TAP CHI KHOA HOC VA CONG NGHE, Truong Pai hoc Khoa hoc, DH Hué Tap 19, S8 2 (2021)

NGHIEN CUU TONG HOP HAT NANO a-Fe-0s VA HOAT TiNH XUC TAC
CHO PHAN UNG BENZYL HOA BENZENE

Lé Thuy Trang!, Lé Trung Hiéu!, Trin Thanh Minh?,
Nguyén Quang Man?, Nguyén Vinh Ph?, Lé Lam Son'*

ITreong Pai hoc Khoa hoc, Pai hoc Hué

2Truong Dai hoc Y Dugc, Dai hoc Hué

*Email: lelamson1804@gmail.com

Ngay nhdn bai: 26/5/2021; ngay hoan thanh phan bign: 01/6/2021; ngay duyét ding: 02/11/2021
TOM TAT

St dung polymer sinh hoc 1am chét nén dinh hudng cdu tric d€ ché tao cac oxide
kim loai c6 kich thuedc nano da va dang thu hut dwoc sie quan tdm rdng rai. Trong
bai bao nay, qua trinh tong hop nano a-Fe20s dang hat stt dung glucomannan (GM)
lam chat nén dinh hudéng cdu trac da duoc lam sang to. Hoat tinh xtc tac cua a-
Fe:0s cho phan ting benzyl hoa benzene da dwoc nghién ctru. Vat liéu dugc ddc
trung bang cac ky thuat nhu kinh hién vi dién t quét (SEM), kinh hién vi dién twr
truyén qua (TEM), nhiéu xa tia X (XRD) va phé tan xa nang lugng tia X (EDX). Cach
ti€p can nay sé cung cap mot giai phap hiéu qua dé ché tao vat liéu nano oxide kim

loai.

Tt khoa: a-Fe20s, benzyl hoa benzene, glucomannan.

1. MO PAU

Nho ¢6 cac dac diém nhu mat do tdm hoat tinh cao, phan tt chat phan tng dé
dang khuéch tan vao bén trong vat liéu... cac vat liéu nano oxide kim loai c6 do x0p cao
da duoc nghién cttu ting dung trong nhiéu linh vic nhw xtc tac [1], cam bién khi [2] va
vat liéu dién cuc [3]. St dung polymer ty nhién lam chat nén dinh hudéng cau trac dé
tong hop cac vat liéu c6 do x0p cao ngay cang duwoc chu y. La ngudn nguyén liéu phong
pht, cdu trac doc dédo, chi phi thdp va than thién véi moéi truong, cac biopolymer nhu
peptide [4], dextran [5], cellulose [6], chitin [7] va chitosan [9] ... d& duoc st dung dé
tong hop nhiéu vat liéu nano oxide kim loai va vat liéu composite c6 dd x0p cao.

Glucomannan (GM) la polysaccharide tw nhién duoc chiét xuat tir ¢t caa loai
Amorphophallus konjac, phan 16n c6 c&u tao mach thang duoc tao nén tir cac don vi cau
tric 1a D-glucose va D-mannose, lién két v6i nhau boi lién két p-1,4-glycoside [9]. Viéc
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stt dung GM lam chat nén dinh huéng cau truc d€ tong hop cac cau triic nano oxide kim
loai ¢6 d6 x8p cao it dwgc bao cao trong tai liéu trude day.

Oxide sat 1a mot trong nhitng chat ban dan oxide kim loai rat duwoc quan tam do
c6 nhiéu ting dung [10, 11]. Bang cac phuwong phéap khac nhau, nhigu cau triic nano oxide
sat da duoc tong hop thanh cong [12, 13]. Tuy nhién, viéc stt dung GM lam chat nén dinh
hudng cau triuc d€ tong hop cac cau tric nano oxide kim loai nay rét it duwgc cong bo.

Gan day, chting tdi da tong hop thanh cdng cau trtic nano NiO x8p bang cach st
dung GM lam chét nén dinh hudng ciu trac va vat liéu nay cho thay kha nang phat hién
tot d6i voi khi H2S 6 ndng do thap [14]. Tt phuwong phap nay, chung t6i da nghién ctu
mo rong d€ diéu ché cac oxide kim loai khac nhw nano CosOs, a-Fe20s x0p dang tam
(2D), trong d6 a-Fe:05 x8p dang tam c6 kha nang xuc tac t6t cho phan ting benzyl hda
benzene v6i d6 chuyén hda 100% trong thoi gian 1 phat va dd chon loc véi san pham
diphenylmethane gan 95% [15]. Anh hudng ctia nong d6 mudi Fe(NOs)s dén hinh thai
va cau trac pha cua Fex0s thu duoc ciing da duoc 1lam rd trong mot cong bo khac ctua
nhém ching t6i [16].

