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Section 1: Chemical and equipment

Iron (III) chloride (= 97%), sodium hydroxide (= 99%), hydrochloric acid (36%), oxalic acid
(= 99%), D-glucose monohydrate (> 99%), dioxane (= 99%), methyl isobutyl ketone (MIBK)
(= 99%), D-fructose (= 99%), dimethylformamide (> 99%) were obtained from Merck. 2,5-
Diformylfuran (>99%), 2,5-furandicarboxylic acid (>99%), S5—(hydroxymethyl)furfural
(>99%) furfural (>99%), levulinic acid (>99%), deuterochloroform (>99%), dimethyl sulfoxide
(>99%) were supplied by Sigma—Aldrich. All chemicals were utilized without any additional
purification.

Analytical techniques
The NMR spectra were obtained using a Bruker Advance 500 MHz nuclear magnetic resonance
(NMR) spectrometer, with D-chloroform serving as the solvent. A thorough examination was
carried out using Fourier transform-infrared spectroscopy (FTIR) on KBr pellets utilizing a
Bruker Vertex 70 system. The reaction products were measured using a high-performance
liquid chromatography system with a diode array detector at a specific wavelength. A particular
type of column, called InertSustain C18, was used in the experiment to efficiently separate the
different components in the reaction mixture. The temperature of the column was kept at 30 °C.
A solution of methanol and sulfuric acid was utilized as the eluent, flowing at a rate of 0.7
mL.min"!.

H% = (The number of 5-HMF moles)/(The initial number of fructose moles)x100% (1)



Section 2: NMR spectrum of 5-HMF
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Figure S2-1. "H-NMR spectrum of HMF
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Figure S2-2. BC-NMR spectrum of HMF
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Section 3: Titration of catalyst
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Figure S3-1. The titration curves of 100-4 with pH/V (orange line) and ApH/V (blue

line)
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Figure S3-2. The titration curves of 200-4 with pH/V (orange line) and ApH/V (blue

line)
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Figure S3-3. The titration curves of 300-4 with pH/V (orange line) and ApH/V (blue

line)
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Figure S3-4. The titration curves of 350-4 with pH/V (orange line) and ApH/V (blue
line)
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Figure S3-5. The titration curves of 400-4 with pH/V (orange line) and ApH/V (blue

line)
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Figure S3-6. The titration curves of 400-4R4 with pH/V (orange line) and ApH/V
(blue line)



Figure S3-7. The titration curves of 500-1 with pH/V (orange line) and ApH/V (blue
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Figure S3-8. The titration curves of 500-2 with pH/V (orange line) and ApH/V (blue

line)
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Figure S3-9. The titration curves of 500-3 with pH/V (orange line) and ApH/V (blue

line)
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Figure S3-10. The titration curves of 500-4 with pH/V (orange line) and ApH/V (blue

line)
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Figure S3-11. The titration curves of 500-5 with pH/V (orange line) and ApH/V (blue

line)
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Figure S3-12. The titration curves of Blank with pH/V (orange line) and ApH/V (blue

line)



Section 4: HPLC chromatography

Figure S4-1: HPLC chromatography of 5-HMF in investigating catalytic performance.
Reaction conditions: Fructose (1mmol), DMSO, for 30 minutes at 120 °C.

Data File D:\DATA\2822\Thang 5%12-85-HMF\2822-12-85-HMF 2822-85-12 16-48-83\MT 14.D
Sample Mame: MT 14
Acq. Operator : S¥YSTEM Seq. Lime : 33
acq. Instrument @ HPLC-DAD Location @ Fl-D-86
Injection Date @ 5/13/2822 2:29:55 AM Inj @ 1
Inj Wolume : 18.888 pl
Acq. Method ¢ D:\DATAN2822%\Thang 5%12-85-HYF\2822-12-85-HMF 2822-85-12 16-48-83\HMF_cot
158 _hat mho.M
Last changed :o4f10/2822 4156147 PM by SYSTEM
Analysis Method @ D:\METHOD\HMF_cot 158_hat nho_KQ.M
Last changed ¢ 514/2822 2:86:57 PM by SYSTEM
Additional Infe : Peak(s) manually integrated
DAL A, Sig=210.4 Ref=360,100 (DADATANRD.. Thang 112-05-HMP2022-12-05-HMF 2023-05-12 16-45-03WT 14.0)
Ll 7] o 5-HMF
2000 4
1500 4
10004
] 3 A
500 4 -] T = g L] 3
z g5 =
] 5 EX g f\ ggz g d
0 T < — e Tt " r
T T L) T J T L) 1
2 4 3 8 i 2 14 15 min
DADA B, Sig=285.4 Ref=360,100 (DADATAMRD.. Thang 112-0o-HMP2022-12-05-HMF 2022-05-12 16-45-03WT 14.0)
mal ]
25004
20004
1500
1000 3
5004 = o — @ 5 o E H
E fzg :.*Q g HE E
o g _sag |8 Zf k.
: 4 H H 1 iz 14 15 mid
External Standard Report
Sorted By H signal
calib. Data Modified : 51372822 1:43:88 AW
Multiplier H 1.8888
Dilution H 1.8888
Do not wse Multiplier & Dilution Factor with ISTDs
Signal 1: DADL 4, 5ip=218,4 Ref=368,188
RetTime Type area amtfarea Amount  Grp Mame
[min] [mau*s] [ppm]
3.688 - - - Formic acid
B.788 - - - Levulinic acid
9.743 BV R 6374.91895 1.23552e-1 T&7.63144 H4F
18.481 VW E 279.62354 5.38929e-2 14, 34584 DFF
11.1B2 BB T.24828 8. 88088 8. 88088 FOCA
11.688 - - - Furfural
HPLC-DAD 5/17/2822 11:56:59 PM SYSTEM Fage 1 2f 2
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Figure S4-2: HPLC chromatography of 5-HMF in investigating catalytic performance.
Reaction conditions: Fructose (1mmol), DMSO, for 1 hour at 120 °C.

