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TOM TAT

Trong nhimng nam gan day, chat léng ion thu hdt nhiéu nha nghién ctiu trong va ngoai nudc, béi vi
chat léng ion la mot trong nhiing dung moi va xuc tac xanh. 5-Hydroxymethylfurfural (HMF) duoc
téng hop tur carbohydrate, HMF [a mét chat nén cé thé tdng hop nhiéu hap chét quan trong, déc
biét la hop chat 2,5-dimethylfuran la moét nhién liéu sinh hoc tiém nang va cac chat co gia tri: 5-
Alkoxymethylfurfural, acid 2,5-furandicarboxylic, acid 5-hydroxymethylfuroic 2,5-furandimethanol
2,5-dimethylfuran la dan xuét furan co tiém nang lén trong nhién liéu hodc cac Ung dung polymer.
Bai bao trinh bay viéc téng hgp 8 chat Idng ion mang tam acid Brgnsted va tdm acid Lewis, ting
dung lam xtc tac cho phan tng chuyén héa carbohydrate thanh HMF. Cac yéu td anh hudng dén
hiéu suat cla HMF dugc khao sat bao gém chét xuc tac, khéi lugng chéat xtc tac, nhiét do va dung
moi. Két qua khao sat cho thay 1,4-bis(4-sulfobutyl)-DABCO-1,4-diium tetrachloroaluminate (IL1) la
chét xdc tac tiém nang cho phan tng téng haop HMF ti fructose trong dung maéi [CholineCl][Acid
citric] trong thai gian phan tng la 5 phit 3 100°C cho hiéu suét phan tng khoang 60%. Bén canh
do, hé xuc tac IL1/[CholineCl][Acid citric] da dugc thu hoi va tai st dung 4 lan. Két qua khao sat
cho théy tinh hitu ich clia cac chat long ion khac nhau khi dugc st dung lam chat xuc tac cho qua
trinh téng hop HMF tir fructose. Can co cac khao sat sdu hon dé c6 thé ing dung chét xdc tac nay
VAo san xudt tién chat nhién liéu sinh hoc furanic c6 nguén géc ti carbohydrate & cac quy mo lén

hon.

Tu khoa: 5-hydroxymethylfurfural, fructose, chét léng ion, nhién liéu sinh hoc

GIGI THIEU

Ké tli nhiing ndm 1940, nhiing vin d¢€ vé moi trudng
bat ddu xudt hién lién quan dén sy phat trién cta
nganh coéng nghiép san xudt. Cong nghiép hoa ngay
cang ting, da va dang giy anh hudng 16n dén tai
nguyén thién nhién. Trudc cic vdn dé va mdi quan
tdm vé mdi trudng, nhiéu cd nhan va doanh nghiép
da thay d6i quan diém vé cdc phuong thiic san xuét
va phat trién san phdm truyén théng, bao gom céc
quy trinh bén viing cho dén hién tai'. Viéc st dung
nguodn sinh khdi tai tao déong mot vai tro quan trong
trong viéc tao ra cdc quy trinh chuyén ddi xanh do
ngudn cung cdp nhién liéu hoa thach dang can kiét
nhanh chéng va dan dén thiét hai cho moi trudng
sinh thai%. Sinh khéi d6i dao c6 thé dugc chuyén
doi thanh vat liéu, ning lugng va cic hgp chét c6
gid tri’>. HMF 1a mot héa chit nén dugc tdng hgp
tit sinh khéi ¢ thé dugc st dung d€ tao ra nhiéu
hop chit c6 gia tri*® (Hinh 1). Qua trinh oxid héa
chon loc ctia HMF ¢4 thé tao ra mét hgp chit quan

trong nhu 2,5-furandicarboxylic acid (FDCA), dugc
stt dung trong san xuft polymer”®. Bo Nang lugng
Hoa Ky xac dinh rang HMF 13 m¢t trong mudi hop
chét dya trén sinh hoc c6 gia tri hang ddu®'°. Hon
nita, HMF ¢4 thé dugc st dung d€ san xudt nhién liéu
long day trién vong nhu 5-methoxymethyl furfural va
2,5-dimethylfuran 15,12

Gan déy, cdc nha nghién ctu trén thé giéi da tip trung
khao sét cac phan ting chuyén hda sinh khéi thanh.
HMF la mét chdt trung gian linh hoat va quan trong
trong hda nhién liéu sinh hoc va cdng nghiép héa dau.
Con dudng don gidn nhét d€ san xuit HMF la thong
qua chuyén ddi truc tiép tii fructose véi ning sudt va
d6 chon loc cao 3. Cac nguén carbohydrate nhu glu-
cose hoic cellulose dugc uu tién cho qua trinh tng
hop HMF '41°. Acid v6 co, nhu HySOy, thuong dugc
st dung lam chét xuc tdc trong phan tng téng hop
HMEF %17, Tuy nhién, nhugc diém ctia cic quy trinh
nay la tinh chon loc thép ctia HME, an mon thiét bi
nghiém trong, cac vin d€ vé moi trudng va chét xac
tac khong thé tai ché. Ngoai xuc tic dong thé, cac