Ciing trong chudi cac nghién ctru nay, st dung glucomannan 1am chét nén dinh
hudng cdu trac nhung véi mét cach tiép can khac véi cac cong bo truede day, vat liéu a-
Fe20s dang hat da dugc chung t6i tong hop va thir hoat tinh xtic tac cho phan ting benzyl
héa benzene. Phuong phép tong hop va cac két qua dwoc trinh bay trong bai bao nay.

2. PHUONG PHAP NGHIEN CUU
2.1. Héa chat

Konjac glucomannan (GM, Shimizu Chemical Co., Japan), Iron (III) nitrate
nonahydrate (Fe(NOs)3.9H20, Sigma-Aldrich), Ethanol (C2HsOH 96°, Viét Nam), Benzyl
chloride (CeHs-CH2-Cl, Sigma-Aldrich), Benzene (CsHs, Sigma-Aldrich).

2.2. Cac phuwong phap dac trung vat liéu

Phuong phap pho tan xa nang luong tia X (EDX) dung d€ phan tich nguyén to
trén bé mat ctia vat liéu. CAu truc tinh thé, hinh thai va kich thudc ctia vat liéu dwoc dic
trung bang phuwong phap nhiéu xa tia X (XRD), kinh hién vi dién ti quét (SEM), kinh
hién vi dién t& truyén qua (TEM).

2.3. Phwong phap tong hgp vat liéu

+ Cho 1,0 g GM vao coc chita 50 mL dung dich Fe(NOs)s c¢6 nong d6 1,0 M da
thém truede 1 mL HCl dam dac, khuay 30 phat dé tao gel, sau d6 d€ yén trong 24 gio.

+ Thém ttr tir 50 mL ethanol 96° vao c6c dung gel trén, khudy 5 phut dé két tua
cac soi GM da hdp phu ion Fe¥. Loc thu dwgc glucomannan da hap phu ion Fe*, ky hiéu
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Fe-GM. Sdy mau ¢ 50°C trong 15 gid, sau d6 nung mau trong khong khi tir nhiét d6
phong dén 600°C (tdc d6 2°C/phut), gitt trong 6 gio, thu duwoc nano a-Fex0s.

2.4. Phwong phap nghién cttu hoat tinh xtc tac cta vat liéu a-Fe:0s cho phan tng
benzyl h6a benzene

2.4.1. Phuong phap tién hanh phan ting benzyl hda benzene

Cho 34 mL benzene va nano a-Fe20s lan lwgt c6 khoi lwong 0, 10, 30, 40 mg vao
binh cau 3 ¢ dung tich 100 mL, 1ap nhiét k&, sinh han hdi lwu, dun cach thiy trén may
khuay tir c6 gia nhiét. Tién hanh khudy véi toc d6 500 vong/phut dong thoi gia nhiét cho
dén khi hdn hop phan tng sdi (80°C), giit trong 5 phut. Cho nhanh 1 mL benzyl chloride
(twong tng véi ty 16 s8 mol benzyl chloride/benzene = 1/40) vao hdn hop phéan tmg va
bat dau tinh thoi gian phan tng, tién hanh phan tng trong 1 phut thi dimng lai.

Hon hop sau phan tng dwoc loc, loai xtic tac, phan tich trén thiét bi sic ky khi
ghép khéi phd (GC-MS). Dinh tinh HCl tao thanh, bay ra khéi hé phan tng bang gidy
chi thi pH débiét thoi diém phan ting da xay ra.

2.4.2. Phuong phap phan tich sic ky khi ghép ndi kh&i phd (GC-MS)

- Thanh phéan hdn hop san pham phan ting dwoc phan tich bang thiét bi sac ki
khi ghép khdi phd (GC-MS).

- Hon hop sau phan ting duwoc loc bo xtc tac va bao quan lanh (< 0°C) dén khi
phan tich trén thiét bi GC-MS S/N C703843000xx cua Shimadzu (GC-2010, QP2010S
MASS) véi chuong trinh nhiét d6: Nhiét dd dau la 50°C, gitt trong 1 phut, sau d6 tang
1én 280°C véi tdc do gia nhiét 10°C/phut, gitt trong 10 phut.