Data File D:\DATA\2822'Thang 5%12-85-HMF\2822-12-85-HMF 2822-85-12 16-48-83\MT 15.D
Sample Name: MT 15

Acq. Operator @ SYWSTEM Seq. Lime ! 34
HPLC-DAD Location : P1-D-87
5/13/2622 2:48:82 AM Inj : 1
Inj volume : 18,888 ul
D:\DATA%26822\Thang 512-85-HMF\2822-12-85-HMF 2822-85-12 16-4B-83\HMF_cot
158 _hat nho.M
4f19/2822 4:56:47 PM by SYSTEM
D:\METHODYHMF_cot 158_hat nho _KQ.M
Last changed 5/14/2822 2186157 PM by SYSTEM

Additional Info : Peak(s) manually integrated
DACH A, Slg=210,4 Ref=360, 100 {DADAT A20... Thang S12-05-HMP2022-12-05-HMF 20220512 16-45-03WMT 15.0)

Acq. Instrument
Injection Date

Acg. Method

Last changed
Analysis Method

il 5-HMF
]
2000
1500
1000 ¥
i E o
500 o @ T Tz B g
- 8 g 3g8 g LT
04 L L LT —— . S e S i >
T T T T T T ] T
2 4 g ] i 12 14 16 min
DAD1 B, Sig=285.4 Ref=380, 100 (DADATARRD... Thang 2-05-HMP2022-12-05-HMF 2022-05-12 16-45-03MT 15.0)
m!l.l_'
2500
2000
1500
1000
1 = o ] Ll
e g8y szgg | (3 88 § 3§
LE Br S EEE ] e pm
T T T T T T T T
2 4 5] i i 1] 12 14 16 N
External Standard Report
sorted By H signal
calib. Data modified : 5/13/2822 1:43:88 AM
Fultiplier H 1.@888
Dilution H 1.@888
Do not wse Multiplier & Dilution Factor with ISTDs
signal 1: DAD1 &, Sig=218,4 Ref=368,188
RetTime Type Area amtfarea Amount  Grp Name
[min] [mau*s] [ppm]
3.543 EB 4.94284 2.3E541 11.70869 Formic acid
E.7a8 - - - Levulinic acid

0.748 BV R 8814.55878 1.23612e-1 1839.5E348 HMF
18.484 VB E 514.409731 5.78333e-2 29.34348 DFF

11.105 EB 11.04851 &.30088 &.0a068 FOCA
11.683 BY 23,86787 7.68687e-2 1.83463 Furfural
HPLC-DAD 5/17/2822 11:158:88 PM SYSTEM Fage 1 of 2
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Figure S4-3: HPLC chromatography of 5-HMF in investigating catalytic performance.
Reaction conditions: Fructose (1mmol), DMSO, for 3 hours at 120 °C.

Data File D:\DATA\2822\Thang 5'12-85-HMF\2822-12-85-HMF 2822-85-12 16-48-83\MT 16.D
|sample Mame: MT 16

ACqQ. Operator ¢ S¥STEM Seqg. Line : 35
Acq. Instrument @ HPLC-DAD Location @ P1-D-83
Injection Date @ 5/13/2822 3:86:18 AM Inj @ 1
Inj Wolume : 18.888 pl
Acq. Method ¢ D:\DATAN2822\Thang 5%12-85-HYF42822-12-85-HMF 2822-85-12 16-48-83\HMF_cot

158_hat nho.M
Last changed : 4f19/2822 4:56:47 PM by SYSTEM
Analysis Method : D:\METHOD\HMF_cot 158_hat nho_KQ.M
Last changed t 501472822 2:86:57 PM by SYSTEM
Additional Info : Peak(s) manually integrated

DADT A, Sig=210.4 Ref=360, 100 (DADATANRD.. Thang Sui2-05-HMP2022-12-05-HMF 2022-05-12 16~45-03MT 16.0)
Ll S-HMF
] o
2000
1500 4
1 e
-
1[m—_ ﬁ 5
500 - o8Oy T g 5 28 8 2 B
1 = — 0
] B By 5 B 3 =2 3 =
o T i - ————* ——— -
T T T T T T T T
2 4 & 3 10 12 14 16 min
DAL B, 3ig=285.4 Ref=360, 100 (DADATAR].. Thang SU12-05-HMP2022-12-05-HMF 2022-05-12 16-45-03AMT 16.0)
mal o
1 3
2500
2000
15004
1000 3
F L) =
<0 yer zygg | |8 8% B E @
N gy @ @E o, e Ll
T T 1 ] T T ] T
2 4 ] il 12 14 h [ i)
External Standard Report
sorted By H signal
Calib. Data mModified : 571372822 1:43:88 AM
FMultiplier H 1.8888
Dilution H 1.8888
Do not wse Multiplier & Dilution Factor with ISTDs
Signal 1: DAD1 &, Sig=218,4 Ref=368,1808
RetTime Type Area amtfAarea Amount  Grp Name
[min] [mau*s] [ppm]
3.558 EB 5.72457 2.23379 12.7B752 Formic acid
E.7a8 - - - Levulinic acid
9.747 BV R 9574.73145 1.23625e-1 1183.67713 HMF
18.487 VB E 637.41816 5.79379e-2 36.93828 DFF
11.193 EB 14.78258 2. 88888 8. gaee8 FDC&
11.5938 BV 38.35662 8.31934e-2 2.52547 Furfural
HPLC-DAD 5/17/2822 11:58:38 PM SYSTEM Fage 1 of 2
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Figure S4-4: HPLC chromatography of 5-HMF in investigating catalytic performance.
Reaction conditions: Fructose (1mmol), DMSO, for 6 hours at 120 °C.

