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TOM TAT

Nham c6 thé tong hop p-hydroxybenzaldehyde mét cdch don gidn tu p-hydroxybenzyl alcohol &
diéu kién khi quyén thuong, chung t6i da diéu ché cac hé xuc tac di thé manganese oxide bang
phan Ung oxy hda — khir don gidn trong dung dich & cac gia tri pH khac nhau (pH = 2, 4, 6 va 8)
réi tién hanh nung két tlia thu dugc trong khong khi & 500°C. Cau trdc tinh thé, thanh phan pha,
hinh thai hat va cac nhém chuc trén bé mat xuc tac 1an lugt dugc danh gid thong qua ky thuat
nhiéu xa tia X, kinh hién vi dién ti quét va phé héng ngoai bién déi Fourier. Két qua thuc nghiém
cho thdy cac mau xuc tac déu c6 kha nang chuyén héa hiéu qua p-hydroxybenzyl alcohol thanh
p-hydroxybenzaldehyde sau 6 gi& phan Uing. Bac biét, pH dung dich s dung trong qua trinh diéu
ché vat lieu dugc nhan thdy c6 anh hudng ro rét dén dac tinh va hoat tinh clia xtc tac. Khi pH tang
tr 2 dén 4, ham luong pha tinh thé a-Mn,03 tang cung vdi su hién dién uu thé clia cac hat hinh
que trong thanh phan xtc tac, déng thai lugng Mn trén bé mat cling gia tang. Nhiing yéu té nay
dugc cho la téc nhan giip nang cao d6 chuyén hoda clia xtc tac trong khi @6 chon loc khéong thay
déi qua nhiéu (70-76%). Nhung khi pH ting hon 4, lugng hat hinh que bi suy gidm cling véi lugng

pha a -Mn£3va lugng Mn trén bé mat, khién cho hoat tinh xuc tac gidm dan.
T khoa: Mn,0;, MnO,, p-hydroxybenzaldehyde, p-hydroxybenzyl alcohol, phan tiing oxy hda

GIGI THIEU

Trong sudt mot thoi gian dai, p-hydroxybenzaldehyde
(PHB) da dugc biét dén rong rai nhu la mot trong
nhiing hgp chat c6 gid tri cao trong cong nghé dugc
liéu, héa chit nong nghiép va dic biét 1a trong san
xudt vanilin!, huong liéu dugc st dung phé bién
trén thé giéi. Bén canh dé, PHB con dugc stt dung
dé diéu ché gastrodin (p-hydroxymethylphenol-f-D-
glucoside), mot loai thudc chéng viém, gidm dau,
chdng thiéu oxygen va ting cudng hé théng mién dich
cho sinh v4t?. Gan déy, thong qua thit nghiém trén
chudt, PHB ciing dugc nhan théy c6 thé dong vai tro
1a mot chét chéng oxy hoa, gidm béo va tic ché dan
truyén than kinh hiéu qua>. Mot lugng 16n din xudt
ctia PHB ciing dugc chling minh c6 thé gay tc ché
enzyme tyrosinase, tit d6 giup chiia tri hoi chiing réi
V6i hang loat ting dung nhu da ké,
san xudt PHB dang d4n tré thanh mot trong nhiing

loan sic t6 da*.

nhu cdu 16n trén thé gidi.

Dé t6ng hgp PHB, nhiéu phuong phap da dugc cong
dong khoa hoc x4y dung, nhu phuong phap thiy phan
mudi diazonium® hoic phan tng Reimer-Tiemann
vdi tién chét phenol. PHB cling c6 thé dugc diéu ché
tit p-cresol thong qua mét loat phan ing oxy héa véi