Trich dan bai bao nay: Trinh N H, Nhat N M, Thién N P, Ha P B, Phuang T H. Nghién ctru chuyén héa fruc-
tose thanh 5-hydroxymethylfurfural sit dung chat 16ng ion 1,4-bis(4-sulfobutyl)-DABCO-1,4-diium
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Hinh 1: Chuyén héa carbohydrate thanh HMF va ting dung ctia HMF

nghién ctu cho thdy xuc tac di thé hiéu qua hon vi
chiing dé thu héi va c6 thé tai sit dung nhiéu 1an 1218,
Chait long ion (Ionic liquid, IL) con dugc goi la chat
dién phén long hodc mudi long & nhiét do phong va
nhiét 6 néng chay dudi 100°C'°. Chit 1ong ion 1a
vat liéu day hia hen va dugc coi la dung méi xanh
do 4p sudt hoi cuc thdp, dd 6n dinh nhiét cao va kha
nang tuyét voi bang cach thay thé cic dung moi hiiu
co dé bay hoi thong thudng trong cdc qua trinh xuic
tac?0-22, Cac hop chit nay c6 thé dugc tdng hop ti
su két hgp ctia cdc cation hiiu co va cic anion phan
ting hitu co hoic v6 c6>!723. Chit long ion bao gom
céc dic tinh sinh hoc, hda hoc, vat Iy va nhiét cy thé.
Viéc s¢ hiiu vu diém hép din nhu la chit hdéa hoc xanh
trong xuc tac, téng hgp hitu g, y hoc va chuén bi vat
liéu, cac nha nghién ctiu 6 thé ddnh gid va phat trién
cac chét 1ong ion khac nhau?!,

Tong va cong sy’? di tdng hgp N-methyl-2-
pyrrolidonium methyl sulfonate tii cic chit 1ong ion
mang tam acid Brensted. Nghién ctiu nay da cung
cdp quy trinh tng hgp HMF véi hiéu sudt HMF
72,3% trong diéu kién phan tng don gian. Zhao va

12220 cho biét c¢6 thé san xuét co chon loc

cong s
HMF tii fructose hodc glucose bing cach stt dung
chét long ion (IL) lam dung moi. Ho da st dung xtic
tdc mudi kim loai d€ chuyén ddi dudng thanh HMF
trong [C4im]Cl, v6i CrCl, tao ra hiéu sudt HMF 70%
3 100°C trong 3 gio.
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Bai bdo trinh bay viéc t6ng hgp HMF tii carbohydrate
bang chit 16ng ion phan ting xay ra trong thoi gian
ngan v6i hiéu sudt cao nhét va chuyén d6i HMF than
thién v6i moi truong thanh cac hgp chit cé gid tri.
V6i hoat tinh manh va tinh bén viing cao, hé xuc tac
nay cho thdy tiém ndng tng dung vao quy mo cdng
nghiép cho céc san phidm c6 gid trj cao.

VAT LIEU VA PHUONG PHAP

Héa chat

1,8-Diazabicyclo[5.4.0]Jundec-7-ene (DBU) (99%);
1,4-diazabicyclo[2.2.2]octane  (DABCO)  (99%),
HMEF (99%), dimethyl sulfoxide (99,7%), D-glucose

(99%), D-fructose (99%), 1,4-butane sultone
(99%), 1-methylimidazole (99%), pyridine (99%),
1-methylpyrrolidine  (99%), triphenylphosphine

(99%), aluminium chloride (98%), manganese (II)
chloride (97%), iron (III) chloride anhydrous (98%),
p-toluenesulfonic acid (p-TsOH) (99%) dugc mua
tu Sigma-Aldrich. Methanol dugc mua ti J.T.Baker.
Formic acid (98%), sic ki ban mong (TLC), zinc
chloride (99%), va sulfuric acid (98%) dugc mua ti
Merck.

Thiét bi
Qua trinh dinh lugng HMF dugc thuc hién bang cich
stt dung may HPLC Agilent 1200 vé6i cot C18 (5 mm,



Tap chi Phdt trién Khoa hoc va Céng nghé - Khoa hoc Tu' nhién 2023, 7(4):2738-2749

4,6 x 150 mm) dugc trang bi ddu do DAD va pha dong
13 hoén hop methanol va dung dich 2,5 mM sulfuric
B; 2,5-2,51 phut, 85% B; 2,51-10 phut, 85% B; 10,01-
15 phut, 50% B; 15,01-17 phat, 100% B. Nhiét d6 cot
dugc duy tri 3 30°C. T6éc d6 dongla 0,7 mL/phut. Thoi
gian luu ctia HMF la 9,5 phut & budc song phét hién
la 285 nm. Hiéu sudt HMF dugc tinh truc tiép tu cac
duong chudn.

Hiéu suat HMF (%) = (S6 mole HMF thu dugc)/(S6
mole fructose ban dau)x100%

Téng hop 1,4-bis(4-sulfobutyl)-DABCO-1,4-
diium tetracloroaluminate (IL1)

Hén hop gébm DABCO (1,12 g 10 mmol), 1,4-butane
sultone (2,73 g 20 mmol) va toluene (10 mL) dugc
dun hoan luu trong 12 gi¢ d€ tao ra zwitterion.
HCI (3 mL; 3 M) dugc thém vao zwitterion thu
dugc, sau d6 khudy ¢ nhiét do phong trong 2 gid.
Tiép theo, AICl3 (2 mmol) trong toluene dugc thém
vao va hén hgp phan ting dugc khudy trong diéu
kién hoan luu trong 24 gi6. Sau khi t6ng hgp
[DABCO(C4HgSO3H);][AICl4]5, toluene du dugc
loai bo bing c6 quay & ap sudt thip, & 50°C. San phim
thé dugc rtia bing acetone (3 x 15 mL), sau d6 dugc
lam kho trong chan khong trong 10 gid d€ thu dugc
san phdm tinh sach (Hinh 2)%’.

