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TOM TAT

5-Hydroxymethylfurfural (HMF) 1a mét chat trung gian tiém nang trong téng hap nhién liéu sinh
hoc. Trong nhiing nam gan day, cac nha nghién cliu da va dang mong mudn tim ra cac phuong
phép xanh va xuc tac thich hop dé téng hop HMF trong diéu kién hoa hoc xanh. Trong nghién
cliu nay, ching toi tién hanh téng hgp 03 chét 16ng ion mang tam acid Brensted/acid Lewis, va
01 chat xuc tac ran tu sinh khéi mang nhom acid Bransted ti sinh khéi. Hoat tinh clia 2 loai xdc
tac dugc Ung dung vao phan Ung chuyén hoa carbohydrate thanh HMF. Cac diéu kién nghién ctu
bao gém anh hudng clia nhiét d, anh hudng clia khoi lugng chat xuc tac, dugc nghién ctru nham
chon ra diéu kién thich hgp trong phan ting diéu ché HMF. Két qua nghién clu cho théy rang chét
xUc tac 1-(4-sulfonic acid) butyl-3-methylpyrolidium zinc chloride (IL3) thé hién hoat tinh vuat tréi
S0 V3i cac loai xuc tac khac, hiéu sudt phan Ung dugc ghi nhan khoang 88% HMF trong 2 gid vdi
dung mai 1-ethyl-3-methylimidazolium chloride (EMIMCI). Dé&i vai chét xic tac ran mang tam acid
Bransted (CA-SO3H), hiéu suat phan tng dugc ghi nhan la 52% HMF véi 5 mg CA-SO3H trong 5 gics
trong dung méi dimethyl sulfoxide (DMSO). Nghién ctru nay chiimg minh tiém nang téng hop HMF
tU fructose st dung cac loai xtic téc xanh (chat 16ng ion hodc xuc tac acid ran), cé thé ing dung dé
t8ng hop quy mé I6n va dac biét la nén tadng co ban dé san xuat nhién liéu sinh hoc cd ngudn géc

tur sinh khéi trong diéu kién hoa hoc xanh.

Tukhoa: Fructose, chét 16ng ion, xUc tac acid ran, 5-hydroxymethylfurfural, hda hoc xanh.

GIGI THIEU

Ngay nay, vin dé€ st dung than d4 va cdc ngudn nang
lugng héa thach ngay cang tang, diéu nay da tao ra
nhiéu anh hudng x4u dén mai trudng, sinh khéi nhu
mot ngudn ning lugng sach va tai tao dang nhan
dugc nhiéu sy quan tdm rong rai. Sinh khéi dugc
xem 14 mot trong nhiing nang lugng mdi c6 thé thay
thé nhién liéu héa thach.! 5-Hydroxymethylfurfural
(HMF) 1a moét hgp chat hitu co nén tang co
thé oxi hoéa thanh 2,5-diformylfuran (DFF), acid
5-hydroxymethyl-2-furancarboxylic (HMFCA), acid
2,5-fuandicarboxylic (FDCA), va nhiing hoa chét c6
gi4 tri khac>?. Trong nhiing nim gin day, HMF cht
yéu dugc san xudt thong qua phan ting khit nuéc ctia
carbohydrate (nhu glucose, fructose) véi cac xuc tac
dong thé va di thé, trong d6 c6 dé cap dén xic tdc acid
cho thdy nhiing két qué rit kha quan. * Céc acid Bren-
sted nhu H»SOy4, HCl la chét xic téc dong thé dugc
sti dung khd phé bién, tuy nhién viéc thu hoi doi hoi
nhiéu quy trinh, kho téi st dung va dé dn mon thiét
bi.>~® Do d6, nhiing xtc tac phtt hgp véi xu hudng
“héa hoc xanh” da dugc tip trung khai thac.

Chét long ion (ionic liquid, IL) hay dugc goi 1a mudi
long & nhiét do phong, c6 d6 6n dinh nhiét cao va dp
sudt hoi thip do d6 chung ciing hay dugc coi la dung
modi xanh. Chét long ion 1a vét liéu day hida hen cé
thé tan tot trong nhiéu hgp chét vo co va hitu co va
c6 thé thu héi va tai st dung.® Li va cong sy cho biét
kha nang hoat dong t6t ctia chat long ion 1-butyl-3-
methylimidazolium chloride (BMIMCI) trong phan
ung khti nudc cta fructose khi sti dung hat nhua
trao di ion lam chét xtic tac.'” Viéc gin cc nhém
chtic 1én chét 1ong ion gitup chung c6 nhiing déc tinh
dac biét va n6 rat httu ich d€ md rong pham vi hoat
dong. Huang va cong su da téng hop thanh cong
chét long ion diallyimidazole hexafluorophosphate,
khi chit 16ng ion nay dugc st dung cho su chuyén
héa tii fructose sang HMF trong 10 vi séng thi hiéu
sudt thu dugc la 53% tai 185°C trong dung mdi nudc,
hiéu sudt ting 1én 75% khi thyc hién trong dung moi
DMSO. ! Trong phén ting diéu ché HMF tii carbohy-
drate, acid Lewis ho tr¢g qud trinh dong phan héa glu-
cose thanh fructose, tiép theo, acid Brensted hé trg
qua trinh tach nudc cta fructose dé tao thanh HME.