Data File D:\DATA\2822\Thang 5\12-B5-HMF\2822-12-85-HMF 2822-85-12 16-48-83\MT 17.D
Sample Mame: MT 17
Acq. Operator @ SYSTEM Seg. Line ¢ 36
Acq. Instrument : HPLC-DAD Location @ P1-D-89
Injection Date : 57132822 3:24:19 &M Inj 1
Inj Wolume : 18,888 pl
ACqQ. Method ¢ D:\DATA\2822\Thang 5\12-85-HMF\2822-12-85-HMF 2822-85-12 16-4B-83\HMF_cot
158_hat nho.M
Last changad t 4f19/2822 4:56:47 PM by SYSTEM
Analysis Method : D:\METHOD\HMF_cot 158_hat nho KQ.M
Last changed 1 5/14/2822 2:86:57 PM by S¥STEM
Additional Info : Peak(s) manually integrated
QA0 A, Sig=210,4 Ref=360, 100 (DADATAR].. Thang 5112-05-HMP2022-12-05-HMF 2022-05-12 16-45-03WMIT 17.0)
il SHMF
r L]
2000 4
1500
1000 o i
1 ) o
500 o- @ 1 3 § 3§ F &
] = — F]
g 885 " 2 o % 5 =
o e . - —— — :
T T T T T L] T 1
2 4 & B 10 12 4 16 min
DDA B, Sig=285.4 Ref=360,100 (DADATAR.. Thang 51 2-05-HMP2022-12-05-HMF 2022-05-12 16-45-03MT 17.0)
m.ﬂ.l_'
25003
2000 4
1500 4
1000
] ™
04 sey g38g| (488 3
E Prp @ @ g . S
T T T 1 T T T T
2 4 3 B ig 12 12 16 ey
External Standard Report
Sorted By H Zignal
calib. Data Modified 51372822 1:43:88 AM
Fultiplier : 1.@888
Dilution : 1.8888
Do not wse Multiplier & Dilution Factor with ISTDs
signal 1: DADL &, Sig=218,4 Ref=368,188
RetTime Type area amtfarea amount  Grp MName
[min] [mau*s] [ppn]
3.558 BB 5.24437 2.32157 12.17518 Formic acid
BE.788 - - - Levulinic acid
9.734 BV R B268,27246 1.23682e-1 1828,9B8453 HMF
18.471 VB E 671.35284 5.81293e-2 39.82529 DFF
11.186 EB 14.87381 8. 88888 @, gaeea FDC&
11.589 BV 24.92361 7.81220e-2 1.94718 Furfural
HPLC-DAD 5/18/2822 12:85:59 AM SYSTEM Fage 1 =3
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Figure S4-5: HPLC chromatography of 5-HMF in investigating catalytic performance.
Reaction conditions: Fructose (1mmol), DMSO, for 8 hours at 120 °C.

Data File D:\DATA\2822\Thang 5\12-B5-HMF\2822-12-85-HMF 2822-85-12 16-48-83\MT 1B.D
Sample Mame: MT 1B
Acq. Operator @ SYSTEM Seqg. Line ! 37
Acg. Instrument @ HPLC-DAD Location @ P1-E-81
Injection Date @ 57132822 3:42:24 &M Inj @ 1
Inj Wolume : 18.888 pl
Acg. Method : D:\DATAN2822\Thang 5%12-85-HYF\2822-12-85-HMF 2822-85-12 16-48-83\HMF_cot
158 _hat nho.M
Last changed P 4f10/2822 4:56:47 PM by SYSTEM
Analysis Method : D:\METHOD\HMF_cot 158_hat nho_KQ.M
Last changad : 501472822 2:86:57 PM by SYSTEM
Additional Info : Peak(s) manually integrated
QA0 A, Sig=210,4 Ref=360,100 (DADATAR].. Thang 5112-05-HMP2022-12-05-HMF 2022-05-12 16-45-03WMT 18.0)
AL =-HMF
2000 4
1500 5
1000 5
S al
500 4 (i} [t w oo E §
o - —
- CEE J\ T
04 P /BE. L . i —— b .
T T T T T T T T
2 4 8 B io 12 16
DACA B, Sig=285.4 Ref=360, 100 (DADATAR].. Thang I 2-05-HMP2022-12-05-HMF 2022-05-12 16-45-03WMT 18.0)
mal 3
25004
2000
1500
1000 3
500 3 a ‘EE 3
ey 288 | |3 85 F 9§
o gy SRR BB o
T T T T T T T T
2 4 [} B ig 12 14 16 i
External Standard Report
Sorted By : Signal
Calib. Data modified : 5/13/2822 1:43:88 AM
Fultiplier H 1.@888
Dilution H 1.8888
Do not wse Multiplier & Dilution Factor with ISTDs
signal 1: DADL A, Sig=218,4 Ref=368,188
RetTime Type area amtfarea amount  Grp MName
[min] [mau*s] [ppn]
3.558 BB 5.44857 2.2B235 12.43557 Formic acid
BE.788 - - - Levulinic acid
0.747 BV R 7879.62939 1.23594e-1 90973,.87175 HMF
18.487 VB E 757.43231 5.85370e-2 44.33340 CFF
11.285 EB 15.23548 8. 8aeaa 8. eae8a FDC&
11.618 BV 23.95531 7.69777e-2 1.34482 Furfural
HPLC-DAD 51872822 12:87:31 AM SYSTEM Fage 1ol 2
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Figure S4-6: HPLC chromatography of 5-HMF in investigating catalytic performance.
Reaction conditions: Fructose (1mmol), DMSO, for 9 hours at 120 °C.

Data File D:\DATA\2822%Thang 5\12-85-HMF\2822-12-85-HMF 2822-85-12 16-45-83\MT 10.D
|sample Mame: MT 19

Acgq. Operator @ SYSTEM Seq. Lime : 3B
Acg. Instrument : HPLC-DAD Location @ P1-E-82
Injection Date @ 57132822 4:88:28 AM Inj & 1
Inj Wolume : 18,888 pl
ACqQ. Method ¢ D:\DATA\2822\Thang 5\12-85-HMF\2822-12-85-HMF 2822-85-12 16-4B-83\HMF_cot

158_hat nho.M
Last changed t 4f10/2822 4:56:47 PM by SYSTEM
Analysis Method @ D:\METHOD\HMF_cot 158 hat nho_ Q.M
Last changed 1 5/14/2822 2:86:57 PM by S¥STEM
Additional Info : Peak(s) manually integrated
DAL A, Slg=210,4 Ref=380, 100 (DADATARRD... Thang 12-05-HMP2022-12-05-HMF 2022-05-12 16-45-03MT 18.0)

mAL 5-HMF
2000 3
17503
1500
1250 3
1080 3
- o
o 03 ¢ y§ 8 8
= g 359 Nz g & 3
04 L +———— i : +—+ +
T T L] T T L] 1 1
2 4 [} B ig 12 14 16 min)
DD B, Sig=285.4 Ref=360,100 (DADATAR].. Thang 5112-05-HMP2022-12-05-HMF 2022-05-12 16-45-03WMT 18.0)
mall
2500 4
2000
1500 9
1000
] a -
= 3y 23 8/|3 5§ °§
- = - ™
0 Er g & e ey S i
1 ! 1 1 1 ! 1
2 4 3 B ig 12 12 16 ey
External Standard Report
sorted By : signal
Calik. Data Modified : 5/13,/2822 1:43:88 &M
Multiplier : 1.8888
Dilution H 1.8888
Do not wse Multiplier & Dilution Factor with ISTDs
signal 1: DADL &, Sig=218,4 Ref=368,188
RetTime Type area amtfarea Amount  Grp  Name
[min] [mau*s] [ppn]
3.551 BB 3.46842 2.85738 9.91858 Formic acid
B.78E - - - Levulinic acid
9,749 BV R 4856,83271 1.234833e-1 599,.83657 HMF
18.487 VB E 558.76599 5.74849e-2 32.87593 DFF
11.286 BB 9,845&0 8. 80888 8. 80888 FDCA
11. 688 - - - Furfural
HPLC-DAD 5/18/2822 12:87:55 AM SYSTEM Fage 1 of 2
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Figure S4-7: HPLC chromatography of 5-HMF in investigating catalytic performance.
Reaction conditions: Fructose (1mmol), DMSO, for 10 hours at 120 °C.