Hén hgp gém pyridine (0,790 g; 10 mmol), 1,4-butane
sultone (1,360 g; 10 mmol) va 3 mL toluene dugc cho
vao binh ciu ¢6 nham 25 mL, khudy & 40°C trong 10
gid. Sau khi két thic phan ting, cho tiép HCl ddm dic
(2mL) vao, tiép tuc dun & 80°C trong 6 gid. Tiép theo,
ZnCl, (1,360 g; 10 mmol) dugc cho vao binh va dun
hoan luu ¢ 80°C trong 12 gi¢. Sau khi két thiic phan
ung, d€ ngudi dén nhiét do phong. Hén hgp dugc
rtia bing diethyl ether (3 x 10 mL). Sdn phdm dugc
lam kho bing c6 quay & dp sudt thép, sau d6 déy kin
va dugc bao quan trong ti lanh (Hinh 3).

Tuong tu quy trinh di€u ché IL2, Hinh 4 mo6 ta quy
trinh diéu ché IL3, 1-methylimidazole dugc st dung
thay thé cho pyridine.

Hén hgp gom 1-methylpyrrolidine (0,850 g 10 mmol)
va 1,4-butane sultone (1,360 g 10 mmol) va 3 mL
toluene dugc cho vao binh cdu ¢d nham 25 mL, khudy
3 40°C trong 10 gid. Sau khi két thic phan tng, cho
tiép HCI dam dic (2 mL) vao, tiép tuc dun & 80°C
trong 6 gid. Tiép theo, ZnCl, (1,360 g 10 mmol) dugc
cho vao binh dun hoan luu & 80°C trong 12 gi¢. Sau
khi két thuc phan ting, d€ nguoi dén nhiét d6 phong.
Hbn hgp dugc riia bing diethyl ether (3 x 10mL). San
ph&m dugc lam kho béng cd quay & ap sudt thép, va
sau d6 dugc bao quan trong tu lanh (Hinh 5).

Hén hgp 1-methylpyrrolidine (0,850 g; 10 mmol),
1,4-butane sultone (1,360 g; 10 mmol) cho vao binh
cau ¢§ nhdm 25 mL, khudy & 60°C trong 5 gi6. Sau
khi két thic phan tng, chit ran ludng cuc dugc ria
béng diethyl ether (5 x 4 mL) va lam khé. Sau d6 cho
HCI dam dic 36,5% (2 mL) vao chét rdn ludng cuc
tiép tuc dun & 80°C dén khi trong suét. Tiép theo,
MnCl,.4H,0 (1,980 g; 10 mmol) dugc cho vao phan
ung, tiép tuc dun & 80°C trong 4 gid. Sau khi phan
ung két thic, IL12 thu dugc c¢6 mau niu dugc ria lai
béng dietyl eter (5 x 4 mL). San phdm dugc sdy 2 gi¢
trong ta sdy d€ lam kho. San phdm thu dudc trong
sudt c6 mau hoi niu nhat va d6 nhdét cao.

Chét xtc tac IL6 dugc di€éu ché tuong tu IL5, chi
thay 10,0 mmol 1-methylpyrrolidine bang pyridine
(10 mmol, 0,792 g). San phdm thu dugc cé mau vang
nhat, trong sudt va c6 d6 nhét cao. Hinh 7 mo ta quy
trinh diéu ché IL6.

Dai véi xtc tac IL7, quy trinh diéu ché dugc thuc
hién tuong ty nhu IL5, chi khic chit nén ban dau
1-methylpyrrolidine dugc thay baing DABCO va giai
doan sau ZnCl, dugc st dung thay vi MnCl,.4H,O.
Hinh 8 thé hién quy trinh diéu ch& IL7.

Tuong tu quy trinh diéu ché IL6, xuc tac IL8 dugc
diéu ché vdi sy thay d6i MnCly.4H,O béng FeCls.
Hinh 9 thé€ hién quy trinh diéu ch& IL8.

Quy trinh tdng hop dung méi eutectic sau
(Deep eutectic solvent - DES)

Dung mdi eutectic su (Deep eutectic solvent, DES)
dugc diéu ché theo quy trinh da dugc cdng b trude
day?8-31. Can hon hop chit gom 2 thanh phan cho
vao binh phan ting (dugc tinh theo ti 1& mol). Sau d6
phén tng dugc thuc hién trong bé dau véi khudy tu
gia nhiét & nhiét 46 thich hgp. Pun hén hgp cho dén
khi chuyén thanh chét 1ong dong nhit (Bang 1).

Quy trinh téng hgp HMF st dung chit léng
ion lam chat xuc tac

Quy trinh chung: Hoén hgp gém fructose (1 mmol,
180 mg), chét xuc tic (10% mol), EMIMCI (6 mmol)
dugc cho vao cic dng phan ting cé thanh ti tinh.
Anh huéng ctia xuic téc acid Brensted - Lewis (IL1,
IL2, IL3, IL4, IL5, IL6, IL7 va IL8), khéi lugng xuc
tdc (0% mol, 5% mol, 10% mol va 20% mol), thoi
gian phan ung (1 phdat, 3 phut, 5 phat, 7 phut, 10
phut, 30 phat, 60 phat, 120 phut, 180 phut va 360
phut), anh hudng ctia nhiét do (80°C, 100°C, 120°C,
140°C), va cac dung mdi ([CholineCl][Acid Cit-
ric], [CholineCl][Acid Oxalic], [DMSO][CholineCl],
[CholineCl][Ethylene glycol] va EMIMCI) da dugc
khéo sat dé chon céac diéu kién t6i wu. Sau mot thoi