Trich dan bai bao nay: Kim TN, Trinh NH, Hang NTT, Ha PB, Phuong TH. Nghién cttu chuyén héa
carbohydrate thanh 5-hydroxymethylfurfural s dung xuc tac mang tam acid Brgnsted va Lewis
trong diéu kién héa hoc xanh. Sci. Tech. Dev. J. - Nat. Sci. 2025; 9(2):3374-3382.
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Trong dé, ca hai tdm cla acid Lewis va Brensted déu
quan trong cho phan ting t8ng hgp HME. >~ Do dé,
cac nha nghién ctiu trong va ngoai nudc da va dang
nghién ctiu va phat trién xtc tdc mang tdm acid Lewis
va Bronsted d€ ting dung trong cac phan ting diéu ché
hop chét furan tit carbohydrate. 15,16

Bai nghién ctiu nay trinh bai viéc téng hgp HMF tu
carbohydrate st dung ch4t16ng ion mang hai tim acid
Lewis va Bronsted. Bén canh d4, xuc téc rdn chi mang
tam acid Brensted cling dugc téng hop d€ so sanh véi
kha nang hoat dong ctia xdc tac chit 1ong ion mang
hai tim acid Brensted - Lewis. Céc khdo sat vé nhiét
do, thai gian phan ting va ham lugng xuc tac da dugc
thuc hién nhim xdc dinh diéu kién phan ting t6t nhat
dé téng hop HME.

VAT LIEU VA PHUONG PHAP

Héa chat

D-fructose (99%), 1-methylimidazole (99%), N-
methylpyrrolidine (99%), 1,4-butane sultone (99%),
pyridine (99%), 1-ethyl-3-methylimidazolium chlo-
ride (99%), chuin HMF (99%), chuidn DFF (99%)
dugc mua ti Sigma-Aldrich. D-Glucose monohy-
drate (99%), zinc chloride (99%), sic ky ban mong
(silica gel 60 F254), toluene (99%), diethyl ether
(99%), ethyl acetate (99%), n-hexane (99%), acetone
(99%), va ethanol (99%) dugc mua ti Xilong Chemi-
cal Co., Ltd (China).

Thiét bi

PhS '"H-NMR va '3C-NMR dugc phan tich trén méy
Avance Neo 500 MHz. Phan tich ph6 héng ngoai
bién d6i Fourier (FTIR) ctia chét long ion dugc thuc
hién trén mdy Bruker Verlex 70 (600 dén 4000 cm ™ b,
Phan tich nhiét trong lugng (TGA) béng thiét bi TA
Q500 Thermal Analysis System. Chat xdc tac trai
qua qud trinh nung, tang d4n nhiét d6 ti diéu kién
moi trudng 1én 800°C véi téc do quét 10 Kpm. Phé
HRMS dugc phén tich trén hé théng khéi phd phan
gidi cao MS/MS 6545 series Q-TOF (Agilent). Ham
lugng HMF dugc thyc hién bing cich st dung may
HPLC Agilent 1200 vé6i cot C18 (5 um x 4.6 x 150
mm) dugc trang bi ddu do DAD va pha dong 13 hon
hgp methanol (A) va dung dich 2,5 mM acid sulfuric
(B). Hé dung moi giai ly tuyén tinh: 0-2, phut, 100%
B; 2,5-2,51 phut, 85% B; 2,51-10 pht, 85% B; 10,01
15 phaut, 50% B; 15,01-17 phat, 100% B. Nhiét d6 cot
dugc duy tri 6 30°C. T6éc d6 dongla 0,7 mL/phut. Thoi
gian luu ctia HMF la 9,5 phut 6 budc song phét hién
la 285 nm. Hiéu sudt HMF dugc tinh truc tiép tu cac
duong chudn (1).