Dinh tinh sin phdm: Dya trén viéc d6i chiéu thu vién phd khoi MS ctia thiét bi GC-
MS.

Dinh luong:
+ Do chuyén hoa ctia chat dau duoc xac dinh theo cong thirc sau:
Do chuyén hoéa (%) = (So - St)/So
Trong d6: So: dién tich peak ctia benzyl chloride tai thoi diém ban dau;

Si: dién tich peak ctia benzyl chloride con lai trong hon hop phan tng tai thoi
diém khao sat.

+ Do chon loc ctia san pham i dugc tinh gan dung theo cong thikc sau:
S, (%) = A .100
2A
Trong dé: Si(%) 1a do chon loc cua san pham i; Aila dién tich peak ctia san pham i.
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3. KET QUA VA THAO LUAN

3.1. Nghién ctru mdt sd dic trung vat liéu

Hinh thai, cdu tric pha va thanh phan cua vat liéu dugc nghién ctu thong qua
phan tich mot s6 dac trung nhw SEM, TEM, XRD va EDX.

Anh SEM cho thdy glucomannan cé cu tric mang ludi, x3p tir cac soi két ndi
véi nhau (Hinh 1a). Cac soi GM da hap phu Fe* két ndi dan xen nhau tao thanh dang
khéi ddc khit (Hinh 1b). MAu tién chat Fe-GM duoc nung trong khong khi 6 nhiét d¢ cao
tao thanh vat liéu Fe20s dang hat vdi kich thudce trong khoang 50 - 100 nm, ¢6 cdu truc
x6p voi nhiéu 16 tréng xen gitra cac hat va cum hat (Hinh 1c).

Hinh 1. Anh SEM cac mau: GM (a); Fe-GM (b); Fe20s (c).

Tién hanh nghién ctru c&u tric pha ctia vat liéu nano oxide sét tong hop duoc va
so sanh v6i mau tién chat Fe-GM bang phuong phap nhiéu xa tia X. Két qua duoc trinh
bay 6 Hinh 2.
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Hinh 2. Gian d6 nhiéu xa tia X ctia mau tién chat Fe-GM va vat liéu Fe20s.
Gian d6 nhiéu xa tia X (Hinh 2) cho thay tién chat Fe-GM c6 dang vo6 dinh hinh,
trong khi mau vat liéu tong hop duoc c6 dang tinh thé, ¢4 sy xuat hién ctia cac peak déc
trung cua a-Fe20s theo JCPDS no. 33-0664. Vat liéu tong hop duoc cho cac peak nhiéu xa

¢ cuong do manh, nhon, sdc nét chiing to a-Fe20s tao thanh c6 do tinh thé cao.
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Két qua anh TEM (Hinh 3) két hop anh SEM (Hinh 1c) cho thay vat liéu a-Fe20s
tong hop dwgc co6 dang hat nano vdi kich thude khoang 50 - 100 nm. Sau khi nung, sy
phéan huy nhiét cia GM da tao nén nhiing mao quan c6 kich thudc tir vai nm dén vai
chuc nm.

Hinh 3. Anh TEM nano a-FexOs tdng hop duoc.

Trén pho EDX cua tién chat Fe-GM (Hinh 4a) xuat hién peak ctia cac nguyén to
C, Fe, O. Trén pho EDX cua vat liéu Fe2Os (Hinh 4b) chi ¢ peak cua nguyén t6 Fe va O,
chuiing to sau khi nung & nhiét d6 cao, carbon da bi loai boé gan nhu hoan toan va san
pham thu dugc chu yéu la Fex0s.

Nguyéntd  Phén trim Nguyént6  Phin trim
khoi lwgng & khoi lwgng
(%) (%)

28,85 43.30
6111 56,70

Hinh 4. Pho EDX cua Fe-GM (a) va Fe20s (b) tong hop duoc.