2740



Tap chi Phdt trién Khoa hoc va Céng nghé - Khoa hoc Tu' nhién 2023, 7(4):2738-2749

-)

(0] (0]
n.0
o (\/\ %0
N@ N@®
130°C, 12 h, E%] 25°C,2h [S]
toluene KB/\/ /06 toluene N ° _OH
150 I\/\/ S0
A (0] (0]
0 B
K\/\u 20
© “oH
Al [Nﬁ ALCL,
s ©
K/\/ (”)\\0

Hinh 2: Quy trinh t8ng hgp chat Idng ion IL1

0
| -0
o © ©
7 N J N~ 0 </ \:133/\/\/ OH
— 40 °C, 12h — 40 °C, 6h —
toluene toluene
Z ©
n Zn,Cly
- 4 \lg)/\/\/ O,H
80 °C, 12h _
toluene
Hinh 3: Quy trinh téng hgp chat 1éng ion IL2
(6]
7
| =0
0 S]
—N \1\' /\3\1\/\/\6 ——N/\:l\\T\/\/\
= 40 °C, 12h @ O3 40 °C, 6h @ O;H
toluene toluene

= ZnCL°
e N
80 °C, 12h R o

toluene

2741

Hinh 4: Quy trinh téng hgp chét 1dng ion IL3
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Hinh 7: Quy trinh téng hgp chat 1dng ion IL6
Bang 1: Ky hiéu dung maéi eutectic sau trong nghién citu
STT HBA HBD Ti 1é  Kyhiéudungmo6i Nhiétddo  Thoi gian phan
HBA:HBD ling
1 Choline chloride Citric acid 1:1 [CholineCl][Acid 110°C 120 phut
citric]
2 Choline chloride Oxalic acid 1:1 [CholineCl][Acid 110°C 120 phut
oxalic]
3 Choline chloride Ethylene glycol ~ 1:1 [CholineCl][Etylene 80°C 120 phat
glycol]
4 Choline chloride DMSO 1:1 [DMSO][CholineCl 130°C 60 phut
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Hinh 9: Quy trinh t8ng hgp chat 1dng ion IL8

gian nhét dinh, miu dugc cin va pha loang véi nudc
cit (va dinh muc dén vach 5 mL). Sau d6, mau dugc
loc qua mang loc 0,45 um va dugc phén tich bing
HPLC ghép v6i ddu do DAD. HMF dugc dinh lugng &
budc song 285 nm. T két qua HPLC, tinh todn hiéu
sudt ctia phan ung.

KET QUA VA THAO LUAN

Pac diém cau tric chia chat léng ion

Chit long ion (IL1) dugc diéu ché va xdc dinh cdu
truc (FTIR, TGA, NMR) theo quy trinh da dugc cong
b6 2. Cac chat long ion dugc xdc dinh bing phuong
phép phan tich phd cong hudng ti hat nhén va hiéu
suét tong hop dugc trinh bay trong Hinh 16.

Anh huéng ctia chatléng ion mang tam acid
Brgnsted-Lewis

Anh huéng cia cdc chdt 16ng ion mang acid
Bronsted-Lewis khdc nhau

Bai bdo trinh bay mot s6 chit xuc tdc chit long ion
mang tam acid Bronsted-Lewis. Diéu kién phan ting
gom fructose (1 mmol), xtc tic (10% mol), EMIMCI
(1 g) tai 100°C véi cac khoang thoi gian khac nhau
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gém 10, 30, 60, 120, 180 va 360 phut. Két qua dugc
trinh bay trong Hinh 10. Trong d6, cac chat 1ong ion
dugc khao sat lién tuc trong 360 phut véi hiéu sudt
thu dugc khong 6n dinh. Tuy nhién, hiéu suét IL1
dat dugc cao nhét sau 5 phat. Cac chét long ion nay
da dugc st dung thanh cong d€ tng hgp HMF véi
hiéu suit cao trong thdi gian ngidn. Diéu nay dugc giai
thich do phan ting da bi anh hudng béi viéc st dung
acid Lewis khac nhau trén cac chét long ion*3. Cu
thé, hiéu sudt HMF dugc ghi nhén 14n lugt 13 60,81%;
45,49%; 54,78%; 46,29%; 45,81%; 55.95%; 44,84%;
49,58% khi sti dung lam chat xtic tac la chit 1ong ion
IL1, IL2, IL3, IL4, IL5, IL6, IL7 va IL 8. Doi véi cac
chét long ion dugc xti ly v6i AlCl3 (IL1) cho hiéu sudt
t6t hon khi ciing mot chét long ion d6 dugc xu ly véi
ZnCl, (IL7). Theo cac nghién ctu trudc day, AlCl3
¢6 tinh acid Lewis cao hon ZnCl, vi AP con céc van
dao p va d con tréng, trong khi Zn®* chi con mot van
dao s tréng. Tuy nhién, d6i véi mot s6 chat 1ong ion
¢6 cuing khung hiiu co khac nhu IL6, IL8 va IL4, IL5
thi lai c6 hiéu suit kém hon khi st dung mudi Lewis
MnCl, va FeCl3, méc du ca 2 acid Lewis nay déu c6
cung orbital trong. Tém lai, IL1 can dugc tiép tuc
nghién ctiu vi day la chét xuc tdc phtt hgp cho phan
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ung téng hop HMF tit fructose va hiéu sudt HMF dat
khoéang 60% trong khoang thoi gian ngén (10 phut).