tac nhan oxy héa 12 KMnOy hay K,Cry07°. Déng
tiéc, hau hét nhiing phuong phép nay déu c6 nguy co
tao ra cac chdt thai vo co hay hiiu co ddc hai, cing nhu
doi hdi cac diéu kién, thiét bi phan tGng phtic tap va
tén kém”. Do d6, dé cé thé téng hop PHB theo cich
don gian va thin thién v6i moéi trudng hon, mot s6
nha khoa hoc da dé nghi phat trién cac hé vét liéu xdc
tac di thé dya trén oxide kim loai chuyén tiép, thi du
nhu Co304 6 va CuO?®, vén c6 kha nédng xuc tac cho
phén ting oxy héa chon loc p-cresol thanh PHB trong
khong khi. Trong nhiéu vat liéu xtc tac khac nhau,
MnO; va Mn;O3 thudng xuyén thu hit sy cha y nho
gid thanh thap, c6 d¢ tiy bién vé cdu tric, hinh thai va
dac biét c6 hoat tinh xtc tac tét cho nhiéu phan tng
khéc nhau®19. Tuy nhién, qua cac tai liéu tham khao,
van chua c6 nghién cttu nao cho dén thoi diém hién
tai ing dung cdc manganese oxygen nay vao phan ting
téng hop PHB véi tdc nhan oxy hoa la oxy ¢ san trong
khong khi. Chinh vi véy, trong nghién ctiu nay, chiing
toi téng hop xdc tac oxy héa di thé dya trén man-
ganese oxide bang phuong phap téng hgp trong dung
dich & céc gia tri pH khdc nhau nhim lam hogp chét
xuc tac cho phan ting oxy héa p-hydroxybenzyl alco-
hol thanh PHB & khi quyén thudng.

Trich dan bai bao nay: Anh LV L, Thi L T X, Khoa L T. Téng hgp xtic tac di thé manganese oxide ting
dung cho phan ting oxy héa p-hydroxybenzyl alcohol thanh p-hydroxybenzaldehyde trong khéng

khi. Sci. Tech. Dev. J. - Nat. Sci.; 5(1):942-948.
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PHUONG PHAP THUC NGHIEM

Téng hop xic tac

Quy trinh t6ng hgp xtc téc manganese oxide dugc
thuc hién dua trén qua trinh oxy héa khii don gidn
gitfa cic ion Mn?* va MnO, ™~ trong dung dich theo
cac phuong trinh duéi déy (phuong trinh 1 - 3).
4Mn?* + MnO,4~ +8H — 5Mn3T + 4H,0 (phuong
trinh 1)

2Mn3* + 3H,0 < Mn, 03 + 6H™ (phuong trinh 2)
3Mn?t + 2MnO,~ + 2H,0 — 5MnO, + 4H'
(phuong trinh 3)

Cu thé, 3,78 g MnSO4 dugc hoa tan vao nudc cit,
tao thanh 100 mL dung dich Mn2* (0,25 molL™!).
Dung dich nay dugc chinh pH dén cac gia tri 2, 4,
6, 8 bang HCI hodc NaOH. Song song vé6i d6, 11,85
g KMnOy ciing dugc hoa vao nudce cit d€ tao thanh
250 mL dung dich MnO4~ (0,3 molL™!). Sau d¢,
luong dung dich MnO4~ dugc nhd ti ti vao dung
dich Mn? duéi diéu kién khudy tit lién tuc. H3n hop
dung dich dugc tiép tuc khudy tit trong sudt mot gic
dé thu dugc két tha c6 mau den. Két taa dugc loc, sdy
3 150 °C trong 1 gid va cudi cung dugc nung & 500
°C trong 6 gid d€ thu dugc san phdm xuc tic. Céc
mau xuc téc dugce ky hiéu 1a M500pH2, M500pH4,
M500pH6 va M500pHS, l4n lugt tuong ting véi cac
gid tri pH 2,4, 6 va 8.

Phan tich vat liéu xuc tac

C4u truic tinh thé va thanh phéin pha ctia cic mau xtic
tac dugc khao sat thong qua phuong phap XRD trén
may BRUKER XRD-D8 ADVANCE véi nguén btic xa
don sic CuKy (A =1,54184 A) hoat dong 540 kV va
40 mA. Cac gian d6 XRD dugc ghi ti 10 - 70° v6i
budc nhay 0,020273°. Phan mém Fullprof 2009 dugc
sti dung d€ phén tich ham lugng cac pha tinh thé dya
theo thuat toan Rietveld.

