Tap chi Phdt trién Khoa hoc va Céng nghé - Khoa hoc Tu nhién, 5(3):1500-1509

Open Access Full Text Article

Bai nghién ciiu
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TOM TAT

Trong hai thap nién gan day, chat Iéng ion dugc biét dén nhu la vat liéu xanh dugc (ng dung
trong nhiéu linh vuc nhu xuc tac, dién hoa, chuyén héa sinh khéi. Trong nghién ctu nay, hai chat
ldng ion gébm 1-methylimidazolium hydrogen sulfate ([IMim]HSO4) va 1-(4-sulfonic acid)butyl-3-
methylimidazolium hydrogen sulfate (IMimC4SO3HIHSOy4) da dugc diéu ché thanh cong va xac
dinh céu tric héa hoc bang céc phuong phap phd nghiém nhu IR, HRMS. Tiép theo, hoat tinh xtc
tac clia chuiing dugc khdo sat va so sanh véi cac hgp chat xuc tc v co thédng qua phan ting chuyén
hoa fructose thanh 5-hydroxymethylfurfural (HMF) trong diéu kién khudy & nhiét d6 phong. Phan
Ung duac thuc hién trong nhiéu khodng thai gian khac nhau dé xem xét hiéu quéa tao thanh HMF.
Cac acid Bransted truyén théng (HCl, H3POy4, HySOy4, HNO3) cling dugc khao sat trong cac diéu
kién tuong tu d€ so sanh hoat tinh xtc tac trong phan Ung chuyén hoa fructose thanh HMF. Cac
két qua nghién ctiu cho thay [MimC4SO3HIHSO4 la xtc tac hiéu qua cho phan ¢ng nay va xdc tac
[Mim]HSO4thé hién hoat tinh rat thdp, diéu nay ching té tam acid Brensted clia xUc tac la do nhém
SO3H trén cation quyét dinh. [MimC4SO3H]HSOy4 lam xUc tac trong phan (ing tao thanh HMF cho
hiéu sudt cao nhat, 86%, sau 24 gid; ngoai ra cé thé tai st dung xuc tac nay it nhat 5 1an véi hoat
tinh thay déi khong dang ké. Dua theo cac cong trinh nghién cuu trude day va két qua thu duac,
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co ché phan Uing tao thanh HMF tl fructose cling dugc dé nghi trong nghién ctiu nay.
Tuw khoa: 5-hydroxymethylfurfural, xtic téc acid Brgnsted, fructose, chat léng ion

GIGI THIEU

5-Hydroxymethylfurfural (HMF), mot hop chét hiiu
co vong furan quan trong, chita cdc nhém dinh chic
nhu carbonyl (aldehyde) va hydroxyl (alcohol) & vi tri
2 va 5, d€ san xudt nhién liéu tai tao 2. HMF cha
yéu dugc san xuit thong qua cac phan tGing khi nuéc
cua duong (nhu glucose, fructose va sucrose) véi cac
chit xdc tac dong thé (thi du: sulfuric acid, chlohy-
dric acid, aluminium chloride, chromium chloride)
hodc céc chit xuc tac di thé (thi du: zirconium ox-
ide, zeolite, khung kim loai hiiu co) trong hé thdng
hai pha38
thudng dugc stt dung va 1a cht xdc tac hiéu qua cho

. Xuc tac dong thé Brensted hodc Lewis

qua trinh nay®. Tuy nhién, cac xtic tdc nay c6 mot s&
nhugc diém nhu phai stt dung mot lugng 16n chét xtc
tac, khong thé thu hoi va tai stt dung dugc, nguy hiém
khi thao tac (sulfuric acid gay bong da, hoi chlohy-
dric acid gay suy ho hép va tiéu hoa vé 1au dai c6 thé
anh hudng dén thi giac) va dn mon thiét bi rat nhanh.
Chét xdc tac acid di thé mang lai nhiing uu diém néi
bat nhu c6 thé thu hoéi va tdi ché dé dang, hia hen 1a
sy thay thé hiéu qué cho céc chit xtc tic acid vé co !0,
tuy nhién, chit xuc tc loai nay cho hiéu suit phan
ung thdp do su canh tranh ctia cdc phan tGng phy, tao
ra san ph&m phu khéng mong muén '!. Chit 1éng ion