100 -
A
80+ u I .
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Somd @ 4w
= 404
<
=
20 4
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Hinh 10: Anh hudng cia xtic tac chat léng ion mang

tam acid Brgnsted-Lewis. Diéu kién phan ting: Fruc-

tose (1 mmol, 180 mg), xuic tac acid Brgnsted-Lewis

(10% mol), EMIMCI (1.000 mg) & 100 °C trong cac
thai gian phan Ung khac nhau.

Anh huéng ciia khéi luong xiic tdc

Tiép theo, anh hudng ctia khdi lugng xic tac trong
phan tng téng hop HMF dugc khao st 1a 5% mol,
10% mol, 20% mol trong 5 phat & 100°C (Hinh 11).
Két qua cho thdy véi khoi lugng xidc tac la 5% mol
(IL1), hiéu suit HMF dat dugc khoang 41% trong 10
phut. Thi nghiém déi chiing dugc thuc hién véi muc
dich danh gia mic d6 anh hudng ctia chét xdc tac,
két qua la khi khong c6 su hién dién ctia chdt xuic tac
thi phan ting khong xay ra. Hiéu sudt clia phan tng
c6 xu hudng ting khi ting khdi lugng chit xuc téc tu
5% dén 20% mol. Khi phan ting dugc thuc hién véi
20% mol xtic tac thi hiéu suét phan ting dugc ghi nhén
khoang 58,3%. Trong khi d6, d6i v6i 10% mol xuc tac
IL1, hiéu suét ctia phan ting dat khoang 59,8%. Tt do,
10% mol xtc tac (IL1) dugc chon 1a khoi lugng xtic tac
phu hgp cho phan ting téng hgp HMF ti fructose.

Anh huéng béi dung méi

Phan tng tdng hgp HMF stt dung chit 1ong ion lam
modi truong phan ung thi dung moi dong vai tro
quan trong va anh hudéng dén hiéu suit ctia phan
ung diéu ché ciing nhu khé nang tach san phdm sau
khi phan tng. Tiép theo, tip trung vao viéc tng
hop HMF tii fructose bing cdc dung moéi khdc nhau,
nhu mo ta trong Hinh 12. Trong mot quy trinh dién
hinh, qua trinh t6ng hgp HMF dugc thuc hién &
100°C sti dung fructose (1 mmol, 180 mg) va 5 mmol
dung moéi bao gébm EMIMCI, [CholineCl][Ethylene
glycol], [CholineCl][Oxalic acid], [CholineCl][Citric

acid], [DMSO][CholineCl], khi c¢6 sy hién dién cta
chét xtc tac IL1 (10% mol). Nhu thé hién trong
Hinh 12, hiéu suit HMF c6 xu hudng ting déi
vGi tit cd cidc dung moi khao sat khi kéo dai thoi
gian phan tng. Trong do6, su két hgp cla chat
xuc tdc IL1 va dung mdi [CholineCl][Citric acid]
cho hiéu sudt HMF dat dugc khoang 56% trong
7 phat. Khi st dung dung méi EMIMCI, hiéu
sudt HMF (60,81% HMF) 16n hon so véi cac dung
moi con lai, thi du nhu [CholineCl][Ethylene glycol]
(49,55% HMF), [CholineCl][Oxalic acid] (31,17%
HMEF), [CholineCl][ Citric acid] (47,3% HMF),
[DMSO][CholineCl] (47,61% HMF) trong 10 phut
thuc hién phan tng. Diéu nay ching to6 rang dung
modi dugc st dung dong vai tro quan trong trong phan
tng téng hgp HMEF tii fructose. Trong tit ca cic dung
modi nghién ctiu, [CholineCl][Citric acid] 1& dung moéi
cho hiéu suéit chuyén héa cao nhét véi 7 phat thuc
hién phan ting. Vi citric acid c¢6 pK, thdp nhét va la
mot tricarboxylic acid nén n6 thic ddy phan tng khu
nudc dién ra nhanh hon. Tu céc két qua nghién ctu
su anh hudng ctia dung méi, véi mong muén cai thién
quy trinh diéu ché HMF trong thoi gian ngan, do do
dung mdi [CholineCl][Citric acid] dugc lya chon 1a
dung mdi phtt hgp cho phan ting diéu ché HMF tu
fructose.

o ®
S =
L L

Hi¢u suit HMF (%)
£
=]

20 1

0 T

0% mol 5% mol 10% mol 20% mol

Khdi lwgng chét xic tac

Hinh 11: Anh hudng clia khéi lugng xtic tac. Fruc-
tose (1 mmol, 180 mg), xuc tac acid Brgnsted-Lewis
(0, 5, 10, 20% mol), EMIMCI (1000 mg), 10 phut, &
100°C.