Data File D:\DATA\2822%Thang 5\12-85-HMF\2822-12-85-HMF 2822-85-12 16-48-83\MT 28.D
Sample Mame: MT 28

Acq. Operator @ SYSTEM Seqg. Lime ! 38
acg. Instrument @ HPLC-DAD Locatien @ P1-E-83
Injection Date & 5/13/2822 4:18:31 aM Inj : 1

Inj volume : 18,888 ul
D:YWDATAL28224Thang 54%12-85-HYF\2822-12-85-HMF 2822-85-12 16-4B-83\HMF_cot
158 _hat nho.M
Last changad t 410726822 4:56:47 PM by SYSTEM
Analysis Method @ D:\METHOD\HMF_cot 158 hat nho_KQ.M

acg. Method

Last changed 5/14/2822 2186157 PM by SYSTEM
Additional Info : Peak(s) manually integrated

DAL A, Sig=210.4 Ref=360,100 (DADATARD.. Thang S112-05-HMP2022-12-05-HMF 2022-05-12 16-45-03MT 20.0)
mill
2000
1500
1000+
500 - mNo @ =2 Z
b
2 IER J"\‘Q = o
04 L L L T =
2 H B B 10 12 14 15 min
DADA B, Sig=285.4 Ref=380, 100 (DADATARR]... Thang S 12-05-HMA2022-12-05-HMF 2022-05-12 16-45-03MT 20.0)
il
2500 3
20004
1500
1000 3
3 - - 2 R
=03 e 2 a g
o 'Fic"'n = L i I T
T T T T T T T T
2 4 & B 10 12 12 16 iany
External Standard Report
Sorted By : Zignal
Calib, Data Modified @ 5/13/2822 1:43:88 AM
Multiplier : 1.8888
Dilution H 1.8888
Do not wse Multiplier & Dilution Facter with ISTDs
signal 1: DADL A, Sig=218,4 Ref=368,180
RetTime Type area amtfarea amount  Grp Name
[min] [mau*s] [ppm]
3.588 - - - Formic acid
B.788 - - - Levulinic acid
0.756 VW R 4572.72998 1.23465e-1 564.57176 HMF
18.315 VB E 36.16873 8. 8a8aa 8. gasaa DFF
1a8.776 BB 19.609633 3.91490e-2 7,.71118e-1 FDCA
11.588 - - - Furfural
HPLC-DAD 5/18/2822 12:83:38 AM SYSTEM Fage 1 of 2

17



Figure S4-8: HPLC chromatography of 5-HMF in investigating catalytic performance.
Reaction conditions: Fructose (1mmol), DMSO, for 11 hours at 120 °C.

Data File D:\DaTA\2822\Thang 5%12-85-HMF\2822-12-85-HMF 2822-85-12 16-48-83\MT 21.D
Sample Mame: MT 21

Acq. Operator @ SYSTEM Seg. Line ! 48
Acg. Instrument @ HPLC-DAD Location @ P1-E-84
Injection Date @ 57132822 4:36:35 AM Inj & 1
Inj Wolume : 18.888 pl
Acg. Method : D:\DATAN2822\Thang 5%12-85-HYF\2822-12-85-HMF 2822-85-12 16-48-83\HMF_cot

158 _hat nho.M
Last changed P 4f10/2822 4:56:47 PM by SYSTEM
Analysis Method : D:\METHOD\HMF_cot 158_hat nho_KQ.M
Last changed ! 57142822 2:86:57 PM by SYSTEM
Additional Info : Peak(s) manually integrated
DDA A, Slg=210,4 Ref=360,100 (DADATARD.. Thang 51 2-05-HMP2022-12-05-HMF 2022-05-12 16-45-03MT 21.0)

it
2000
1500
1000 5
&
: b
500+ o - o o = E E
- EOER iINEE i
o 1 i Pl i m. - "_ -
T T T T T T ] T
2 4 5] 8 ] 14 16 friny
DD B, Sig=285.4 Ref=360,100 (DADATAR].. Thang 5112-05-HMP2022-12-05-HMF 2022-05-12 16-45-03WIT 21.0)
mall
25009
2000 4
1500 3
1000
500 I~ ] o
. BE :
o Wk e . W -
T T T T T T T T
2 4 [} i it i2 14 16 min
External Standard Report
Sorted By : Signal
Calib. Data modified : 5/13/2822 1:43:88 AM
Fultiplier H 1.@888
Dilution H 1.8888
Do not wse Multiplier & Dilution Facter with ISTDs
signal 1: DADL A, Sig=218,4 Ref=368,180
RetTime Type area amtfarea Amount  Grp  Name
[min] [mau*s] [ppm]
3.6588 - - - Formic acid
B.7EE - - - Levulinic acid
8.754 W R 5639.87373 1.23523e-1 696.55475 HMF
18.318 VB E 23.97812 8. 8aeaa 8. eae8a DFF
18.7Ee BB 13.14331 8. 80888 8. 80888 FDCA
11.688 - - - Furfural
HPLC-DAD 5/18/2822 12:84:13 AM SYSTEM Fage 1 e=f2
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Figure S4-9: HPLC chromatography of 5-HMF in investigating catalytic performance.
Reaction conditions: Fructose (1mmol), DMSO, for 12 hours at 120 °C.

