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Tong hop vat liéu khung hiru co kim loai MIL-53(Fe) ung dung
xuc tac cho phan &ng oxi hda ghép C-O trong tong hop hitu co
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Tém Tat

Vit ligu MIL-53(Fe) bao gdm cum kim loai Fe lién két v6i nhau bsi moi lién két hiru co da
chirc tao nén mang ludi khong gian 3 chiu x0p, voi thé tich rong 16n va dién tich bé mat lon.
MIL-53(Fe) dugc tong hop tir muoi sat (III) clorua va axit terephthalic (H,BDC) v&i sy ¢d mat

ciia DMF ¢ nhiét do cao. MIL-53(Fe) ¢6 cdu tric hinh bat dién va dién tich bé mat BET c6 the
I1én tGi 4000m2/g, kich thude 16 khoang 0,85nm. Do d6, vat lieu MOFs duoc st dung rong rai

trong nhiéu linh vuc nhu: xiic tac, hap phu va luu trit khi, y hoc. Trong noi dung nay, vat ligu
MOFs (Fe-MOF) dugc stir dung lam x(c tac trong phan (ng tong hop 1,4-dioxan-2-yl benzoate

tir benzoic acid va 1,4-dioxane vai hiéu suit 70%.
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1 Gidi thiéu

Su phén tach va chirc ning héa lién két C-H 1a méi quan tam
chu yéu cua ca giéi hoc thuat va cong nghiép. N6i chung, su
bién @i phu thudc vao kim loai chuyén tiép, co 4 phuong
phap chinh: (1) kich hoat dién tich cua lién két C-H bang kim
loai chuyen tiép 6 hoa tri cao; (2) tang tinh oxi hoéa vao lién
két C-H bang céc kim loai héa trj thap; (3) kich hoat lién két
C-H bang phuong phép trao ddi lién két s va (4) chén mot
kim loai carbenoid/nitrenoid vao lién két C-H. Sau khi duoc
nghién ciu rong ri, st dung kim loai chuyén tiép lam xuc
tac kich hoat lién két C-H da duoc xem nhu mot phuong
phap hiéu qua dé xay dung ciu truc phuc vi nd lam giam su
tlep xtc cua kim loai v6i chat nén, trong khi d6 cai thién co
Cau nguyén tir va hiéu qua nang luogng. Tuy nhién, viéc sir
dung chét xdc tac kim loai dét tién va cac van dé lién quan
dén viéc loai bo kim loai du khoi cac san phdm cudi ciing
thuong la mot qué trinh kho khan, 1am han ché ing dung
thuc té cia phuorng phép nay[1]. Sy hinh thanh lién két C-O
la mot chuyén ddi co ban trong tong hop hitu co. Do do, viéc
sir dung xuc tac kim loai chuyén tiép trong xay dung lién két
C-O thong qua kich hoat lién két C-H rat ddng quan tam[1].
Tuy nhién, sy hinh thanh lién két C-O théng qua lién két C-H
trong diéu kién xdc tac di thé it dugc kham pha. Nam 2011,
tdc gia Long Chen va cong su da thuc hién phan ung ti
benzoic acid va 1,4-dioxane dé tong hop ra 1,4-dioxan-2-yl
benzoate Vi higu suat 95%([1]. Twong tu, ndim 2012, Quan
Wang va cong su da tong hop 1,4-dioxan-2-yl benzoate tir
benzaldehyde va 1,4-dioxane dat hiéu suat 90%[2]. Tuy
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nhién, ca 2 phan tng nay déu sir dung xic tac ddng thé cho
qua trinh phan ung nén khong dap tmg duoc tiéu chi hda hoc
xanh hign nay. Nam 2014, tac gia Ganesh Majji va dong
nghiép da tong hop bis-acyl ketals tir phan ung cua
ethylacetate va benzylamine véi sy ¢ mat cuia TBHP nhu la
chat oxi héa, BuyNI (20mol%) dat hiéu suit 69%l[3]. Tuy
nhién, phan g nay c6 nhugc diém Ia sir dung xic tac dong
thé nén kho thu hoi va tai st dung. MOFs (Metal-organic
frameworks) 1a vat liéu xop dang tinh thé c6 mang luéi lai
héa giita v6 co va hitu co duoc hinh thanh do su phdi tri cua
cac cau ndi hitu co va cac ion kim loai trung tam voi kha
ning lién két da chiéu, khoang khdng gian giita méi lién két
kim loai va cau ndi hiru co tao thanh céc 15 tréng trong cu
tric[4]. MOFs duoc chl y trong nhimg niam gan day la do
chling c6 cAc cau triic da dang, tinh chat xdp, dién tich bé mat
va nhiing tng dung tiém ning nhu xitc tac, hip phu va tach
khi, trao dbi ion, tir tinh, phét quang, cong nghé cam bién va
quang dién tir, dan truyén thudc...[5]. Céu truc don ta MIL-
53(Fe) c6 cong thuc la Fe(OH)(BDC)(py)O 85, bao gém cac
chudi bat dién FeOg duoc két ndi voi cac anion benzen
dicachoxylat. Cac chudi hinh thoi mét chiéu duoc hinh thanh
chay doc theo mét tryc cua céu trac nhu di trinh bay trong
Hinh 1. V4t liéu MIL-53 chira ion kim loai crém va nhom da
dugc Férey va céc cong su tong hop dau tién vao nim
2003[6]. Vit liéu MIL-53-Fe duoc Whitfield va cong su téng
hop tir nitrat sit va BDC, c6 mat cua pyridin trong
dimethylformamide (DMF).
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Hinh 1 CAu trdc tinh thé caa MIL-53(Fe) gdm bét dién FeOg lién
két vai nhdm cachoxylic (cung mét truc) [7]