Hinh thai bé mit va kich thudc hat ctia cdc mau xtc
tac dugc quan sat thong qua anh FE-SEM chup trén
may HITACHI S-4800. Céc anh dugc chup ¢ do
phong dai 70k - 80k véi thé gia t6c 10 kV. Cac nhém
chtic va lién két trén bé mat mau ciing dugc phan tich
thong qua ky thuét FTIR v6i may BRUKER VERTEX
70, trong d6 phd d6 dugc ghi 6 nhiét d6 phong véi s6
song dao dong tit 4000 — 400 cm ™!,

Panh gia hoat tinh xtic tac chuyén héa p-
hydroxybenzyl alcohol thanh PHB

Dé danh gia kha ning tdng hop PHB trong khong
khi ctia cdc mau xuc tdc manganese oxide, dau tién, 1
mmol p-hydroxybenzyl alcohol va 0,15 g xuc tac dugc
cho vao m¢t binh céu déy tron dung tich 25 mL, sau
do tiép tuc cho 2 mL toluene vao binh cau. Toan bo
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hén hop duge lic déu trong 5 phut, ldp vao hé dun
hoan luu va dun ¢ 120°C trong 6 gi®. Sau khi két thuc
phén ting, hé dugc d€ nguédi dén nhiét o phong. 40
mL acetone dugc cho vao binh cau, xtc tdc rin duogc
loc téch ra khoi hé chit 1ong qua phéu loc x6p c6 16p
trg loc celite. Thanh phan ctia san ph&m sau phan tGing
dugc phén tich bang phuong phap GC-FID trén thiét
bi GC-FID Agilent trang bi cot DB-5: 30 m x 320 um
% 0,25 pum. Do chuyén hoa va d6 chon loc PHB dugc
tinh todn theo céc cong thic sau day:

Do chuyén hoéa (%) = (S6 mol san phdm thu
dugc)x100%/(S6 mol san phdm theo ly thuyét)

Do chonloc (%) = (S6 mol PHB thu dugc)x100%/(S6
mol san phdm thu dugc)

San phdm mong mudn dugc tinh ché bang phuong
phép sdc ky cot v6i hé giai ly hexane va ethyl acetate
(6: 47/,) va sau d6 dugc xac dinh cdu truc bang
phé cong hudng tit hat nhan 'H-NMR va khéi phd
((C7HgO7): m/z = 122 [M]'T, 93, 65, 39). Bang 1
trinh bay di liéu phd Phd 'H-NMR, & viing tii trudng
thap khong thiy xuét hién tin hiéu proton mii don
ctia nhém OH vi nhém nay khong bi kiém ndi, chi
xudt hién tin hiéu cong hudng ctia 1 proton mii don
bi gidm chdn bdi nhém C=0 [§y 9,87 (s 1H,)], chiing
minh rdng trong cdu truc ¢ mot nhém CHO. Ngoai
ra, & vung tu trudng thép ciing cho théy c6 2 tin hiéu
mui d6i ctia 2 loai proton ghép cdp v6i nhau v6i hing
s6 ghép J 12 10,0 Hz [6y 7,81 (d, ] = 10,0 Hz, 2H,,),
6,95 (d, J = 10,0 Hz, 2H.)], tuong ting v6i 2 nhém
proton ctia vong benzene. Nhiing két qua nay tuong
thich véi phé da cong bs !l

KET QUA VA THA O LUAN

Cau truc tinh thé va thanh phan pha cta xic
tac

Gian d6 XRD ctia cdc mau xuc tac tong hgp & cac gid
tri pH khéac nhau dugc thé hién trong Hinh 1. Tit
cd cac mau déu thé hién sy hién dién cta hai pha
tinh thé, trong d6 pha uu thé trong hau hét cic mau
la pha @-MnyO3 (nhém khong gian 12_13, JCPDS
No. 31-0825) dugc dai dién bdi cac vach nhiéu xa &
23,15° (mit 112), 32,96° (mit 222), 38,20° (mit 040)
va 55,16 (mat 440). Pha thi hai dugc x4c dinh 13 -
MnO; (nhém khoéng gian I4/m, JCPDS No. 44-0141)
dac trung béi cac vach nhiéu xa ¢ 12,767 (mit 110),
18,08° (mit 200), 28,76° (mit 310) va 37,66° (mit
211). Bang 2 trinh bay bién thién thanh phén pha ctia
cdc méu xuc tac khi pH thay d6i. C6 thé nhén théy,
khi pH tang tu 2 1én 4, thanh phén pha «-Mn,O3
tang. Tuy nhién, khi pH dugc tiép tuc ting dén 6 va 8,
ham lugng pha a-Mn, O3 lai gidm di, trong khi pha
0-MnO, dén chiém phan cht dao. Pong thoi, dudng
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Bang 1: Dit liéu phé 'H-NMR ctia p-hydroxybenzaldehyde trong dung méi CDCl;