Data File D:\DATA\2822\Thang 5)12-85-HMF\2822-12-85-HYF 2822-85-12 16-48-83\MT 22.D
Sample MName: MT 22

Acq. Operator @ S¥YSTEM Seg. Lime : 41
Acg. Instrument : HPLC-DAD Location F1-E-85
Injection Date : 5/13/2822 4:54:42 &M Inj ¢ 1

Inj volume @ 18,888 ul
D:\DATAY2822\Thang 5%12-85-HMF\2822-12-85-HMF 2822-85-12 16-4B-83%\HMF_cot
158 hat mho.M
Last changed : 4719/2822 4:56:47 PM by S¥YSTEM
Analysis Method @ Dr\METHOD\HMF_cot 158 hat nho_KQ.M
Last changed ! 5/14,/2822 2:86:57 PM by SYSTEM
Additional Info : Peak(s) manually integrated
DACA A, Sig=210.4 Ref=360, 100 (DADATARD.. Thang I i2-05-HMP2022-12-05-HMF 2022-05-12 16-45-03WIT 22.0)

Acq. Method

L =]
2000
1500+
1000 g
500 1 ; P — -+
E = P -
- & a3 EANEE g
o - —t—
T T T T T T L] T
2 4 & a i1 12 14 16 min
DAD1 B, Sig=285.4 Ref=3£0, 100 (DADATARR].. Thang S112-05-HMP2022-12-05-HMF 2022-05-12 16-45-03WIT 22.0)
il =3
25004
20004
1500 -
1000 4
500 5 =t & §
: ege g || & 86
] e — '
IZ -It lli é 0 ‘IIE 1.d 1IE iy
External Standard Report
sorted By : zignal
calib. Data Modified 3 5/13/2@822 1:43:88 &M
Multiplier H 1. G888
Dilution : 1.8888
Do not wse Multiplier & Dilution Factor with ISTDs
signal 1: DAD1 &, 5ip=218,4 Ref=368,188
RetTime Type aArea amtfarea Amount  Grp Name
[min] [mau*=] [ppm]
3.688 - - - Formic acid
E.788 - - - Levulinic acid
0.746 VB R 8572.57373 1.2355Be-1 B12.8054E HMF
18.487 BV 55.47773 1.821895e-2 1.8187E8 DFF
18.821 VB 25.58413 7.65558e-2 1.95936 FDCA&
11.688 - - - Furfural
HPLC-DAD 51872822 12:84:37 AM SYSTEM Page 1 of 2
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Figure S4-10: HPLC chromatography of 5-HMF in investigating catalytic performance.
Reaction conditions: Fructose (1mmol), DMSO, for 13 hours at 120 °C.

Data File D:\DATA\2822%Thang 5\12-85-HMF\2822-12-85-HMF 2822-85-12 16-45-83\MT 23.D
Sample Name: MT 23

Acg. Operator @ SYSTEM Seq. Lime : 42
Acq. Instrument : HPLC-DAD Location @ P1-E-86
Injection Date @ 571372822 5:12:45 aM Inj @ 1
Inj Wolume : 18.888 pl
Acg. Method t DrYDATAY2822\Thang 5%12-85-HYF\2822-12-85-HMF 2822-85-12 16-4B-83\HMF_cot

158_hat nha.M
Last changad t 4f10/2822 4:56:47 PM by SYSTEM
Analysis Method : D:\METHOD\HMF_cot 158_hat nho KQ.M
Last changad t 501472822 2:86:57 PM by SYSTEM
Additional Info : Peak(s) manually integrated
DADT A, Sig=210,4 Ref=380, 100 (DADATAKR]... Thang i2-05-HMA2022-12-05-HMF 2022-05-12 16-45-03MT 23.0)
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DD B, Sig=285.4 Ref=360,100 (DADATANR].. Thang 1 2-05-HMP2022-12-05-HMF 2022-05-12 16-45-03WMT 23.0)
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5003 328 8 52 ¥ 3§ g
] T hr =
o ey  dpEp L — -
T T T T T T T T
2 4 & i 12 14 16 imwan|
External Standard Report
sorted By : signal
Calib. Data Modified : 5/13,/2822 1:43:88 AM
Multiplier : 1.8888
Dilution H 1.8888
Do not wse Multiplier & Dilution Facter with ISTDs
signal 1: DADL &, Sig=218,4 Ref=368,188
RetTime Type area amtfarea Amount  Grp  Name
[min] [mau*s] [ppm]
3.547 BB 5.11874 2.343893 12.88479 Formic acid
B.788 - - - Levulinic acid
9.748 BV R 9428. 64746 1.23623e-1 1165.596809 HYF
18.4093 W E 317.58118 5.41227e-2 17.1E481 DFF
18.817 VB E 81.47691 1.62233e-1 13.21824 FDC&
11.500 BB 1&.55361 &.48537e-2 1.86673 Furfural
HPLC-DAD 5/18/2822 12:85:84 AM SYSTEM Fage 1 of 2
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Figure S4-11: HPLC chromatography of 5-HMF in investigating catalytic performance.
Reaction conditions: Fructose (1mmol), DMSO, for 30 minutes at 120 °C.

Data File D:\DATA\2822\Thang 5%12-85-HMF\2022-12-85-HMF 2822-85-12 16-45-83\MT 25.D
|sample Name: MT 25

Acq. Operator @ SYSTEM Seq. Line ! 44
Acq. Instrument @ HPLC-DAD Location @ F1-E-83
Injection Date @ 5/13/2822 5:48:54 AM Inj @ 1

Inj wolume : 18.888 pl
D:\DATAY2822\Thang 5\12-85-HMF\2822-12-85-HMF 2822-85-12 16-4B-83\HMF_cot
158_hat nho.M
Last changed 1 419/2822 4:56:47 PM by SYSTEM
Analysis Method : D:\METHOD\HMF_cot 158_hat nho_KQ.M
Last changed : 51442822 2:86:57 PM by SYSTEM
Additional Info : Peak(s) manually integrated
Dl A, Skg=210,4 Ref=360,100 (CADATAR].. Thang 12-05-HMP2022-12-05-HMF 2022-05-12 16-45-03WIT 25.0)

Acg. Method

A ]
2000
1500 4
1000 5
500 w oo E ] a2
' s B EER IS E
o AL ML I M L
2 H & B 10 12 14 16 min
D01 B, Skg=285,4 Ref=360,100 (DADATAR].. Thang 12-05-HMP2022-12-05-HMF 2022-05-12 16-45-03WMT 25.0)
i
2500 =
2000
1500
1000 4
500 = T 2
3 §! F g 2 .
0] L - e
A T T T T T T T T
2 4 3 B io 12 12 16 i
External Standard Report
sorted By H signal
calib. Data Modified : 501372822 1:43:88 AM
FMultiplier H 1.8888
Dilution : 1.8888
Do not wse Multiplier & Dilution Factor with ISTDs
signal 1: DaD1 &, Sig=218,4 Ref=368,188
RetTime Type area amtfarea Amount  Grp Name
[min] [mau*s] [epm]
3.6588 - - - Formic acid
E.788 - - - Levulinic acid
9.764 VB R 3387.18220 1.2334Ee-1 487.92380 HMF
1la.38e - - - DFF
18.7E1 BB 11.56285 &, Baeosn &, Baesg FDCA
11.688 - - - Furfural
HPLC-DAD 5/18/2822 12:83:11 AM SYSTEM Page 1 of 2
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Figure S4-12: HPLC chromatography of 5-HMF in investigating catalytic performance.

