qua khao sat trén, ching tdi tiép tuc tién hanh
khao sat trén cac mau hydroxide kép nung vai ty
16 Mg®*/Fe®* thay ddi, thu duoc két qua nhu trong
Bang 4.

Tir Bang 4 c6 thé thdy mau hydroxide kép c6
ty 16 Mg?/Fe* 1a 2/1 cho hiéu suét cao nhét la

87 %, c6 thé giai thich 1a do mau nay c6 dién tich
bé mit riéng 16n nhét, tao diéu kién cho su phan
tan déu cac tdm hoat tinh trén bé mat. Tur két qua
khao sat trén, ching t6i tién hanh phan tng
benzoylation Friedel-Crafts st dung hé xuc tac
Mg-Fe ty 1& 2/1 trén mot s6 chat nén khac thu
duoc két qua nhu trong Bang 5.

Béing 4. Khao sét hoat tinh xuc tc véi chat nén
anisole vai cac miu c6 ty 18 Mg®*/Fe®* thay ddi

STT | Ty 1e Mg?/Fe® | D0 d(‘c‘;g)ej‘ hoa
1 2:1 87
2 311 73
3 4:1 75

* bo chuyén hoéa duogc tinh dya vao GC st dung
ndi chuan dodecane
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Bang 5. Khao st phan &g benzoylation mot s chat nén véi xdc tac hydroxide kép Mg,Fe; nung

£ A Piéu kién phin .z Do chuyén
STT Chat nén img San pham hoa (%)*
OMe
OMe o
100°C
! 10 phat 87
P~ %0
OMe OMe
OMe 100°C OMe
2 10 phat 83
P~
OMe OMe
120°C
3 ©\ 20 phat <>\OM9 %
OMe Ph/c\\O
Me Me
100°C
4 ©\Me 10 phat @Me 100
ph”*0

*Po chuyén héa duogc tinh dua vao GC str dung ndi chuan dodecane

1,2-Dimethoxybenzene c¢6 hai  nhém
methoxy lam tang hoat cho vong benzene nhung
ddng thoi ciing 1am can tro 14p thé nén hiéu suit
phan ng giam. Tuong tu 1,3-dimethoxybenzene
ciling ¢6 2 nhom methoxy lam tang hoat cho vong
benzene va cung dinh huéng vao mot vi tri lam
cho dién tir trong vong ciing tang 1én nén hiéu
suat phan ung tang, tuy nhién do nhém benzoyl
tdc kich vao vi tri ortho so véi nhdm methoxy
nén bi can tré 1ap thé dan dén diéu kién phan ung
kho khan hon anisole va 1,2-
dimethoxybenzene. Pdi voi m-xylene do c6 hai
nhoém methyl lam ting hoat cho vong benzene
dong thoi kich thuéc caa nhém metyl nho hon
nhém methoxy nén hiéu sut phan ung cao hon
so vai 3 chit nén con lai 1a 100 %.

SO0 VOI

Thu hdi va tai sir dung xiic tic

Mau Mg,Fe; sau khi xdc tac cho phan tng
benzoylation anisole véi benzoyl chloride bang
phuong phép vi séng & 100 °C, 10 phut duoc thu
hdi bang cach ly tam khoi hdn hop sau phan tng,

sau d6 duoc rira bang ethyl acetate (3x10 mL) va
ethanol (3x10 mL), siy ¢ 80 °C trong vong 24
gior va téi sir dung trong cung diéu kién, hiéu suat
phan tng dugc trinh bay ¢ Bang 6 cho thiy xc
tac c6 d6 bén cao va c6 thé tai su dung khoang 3
lan vé6i @6 chuyén hoéa giam khong dang ké sau
mdi lan sir dung.

Bang 6. Thu hoi va tai st dung xtc tac Mg,Fe;
trén phan tng benzoyl héa anisole

LAn tai sirdung | D9 chuyén héa (%)*
Lan 0 87
Lan 1 84
Lan2 75
Lan 3 71

*Po chl}yén hoa duogc tinh dya vao GC st dung

ndi chuan dodecane
So sanh véi nhimg xuc tac ddng thé thuong
s dung trong phan tng acylation Friedel-Crafts
nhu triflate kim loai [7, 10] hay chat long ion [6]
thi hydroxide kép hé Mg-Fe la xuc tac di thé nén
dé dang thu hdi va tai sir dung hon, sau phan ng
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chi can loc liy xdc téc va rira sach véi dung moi
thi ¢ thé tai sir dung dwoc. COn so vai nhiing
xUc tac di thé khac chang han nhu MOFs (vat liéu
hitu co khung kim loai) [8] thi xuc tac hydroxide
kép hé Mg-Fe dé dang diéu ché véi gia thanh
thip ma hoat tinh xuc tac twong dwong.