Stt Sén phdm
'H-NMR (500 MHz, § ppm)

1 o

2 9,87 (s, 1H,)
3 7,81 (d, ] = 10,0 Hz, 2H,)
4 6,95 (d, J = 10,0 Hz, 2H,)

Phé so sanh !
'H-NMR (400 MHz, § ppm)

10,60 (s, 1H,)
9,82 (, 1H,)
7,79 (d, 2H)

6,96 (d, 2H)

nén ctia mau M500pH8 go ghé va bi nang cao hon hén
cac méu con lai, cho thdy muc d¢ tinh thé hoa giam
khi miu dugc diéu ché & pH cao. Nhu vy, viéc thay
d6i pH c6 anh hudng r6 rang dén thanh phan pha ctia

cdc mau vat liéu manganese oxide.

Bang 2: Thanh phan pha tinh thé cia cac mau xuc tac

Mau % khdi lugng

o-Mny O3 o-MnO;
M500pH2 60,52 39,48
M500pH4 65,69 34,31
M500pH6 55,70 44,30
M500pH8 33,20 66,80

Hinh 2 thé hién anh FE-SEM cta cdc mau xuc tac.
Theo d6, mau M500pH2 (Hinh 2a) s& hitu mot tap
hgp nhiéu loai hat tu hgp véi hinh dang va kich thuéc
khéc nhau. Loai hat dai hinh que c6 d6 dai dao dong
ti 100-1150 nm trong khi loai hat hinh khoéi da dién
¢6 kich thuéc khodng 20-60 nm. Pang chu y, khi pH
diéu ché ting dén 4 (Hinh 2b), chiéu dai va rdng cta
dang hat hinh que ting 1én dédng ké (khoang 50 nm x
300 nm). Ngugc lai khi pH dat gid tri 6 (Hinh 2c) va
8 (Hinh 2d), lugng hat hinh que bi suy gidm manbh,
trong khi dang hat hinh khéi da dién kich thuéc nho
chiém da s8. Sy thay d6i lugng hat hinh que nay
rdt tuong dong véi su bién thién ham lugng ctia pha
tinh thé a-Mn; O3 trong cac mau, cho thdy nhiéu kha
néng cac hat hinh que 16n thu¢c vé€ pha tinh thé o-
Mn; O3 con céc hat hinh khéi nho 14 pha tinh thé a-
MnOz.

Hinh 3 so sanh ph§ FTIR cua cdc mau xdc tic
M500pH2, M500pH4 va M500pH6. Ca 3 méu déu
c6 cac vung hép thu & s song tuong déi giong nhau,
trong d6 néi bat 1a viing hdp thu & khoang 3377 cm™!
thudc vé dao dong héa tri ciia nhém OH '? va ving
hép thu tit 420 - 720 cm~! duogce cho 1a thudc vé dao
dong ctia lién két Mn-O trén bé mit'>!*. Dic biét,
ving hép thu thd hai nay bao gém 2 peak cuong do
cao dinh vi lan lugt tai 578 va 528 cm~!. Mot cach