Reaction conditions: Fructose (Immol), DMSO, for 1 hour at 120
Data File D:\DaTa\2822\Thang 5'12-85-HMF\2822-12-85-HMF 2822-85-12 16-48-83\MT 26.D
Sample Mame: MT 26
Acq. Operator @ SYSTEM Seqg. Lime ! 45
Acg. Instrument : HPLC-DAD Location @ F1-E-83
Injection Date @ 57132822 6:86:56 AM Inj @ 1
Inj wWolume : 18.888 pl
Acg. Method ¢ D:\DATA\2822\Thang 5\12-85-HMF\2822-12-85-HMF 2822-85-12 16-48-83\HMF_cot
158_hat nho.M
Last changed ! 4f19/2822 4:56:47 PM by SYSTEM
Analysis Method : D:\METHOD\HMF_cot 158_hat nho_KQ.M
Last changad : 501472822 2:86:57 PM by SYSTEM
Additional Info : Peak(s) manually integrated
QA0 A, Sig=210,4 Ref=360,100 (DADATAR].. Thang 5112-05-HMP2022-12-05-HMF 2022-05-12 16-45-03WMIT 26.0)
A 5-HIMF
2000 4
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] B g
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=07 3 SE B % 3
j N 333 7
o o T ' L
T T T T T T ] T
2 4 [} i ik i2 14 16
DD B, Sig=285,4 Ref=360,100 (DADATAR].. Thang 31 2-05-HMP2022-12-05-HMF 2022-05-12 16-45-03WMT 26.0)
mild 4
2500
2[!60-:
1500 9
1000 J
5{:0.: =]
. EBRE & 8
0 o - —
T T T T T T T T
2 4 3 i h[H i2 14 16
External Standard Report
Sorted By : Signal
Calib. Data modified : 5/13/2822 1:43:88 AM
Fultiplier H 1.@888
Dilution H 1.8888
Do not wse Multiplier & Dilution Facter with ISTDs
signal 1: DADL A, Sig=218,4 Ref=368,180
RetTime Type area amtfarea Amount  Grp  Name
[min] [mau+s] [ppm]
3.542 BV E 18.83975 1.56644 29.51135 Formic acid
B.7EE - - - Levulinic acid
8.765 VB R 4857.31184 1.2343%e-1 612.171%4 HMF
18.388 - - - DFF
11.888 - - - FDCA
11.688 - - - Furfural
HPLC-DAD 5/18/2822 12:182:31 AM SYSTEM Fage =f 2

22
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Figure S4-13: HPLC chromatography of 5-HMF in investigating catalytic performance.

Reaction conditions: Fructose (1mmol), DMSO, for 3 hours at 120 °C.

[sample Name: MT 27

pata File D:\DATA\2822\Thang 5'12-85-HMF\2822-12-85-HYF 2822-85-12 16-48-83\MT 27.D

Acg. Method
158 hat mho.M

419/2822 4:156:47 PM by SYSTEM
D:WMETHODAHMF _cot 158_hat nho_kQ.M
5/14/2822 2:86:57 PM by SYSTEM
Peak(s) manually integrated

Last changed H
analysis Method :
Last changed H
Additional Info @

Acq. Operator @ SYSTEM Segq. Line

Acg. Instrument @ HPLC-DAD Location @

Injection Date @ 5/13/2822 6:25:81 AM Inj
Inj Wolume

ag
P1-F-@1
1

18,8688 1l

: D:\DATAN28224\Thang 5412-85-HMF\2822-12-85-HMF 2822-85-12 16-48-83\HMF_cot

DADT A, Sig=210.4 Ref=380,100 (DADATALRD... Thang H12-05-HMP2022-12-05-HMF 2022-05-12 16-45-03MT 27.0)
Ll |
20003
1500+
1000 < £
] o
500+ oo O E = = =
- 353 3 NE 3§ § E
] b b . 2= o o
o — T + -
T T L) 1 1 T ) !
2 4 & i 0 12 14 16
DAD1 B, Sig=285.4 Ref=380, 100 (DADATARRD...Thang H12-05-HMP2022-12-05-HMF 2022-05-12 16-45-03AMT 27.0)
milll ]
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10004
1 i L
0 mgeg [|§58 B 3
|:| #Ih-lh-. nd.l. o i J — :‘-:F_ n‘- l'-
T T L] T 1 T L] T
2 4 5] i i 12 14 16
External Standard Report
sorted By H Signal
calib. Data Modified 5/13/2822 1:43:88 AM
Multiplier : 1.8888
Dilution 1.8888

Do not wse Multiplier & Dilution Facter with ISTDs

signal 1: DAD1 A, Sig=218,4 Ref=368,188

RetTime Type Area amtfarea amount  Srp Mame

[min] [mau*s] [ppm]
3.549 BB 8.25280 1.94817 16.81848 Formic acid
B.788 - - - Levulinic acid
0.756 BB £@92,43350 1,23541e-1 752.G56788 HMF

14.453 BB 91.24478 3.52720e-2 3.21847 DFF

11.214 BB 6.28914 8. eae8a 8. eae8da FDCA&

11.6808 - - - Furfural

HPLC-DAD 5/18/2822 12:88:30 AM SYSTEM Page 1l of 2
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Figure S4-14: HPLC chromatography of 5-HMF in investigating catalytic performance.
Reaction conditions: Fructose (1mmol), DMSO, for 6 hours at 120 °C.