58 mole HMF thu dwgc

. x o/ _ _S&mole HMF thu dugc
Hiéu suat HMF (%) 56 mole fructose ban diu

X 100% (1)

Téng hgp 1-(4-sulfonic acid) butyl-pyridium
zinc chloride (IL1-SO; H)

Pyridine (10 mmol, 0,79 g), 1,4-butane sultone (10
mmol, 1,36 g) va toluene (30 mmol, 3 mL) dugc cho
vao binh ciu ¢6 nham 25 mL, khudy & 40°C trong 10
gid Sau khi két thuc phan ting, cho tiép HCl ddm dic
(2 mL) vao, tiép tuc dun & 80°C trong 6 gid. Tiép
theo, ZnCl, (10 mmol) dugc cho vao phan ting, va
phén ting dun hoan Iiu & 80°C trong 12 gid. Sau khi
két thic phan ting, d€ nguéi dén nhiét d6 phong. Hon
hop dugc ria bang diethyl ether (3x10 mL). Chétlong
ion IL1-SO3H dugc dem di c6 quay d€1am kho va sau
d6 dugc bdo quan trong ti lanh.

Hiéu suét tdng hop: 50%

'H NMR (500 MHz, D,0): 6 8,77 (d,] = 5,4 Hz, 1H),
8,46 (t,]=7,8 Hz, 1H), 7,99 (t,] = 7,0 Hz, 2H), 4,57 (t,
] =7,4 Hz, 2H), 2,88 (t, ] = 7,6 Hz, 2H), 2,09 (quint, |
=7,6 Hz, 2H), 1,71 (quint, ] = 7,7 Hz, 2H).

I3C NMR (125 MHz, D,0): § 145,8; 144,3; 128,5;
61,3; 50,1; 29,4; 21,0.

HRMS-ESI m/z ion duong [CoH4NO3S]*: 216,0323
HRMS-ESI m/z ion 4am [ZnCl3]~ va [ZnyCls]™:
170,8306; 304,6996.

Tong hop 1-(4-Sulfonic acid) butyl-3-
methylimidazolium zinc chloride (IL2-SO;H)
1-Methylimidazole (10 mmol, 0,821 g) va 1,4-butane
sultone (10 mmol, 1,36 g) va toluene (30 mmol, 3 mL)
dugc cho vao binh ciu ¢6 nham 25 mL, khudy 6 40°C
trong 10 gid. Sau khi két thic phén ting, cho tiép HCI
dam dic (2 mL) vao, tiép tuc dun & 80°C trong 6 gid.
Tiép theo, ZnCl, (10 mmol) dugc cho vao phan ting,
va phan ting dun hoan luu & 80°C trong 12 gi6. Sau
khi két thic phan ting, d€ ngudi dén nhiét do phong.
Hén hgp dugc riia bang diethyl ether (3x10 mL). Chét
long ion IL2-SO3H dugc dem di c6 quay d€ lam kho
va sau d6 dugc bao quan trong tt lanh.

Hiéu sudt tong hop: 65%

I'H NMR (500 MHz, D,0): § 8,65 (s, 1H), 7,41 (s,
1H), 7,35 (s, 1H), 4,16 (t,] = 7,1 Hz, 2H), 3,80 (s, 3H),
2,86 (t, ] = 7,7 Hz, 2H), 1,94 (quint, ] = 7,2 Hz, 2H),
1,66 (quint, ] = 7,8 Hz, 2H).

I3C NMR (125 MHz, D,0): § 136,0; 23,8; 122,3; 50,2;
49,1; 35,8; 28,2; 21,0.

HRMS-ESI m/z ion duong [CgHi5N,03S]"
219,0422
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HRMS-ESI m/z ion 4am [ZnCl3]~va [ZnpCls]™ :
170,8309; 306,8489

Téng hop1-(4-Sulfonic acid) butyl-3-
methylpyrolidium zinc chloride IL3-SO;H)

1-Methypyrrolidine (10 mmol, 0.85 g) va 1,4-butane
sultone (10 mmol, 1,36 g) va toluene (30 mmol, 3 mL)
dudgc cho vao binh ciu ¢ nham 25 mL, khudy 6 40°C
trong 10 gid. Sau khi két thic phan ting, cho tiép HCI
dam dac (2 mL) vao, tiép tuc dun & 80°C trong 6 gid.
Tiép theo, ZnCl, (10 mmol) dugc cho vao phan tng,
va phan ting dun hoan luu & 80°C trong 12 gid. Sau
khi két thuc phan ting, d€ nguéi dén nhiét do phong.
Hoén hgp dugc ria bang diethyl ether (3x10 mL). Chét
long ion IL3-SO3H dugc dem di c6 quay d€ lam kho
va sau d6 dugc bdo quan trong ta lanh.

Hiéu sudt tdng hop: 70%

'H NMR (500 MHz, D,0): § 3,41 (d, ] = 8 Hz, 4H),
3,27 (t,] = 8,5 Hz, 2H) 2,94 (s, 3H), 2,88 (t, ] = 7,5 Hz,
2H), 2,11 (s, 4H), 1,87 (quint, ] = 8,3, 7,8 Hz, 2H), 1,71
(quint, ] = 7,6 Hz, 2H)

13C NMR (125 MHz, D,0): § 64,5; 63,7; 50,2; 48,4;
22,2;21,5; 21,4.