So sanh vi mot s6 cong bd cua cac tac gia trude day, hinh thai cta vat liéu a -
Fex0s tong hop duoc trong nghién ctru nay c6 nhiing khac biét. Nhom tac gia Nguyen
Duc Cuong va cong su da sit dung phuwong phap thty nhiét tong hop duoc a-Fe20sdang
hinh cau véi kich thudc khoang ttr 50 - 100 nm [17]. Nhom tac gia Chulwoo Park va cong
s da st dung acid Pluronic P123 lam chat nén dinh huéng cau trtc tong hop duoc a-
Fe20s ¢6 hinh thai nhu con sau (worm-like) [18]. Cung st dung glucomannan lam chat
nén dinh hudéng ciu tric nhung néu ching toi st dung glucomannan dang soi hap phu
ion Fe*, sau qua trinh x& ly va nung thu duoc nano a-Fe20s c6 dang tdm, x0p véi do day
khoang 100 nm, két cdu tir cac hat nano c6 kich thwdc khoang 30 - 80 nm [16,15]. Nghién
cttu nay st dung glucomannan ¢ dang gel hdp phu ion Fe*, sau qua trinh xtt ly va nung
thu dwoc nano a-Fe20s c6 dang hat vdi kich thudc khoang 50 - 100 nm.
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3.2. Nghién ctru hoat tinh xtic tac cho phan &trng benzyl héa benzene ctia nano a-Fez0s
tong hop dwogc

San pham nano a-Fe20s duoc str dung lam chat xuc tac cho phan ting benzyl hda
benzene bang tdc nhan benzyl chloride.

Tién hanh khao sat so by dua trén nghién cttu ctia tac gia Nguyen Puc Cuong va
cOng su [17] va cong bo truede day cua chung toi [15], sau d6 chon cac diéu kién nghién
ctu voi mot s6 thay d6i. Ban dau phan tng duoc tién hanh lan lwgt ¢ nhiét d6 60, 70°C
va dinh tinh san pham HCI tao thanh bang giay chi thi pH. Két qua dinh tinh cho thay
phan tng khong xay ra. Vi vay ching t6i chi nghién ctru thirc hién phan tng tai nhiét
do soi cua benzene (80°C).

D€ nghién ctru kha nang xuc tac cta vat liéu nano a-Fe20s tong hop duoc cing
nhu anh hwong ctia khoi lwgng chat xace tac dén do chuyén hoa benzyl chloride (BC) va
dd chon loc san pham diphenylmethane (DPM), tién hanh phan ting benzyl héa benzene
[an lwgt st dung chat xtc tac voi khoi lwgng tang dan tir 0, 10, 30, 40 mg. Trong qua trinh
thuc nghiém, thoi diém phan ting xay ra duoc xac dinh béng cach dinh tinh khi HCI tao
thanh. Khi HCl sinh ra lam gidy chi thi pH chuyén sang mau dé. Thuc nghiém cho thay,
0 thoi diém khoang 30 dén 40 gidy phan tng da xay ra manh liét, tiép tuc duy tri phan
tng dén 1 phat thi ding lai d€ phan tich hon hop san pham. Cac budc tién hanh thi
nghiém dwgc mo ta 6 Muc 2.4.1. Két qua duoc thé hién trong Bang 1.

Bing 1. Anh huong ctia khéi lwong xuc tic dén lugng du benzyl chloride va d6 chon loc san

pham diphenylmethane
Khoi a-Fe:0s dang hat a-Fe20s dang tam, x6p [15]
Iwong
ic ta Do ch Do ch
xuctac  poge 0" ganphdm BCdw - o' Sanphdm
(mg) loc DPM , loc DPM ,
(%) : Khéc (%) (%) : Khéc (%)
(%) (%)
0 100 0 0 100 0 0
10 10,90 68,25 20,85 10,78 67,50 21,72
30 0 83,34 16,66 0 94,90 5,10
40 0 80,03 19,97 0 91,04 8,96

*Diéu kién phan irng: 80°C, thoi gian 1 phiit, ty 1€ s6'mol benzyl chloride/benzene = 1/40.

Két qua thu dwgc trong Bang 1 cho thdy phan tng benzyl héa benzene khong
xay ra khi thuc hién trong diéu kién khong cé xtc tac. Diéu d6 ching to vai tro quan
trong ctia xtc tac nano a-Fe20s trong phan ting nay. Két qua cling cho thdy khoi luong
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xuc tac anh huwong ro rét dén do chuyén héa BC va do chon loc san pham DPM. Véi
luwong xuc tac 10 mg, d¢ chuyén hoa BC kha cao, ty 1& phan tram dién tich peak benzyl
chloride du trong hén hop sau phan tng 1a 10,90%, dd chon loc san phdm DPM con
thap, chi dat 68,25%, san phdm phu xudt hién nhiéu véi 20,85% dién tich peak trong hon
hop san phdm sau phan ting. Phan ting xay ra hoan toan véi dd chuyén hda 100% khi tang
khdi lugng xdc tac 1én 30 va 40 mg, trén gian d6 GC-MS ctia hdn hgp san pham khong con
xudt hién peak ctia benzyl chloride. P9 chon loc san phdm DPM dat mtic cao nhat 1a 83,34%
khi st dung lwong xuc tac 30 mg va giam khong dang ké vé miec 80,03% khi lwgng xtc tac
bang 40 mg, trong ting véi 16,66 va 19,97% tong dién tich peak cac san phd&m phu gom céac
dong phan o-, m- va p-benzyldiphenylmethane.