Anh huéng cta thai gian phan ting

Khao sit anh hudng cta thoi gian phan tng
(Hinh 13). Diéu kién phan tng gém fructose (1
mmol, 0,180 g), IL1 (10% mol), [CholineCl][Acid cit-
ric] (5 mmol), 100°C v6i cac khoang thoi gian khao
sat tui 5, 10, 20 va 30 phut. Khéo sat cho thdy da thanh
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I [ CholineCl][Citric aicd] [DMSO][CholineCl]
[ [CholineCl][Oxalic aicd] [ [CholineCl][Etylene glycol]
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Hinh 12: Anh huéng ctia dung méi. Biéu kién phan
ung: Fructose (1 mmol, 180 mg), ILT1 (10% mol),
dung moi DES (5 mmol) & 100°C trong céc khoang
thai gian khac nhau.
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Hinh 13: Khao sat sy anh huéng cua thaoi gian phan
Ung trong phan dng chuyén héa fructose thanh
HMF st dung hé xuc tac IL1/[CholineCl][Citric acid].
Diéu kién phan (ing: Fructose (1 mmol, 180 mg), IL1
(10% mol), [CholineCl][Citric acid] (5 mmol), 100°C
V@i cac khoang thai gian khdo sat ti 5, 10, 20 va 30
phat.

cdng cung cdp hé xdc tdc mang lai hiéu suit tong hgp
HME cao (khoang 60% HME, 5 phut). Hiéu sudt cua
phén ting c6 xu huéng giam khi tang thdi gian ti 5
dén 30 phut. Hiéu suét cta phan tng téng hgp c6 xu
huéng giam sau 5 phut 1a do sy phan hay cia HMF
dé tao thanh mot s6 san phdm phu khac. Viéc kéo dai
thoi gian phan ting dai tao diéu kién thuan 1¢i cho qua
trinh tao thanh cdc san phdm phu va xdy ra nghiém
trong hon khi thoi gian phan Ging kéo dai dén 30 phut,
hiéu sudt ctia phan ting gidm con khoang 40%. Do do,
5 phut 1 thdi gian thich hgp dugc chon dé thyc hién
cac khao sat ti€p theo. T d6 c6 thé thdy ring, bén
canh céc yéu t6 xic tac, dung moi, khéi lugng xuc tac
thi thoi gian phan tng cing déong mot vai trd quan
trong trong phéan ting chuyén hoa carbohydrate thanh
HME
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Anh huéng cta nhiét dé

Quid trinh khii nuéc cia fructose thanh HMF sti dung
IL1 lam chat xuic tdc dugc thuc hién & bon nhiét do
khac nhau 80°C, 100°C, 120°C, 140°C trong cac diéu
kién t6i vu hoa, bao gém fructose (1 mmol), chét
xuc tac (10% mol), [CholineCl][Citric acid], thai gian
phén ting 5 phut. Két qua nghién ctiu sy anh hudng
clia nhiét d6 dugc trinh bay trong Hinh 14. & nhiét
d6 80°C, véi thoi gian phan ting 5 phit khong du dé
thuc hién qua trinh tach nudc ctia phén ti fructose
dé€ hinh thanh san phidm, do do hiéu suit tao thanh
HMF khoéang 10%. Khi nhiét 46 phan ting ting dan,
hiéu sudt tao thanh san phdm ciing ting tit 80°C dén
100°C, khi d6 hiéu sudt phan ting dat khoang 60%.
Bén canh dé, nhiét d6 tang cao (120°C hodc 140°C)
lam cho hiéu suit tong hgp HMF gidm do xuét hién
phan tng phu. Khao sat nhin thiy hon hgp phan ting
¢6 mau sam, diéu nay c6 thé giai thich cho hiéu suit
giam déng ké do buédc trung hgp tao ra humin hodc

c4c san phdm phu khong mong muén 342,

70

Hié¢u suit HMF (%)
~ w - wn =)
=] < < ] =]

=
=)
1

i

80 100 120 140
Nhiét 43 (°C)

<
1

Hinh 14: Anh huéng cla nhiét do trong phan
tng chuyén héa fructose thanh HMF st dung hé
xuc tac IL1/[CholineCl][Citric acid]. Diéu kién phan
Ung: Fructose (1 mmol, 180 mg), IL1 (10% mol),
[CholineCl][ Citric acid] (5 mmol), trong cac khoang
nhiét d6 khac nhau 80°C, 100°C, 120°C, 140°C.

Tai st dung IL1/[CholineCl][Citric acid]

Thu héi va téi stt dung xtc tac va loai bo quy trinh
héa hoc 1a mét trong nhiing yéu cdu ctia hoa hoc
xanh %, vi thé, nhiéu nghién ctiu da nhin manh dén
kha nang thu hoi va tdi st dung ctia chit xuc tac.
Dé chiing minh tdm quan trong ctia hé théng xdc
tac, quy trinh tdng hgp HMF & 100°C trong 5 phut
trong cac diéu kién dugc t6i uu hda, bao gom fruc-
tose (1 mmol, 180 mg), [CholineCl][Citric acid] (5
mmol), IL1 (10% mol), 100°C, 5 phat. Hé xuic tic
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dugc thu hoéi sau khi tich sdn phdm ra khoi hén hgp
phén tng bing cach lam bay hoi hén hgp ethyl ac-
etate/diethyl ether. Sau d6 sic ky 16p méng dugc st
dung d€ ki€ém tra HMF cho dén khi HMF khong dugc
phét hién trong hén hgp phan ting, hén hgp goém ethyl
acetate/diethyl ether (5 x 10 mL) dugc st dung dé
chiét hén hop phan ting. Fructose (1 mmol, 180 mg)
da dugc thém vao va tién hanh thyc hién phéan tng
trong 5 phut & 100°C. Két qua dugc trinh bay trong
Hinh 15. Hiéu suét thu hdi cho lan phén ting dau tién
dugc ghi nhén 13 56,0%. Tiép theo dén 14n thu héi thi
2, hiéu sudt giam con khoang 53%. Dén lan thu hoi
thit ba, hiéu sudt HMF gidm con khoang 49,4%. Hé
xuc tac IL1/[Choline][Citric acid] dugc thu hoi dén
l4n thi tu, khi d6 hiéu suit gidm ddng ké khoang 10%
so véi lan thu hoi dau tién. Tém lai, sau bén 1an thu
hoi va téi st dung thi hé xuc tac IL1//[Choline] [Citric
acid] th€ hién dugc tiém ning ing dung cho phan ting
téng hop HMF tui fructose.