(IL) da dugc nghién ctu rong rai cho phan ting khtt
nudc nay. IL c6 kha nang phan hty sinh hoc, khong
bay hoi, doc tinh rat thdp va c6 hiéu qua cao do c6 kha
nang gin két cac nhém chic da dang lén cation hodc
anion. Do d6, nhiéu cong trinh nghién ctiu st dung
IL lam chat xuc tdc cling nhu lam dung moi trong
phan ting khii nuéc fructose d€ tao thanh HMF 213,
Chat 1ong ion chiia imidazolium v6i Cl~ ¢6 kha nang
hoa tan dudng cao nén 1-ethyl-3-methylimidazolium
chloride ([EMIM]CI) dugc stt dung lam dung moi.
Protic acid cé thé xuc tac sy khit nudc cta fructose
thanh HME do d6, su két hgp cta ClI~ (d€ hoa tan
duong) va cation proton ctia Brensted acid (d€ xuc
tac sy mdt nudc cua fructose) dugc lua chon. Nghién
ctiu nay tién hanh khdo sit hiéu suat diéu ché HMF
ti fructose trong [EMIM]CI v6i sy hién dién ctia xtic
tac Bronsted acid (acid v6 co va chétlong chia imida-
zolium cation). [MimCy4SO3H]JHSO4 da dugc chiing
minh la chit xuc tic hiéu qua dé khi fructose thanh
HMF trong [EMIM]CL

VAT LIEU VA PHUONG PHAP

Héa chat

1,4-Butanesultone (Sigma Aldrich, 99,5%), diethyl
ether (DE) (Fisher, 99,5+%), 1-methylimidazole

Trich dan bai bao nay: Ha P B, Phuong T H. Piéu ché 5-hydroxymethylfurfural ti fructose sit dung
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(Sigma Aldrich, 99%), acid sulfuric (Merck, 95—97
%), phosphoric acid (Merck, 85 %), nitric acid
(Merck, 65 %), chlorhydric acid (Merck, 37 %),
[EMIM]CI (Sigma-Aldrich, >95%), fructose (Sigma
Aldrich, 99,0 %), ethyl acetate (EA) (Merck, > 99,5%),
HMEF (Sigma Aldrich, 99 %), methanol (Merck, >
99,9%).

Thiét bi

Phéan tng dugc thuc hién trén mdy khudy ti diéu
nhiét IKA-RET. X4c dinh cdu truc héa hoc bing phé
cong hudng tit hat nhan véi may Bruker Avance IT 500
MHz. Quang phd hong ngoai IR dugc ghi bang may
Shimadzu IRPrestige-21 (KBr). Di liéu HRMS (ESI)
dugc thu thép bing Sciex X500R QTOE DPinh lugng
HMEF trong qua trinh khdo sat diéu kién phan ting
dugc thuc hién trén mdy sic ky long hiéu ning cao
Agilent Technologies 1260 Infinity ddu do PDA (budc
séng 285 nm), cOt sic ky InertSustain C18 (5 um; 4,6
x 150 mm), toc d6 dong: 0,7 mL/phut, pha dong gém
H,SO4 2,5 mM (B) va methanol (A), chuong trinh
pha dong nhu sau: 0-2,5 phit, 100% B; 2,5-2,51 phut,
85% B; 2,51-17 phit, 85% B; 17-17,01 phtit, 100 % B;
17,01-25 phtt, 100 % B.