téng quét, s6 song cua cac peak trong phd FTIR ty
1¢ thuan véi do bén lién két va ty 1é nghich véi khoi
lugng rut gon cta lién két. Chinh vi véy, peak d4u tién
dinh vi tai viing s6 séng cao hon (578 em™!) rdt 6
kha ning tuong ting véi dao dong ctia lién két Mn* -
02", con peak tai viing s8 séng nho hon (528 cm™~)
dugc du doan thudc vé lidn k&t Mn3t-0%~, vén c6 do
bén lién két kém hon lién két Mn*"-0%~. Mic dir vi
tri cdc viing va peak hép thu khong khac biét dang ké,
ching t6i nhan thdy cudng do ctia cic peak hip thu
dac trung cho lién két Mn-O ¢6 su thay ddi khi pH
diéu ché tang tit 2 dén 4. Cu thé, mdu M500pH4 thé
hién peak Mn-O c¢6 d6 hép thu 16n nhét, con khi pH
thay d6i, cudng do hép thu cta peak trén déu giam.
Diéu nay goi y rdng gitia cic mau dugc diéu ché & pH
khéc nhau, mdu M500pH4 s6 hiiu lugng lién két Mn-
O 16n nhét trén bé mat.

Hoat tinh xtc tac tdng hop PHB

Hoat tinh xtc tic ctia cdc mau manganese oxide cho
phan ting oxy héa chon loc p-hydroxybenzyl alco-
hol thanh PHB & moi trudng khi quyén thudng dugc
danh gid thong qua hai dai lugng: d6 chuyén hoa va
d6 chon loc. Cac két qua thuc nghiém dugc trinh bay
trong Bang 3. Theo d6, cic mau déu cho thdy kha nang
chuyén héa p-hydroxybenzyl alcohol thanh PHB, véi
do chon loc PHB tuong d6i xdp xi nhau (tti 70-76%).
Tuy nhién gitia cdc mau c6 sy khdc biét r6 rang vé do
chuyén héa. Mau M500pH4 thé hién d¢ chuyén héa
cao nhit, dat 86,9 % sau 6 gi¢ phan ting, trong khi
hai mau con lai chi dat 59,5% (M500pH2) va 66,3%
(M500pHS).

THAO LUAN

Cac két qua thuc nghiém trén chiing to gid tri pH
ctia dung dich Mn?* st dung trong qué trinh diéu
ché xuc tac khong chi anh hudng dén céu tric tinh
thé, thanh phan pha, hinh thai, lién két bé mit ma
con tac dong rd rang dén hoat tinh xdc téc. Du cd
d6 chon loc kém hon mot it, mau M500pH4 thé hién
d6 chuyén hoéa vuot trdi hon hén so véi cdc mau con
lai. Hoat tinh cao ctia mau nay nhiéu kha ning dén ti
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Hinh 1: Gidn d6 XRD cutia cdc mau M500pH2, M500pH4, M500pH6 va M500pH8

Bang 3: So sanh dd chuyén héa va dé chon loc PHB trong phan ting oxy héa p-hydroxybenzyl alcohol trén cac

mau xtic tac

Mau Do chuyén héa (%)
M500pH2 59,5
M500pH4 86,9
M500pH6 66,3

Do chon loc PHB (%)
76,0
70,5

73,6

ham lugng uu thé ctia pha -Mn, O3, tuong ting véi
cac hat hinh dang que c6 trong mau. That vay, theo
mot nghién ctiu gan day cia Rahaman va cac cong sy,
cac hat Mn O3 dang que c6 thé chuyén héa hiéu qua
cac dan xuit benzyl alcohol thanh cic benzaldehyde
tuong tng & di€u kién ém diu'®. Bén canh d6, ham
lugng Mn trén bé mit, dugc thé hién thong qua cudng
d¢ lién két Mn-O trong phé FTIR, cling 13 mét yéu t6
quan trong anh hudng dén hoat tinh ctia xtc tac. Mot
cach téng quat, hdu nhu tit ca cdc qud trinh phan tng
¢6 su tham gia ctia xdc tdc di thé déu dién tra trén
bé mit x1c tac, noi cac chit nén hitu co sé phan tng
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v6i cdc nhém chuic trén bé mit xuc tac d€ chuyén qua
trang thdi trung gian réi dan hinh thanh sin phdm.
Vi véy, viéc gia ting ham lugng Mn trén bé mit thong
qua viéc diéu chinh gia tri pH khi diéu ché mau rét c6
kha ning da gia ting lugng tdm hoat tinh ctia xtc téc,
va nh¢ d6 gitp nang cao do chuyén hoéa ctia phan ting