Cau tric cua MIL-53(Fe) la rat da dang va cac thong sb té bao
cua vat liéu nay phu thugc rat nhiéu vao kich thuéc cua 16
x6p[8]. Su da dang nay lam cho MIL-53(Fe) c6 kha ning hap
phu cac phéan tir hiru co khac nhau va 1a éng cir vién sé mot
cho cam bién. Tinh da dang cua cAu tric vat lisu MIL-53(Fe)
¢6 dugc 1a do sy hién dién cua lién két .,-OH phéi hop véi cac
ion kim loai trung tdm va phy thudc vao ban chat caa cac kim
loai trung tam. Khi thay thé mot nguyén tir hydro vao cac phdi
tir thom cua MIL-53(Fe) s& gay ra su thay dbi do linh hoat cua
khung mang [9,10]. Tuy nhién, c&c nghién cau trong va ngoai
nude trude d6 hau hét chua tap trung vao tdng hop céc ciu
tric vat liéu khung hitu co ludgng kim loai FeBDC ¢ng dung
trong linh vuc xuac tic. Do d6 nghién ciru ndy s&€ ma ra hudng
tiép can mai nham nang cao hiéu qua str dung caa vat liéu, cu
thé 1a ung dung 1am xdc tac trong phan tng 1,4-dioxan-2-yl
benzoate tir benzoic acid va 1,4-dioxane.

2 Thuc nghiém

Céc hoa chét sir dung trong nghién ciru ndy bao gém: acid
terephthalic (H,BDC, 98%, Sigma-Aldrich), lIron (1)
chloride hexahydrate (FeCl;.6H,0, 99%, Trung Qudc),
N,N-dimethylformamide (DMF, 99.5%, Xilong Chemical,
Trung Quéc), 2-aminopyridine (99%, Sigma Aldrich),
trans-beta-nitrostyrene (99%, Sigma Aldrich),
dichloromethane (DCM, 98%, Xilong Chemical, Trung
Qudce).