HRMS-ESI m/z ion duong [CoHygNO3S] ™: 222,0782
HRMS-ESI m/z ion 4m [ZnCl3]~ va [ZnyCls]™ :
170,8306; 306,8486

Téng hop xtic tic CA-SO3H

Chit xuic téc CA-SO3H dugc tong hgp dua theo quy
trinh gém hai buéc da dugc cong bé.'” Trong budc
dau tién, vo mang cdu da sdy kho (10 g) dugc nghién
nho va tron véi 90 mL dung dich KOH 3M cho qua
trinh than hod va hoat h6a dién ra duéi di€u kién thty
nhiét tai 180°C trong 6 gid. Sau do, san phim dugc
rtia v6i nudce khti ion va sdy tai 110°C trong 6 gid. Qua
trinh acid héa dugc thuc hién vdi su ho trg ctia 2mL
H,SO4 (98%) bdi viéc hinh thanh céc lién két cong
héa tri ctia nhém sulfonic 1én bé mit ctia sdn phim
da dugc téng hgp trong bude dau tién. Quad trinh nay
ciing dugc thuc hién trong 6ng Teflon 6 180°C trong
24 gi6. Cudi cung, san phdm chit rin mau den thu
dugc sau khi riia véi nude khii ion va siy & nhiét do
110°C (Hinh 1).

Quy trinh diéu ché HMF st dung chat léng
ion lam chat xuic tac

Hén hgp gom fructose (1 mmol, 180 mg), chit long
ion (IL), EMIMCI (6 mmol) dugc cho vao cic 6ng
phan ting c6 thanh tit tinh. Anh huéng ctia chét
long ion mang hai tdm acid Brensted — Lewis (IL1-
SO3H, 112-SO3H, IL3-SO3H), khéi lugng chat 1ong

ion (5 mol%, 10 mol%) trong cac khoang thgi gian
khac nhau (tit 0,5 gio dén 7 gid) d€ chon ra diéu kién
thich hgp cho phan ting. Hiéu suét ctia phan ting dugc
nghién cttu bang phuong phap HPLC. Viéc tinh ché
san phdm tit hén hgp phén ting dugc thuc hién bing
phuong phép chiét 1ong-16ng, st dung dung moéi dé
thu ethyl acetate dugc sin phdm tinh sach. San phim
HMEF dugc céc dinh cdu tric héa hoc bsi 'H NMR,
I3CNMR.

Quy trinh diéu ché HMF st dung xuc tac acid
ran (CA-SO; H) chat xuc tac

Hén hgp goém fructose (1 mmol, 180 mg), CA-SOszH
(5 mg, 10 mg, 15 mg, 20 mg), DMSO (3 mL) dugc
thém vao cdc 6ng phan ting c6 thanh tu tinh. Phan
ung dugc thuc hién & cdc khoang nhiét do khac nhau
bao gébm 100, 120, 140, va 160°C trong cac khoang
thai gian khac nhau (1, 3, 5, 7, 10, 12, 15 gi¢). Sau
khodng thoi gian nhét dinh, miu dugc can va dinh
muc bing nudc cit (10 mL). Sau d6, mau dugc loc
quamangloc 0,45 um va dugc phan tich bing phuong
phap HPLC-DAD.

'H NMR (500 MHz, CDCl3): 8 9,58 (s, 1H), 7,21 (d,
J =3,5Hz, 1H), 6,51 (d, ] = 3,5 Hz, 1H), 4,71 (s, 2H).
13C NMR (125 MHz, CDCls): 8 177,6; 160,5; 152,5;
122,4; 109,9; 57,7.

KET QUA VA THAO LUAN

Pac tinh chitlong ion

Trong nghién ctu nay, chit long ion mang hai tam
acid Brensted — Lewis dugc diéu ché va xdc dinh cidu
triic theo quy trinh da dugc cong bé. '8 Quy trinh téng
hgp gom ba budc trén cing mét hé phan ting bao gom
phan ting thé thin hach d€ gdn nhém sulfobutyl, tiép
theo 1a acid hoa d€ hinh thanh tdm acid Brensted (-
SO3H), va cudi cung la dua tam acid Lewis vao san
phdm béng céch stt dung ZnCl, (Hinh 2). Cic tim
acid Lewis dong vai tro quan trong trong nhiéu phan
tng héa hoc khéc nhau va ¢ thé anh hudng l6n dén
kha ning phan ting va tinh chit xtc tac ctia hgp chit.
Trong budc dau tién, phan tng gitia pyridine va 1,4-
butane sultone hinh thanh san phfm rdn mau tring,
tuong ty khi st dung 1-methylimidazole. Tuy nhién,
phén ting gitia 1-methylpyrrolidine va 1,4-butane sul-
tone hinh thanh san phdm ran mau cam. Sau d9, cac
chéit rdn trén dugc acid hoa boi HCI d€ hinh thanh
tam acid -SO3H cung véi sy hinh thanh ctia ion chlo-
ride & trang thai zwitterion. Cudi cung, phan ting
v6i ZnCly d€ cho ra san phdm. Cac chét long ion
mang hai tdm acid Brensted — Lewis dugc xac dinh
céu tric va ddc tinh thong qua cac ky thuét phan tich
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CA-SO,H Sdy 100 °C, 6 gid