t cia HMF (%)
=) *®
= >
1 "

£
¢u sua

'S
=l
1

Hi

20 4

Lin

Hinh 15: Tai ché hé xdc tac IL1/ [CholineCl][Citric
acid]. Diéu kién phan Gng: Fructose (1 mmol, 180
mg), [CholineCl][Citric acid] (5 mmol), IL1 (10% mol),
100°C, 5 phut.

KET LUAN

Bai bdo trinh bay viéc da téng hop thanh cong 8
chét long ion mang tdm Bronsted-Lewis acid gom
cac khung imidazolium tit 1-methylimidazole; khung
DABCOnium tii DABCO; khung pyrrolidium ti 1-
methylpyrrolidine; khung pyridinium tu pyridine.
Trong d6 chét long ion khung DABCOnium mang
tam Lewis acid 1a AICI; 14 chét long ion phtt hgp cho
phan ting chuyén hoa fructose thanh HMF véi hiéu
suét dat khoang 59,8% trong 5 phut 6 100°C. Chat xuc
tac nay rat hiéu qua, cho hiéu sufit chuyén hoa va do
bén cao, va dic biét 1a kha nang thu hoi va tdi st dung
xuc tdc. Can c6 nhiing nghién ctu tiép theo nham c6
thé stt dung chat xtc téc nay & quy mo cao hon.

LO1 CAM ON

Nghién ctiu nay dugc tai trg béi Pai hoc Quéc gia TP.
Ho6 Chi Minh (PHQG-HCM) trong khudn khé Dé tai
ma s 562-2022-18-03.

DANH MUC TU VIET TAT

HME: 5-Hydroxymethylfurfural
CholineCl: Choline chloride

IL : Chét 1ong ion

HBA : Chét nhén lién két hydrogen
HBD : Chét cho lién két hydrogen
FT-IR: Quang phd héng ngoai

TGA: Phén tich nhiét trong lugng
HPLC: Séc ky 16ng hiéu ning cao
NMR: Phé cong huong tit hat nhén
EMIMCI: 1-Ethyl-3-methylimidazolium chloride
DABCO: 1,4-diazabicyclo[2.2. 2]octane

CAM KET XUNG DOT LOI iCH

Céc tdc gia tuyén bo rang ho khong c6 xung dot lgi
ich.

PONG GOP CUA TAC GIA

Nguyén Ha Trinh dong gép thuc hién thuc nghiém,
thu thap s6 liéu, viét ban thdo. Nguyén Minh Nhit,
Nguyén Phuéc Thién va Phan Bich Ha dong gop thuc
hién thuc nghiém va thu thép s6 liéu. Trin Hoang
Phuong dong gop trong viéc hé trg khao sit, gop y va
chinh stra ban thao.
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STT Chit lang ion Dik liéu phé cng hwéng tie hat nhin va hidu sufit tong hop
"0 1H NMR (500 MHz, CD30D) 5 4,05 (s, 4H), 3.96 (m, 1H), 3.90 (m,
%Lﬂﬂ 1H), 3,65 (t, 2H), 3,00 (m, 2H), 2,00 (m, 2H). 1,85 (m, 2H).
J:Ly'j o 13C NMR (125 MHz, CD:0OD) ¢ 64,5: 51,3; 50,8; 40,9; 44,0; 20,9;
1
Ne Aa 20,5. )
§o Hiéu suét tong hep: 78%
_____________ @y NS .

o 1H NMR (500 MHz, D;0) 5z 8.77 (d, 2H). §.46 (t. 1H), 7.98 (t. 2H),
Zn,Cl, 4,57 (t, 2H), 2,87 (t, 1H), 2,08 (m, 2H), 1.72 (m, 2H).
5 <f ‘\:ﬁ’m O:H 3¢ NMR (125 MHz, D20) 8¢ 144,3; 128,5; 145,7; 128,5; 144,3; 61.3;
— 20,4;20,9; 50,1.
Hiéu suit thng hop: 48%
(IL2) MS m/z [M]* 216,0

IH NMR (500 MHz, D;0) 51 8.65 (s.1H). 7.41 (s, 1H), 7.35 (s, 1H),

— 7a,,© 4.16 (1. 27H), 3.80 (s. 3H). 2.86 (¢, 2H). 1.94 (m, 7H). 1.65 (m. 2H).
3 Nob o~ 1BC NMR (125 MHz, D:0) 3¢ 136,1; 123,8; 122,3; 50.2; 49.1; 35.8;
OH  2g2-211
(IL3) Hiéu suit tng hop: 68%

__________________________ MSmEMI290
IH NMR (500 MHz, D;0) &= 3,41 (d, 4H), 3,27 (t, 2H), 2.94 (s, 3H),
) ZnC1° 2,88 (t. 2H), 2.11 (m, 4H), 1,88 (m. 2H). 1.70 (m. 2H)
™ 0,H B NI\I;R (_125 MHz, D:0) 6 63.4; 63.7: 51,1; 48.9: 22,9, 22.2: 21,7
Hiéu suit tong hop: 74%
MS mz [MJF 222,1