Qua trinh téng hop MIL-53(Fe) duoc tién hanh theo qui
trinh nhu sau: hoa tan 10mmol FeCl;.6H,0 (2,7g) trong
100ml N,N-dimethylformamide (DMF), sau d6 cho tu tu
20mmol axit terephtalic (H,BDC, 3,32g) vao dung dich
trén, dudi tc dung cua khudy tao thanh hdn hop trong sudt
mau vang. Sau d6 cho hdn hop thu dugc vao binh teflon dat
trong autoclave rdi tién hanh gia nhiét & 100°C trong 72
gio. San pham thu duoc vat lidu MIL-53(Fe) c6 mau vang
biang phwong phap li tim. San pham sau khi siy duoc ria
lai bang nuréc cat trong 16 gio. Cudi cing, li tam va sy qua
dém ¢ 60°C trong 24 gid. Cau trdc vat lidu dwoc phan tich
v6i nhiéu phuong phép khac nhau. Phuong phép pho nhiéu
Xa tia X (XRD) duoc thuc hién trén may D8 Advance
Bruke, éng phat tia Rongen véi budc song A=1.5406 A, &
nhiét d6 25°C, goc 20 tir 2 dén 50° tdc do quét 0,04
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do/giay. Phép do quang phd hong ngoai (FT-IR) dung phép
bién ddi Fourier duoc thuc hién trén may EQUINOX 55
(Bruker). Mau duoc tron véi KBr ti 1é 1/10, nghién min va
ép thanh vién. Phuong phap kinh hién vi dién tor quét
(SEM) dugc do trén thiét bi JSSM 7401F (Jeol). Pho Raman
dugc do trén phd ké Raman cia hing HORIBA Jobin Yvon
sir dung budc song kich thich ¢ 633nm va phd duoc ghi ¢
viing buéc séng tir 100 — 1900cm™. Phan tich nhiét trong
luong (TGA) dugc tién hanh trén may Netzsch
Thermoanalyzer STA 409 véi toc do gia nhiét 10°C/phdt tir
nhiét d6 phong 1én 800°C trong diéu kién khi tro. Phuong
phép dang nhiét hap phy, khir hdp phu khi N, dugc thuc
hién trén thiét bi TriStar 3000 V6.07 A cua hing
Micromeritics. Trude khi do, mau hap phu dwoc lam sach
bé mat bang dong khi N, & 300°C trong 5 gio.

3 Két qua va thao luan

Dé hiéu rd hon vé ciu tric vat liéu khung hiru co kim loai,
trén phé FT-IR cua vat lisu MIL-53(Fe) duoc thuc hién &
viing budc séng 400 — 4000cm™. Hinh 2 cho thdy xuét hién
cac dinh dao dong dac trung & vi tri khoang 1657, 1601,
1391, 1017 va 749cm® cia cic lien két v(C=0),
Vagym(OCO), Veym(OCO), v(C-0) va §(C-H). Piéu nay cho
thiy c6 su hién dién cua cau ndi lién két giira ion kim loai
va khung httu co[11,12]. Bén canh d6, ddy dao dong cua
DMF va H,0 thé hién tai 1657cm™, 3387cm™. Pac biét,
khong c6 dinh dao dong tai 1700cm™ ching to khong co sy
hién dién cua H,BDC[13]. O tang s6 dao dong thap hon,
dinh dao dong ¢ cac vi tri khoang 750cm™, 690cm?,
660cm™ dic trung cho céc lién két C-H, C=C va nhém chuc
—0CO, cho thiy sy c6 mat caa cau ndi hitu co BDC[13].
Tuy nhién, dinh dao déng manh tai budc séng 547cm™ va
720cm™ c6 thé dic trung cho dao dong cua FeO[11]. Két
qua nay cho thdy ring, Fe** c6 lién két vsi H,BDC trong
cAu tric Fe-MOF & c4c nhiét d6 100°C, 150°C va 180°C.

FeBDC.-180 [ FeBDC-180
i aus
Vﬁw v N //““”W

FeBDC-100 FeBDC-100

WW
ww

4000 3000 2000 1000 1500 1000 500
Wavenumber (cm™) Wavenumber (cm)

Hinh 2 Phé FT-IR cia MIL-53(Fe) tai 100°C, 150°C va 180°C

Transmittance (%)