Hinh 1: Quy trinh diéu ché xuc tac CA-SOsH
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Hinh 2: Quy trinh téng hgp chat 16ngion
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Hinh 3: Phé héng ngoai va gidn dé phan tich nhiét ctia ba chat Iéng ion
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khic nhau nhu 'H-NMR, 3C-NMR, FT-IR, HRMS
va TGA.

Phd héng ngoai (FT-IR) cta ba IL dugc biéu dién
trong Hinh 3a,b,c. Su hién dién ctia cic nhém O-H
trong phé cua IL1-SO3H, IL2-SO3H, IL3-SO3 H dugc
quan sat thdy lan lugt tai cdc ving 3355 cm™!, 3351
ecm~!, 3368 cm~!. Céc dinh hip thu quan st dugc tai
s6s6ng 1139 cm™! va 1208 cm ™! 1a dao dong kéo din
ctia lién két S=O. Viing phd hién thi dao dong kéo dan
C-H dugc dic trung bdi viing 2975 — 2973 cm ™. Sy
c6 mét ctia cac vung déc trung trong phé hong ngoai
ctiaba chdtlong ion da xac nhén sy gén két thanh cong
ctia nhom -SO3H.

Do 6n dinh nhiét ctia ba chit long ion mang hai tim
acid Brensted - Lewis dugc x4c dinh bang phuong
phap phan tich khéi lugng theo nhiét d6. Budng cong
TGA (Hinh 3d,e,f ) cia ba mau c¢6 cung xu hudng
khi trdi qua lan giam khoéi lugng ddu tién & 150°C
do sy hién dién cac hgp chit hitu co. Tiép theo, lan
giam khoi lugng thi hai dugc bdo cdo ¢ khoang 350
- 450°C do sy phén hty ctia cation ctia chit 1ong ion.
Lan gidm khdi lugng cudi cung dugc giai thich bing
sy hién dién ctia cdc anion chlorozincate.

PhS NMR ctia ba IL dugc biéu dién 6 Hinh PL1, Hinh
PL2 va Hinh PL3 (Phu luc). D¢ dich chuyén hoéa
hoc ctia proton trong -CH;-SO3- trong phé ctia IL1-
SO3H, IL2-SO3H, IL3-SO3H dugc quan sat thdy lan
lugt tai cac vung 2,91 - 2,84 (m, 2H); 2,89 - 2,83 (m,
2H),va 2,88 (dd, ] = 8,4, 6,8 Hz, 2H). Cac proton trong
lién két -CH, -N- dugc thé hién & cic tin hiéu nhu sau
4,57 (t, ] = 7,4 Hz, 2H), 4,16 (t, ] = 7,1 Hz, 2H) va
3,31 - 3,23 (m, 2H) theo thi ty 14n lugt ctia ba chit
long ion. Céc két qua tii phd carbon ciing thé hién
du céc tin hiéu ctia cac carbon trong cdu triuc. Hon
ntia, phd HRMS thuc hién & ché d¢ ion am da phan
tich ra sy ¢ mit ctia cic ion ZnCl3~ va Zn,Cls~.
Céc két qua nay xac nhan sy hién dién ctia nhém acid
Lewis trong ba chat long ion dang dugc nghién ctiu.
Ngoai ra, cic két qua HRMS thu dugc khi & ché do
ion duong da cho thiy két qua trung khép véi cac ion
duong trong méi chdt 1ong ion, véi m/z tuong ting la
216,0323; 219,0422 va 222,0782 (Hinh PL4, PL5, PL6
- Phu luc). Do d6, cac s6 liéu trén xac nhan cho viéc
téng hop thanh cong ba chit long ion.