Nghién ctiu chua du diéu kién d€ khéo sat sin phdm
phu sinh ra trong qua trinh phan tng nén hiéu suit
dé cap la hiéu sudt HMF hinh thanh, dugc tinh theo
cong thiic sau

H% = (s6 mol HMF)/(s6 mol fructose ban dau)x100%

Qui trinh diéu ché xiic tdc '

Xuc tdc 1-(4-sulfonic acid) butyl-3-
methylimidazolium  hydrogen  sulfate
(IMimC,SOsH]HSO,)

[MimC4SO3H]HSO4 dugc diéu ché theo so do
dugc mod ta trong Hinh 1.
mL, 1,4-butanesultone (820 mg, 10 mmol) va 1-
methylimidazole (1360 mg, 10 mmol) dugc khudy

Trong binh ciu 50

tron cung nhau ¢ nhiét d6 80 °C trong 12 gi¢. Hon
hop san phdm mau trang dugc ria bing diethyl ether
(20 x 3 mL). Sau d6, thém mot lugng vita da sulfuric
acid (980 mg, 10 mmol) tiép tuc khudy trong 6 gis &
nhiét do 60 °C. Chit ran dugc hoa tan hoan toan tao
thanh san phdm tho, tiép tuc rtia bing diethyl ether
(20 x 3 mL) dé thu [MimC4SO3H]HSOy4 tinh sach.

Xuc tdc 1-methylimidazolium hydrogen sul-
fate ([Mim]HSO,)

[Mim]HSO4 dugc diéu ché theo so d6 dugc mod
ta trong Hinh 2.
methylimidazole (1360 mg, 10 mmol) dugc khudy
tron cling sulfuric acid (980 mg, 10 mmol) gia nhiét

Trong binh cdu 50 mL, 1-

1501

& 80 °C trong 6 gid. Chit rdn dugc hoa tan hoan
toan tao thanh san phdm tho, tiép tuc riia bang diethyl
ether (20 x 3 mL). Két qué tao thanh [Mim]HSOy4.

Qui trinh diéu ché HMF

Duia theo tai liéu cong bé trude day !>, HMF dugc
diéu ché theo so d6 dugc mod ta trong Hinh 3.
[EMIM]CI dugc chon lam dung moéi cho phan tng.
Khao sat s6 lugng hgp chét xtc tac IL diéu ché dugc
& nhiét do phong cho théy véi 20 mol% phan ting tao
thanh 1a HMF nhiéu nhat. V6i két qua thu dugc, tiép
tuc khao sat hoat tinh ctia cdc xtc tac § diéu kién nhu
sau: 6 mmol [EMIM]CI, 1 mmol fructose va 20 mol%
hgp chat xuc tdc dugc cho vao binh cdu day tron 10
mL. Khudy hén hop phan ting trong mot khoang thoi
gian & nhiét d¢ phong (Hinh 4), trong d6 thoi gian
dugc thay d6i dé t6i uu héa diéu kién phan tng. Qué
trinh ctia phan ting dugc theo doi bang sic ky long
hiéu ning cao (HPLC). Viéc tinh ché san phdm tit hén
hgp phan tng dugc thyc hién bing phuong phép chiét
long-1ong dé thu dugc sén phdm tinh sach. San phim
HMF dugc nhan danh cdu tric héa hoc bsi HRMS
(ESI) va '"H-NMR. Co ché phan tng dugc dé nghi
trong Hinh 5.

'H-NMR (500 MHz, CDCl3): 6 9,58 (1H, s); 7,21
(1H, d,J = 3,2 Hz); 6,51 (1H, d, ] = 3,2 Hz); 4,71 (2H,
s).

HRMS (ESI) m/z 127,0379 [CcHgO3+H] ™ (tinh todn
ly thuyét cho CeHgO3+H 12 127,0395).

KET QUA VA THAO LUAN

Xac dinh cau truc héa hoc ctia hgp chat xic
tac

Xtc tdc [Mim]HSO,4

Khéi phd HRMS (ESI, positive) cho mii & m/z
83,0601 [Mim]™, tinh todn ly thuyét [Mim]" la
83,0609 (Hinh 6).