oxy hoéa p-hydroxybenzyl alcohol.
KET LUAN

Hé xuc téc di thé€ manganese oxide dugc diéu ché

thanh cong nhim xuc tac cho phan ting oxy héa chon
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Hinh 2: Anh kinh hién vi dién ti quét chia cdc mau: a) M500pH2, b) M500pH4, ¢) M500pH6 va d) M500pH8

loc p-hydroxybenzyl alcohol thanh PHB & khi quyén
thudng. Qud trinh diéu ché xuc tac dugc thuc hién
trong dung dich véi cac gia tri pH khac nhau, qua
d6 cho thdy pH c6 anh hudng manh khong chi dén
thanh phan pha, hinh dang, kich thuéc hat ma con
dén nhém chiic trén bé mat va hoat tinh xtc tac. Gitia
cac mau vat liéu, miu diéu ché & pH = 4 rdi nung §
500°C cho két qua d6 chuyén hoa t6t nhat (86,9%)
véi d6 chon loc khoang 70%. Hoat tinh cao cia mau
nay dugc gidi thich dén tit ham lugng vu thé ctia pha
0-Mn; O3, véi su hién dién cta cac hat que 16n va su
gia ting lugng Mn trén bé mit xtc tic. O cic gid tri
pH khdc, khi lugng hat hinh que, pha -Mny03 va
lugng Mn trén bé mit giam, hoat tinh xtc tac ciing
giam theo.

DANH MUC CAC CHU VIET TAT

FE-SEM: Kinh hién vi dién tit quét trudng dién tt
FTIR: Quang phd héng ngoai chuyén hoéa Fourier
GC/FID: Sic ky khi ddu do nguyén tt hoa ngon Itia
(Gas Chromatography/Flame Ionization Detector).
'"H-NMR: Phé cong huédng tii hat nhan ctia proton
(Proton Nuclear Magnetic Resonance Spectroscopy)
XRD: Nhiéu xa tia X

XUNG POT LO1iCH

Céc tac gid tuyén b rang ho khong c6 xung dot lgi
ich.

PONG GOP CUA CAC TAC GIA

Lé Viét Lam Anh thyc hanh tat ca cic thi nghiém,
phén tich miu hén hgp san phdm, c6 1ap va tinh ché
san phdm, xdc dinh cdu tric san phdm dudi sy hudng
dan, thiét ké phan ting va tai trg hoa chét cia Lé Tién
Khoa va Luu Thi Xuén Thi. Ngoai ra, cac tdc gid con
chung stic trong viéc ding bdo.
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Synthesis of heterogeneous catalysts based on manganese oxides
applied for the aerobic oxidation of p-hydroxybenzyl alcohol to
p-hydroxybenzaldehyde

Lam Anh Le Viet, Thi Xuan Thi Luu, Tien Khoa Le"

ABSTRACT

In order to synthesize p-hydroxybenzaldehyde from p-hydroxybenzyl alcohol under oxygen at-
mosphere, we prepared the new heterogeneous catalysts based on manganese oxides by in-situ
Use your smartphone to scan this growth method at different pH values. The crystal structure, phase composition, morphology, and
QR code and download this article surface groups of catalysts were characterized by powder X-ray diffraction, field emission electron
scanning microscopy and Fourier transform infrared spectroscopy. According to the experimental
results, the solution pH used for the preparation of the catalysts strongly affected their properties
and their catalytic activities. When the pH was increased from 2 to 4, the a-Mn,O3 content in-
creased with the dominant presence of the rod-like particles. The quantity of Mn on the surface
also enhanced which might improve the conversion of p-hydroxybenzyl alcohol while maintaining
the high selectivity to p-hydroxybenzaldehyde (about 70%). However, when the pH was highr than
4, the quantity of rod-like particles, «c-Mn,O3 and surface Mn species decreased which lowered the
catalytic activity.

Key words: Mn,0O;, MnO,, p-hydroxybenzaldehyde, p-hydroxybenzyl alcohol, in-situ growth
method
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