Hoat tinh chat xtc tac trong phan ting diéu
ché HMF

Anh huéng cia cation dén hiéu sudt tao
thanh HMF

Khdo sit dugc tién hanh dé€ danh gid kha ning hoat
dong clia cac chdt 1ong ion khac nhau dua trén cac
cation cua chung. Nhin chung, hiéu sudt thu dugc

ti IL1-SO3H, IL2-SO3H, IL3-SO3H tuong d6i gidng
nhau, cho théy IL la chat xtc tac hiéu quéa cho qud
trinh chuyén déi ti fructose sang HMFE. Nhu dugc mo
ta trong Hinh 4, xtc tac IL3-SO3H cho thdy kha nang
hoat dong t6t hon so véi hai chat xudc tac con lai. Hon
niia, viéc st dung chit long ion dugc téng hop tu 1-
methylpyrrolidine chua dugc nghién ctiu rong rai. Do
do, trong bai nghién ctiu nay, IL3-SO3H sé dugc st
dung lam chit xuc tac cho cac khao sat tiép theo.

78 %
76 %

72 %

IL1-SO,H IL2-SO;H IL3-SO;H

Hinh 4: Anh hudng cua cation dén hiéu sut hinh
thanh HMF

Anh huéng cua nhiét @6 phdn tng

Qua trinh khtt nuéc cta fructose tao thanh HMF st
dung IL3-SO3H (5 mol%) lam chét xtc tac dugc thuc
hién & bon nhiét 6 khac nhau 80°C, 100°C, 120°C,
140°C trong dung méi EMIMCI véi fructose (1 mmol,
180 mg) (Hinh 5a). Két qua nghién ctiu dnh hudng
ctia nhiét d cho théy hiéu sudt HMF tang dan & nhiét
dd 80°C va 100°C, tuy nhién két qua cé xu hudng
ngudgc lai dugc ghi nhan & nhiét d6 120°C va 140°C.
Quia trinh chuyén héa fructose thanh HMF thu dugc
két qué tdt nhat khi thuc hién 6 100°C, hiéu sudt cao
nhét dugc ghi nhin 88% trong 2 gid. Bén canh do,
nhiét d6 cao c6 tdc ddng bét 1gi v6i viéc hinh thanh
HMEF khi thoi gian phan ting kéo dai. Hién tugng nay
6 thé giai thich do sy phin hay va phéan tng trung
hgp tiép theo cia HME, dan dén sy hinh thanh mot
san phdm phu mau nau sam khong hoa tan trong hén
hop phén ting, thudng dugc goi 1a humin.'*?° Theo
két qua dugc trinh bay trong Hinh 5a, nhiét d6 phan
ung 100°C la nhiét d¢ thich hgp cho phan tng diéu
ch& HMF sti dung IL3-SO3H lam xuc tac.

Bén canh st dung chit 16ng ion lam xdc tic, xuc tac
acid ran dugc nghién ctiu nhiam muc dich so sanh
hiéu qua cta xtc tac acid rdn va chit long ion trong
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Hinh 5: Anh hudng clia nhiét 46 phan ting dén hiéu suat HMF sir dung xuc tac IL-SO3H (a) va CA-SO3H (b).

phén ting diéu ché HMF tii fructose. Hén hgp phan
tng gém fructose (1 mmol, 180 mg), chit xuc tic
(20 mg) va dung mo6i DMSO (3 mL) dugc khao st
trong cac khoang thoi gian khéc nhau (1, 3, 5, 7, 10,
12, va 15 gi6) (Hinh 5b). Khi phan ting dugc thuc
hién & 100°C, chi 36% HMF dugc hinh thanh trong
1 gi¢ dau. Cung khodng thoi gian do, hiéu sudt HMF
dugc ghi nhan khoang 64%, 65% va 54% lan lugt & cac
nhiét d6 120°C, 140°C va 160°C. Khi nhiét d6 phan
ung ting dan thi hiéu suft tao thanh sin phim cé xu
hudng ting, tuy nhién & nhiét d6 cao nhu 160°C thi
hiéu suit bit ddu gidam do xuit hién cdc phan ting phuy,
diéu nay lam gidm hiéu sudt cia HME, két qua cta
nghién ctu phit hgp véi mét s6 cong trinh da dugc
cdng bé. 21 Khi so sénh hiéu qué ctia xiic tic ran (CA-
SO3H) va chit 1ong ion (IL3-SO3H) thi chit 1ong ion
thé hién hoat tinh xtc tdc vugt trdi hon so vdi xtc
tdc ran trong cung mot diéu kién phan tng. Viéc st
dung xuc tac IL3-SO3H giup phan ting dat dugc hiéu
sudt t6t nhét trong thai gian ngdn hon va doi hdi ning
lugng nhiét thap hon, nhé d6 cing giam thiu cac san
phdm phu hinh thanh trong phan tng.