IH NMR (500 MHz, CD30OD) &= 7,80 (m, 15H), 3,56 (t, 2H), 2,55

@ (m, 2H), 1,81 (m, 2H). 1.70 (m, 2H).
13C NMR (125 MHz, CD:0D) 8¢ 135.4; 130,6; 110.4; 118,7; 64.0;

N
5 ’MW OH  569:50.6:26.1: 25,9; 21,5: 21.4: 20,8: 20,3: 19,1 159.
Oghly iR ;
T Hiéu suit tong hep: 81%
(IL3) MS m/z [M]*222.1
TN I NMR (500 MHz, D20) 81 3,50 (m, 4H), 3,40 (m, 2H), 3,04 (s,
~ 3H), 2,97 (m, 2H), 2.20 (m, 45, 1,98 (m, 2H), 1.81 (d, J= 7.5 Hz,
R 2H).
6 ?W Ol 13C NMR (125 MHz, D10) ¢ 64.4; 63.5: 50,0: 48,13 22,0: 213,
o Hiéu suit tdng hop: 57%
(IL6) MS mz [M]* 216.0
7 0" HNMR (500 MHz, D;0) 31 8,88 (d, 2H), 8,57 (t, 1), 8,09 (t, 2H),
(\/\JO 4,68 (t, 2ED), 2,98 (t, 2HD), 2,19 (m, 2H), 1,80 (m, 2H).
; N H 13C NMR (125 MHz, D20) &c 64.4; 63.5: 50.0; 48,1 22,0; 21.3.
[ ) o Hiéu suit tong hop: 52%
N7 Il MS m/z [M]* 249.1
_____________ L
IH NMR (500 MHz, D;0) 3z 8.87 (d, 2H). 8.55 (1, 1H), 8,08 (t. 2H),
& 4,66 (t, 2H), 2,95 (m. 2H), 2,18 (p. 2H), 1.80 (m, 2H).
_N 13C NMR (125 MHz, D10) 5c 145.7: 144.2; 128.3: 61.2: 49.9: 293:
g @\:ﬂéﬁ OH g
&y Hiéu suit thng hop: 69%
(IL8) MS 7'z [M]* 216.1

Hinh 16: D& liéu phé cong hudng tir hat nhan, hiéu suét téng hgp va khéi phé chat Idng ion dugc st dung
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Conversion of fructose to 5-hydroxymethylfurfural using
1,4-bis(4-sulfobutyl)-DABCO-1,4-diium tetrachloroaluminate ionic
liquid in [CholineCl][Citric acid] deep eutectic solvent

Trinh Hao Nguyen'2, Nhat Minh Nguyen'-2, Thien Phuoc Nguyen'-2, Ha Bich Phan'3, Phuong Hoang Tran"*

ABSTRACT

In recent years, there has been a significant interest from both domestic and international re-
searchers in ionic liquids as they are recognized as environmentally friendly solvents and catalysts.
From 5-hydroxymethylfurfural (HMF), a substrate derived from carbohydrate, various important
compounds particularly the 2,5-dimethylfuran can be synthesized because it could be used as a bio-
fuel and valuable substance. Furan derivatives such as 5-alkoxymethylfurfural, 2,5-furandicarboxylic
acid, 5-hydroxymethylfuroic acid, bis-hydroxymethylfuran and 2,5-dimethylfuran have significant
applications in the fields of fuel and polymers. This paper presented the preparation of 8 ionic lig-
uids containing Brensted acid and Lewis acid site, intending to utilize them as catalysts for convert-
ing carbohydrates into 5-hydroxymethylfurfural (HMF). Several factors affecting the performance of
HMF were investigated, including the type and catalyst loading, temperature, solvent, and reused.
The results showed that 1,4-bis(4-sulfobutyl)-DABCO-1,4-diium tetrachloroaluminate (IL1) exhib-
ited potential as a catalyst for the synthesis of HMF from fructose. This reaction was conducted at a
temperature of 100°C for 5 min with the yield of approximately 60% when using [CholineCl][Citric
acid] deep eutectic solvent. This catalyst, IL1/[CholineCl][Citric acid], was successfully recovered
and reused for four times. This demonstrated the efficacy of various ionic liquids as catalysts for the
_ synthesis of HMF from fructose. Further study on this catalyst is needed for the application in the
"Faculty of Chemistry, University of producing fuel precursors derived from carbohydrates on an larger scale.
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	Thiết bị
	Tổng hợp 1,4-bis(4-sulfobutyl)-DABCO-1,4-diium tetracloroaluminate (IL1 )
	Quy trình tổng hợp dung môi eutectic sâu (Deep eutectic solvent – DES)
	Quy trình tổng hợp HMF sử dụng chất lỏng ion làm chất xúc tác

	KẾT QUẢ VÀ THẢO LUẬN  
	Đặc điểm cấu trúc của chất lỏng ion
	Ảnh hưởng của chất lỏng ion mang tâm acid Brønsted–Lewis 
	Ảnh hưởng của các chất lỏng ion mang acid Brønsted–Lewis khác nhau
	Ảnh  hưởng của khối lượng xúc tác 

	Ảnh hưởng bởi dung môi
	Ảnh hưởng của thời gian phản ứng
	Ảnh hưởng của nhiệt độ
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