Céu trdc cua vat lieu tong hop dwoc xac dinh bing céc
phuong phap khac nhau. Quan sat Hinh 3 cho thay, pho
XRD cua mau MIL-53(Fe) co6 cac dinh nhiéu xa dic trung
thé hién tai vi tri 20 cua 9,1°, 9,4°, 14,1° 16,5° va 18,8°
tuong dong véi két qua da cong b trude day[14,15]. Trong
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khi @6, mau MIL-53(Fe) & nhiét d6 150°C va 180°C c6
thém cac dinh nhidu xa & vi tri 20 cua 28°, 37,5°, 40° va
44,5° phu hop véi két qua da cong bd trude day cua oxit sat
Fe,03 va Fe;04[16]. Két qua nay cho thdy vat liéu MIL-
53(Fe) duoc tong hop & nhiét do cao s& ¢ tir tinh.
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Hinh 3 Phd XRD cua vt lieu MIL-53(Fe) ¢ 100°C, 150°C
va 180°C.

Intensity (a.u)

O Hinh 4 thé hién rd hinh dang vat liéu qua két qua SEM.
Két qua cho thay tinh thé mau MIL-53(Fe) c6 mat céc tinh
thé hinh bét dién kich thudc nhd va déu. Sy tao thanh tinh
thé ddng nhat c6 thé do qua trinh tao mam va phat trién tinh
thé xay ra dong thoi trong qué trinh tong hop vat ligu. Day
la hién tugng thuong thay ddi voi vat liéu tong hop bang
phuong phap dung nhiét. Kich thuéc tinh thé nay phd hop
v6i peak nhidu xa rong trén gian d6 XRD cua vat lidu.
Tuong ty véi mau MIL-53(Fe) ¢ nhiét do 150°C c6 su xuit
hién cua cac tinh thé I6n va & nhiét do 180°C thi cac tinh
thé bi bién d6i gan nhu hoan toan thanh cac hat tron nho.
Diéu nay c6 thé anh huong dén dic tinh cua vat liéu va tinh
tur tinh cua vat lieu.
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Hinh 4 Két qua SEM cua vat lisu MIL-53(Fe) & 100°C, 150°C
va 180°C.

Bén canh viéc phan tich ciu trdc vat liéu, tién hanh khao sét
dic tinh xdc tac cua vat liéu cho phan tng téng hop 1,4-
dioxan-2-yl benzoate tir benzoic acid va 1,4-dioxane. Dau
tién, hdn hop phan tng gém benzoic acid (0,0244g,
0,2mmol), DTBP (0,0584g, 2 equiv) va 1ml dung méi 1,4-
dioxane dugc cho vao chai bi ¢c6 dung tich 15ml véi xtc tac
duoc sir dung 1a Fe-MOF 10mol%. Sau d6, hdn hop phan
g duoc khudy ¢ 100°C trong 24 gio & méi truong khdng
khi va tién hanh khao sat cac diéu kién phan ung nhu la
nhiét d, phan tram khdi mol xdc téc, ti 1é tac cht...
Dau tién thyc hién phan tng & cac nhiét do khéc nhau. Khi
thuc hién phan Gng ¢ nhiét ¢ phong thi phan (ing khéng
xay ra va khi tang nhiét d6 1én 60°C thi hiéu suat phan tng
chi dat khoang 7%. Khi tiép tuc tang nhiét do lén 80°C va
100°C thi hiéu suat phan tmg ting 1én dang ké dat khoang
40% va 50%. Sau d6 tiép tuc ting nhiét do lén 120°C thi
hiéu suat san phiam dat gan 70%. Tuy nhién, khi nhiét do
dugc tang 1én 140°C thi gan nhu khong doi véi 71% (Hinh
5). Két qua nay cho thiy phan ung chi xay ra trong diéu
kién duoc gia nhiét.