Anh huéng ctia khéi luong chét xiic tdc

Khoi lugng chat xic tac déng vai tro quan trong trong
cdc phan ting tong hgp hitu co. Détim ra cac diéukién
thich hgp cho phan ting diéu ché HMF tu fructose,
khéo sat anh hudng cta khéi lugng xuc tic da duge
nghién cttu d6i véi chat 1ong ion (IL3-SO3H) va xuc
tac acid rdn (CA-SO3H). Quy trinh téng hgp HMF
dugc thuc hién & 100 °C véi su tham gia cta fructose
(1 mmol, 180 mg), EMIMCI (6 mmol, 1 g) va IL3-
SO3H (5 mol% va 10 mol%) (Hinh 6a). Khi st dung
5 mol% xuc tac, hiéu sudt phan tng dugc ghi nhan
cao nhdt tai 2 gio v6i 88% HMF dugc ghi nhan, tuy

nhién, hiéu suit phan Gng c6 xu hudng gidm dan khi
tang thoi gian phan Ging dén 7 gio. Ching toi tiép tuc
tang khoi lugng xtc tac tit 5 mol% lén 10 mol%, hiéu
sudt phan ting dugc cai thién rd rét, sau 1,5 gig, hiéu
suat HMF dugc ghi nhan khodng 86%. Tuy nhién,
hiéu sudt HMF ciing c6 xu huéng giam khi kéo dai
thoi gian phan ting. Khi so sanh hiéu qua ctia hai khéi
lugng xuc tac (5 mol% va 10 mol%), chung t6i quyét
dinh chon 5 mol% lam khéi lugng xidc tac phtt hop
cho nghién ctiu diéu ché HMF tii fructose. Tiép theo,
ching t6i tiép tuc khao st anh hudng khéi lugng chat
xuc tac CA-SO3H. Hén hgp phan ting gdm fructose
(1 mmol, 180 mg), DMSO (3 mL), 120°C v6i cac khéi
lugng chat xuc tac khdc nhau (5 mg, 10 mg, 15 mg va
20 mg) (Hinh 6b). Hiéu sudt HMF dugc ghi nhén cao
nhdt khoang 52% tai 5 gi¢ khi stt dung 5 mg chat xtc
tac va c¢6 xu hudng gidm khi kéo dai thai gian phan
ung. Chung t6i tiép tuc tang khoi lugng xuc tac 1én
10 mg, tuy nhién, hiéu sudt phan ting khong dugc cai
thién, hiéu sudt HMF dugc ghi nhan khoang 43% sau
7 gi6 phan ting. D6i véi 15 mg va 20 mg chét xuc tic,
hiéu sudt HMF dugc ghi nhan 14n lugt 13 55% va 40%
sau 7 gi¢ phan tng. Khi tién hanh so sanh hiéu qua
cua hai loai xuc tac (IL3-SO3H va CA-SO3H) tu két
qua thuc nghiém c6 thé thiy rang, chit xuc tac IL3-
SO3H thé hién hoat tinh t&t hon xtc tic CA-SOzH.
Diéu nay dugc giai thich la vi xic tdc IL3-SO3H mang
2 tAm xuc tac (acid Brensted va acid Lewis) hé trg tét
cho qua trinh tach nudc tao thanh HMF ctia fructose.

Thu héi va tdi sir dung

Thu hoi va tdi st dung xuic tac 1a mot trong nhiing
yéu cdu cua héa hoc xanh, vi thé nhiéu nghién ciiu da
nhidn manh dén kha nang thu hoi va tai st dung ctia
chét xtc tac. D€ chling minh tdm quan trong ctia hé

3379



Tap chi Phdt trién Khoa hoc va Céng nghé - Khoa hoc Tw nhién 2025, 9(2):3374-3382

@) 100 e
|-m-5mol% @ 10mol%
go_"
801 "o m
£ LN °
w
= 60 l |
T | L}
>
3 @
[ 40 -
=
£
I
201
L R R e R

0 1 2 3 4 5 6 7
Thei gian (gio)

b) 100 — T T T T T T T T
m 5mg ® 10mg A 15mg ¥ 20mg
80 R
S
L 0 v A 1
T vy Yn P
3 " S
2 a0 N = L :
2 n A w
3 L ]
20 4 B
|
0] L = ] ]

Thei gian (gio)

Hinh 6: Anh hudng ctia khéi lugng chét xuc tac IL-SO3H (a) va CA-SO3H (b) dén hiéu suat HMF.

théng xuc tac, quy trinh téng hgp HMF & 100°C dugc
thuc hién trong 2 gi6 véi cac diéu kién da dugc nghién
ctiu bao gom fructose (1 mmol, 180 mg), EMIMCI (6
mmol) va IL3-SO3H (5 mol%), 100°C, 2 gio. Chat
xuc tac dugc thu héi ra khoi hén hgp phan ting bang
phuong phép chiét long-long bsi hon hgp ethyl ac-
etate va diethyl ether. Sau d6, phan ting dugc tiép tuc
tién hanh véi cung diéu kién trén. Két qua dugc trinh
bai trong Hinh 7. Hiéu sét thu hoi cho 1an phan ting
dau tién dugc ghi nhin khoang 82% HMEF, 14n th hai,
tht ba khoang 65% HMF va 72% HME Khi so sanh
hiéu suat HMF sau bon 1an thu héi va chua thu hoi,
hiéu suit giam khoang 15%. Do d6, xtc tac IL3-SO3H
van duy tri t6t hoat dong chuyén héa fructose thanh
HMEF sau khi stt dung 4 lan.