PhS IR (KBr, 4000-500 cm™') ctia [Mim]HSO4
(Hinh 7) cho tin hiéu & 3404 cm ! 1a dic trung cua
lién k& O-H. Tin hiéu tai 3146 cm~! dao dong dac
trung cta lién két N-H. 3078 cm™! 1a dao déng ctia
néi H-Cypp. SO séng 2876 em~!, 1647 cm™! 14 dao
dong ctia lién két C,p3-H, C=C. S5 soéng 1585 cm ™!
la dao dong bién dang ctia C;>-H. Tin hiéu tai 1186
cm™! chiing to c6 n6i O=S=0 (Hinh 7).

Xuc tdc [MimC,SO;HJHSO,

Ph6 HRMS (ESI, positive) Cho mii & m/z 219,0806
[MimC4SO3H] ", tinh toan [MimC4SOzH]" la
219,0803 (Hinh 8).

Ph§ IR (KBr,  4000-500 cm™!) cua
[MimC4SO3H]JHSO4 (Hinh 9) cho thdy mii &
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Hinh 3: So d6 diéu ché HMF tu fructose

3385 cm~! 1a dic trung ctia dao dong ctia lién két
O-H. Tin hiéu & 3115 cm™! 1a cta dao dong ndi
H-Cypz.  Tin hiéu déc trung cua Cyp3-H & 2962
em~!'. Mii & 2361 cm~! thé hién dao dong bién
dang cta lién két N-C. 1636 cm~! 1a dao dong cta
lién két C=C, 1458 cm~! 1 dao déng bién dang ctia
Csp2-H. Tin hiéu tai 1186 cm™! chiing t6 ¢ nhom
chtic O=S=0 (Hinh 9).

S6 liéu IR thu dugc ctia hai IL déu phu hgp
v6i nghién ctu cta Ullah va cong sy (2015) [14].

[Mim]HSO4: 3434,68; 2941,18; 2705,89; 2541,65;
1648,61; 1461,44; 1188,72; 1042,81; 850,30; 593,61
(em™1).  [MimC4SO3H]HSOy4: 3451,08; 2945,73;
2716,49; 2541,31; 1640,91; 1452,04; 1192,52; 1048,34;
854,42 (cm™1).

Hoat tinh ctia xtic tac dugc nghién ctu trén phan tGng

téng hgp HMF tit fructose.
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Hinh 10: Sac ky d6 HPLC cia HMF

Khao sat diéu kién phan ting

Két qué khao sit thoi gian phan tng téng hgp HMF
dugc trinh bay & Hinh 4. Hiéu sudt phan tng dugc
khao sat theo cac méc thoigian 2, 4, 6, 8, 22, 24, 26, 28,
30, 32 gi¢ thi nhan thidy H3PO4 va [Mim]HSO4 cho
két qua kém hon so véi cac hgp chit xtc tac con lai
(theo déi phan ting bang HPLC, Hinh 10). Trong s&
cac chét long ion khao sat, [Mim]HSO4 1 loai Bren-
sted acid dang mu6i amonium nén cho hiéu suét phan
ung thdp nhit. Trong s6 cdc acid vo co khao sdt,
H3POy 12 acid phan ly ra ion HT it nhét (pKa ctia
H3PO4 =2,12; HCIl = -8; H2504 =-3va HNO3 =-
1,3)'7 nén cho hiéu sudt thip. Cac hop chit xtc tic
H,SO4, HCI, HNO3 cho hiéu suit cao khoang 78%
sau 6 gi®. Sau 24 gid, [MimC4sSO3H]JHSO4 cho hiéu
sudt cao nhat 1a 86%. St dung [MimC4SO3H]HSO4
mac du thoi gian dai hon nhung hiéu suét cao hon.
Ngoai ra, [MimC4SO3H]HSO, than thién véi moi
trudng hon céc hop chit xuc tic vo co. Chit long
ion [MimC4SO3;H]HSO4 cho hiéu suit cao hon
hin [Mim]HSOy, c6 thé giai thich do tdim xtc tic

la cation SO3H [MimC4SO3H]HSO4, phin anion
HSO4~ khong déng gép nhiéu trong phan ting nay.
Xtc tac chat long ion cho hiéu sudt cao hon do qua
trinh tiép xuc pha va khuéch tan ctia chat long ion
trong hon hgp phan tng t6t hon céc acid vo co. Co
ché phan ting chuyén héa fructose thanh HMF duogc
mo ta trong Hinh 5.