100
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Hinh 5 Anh huéng cua nhiét d6 dén do chuyén hoa

phan &ng
Tiép theo, khi phan tng dugc thuc hién vai cac loai xc tac
khac nhau nhu: Fe(NO3)3.9H,0, FeCls.6H,0, FeCl,.4H,0,
FeBDC-100, FeBDC-150 va FeBDC-180, vat liéu FeBDC-
100 thé hién hoat tinh tét nhat dat hiéu suat 70%, trong khi
d6 ciing 1a vat lieu FeBDC nhung duoc tong hop ¢ diéu
kién nhiét do cao hon & 150°C va 180°C thi hi¢u suat chi
dat 46% va 57% (Hinh 6). Ngoai ra, xuc tac di thé ciing cho
hiéu suat phan tng twong d6i cao, khoang 67% va 69%,
twong ung véi FeCls.6H,0 va Fe(NO3)3.9H,0. Tuy nhién,
xuc tac dong thé khong cd kha niang thu hdi va tai sir dung,
vi vay xUc tac di thé duoc lya chon lam xuc tac cho phan
ung.
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Hinh 6 Anh huong cua cac loai xtic tac dén do chuyén hoa
phan &ng

Tién hanh khao sat ham lugng xdc tac phan ing & cac muc
5mol%, 7,5mol%, 10mol%, 12,5mol% va 15mol%. Két qua
cho thay, khi thuc hién phan ng v6i ham lugng cang ting
thi hiéu suat phan tng tang va hiéu suat dat két qua t6t nhat
1a 70% vai 10mol% xuc tac. Khi ham lwong xuc tac tiép tuc
tang 1én 12,5mol% va 15mol% thi hiéu suat phan ing gan
nhu khong tang vai 69% va 71% (Hinh 7).
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Hinh 7 Anh huong ciia him lugng xuc tac dén do chuyén héa
phan &ng

Trong cac phan &ng hitu co str dung XGc tac rin c6 mot van
dé can dugc chd y 13, mot sb tm hoat tinh trén xUc tac rin
c6 thé bj hoa tan vao pha léng trong qué trinh phan @ng.
Thyc té thi nhitng tam hoat tinh bi 1An vao hdn hop phan
(g nhu thé nay, trong mot sb truong hop van c6 kha ning
xuc tac va cho d¢ chuyén hoa cao va do do rat c6 thé phan
tmg da khong thuc sy dién ra voéi quéa trinh xdc tac di
thé[17]. Vi vay, dé xac dinh xem tam sit bi hoa tan tir xtc
tac Fe-MOF c6 hoat tinh dang ké trong phan (mg ghép ddi
C-O giira benzoic acid va 1,4-dioxane hay khdng, tién hanh
phan wng rdi tach bo xuc tac rin bing phwong phép li tim
va dung dich phan ting lam dung mi cho lan phan tng tiép
theo Vi cung diéu kién nhu ban dau. Néu 1an phan ung thir
hai nay c6 higu suat dang ké, co nghia 1a phan (g ban dau
da khong thuc su dién ra véi qua trinh xGc tac di thé ma
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dién ra véi qua trinh xuc tac dong thé hoac mot phan dj thé
- mot phan dong thé boi tam kim loai st roi ra tir x(c tac
ran. Cu thé, mot phan ang duoc thyc hién sir dung 10mol%
xuc tac Fe-MOF, & 120°C trong dung moi 1,4-dioxane véi
téc chat benzoic acid sau 24 gio trong trong khdng khi. Sau
phan wng xdc tdc Fe-MOF duoc tach ra biang phuong phép
li tdm. Pha long dwoc dung lam dung mdi phan ung cho
phan tng méi vai diéu kién phan ting nhu ban dau. Két qua
thuc nghiém cho thay rang hiéu suat caa pyridyl benzamide
gan nhu khong thay ddi khi phan tng dugc thuc hién ma
xuc tac Fe-MOF dugc tach bo (Hinh 8).

80- —e— 10 mol% catalyst
—e— Leaching test

0 T T T T T
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Time (h)
Hinh 8 Két qua kiém tra tinh di thé cua xuc tac Ni/Fe-MOF