Data File D:\DATA\2822\Thang 5\12-85-HMF\2822-12-85-HMF 2822-85-12 16-48-83\MT 2B.D
Sample Name: MT 28

Acq. Operator @ SYSTEM Seq. Line ! 47
Acg. Instrument : HPLC-DAD Location Fl-F-82
Injection Date @ 5/13/2822 6:43:84 &M Inj @ 1
Inj wolume : 18.888 pl
Acg. Method ¢ D:\DATA\2822\Thang 5\12-85-HMF4\2822-12-85-HMF 2822-85-12 16-45-83\HMF_cot

158 _hat nho.M
Last changed P 4f19/2822 4156147 PM by SYSTEM
Analysis Method @ D:\METHODWHMF_cot 158 hat nho_kQ.M
Last changed ! 514/2822 2:86:57 PM by SYSTEM
Additional Info : Peak(s) manually integrated
DAL A, Skg=210.4 Ref=360, 100 (DADATA].. Thang A12-05-HMP2022-12-05-HMF 2022-05-12 16-45-03WT 28.0)

mi 5-HMF
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2
DADA B, Sig=2854 Ref=360, 100 [DNDATARRD... Thang 12-05-HMP2022-12-05-HMF 2022-05-12 16-45-03WT 28.0)
il
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0 il s e — T s
T T T T T T T T
2 4 B ] i 12 14 15 min)
External Standard Report
sorted By : signal
Calib. Data Modified : 5/13/2622 1:43:88 AM
Multiplier : 1.84888
Dilution : 1.8888
Do not wse Multiplier & Dilution Facter with ISTDs
signal 1: DAD1 A, Sip=218,4 Ref=368,106
RetTime Type Area amtfarea Amount  Grp MWame
[min] [mau+s] [ppm]
3.551 EB 18.62946 1.79144 19.84198 Formic acid
B.T88 - - - Levulinic acid
0.745 BV R 7276.20032 1.235708-1 §099.106&7 HMF
18.4B2 VB E 349,71982 5.48238e-2 19.17284 DFF
11.284 BV 25.83689 7.77287e-2 2.88327 FDCA
11.565 W 39.98688 E.370528-2 3.55857 Furfural
HPLC-DAD 57182822 12:88:88 AM SYSTEM Fage 1 of 2
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Figure S4-15: HPLC chromatography of 5-HMF in investigating catalytic performance.
Reaction conditions: Fructose (1mmol), DMSO, for 8 hours at 120 °C.

pata File D:%\DATAN2822\Thang 5%12-85-HMF\2822-12-85-HMF 2822-85-12 16-48-83\MT 29.D
[sample Name: MT 29

Acq. Operator @ SYSTEM 5eq. Line : 48
Acg. Instrument : HPLC-DAD Location @ P1-F-83
Injection Date @ 5/13/2822 7:81:88 AM Inj @ 1

Inj wolume : 18.888 pl
D:\DATAN2822\Thang 5%12-85-HMF\2822-12-85-HMF 2822-85-12 16-48-83\HMF_cot
158 _hat nho.M
Last changed ! 419/2822 4:56:47 PM by SYSTEM
Analysis Method : D:\METHOD\HMF_cot 158_hat nho KQ.M
Last changed ! 514/2822 2:86:57 PM by SYSTEM
Additional Info : Peak(s) manually integrated

Acg. Method

DAD1 A, Sig=210,4 Ref=360, 100 (DADATAKR].. Thang Tu12-05-HMAR2022-12-05-HMF 2022-05-12 16-45-03MT 29.D)
mi)
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500 oy o o § EBE E E
- i § &% 885 5
e} v S — t H——+ + T
T T T T T L] ! 1
2 4 7] B 10 12 14 16 min
DAD B, Sig=2854 Ref=360, 100 (DADATA2].. Thang S12-05-HMP2022-12-05-HMF 2022-05-12 16-43-03WT 28.0)
mAl ]
2500
2000
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500 ] = 4 BhEm ¥ by
: HSE IR
D ety L S —— -
T L] 1 T T ) T 1
2 4 [ 10 12 14 16 i
External Standard Report
sorted By H signal
calik. Data Modifisd 551372822 1:43:88 &M
Multiplier H 1.8888
Dilution : 1.84988

Do not wse Multiplier & Dilution Factor with ISTDs
signal 1: DAD1 A, Sig=218,4 Ref=368,106

RetTime Type Area amtfarea Amount  Grp MWame

[min] [mou*s] [ppm]
3.558 EB 18.82536 1.82255 18.271&7 Formic acid
B.788 - - - Levulinic acid

0.754 BV R 738@.66699 1.23570e-1 ©0B2,.21280 HMF
18.401 VB E 537.63422 5.72352e-2 38.77150 DFF

11.285 BY 2890261 4.091733e-2 1.83228 FDCA
11.576 W 26.26523 7.05788e-2 2.85002 Furfural
HPLC-DAD 5/17/2822 11:158:56 PM SYSTEM Fage 1 of 2
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Figure S4-16: HPLC chromatography of 5-HMF in investigating catalytic performance.
Reaction conditions: Fructose (1mmol), DMSO, for 9 hours at 120 °C.

Data File D:\DATA\2822\Thang 5'28-85-HMF\28212-28-85-HYF 2822-85-28 18-37-54\MT 31.D
[Sample Name: MT 31

Acq. Operator @ S¥YSTEM Seg. Lime : 35
Acg. Instrument @ HPLC-DAD Location @ F1-D-83
Injection Date : 5/21/2822 4:52:56 AM Inj @ 1

Inj wolume @ 18,888 ul
D:\DATAY2822\Thang 5%28-85-HMF\2822-28-85-HMF 2822-85-28 18-37-54\HMF_cot
158 hat mho.M
4,19/2822 4:56:47 PM by S¥STEM
D:\METHOD\HMF_cot 158_hat nho_KQ.M
5242822 1:86:83 AM by SYSTEM
(modified after loading)
DAD1 A, Sig=210.4 Ref=3£0, 100 (DADATARR].. Thang S20-05-HMP2022-20-05-HMF 2022-05-20 15-37-50MT 31.0)

Acg. Method

Last changed
Analysis Method
Last changed

13,580

R
T T

T T
2 4 & [i] hiH] 12 14 16 min
DAD1 B, Sig=285.4 Ref=360, 100 (DADATANR].. Thang T20-05-HMP2022-20-05-HMF 2023-05-20 15-37-50MT 31.0)

i g

400+ 3
350
250 4
P
1503
1003 - =
ENE i |
LE § s =
T T T T T T T T
2 4 £ ] 10 12 14 15 min

External Standard Report

sorted By H signal
Calib. Data Modified : 5/24/2822 1:88:87 &AM
Multiplier H 1,888
Dilution H 1.E888

Do not use Multiplier & Dilution Factor with ISTDs

signal 1: DADL &, Sig=218,4 Ref=368,188

RetTime Type aArea amtfarea Amount  Grp Name
[min] [mau*s] [ppn]
3.588 - - - Formic acid
E.788 - - - Levulinic acid
8.533 BV R 337.33414 1.19615e-1 48, 358341 HMF
18.259 VB E 17.37549 &, Basog 8, easoa DFF
11.888 - - - FDCA
11.588 - - - Furfural
HPLC-DAD 5/24/2822 1:33:139 4M SYSTEM Page 1 of 2
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Figure S4-17: HPLC chromatography of 5-HMF in investigating catalytic performance.
Reaction conditions: Fructose (Immol), DMSO, for 10 hours at 120 °C.