KET LUAN

Tong hop thanh cdng hydroxide kép hé Mg-
Fe véi ty 1é Mg/Fe thay doi bang phuong phap
dong két tua. Hydroxide kép tao thanh dwoc nung
& 450 °C trong 4 gio dugc sir dung lam x(c tac
cho phan ung benzoyl héa Friedel-Crafts cho
hiéu suat va do chon loc tuong ddi cao. Trong do,
mau co ty l¢ Mg/Fe la 2/1 c6 dién tich bé mat
riéng 16n nhat nén cho hiéu suat cao nhat. Ngoai
ra, sau phan @ng chit xdc tac c6 thé d& dang thu
hoi va tai st dung vai lan.

Trong tuong lai ¢6 thé cai thién hoat tinh cua
xuc tac hydroxide kép Mg-Fe bang cach thay doi
mot sb didu kién tong hop khac nhau va tng
dung xdc tac cho cac phan tng téng hop cac hop
chat huong phuong.

Céc san pham duoc dinh danh bang phuong
phap sic ky khi ghép khdi phé (GC-MS) va phd
NMR.
4-Methoxybenzophenone
'H NMR (300 MHz, CDCl; ) &, 7.86 — 7.81 (m,
2H), 7.75 (dd, J = 8.3, 1.4 Hz, 2H), 7.55 (d, J =
7.5 Hz, 1H), 7.50-7.44 (m, 2H), 6.96 (d, J = 9.0

Hz, 2H), 3.88 (s, 3H). *C NMR (75 MHz,
CDCl;) 8¢ 195.6, 163.2, 138.3, 132.6, 131.9,
130.2, 129.8, 128.2, 113.6, 55.5. GC-MS (El, 70
eV) miz : 212 ([M]).
3,4-Dimethoxybenzophenone
'H NMR (300 MHz, CDCls) 8, 7.77 (dd, J = 8.4,
1.4 Hz, 2H), 7.49 (s, 1H), 7.46 — 7.36 (m, 3H),
6.53 (m, 2H), 3.86 (s, 3H), 3.69 (s, 3H). “C
NMR (75 MHz, CDCl3) § = 195.6, 153.0, 149.0,
138.3, 131.9, 130.2, 129.7, 128.2, 125.5, 112.1,
109.7, 56.1, 56.1. GC-MS (EI, 70 eV) m/z : 242
(IMT").
2,4-Dimethoxybenzophenone
'H NMR (300 MHz, CDCly) & = 7.77 (dd, J =
8.4, 1.4 Hz, 2H), 7.49 (s, 1H), 7.42 (dt, J = 1.8,
0.6 Hz, 1H), 7.39 (s, 2H), 6.53 (dd, J = 9.6, 5.3
Hz, 2H), 3.86 (s, 3H), 3.69 (s, 3H). *C NMR (75
MHz, CDCl3) & = 195.6, 163.4, 159.6, 138.8,
132.3, 132.2, 129.7, 128.0, 121.5, 104.6, 98.8,
55.6, 55.5. GC-MS (EI, 70 eV) m/z: 242 ([M]").
2, 4-Dimethylbenzophenone

'H NMR (500 MHz, CDCl,): 6, 7.77 (dd, J
=8.3, 1.2 Hz, 2H), 7.54 (t, J = 7.4 Hz, 1H), 7.42
(m, 2H), 7.21 (d, J = 7.7 Hz, 1H), 7.09 (s, 1H),
7.02 (d, J = 7.7 Hz, 1H), 2.36 (s, 3H), 2.31 (s,
3H). ®C NMR (125 MHz, CDCl;) 6c 198.5,
140.6, 138.3, 137.3, 135.7, 132.8, 131.9, 130.1,
129.2, 128.4, 127.5, 125.8, 21.4, 20.1. GC-MS
(El, 70 eV): m/z 210 (M*).
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Synthesis of Mg-Fe layered double
hydroxides and its application as catalyst for
Friedel-Crafts benzoylation

e Nguyen Thi Minh Phuong
e Tran Hoang Phuong
e Nguyen Quoc Chinh
University of Science, VNU-HCM
ABSTRACT

Mg-Fe layered double hydroxides were
synthesized by the coprecipitation method with
different of Mg/Fe ratio (2/1, 3/1 and 4/1) and
then were thermally transformed into mixed
metal oxides. The obtained materials before and
after the calcination at 450 °C were

characterized by X-ray diffraction (XRD), SEM,
BET, TGA, ICP. The samples were used as a
catalyst for  Friedel-Crafts  benzoylation
reactions. The catalyst can be easily separated
and recycled compared to the traditional one.

Keywords: Mg-Fe layered double hydroxides, Friedel -Crafts benzoylation, microwave
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