100+ 9

@
=1
L

1

Hiéu suat HMF (%)
(2]
o
.

Lan 1 Lan 2 Lan 3 Lan 4

Lan 0

Hinh 7: Hiéu suit HMF theo s6 lan thu hoi va téi st
dung xuc tac & diéu kién phan ting fructose Tmmol,
IL3-SO3H 5 mol%, EMIMCI 6 mmol, 100°C, 2 giG.

KET LUAN

Trong nghién ctdu nady, ching toi did tong hgp
thanh cong 03 chét long ion gém céc khung pyri-

dinjum tU pyridine (IL1), khung imidazolium tu
1-methylimidazole (IL2), khung pyrrolidium tu 1-
methylpyrrolidine (IL3) mang tdm acid Brensted (-
SO3H) va tAm acid Lewis (ZnCl,). Ddc diém ciu tric
ctia 03 chét 16ng ion dugc xac dinh bing cdc phuong
phap hién dai nhu FT-IR, 'H-NMR, 3C-NMR va
HRMS. Hoat tinh ctia xtic tac dugc nghién ctiu trong
phén tng tong hgp HMF tii fructose. Trong d6 chét
xuc tac IL3-SO3H cho hiéu qua xuc tac t6t nhat véi
hiéu sudt HMF dugc ghi nhin khodng 88% sau 2 gi¢
tai 100°C trong dung moéi EMIMCIL. Bén canh d6,
chung t6i da diéu ché xuic téc acid ran tii vo na mang
tam acid Brensted, hoat tinh xuc tac dugc ting dung
dé diéu ché HMF tii fructose. Hiéu suat HMF dugc
khi nh4n khoang 52% sau 5 gi¢ phan tng tai 120°C
trong dung mé6i DMSO khi st dung 5 mg chdt xuc tac
CA-SO3H. Dic biét, d6i vi chét xuc tac IL3-SO3H da
dugc nghién ctiu kha nang thu hoéi va tai st dung, va
két qué cho théy rang sau 4 14n thu héi, xtc tdc van 6n
dinh va cho hiéu suét t6t. Nghién ciiu cho théy rang,
khi st dung chét xtic tdc mang 2 tam acid (acid Bren-
sted va acid Lewis) cho hiéu qué t6t hon trong phan
ung diéu ché HMF tui fructose.

LO1 CAM ON

Nghién ctiu nay dugc tai trg bdi Dai hoc Qudc gia
TPH6 Chi Minh (PHQG-HCM) trong khuén khé
Dé tai ma s6 NCM2024-18-01

DANH MUC TU VIET TAT

HME: 5-Hydroxymethylfurfural

IL: chét long ion

EMIMCI: 1-Ethyl-3-methylimidazolium chloride
TGA: Phén tich nhiét trong lugng

HPLC: Séc ky 16ng hiéu nang cao

NMR: Phé§ cdng huong tit hat nhan
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ABSTRACT

5-Hydroxymethylfurfural (HMF) serves as a prospective intermediary in the synthesis of biofuels.
In recent years, researchers have sought environmentally friendly methodologies and appropriate
catalysts for the synthesis of HMF under green chemistry conditions. In this study, we synthesized
three ionic liquids containing Brgnsted acid/Lewis acid centers and one biomass-derived catalyst
with Brgnsted acid groups from biomass. The efficacy of two types of catalysts was utilized in the
procedure for converting carbohydrates into HMF. The research examined the effects of tempera-
ture, catalyst mass, recovery, and reuse to identify optimal conditions for the synthesis of HMF. The
findings indicated that the 1-(4-sulfonic acid) butyl-3-methylimidazolium zinc chloride (IL3) catalyst
exhibited enhanced activity relative to alternative catalysts, achieving a reaction yield of around
88% HMF in 2 hours using EMIMCI as a solvent. The Brgnsted acid-based solid catalyst achieved
a reaction yield of 52% HMF using 5 mg CA-SO3H for a duration of 5 hours. This study illustrates
the feasibility of synthesizing HMF from fructose utilizing green catalysts (ionic liquids or carbon-
based solid acid), suitable for large-scale production and particularly as a foundational platform for
generating biomass-derived biofuels under green chemistry principles.

Key words: Fructose, ionic liquid, carbon-based solid acid, 5-Hydroxymethylfurfural (HMF), green
chemistry.
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