So sanh kha nang xuc tac cia nano a-Fe20s dang hat dwgc tong hop trong nghién
ctru nay v6i nano a-Fex0s dang tam, x0p trong cong bd truede day cta chuing tdi cho phan
tng benzyl hoa benzene vdi cung tac nhan va diéu kién phan tng [15], két qua duoc
trinh bay ¢ Bang 1. Khi st dung 10 mg xtc tac, kha nang xtc tac cta hai dang vat liéu la
twong dwong, thé hién qua dd chuyén hdéa BC va dd chon loc DPM khéc nhau khong
nhiéu. Khi tdng khoi lwong xac tac 1én 30 va 40 mg, cdc phan ting déu cé do chuyén hoda
100%, tuy nhién vat liéu nano a-Fe2Os dang tam, x8p thé hién hoat tinh xtc tac tot hon véi
d6 chon loc DPM cao hon.

Két qua dang chu y trong nghién cttu nay cling nhu trong coéng bd trudc day cua
nhém ching t6i [15] 1a bang phuong phap don gian, da tong hop dugc nano a-Fe:0s
dang hat hodc dang tam, x0p c6 kha néng xtc tac cho phan ting benzyl hda benzene tot
v6i do chuyén hda benzyl chloride nhanh nhat (1 phut) so véi nhiéu xtc tac khac nhu
zeolite bién tinh b?mg Fe [19], kim loai chuyén tiép bién tinh trén vat liéu mao quan trung
binh MCM-41 [20], zeolite [21], Al-SBA-15 [22], FeOx/HZSM-5 [23], bién tinh Fe trén vat
liéu mao quan trung binh mordenite [24], Fe2Os va NiO chttc nang hda trén vat liéu mao
quan trung binh ZrO: [25], hat nano Fe20s [26] ... Kha nang xtc tac tot cua nano a-Fe20s
cho phan tng benzyl hda benzene duoc cho la do s6 lwgng tam xuc tac 16n voi vat liéu
hoan toan la pha Fe20s. Hon nita, ciu triic x0p va hé thong mao quan 16n cho phép céc
chat phan ting nhanh chéng tiép xtic cac tAm xtc tac, san phdm sau phan tng ciing dé
dang khuéch tan vao dung moi, giam thiéu dwgc phan ting thit cap tao ra cac san pham
phu [15].

4. KET LUAN

ba tong hop thanh cdng nano a-Fe:0s dang hat st dung glucomannan lam chat
nén dinh hudng cau trac. Glucomannan ¢ dang gel hap phu ion Fe¥, sau d6 két tua tién
chat Fe-GM baéng ethanol 96°, sau qué trinh xtt ly va nung thu dugc nano a-Fe:0s ¢
dang hat véi kich thudc khodng 50 - 100 nm. Vat liéu nano a-FexOs c6 kha nang xtc tac
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t6t cho phan tng benzyl hoa benzene bang tac nhan benzyl chloride, thé hién qua d6
chuyén héa dat 100% sau 1 phat véi do chon loc diphenylmethane dat 83,34%.
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ABSTRACT

Biopolymer matrices as a structural template have attracted extensive interest for
fabrication of nano-sized metal oxides. In this report, the synthesis of a-Fe20s
nanoparticles using glucomannan (GM) as a biotemplate is reported. The catalytic
activity of as-synthesized a-Fe:0s nanomaterials for benzylation of benzene was
studied. The material is characterized by different techniques, including scanning
electron microscopy (SEM), transmission electron microscopy (TEM), X-ray
diffraction (XRD), and energy-dispersive X-ray spectroscopy (EDX). The synthetic
strategy would propose an effective approach to fabricate nano-sized metal oxide

materials.

Keywords: a-Fe:0s, benzylation of benzene, glucomannan.
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