Mic di mot s6 mubi ddng thé ciing c6 hoat tinh cao trong
phan tng ghép d6i C-O gitta benzoic acid va 1,4-dioxane
dé tao ra 1,4-dioxan-2-yl benzoate, nhung c6 khuyét diém
la mubi dong thé khong thé thu hdi. Ngay nay, mot xuc tac
khong chi can c6 hoat tinh cao, ma voi quan diém “Héa hoc
xanh” thi xtc tac d6 con nén cé kha ning thu hdi d& dang tir
hdn hop phan tng va c6 thé tai sir dung vai 1an ma hoat tinh
thay d6i khong dang ké trugc khi bi mét hoat tinh hoan
toan. Trong khi do, so véi cac hé xuc tac dong thé thi xtc
téc ran thé hién nhirng wu diém nhat dinh nhu d& phan riéng
xuc tac ciing nhu dé thu hoi va tai s dung. Do d6, nghién
ctru nay da khao séat kha ning thu hoi va tai sir dung cua xtc
tdéc Fe-MOF trong phan tng ghép d6i C-O giira benzoic
acid va 1,4-dioxane. Phan tmg duoc thyc hién & 120°C dudi
diéu kién khong khi trong 24 gio, véi sy c6 mat 10mol%
x(c t&c, chat oxi héa TBHP 2 dwong lwong. Sau phan ting
xuc téc Fe-MOF duoc tach ra tir hdn hop phan ung bang
phuwong phap i tdm, rdi rira lai nhiéu lan véi DMF,
ethylacetate va ethanol dé loai bo su hap phu tac chét trong
xtic tac, sau d6 hoat hda trong chan khéng & 150°C sau 2
gio. Sau khi thu hdi thi xtc tac duoc tai sir dung trong phan
g méi vai didu kién phan g nhu ban dau. Tuong ty nhu
vay, sau khi khao sét vai lan thi qua trinh thu hdi va tai sir
dung xtc téc Fe-MOF trong phan tng ghép d6i C-O gitta
benzoic acid va 1,4-dioxane dé tao ra 1,4-dioxan-2-yl
benzoate ¢ hoat tinh xdc tac giam khong dang ké. That
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vay, hiéu suat phan tmg dat dugc 62% sau 5 lan thu hdiva 4 Két luan

tai st dung (Hinh 9). N e an: . L . \
80 Phan tmg ghép doi C-O gitra benzoic acid va 1,4-dioxane &

didu kién thuan loi 1a nhiét d6 120°C, voi sw c6 mat cua
10mol% xuc tac Fe-MOF thi c6 thé dat hiéu suat 70% sau 24

60 . e N .
- gio. Mat khac, xuc tac Fe-MOF sau thu hoi duoc kiém tra lai
2 . o A Ao 1f Ax \ A ) A, A .o

s cac théng so héa Ii dac trung va két qua cho thay cau trdc xtc
2 at tac VAn duoc gifr vitng sau phan tng ma khong bj bién déi vé

cu triic. Nhiing diéu nay, né noi Ién rang vat ligu Fe-MOF
20+ t6ng hop duoc déu cé tiém ning dé sir dung nhu 1a xtc tac di
thé hiéu qua cho nhitng phan &g téng hop hitu co.

0- o
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Run Nghién ciru nay duoc tai tro bai Qui Phét trién Khoa hoc va

Hinh 9 Thu hoi va tai str dung x(ic tac Cong nghé NTTU, d& tai ma sé 2019.01.24.
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Synthesis of MIL-53 (Fe) metal organic framework materials catalyzing application of C-O
oxidation reaction in organic synthesis

Oanh Thi Kim Nguyen, Trinh Nguyen Duy”
Nguyen Tat Thanh Institute of High Technology, Nguyen Tat Thanh University
“ndtrinh@ntt.edu.com

Abstract MIL-53 (Fe) includes Fe metal clusters interlinked through multi-functional organic bonds to create a 3-
dimensional porous network, with large empty volume and large surface area. MIL-53 (Fe) is synthesized from iron (lI1)
chloride and terephthalic acid (H2BDC) in the presence of DMF solvent at high temperature, MIL-53 (Fe) has an octahedral
structure and its surface area (BET) can be up to 4000m%/g, hole size is about 0.85 nm. Therefore, MOFs are widely used in
many fields such as catalysis, adsorption and storage of gases and medicine. In this experiment, MOFs (Fe-MOF) are used as
catalysts in the synthesis of 1,4-dioxan-2-yl benzoate from benzoic acid and 1,4-dioxane with 70% efficiency.

Keywords MOFs, 1,4-dioxan-2-yl benzoate, catalyst.
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