Thu héi va tai sit dung chat xtic tac

Chaitléng ion [MimC4SO3H]JHSO, sau khi thuc hién
phan ting 24 git dugc thu hdi theo quy trinh nhu sau:
HMF hinh thanh sau phan ting dugc chiét bang dung
dich EA: DE (9: 1) (10 x 5 mL) theo doi bing sac ky
16p moéng (TLC) dén khi chiét hét HMF trong hén hop
phén tng. Sau khi chiét hét HME cho 1 mmol fruc-
tose vao hon hgp con lai sau khi chiét HMF dé tiép tuc
phén ting ¢ cung diéu kién. Hiéu sudt phan ting thay
d6i khong déng ké sau 5 1an tai stt dung (Hinh 11).
Nghién ctiu trudc day ciing da bao cdo vé viéc tdi st
dung xtc tdc [MimCySO3H]HSO4 dé dang véi hiéu
sudt khong d6i '8,
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KET LUAN

Hai chét long ion da dugc diéu ché thanh cong theo
quy trinh da dugc cong bé. Céu tric héa hoc cua
2 chét 16ng ion ciing dugc xdc dinh bang phd IR
va HRMS (ESI). Hoat tinh ctia xuc tdc dugc khao
sat thong qua phan tng diéu ché fructose thanh
HMEF trong diéu kién khudy & nhiét ¢ phong trong
2—32 gid. So véi chdt xdc tic vO co, xUc tic
[MimC4SO3H]HSO4 cho hiéu suit cao hon va dic
biét 1a than thién véi méi trudng hon (an toan khi st
dung va xuc tic [MimC4SO3H]JHSO4 sau phan ting
dugc téi st dung mot cach dé dang).

DANH MUC CAC TU VIET TAT

IL: Chat long ion.

[Mim]HSOy. 1-Methylimidazolium hydrogen sulfate
[MimC4SO3H]HSO4: 1-(4-Sulfonic acid) butyl-3-
methylimidazolium hydrogen sulfate

[EMIM]CI: 1-Ethyl-3-methylimidazolium chloride
HPLC: Sic ky long hiéu nang cao

TLC: Séc ky 16p mong

'"H-NMR: Phé cong huéng tit hat nhan proton.

IR: Ph§ hong ngoai.

HRMS: Phé khdi lugng do phan giai cao.
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XUNG DOT LOI iCH
Cac tac gia tuyén bd rang ho khong c6 xung dot loi
ich.

PONG GOP CUA TAC GIA

Phan Bich Ha dong gép thuc hién thuc nghiém, thu
thép s6 liéu, viét ban thao. Tran Hoang Phuong dong
g6p trong viéc hé trg khao sat, gop y va chinh stta ban
thao.

LO1 CAM ON

Nghién ctiu nay dugc hé trg kinh phi tii Dai hoc Quéc
gia Thanh ph6 H6 Chi Minh, ma s6 562-2020-18-01.
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ABSTRACT

In the last two decades, ionic liquids have been emerging as green materials and attracted much
attention from scientists due to their broad application in many fields such as catalysis, electro-
chemistry, and biomass conversion. 1-Methylimidazolium hydrogen sulfate and 1-(4-sulfonic acid)
butyl-3-methylimidazolium hydrogen sulfate ((IMimC4SO3HIHSO4) were successfully prepared, and
their chemical structures were elucidated by IR, HRMS. In this study, their catalytic activity was
studied and compared with some inorganic catalysts through the preparation of fructose to 5-
hydroxymethylfurfural (HMF) in the condition of stirring at room temperature. The result showed
that among the tested catalysts for this reaction, [MimCy4SO3HJHSO4 was the best one with a yield
of 86% after 24 hours. In addition, this Brgnsted acid catalyst could be reused five times without
significant loss of catalytic activity. Base on previous literature and our results, the plausible mech-
anism of fructose dehydration into HMF was proposed in this study.
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