Data File D:\DATA\2822)\Thang 5%28-85-HMF\20822-20-85-HMF 2822-85-28 18-37-54\MT 32.D
[sample Name: MT 32

Acq. Operator @ SYSTEM Seq. Line ! 36
Acg. Instrument @ HPLC-DAD Location @ PL1-D-89
Injection Date : 5/21/2822 5:11:86 AM Inj : 1
Inj wolume : 18.888 pl
Acg. Method t Dr\DATAY2822\Thang 5)28-85-HMF\2822-28-85-HMF 2822-85-28 1B-37-54\HMF_cot

158_hat nho.M
Last changed ! 4f10/2822 4156147 PM by SYSTEM
Analysis Method @ D:\METHOD\HMF_cot 158 hat nho_ Q.M
Last changed 1 5/24/2822 1:86:83 AM by SYSTEM
(modified after loading)
Additional Info : Peak(s) manually integrated
DAD A, Sig=210,4 Ref=380, 100 (DADATARR]... Thang S20-05-HMP2022-20-05-HMF 2022-05-20 18-37-5MMT 32.0)

Al 5-HMF
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2 4 g i j 1] 12 14 16 wan|
DD B, Skg=2854 Ref=360,100 (DADATAR].. Thang S20-05-HMP2022-20-05-HMF 2022-05-20 13-37-34WT 32.0)
il gi
1 1
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15004 |
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T T T T T T T
2 4 5} 8 ik 12 14 16 min
External Standard Report
sorted By : signal
Calib. Data Modified : 5/24,/2822 1:88:87 &M
Fultiplier : 1.8888
Dilution : 1.8888
Do not wse Multiplier & Dilution Factor with ISTDs
Signal 1: DAD1 A, =ig=218,4 Ref=368,188
RetTime Type Area amtfarea Amount  Grp Name
[min] [mau+s] [ppm]
3.688 - - - Formic acid
E.788 - - - Levulinic acid
9.529 BV R 1886.58854 1.23828e-1 232.80483 HMF
18.152 VB E 598,34772 5.76368e-2 34.82538 DFF
11.888 - - - FDCA
11.5B1 BB 5.83116 8. 88888 &.80888 Furfural
HPLC-DAD 52472822 1:34:84 AM SYSTEM Fage 1 of 2
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Figure S4-18: HPLC chromatography of 5-HMF in investigating catalytic performance.

Reaction conditions: Fructose (Immol), DMSO, for 11 hours at 120 °C.

Data File D:%\DATAN2822\Thang 5'2@8-85-HMF\28212-28-85-HMF 2822-85-28 1B-37-54\MT 33.D
|zample Mame: MT 33
Acq. Operator @ SYSTEM Seq. Line ! 37
Acg. Instrument : HPLC-DAD Location P1-E-81
Injection Date : 5/21/2822 5:29:84 AM Inj : 1
Inj wolume : 18.888 pl
Acq. Method ¢ D:\DATA\2822\Thang 5\28-85-HMF\2822-28-85-HMF 2822-85-28 1B-37-54\HMF_cot
158 _hat nho.M
Last changad t 4f19/2822 4:56:47 PM by SYSTEM
Analysis Method : D:\METHOD\HMF_cot 158_hat nho KQ.M
Last changed ! 5/24/2822 1:86:83 AM by SYSTEM
(modified after loading)
Additional Info : Peak(s) manually integrated
QA0 A, 3ig=210.4 Ref=360, 100 (DADATAR].. Thang S20-05-HMP2022-20-05-HMF 2022-05-20 15-37-50MT 33.0)
mi ] E-HMF
2000 4
1500 4
1000
] = B
5004 o o = o T ﬁ B
- g Es A 4 4
i o . r r = L
I:l T T T e il T T L
T T T T T T T T
2 4 [} i i 14 16 min)
DiD B, Sig=285.4 Ref=360, 100 (DADATAR]. . Thang S20-05-HMP2022-20-05-HMF 2022-05-20 15-37-50MT 33.0)
mall 3
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20004
1500
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1 g -
500 - ] -~ ) Erha i
] = i
3 o % g E =
o —r et = et
T T T T T T T T T T T
2 4 5] [i] i 12 14 16 Ll |
External Standard Report
Sorted By : Signal
calib. Data modified 5f24/20822 1:88:87 AM
Multiplier H 1.8888
Dilution H 1.8888
Do not wse Multiplier B Dilution Factor with ISTDs
signal 1: DAD1 A, Sig=218,4 Ref=358,188
RetTime Type Area amtfarea Amount  Srp Mame
[min] [mau*s] [ppm]
3.688 - - - Formic acid
g.788 - - - Levulinic acid
9.532 W R 3521.4E847 1.23373e-1 434.45784 HMF
18.523 EB 7.68523 8.8a88a 8.80888 DFF
11.888 - - - FDCA
11.5E9 BB 3.58337 8.888848 8.808888 Furfural
HPLC-DAD 5/24/2822 1:34:32 AM SYSTEM Fage 1 of 2
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Figure S4-19: HPLC chromatography of 5-HMF in investigating catalytic performance.
Reaction conditions: Fructose (Immol), DMSO, for 12 hours at 120 °C.

Data File D:\DATA\2822\Thang 5%28-85-HMF\20822-20-85-HMF 2922-85-28 18-37-54\MT 34.D
[sample Name: MT 34

Acq. Operator @ SYSTEM 5eq. Line ! 3B
Acg. Instrument : HPLC-DAD Location @ P1-E-82
Injection Date : 5/21/2822 5:47:87 AM Inj @ 1
Inj volume : 18.888 pl
Acg. Method : D\DATAN28224\Thang 5%28-85-HMFY2822-28-85-HMF 2822-85-28 16-37-54\HMF_cot

158 _hat nho.M
Last changed 1 4f19/2822 4:56:47 PM by SYSTEM
Analysis Method : D:\METHOD\HMF_cot 158_hat nho KQ.M
Last changed ! 5/24/2822 1:86:83 AM by SYSTEM
(modified after loading)
Additional Info : Peak(s) manually integrated
DD A, 3ig=210.4 Ref=360, 100 (DADATA].. Thang S20-05-HMP2022-20-05-HMF 2022-05-20 15-37-50MT 34.0)
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1] 'ﬂ — .'m T T = i'_l I‘_I.‘-l-.': +
I T T T T 1
4 -] a 12 14 16 min
DADA B, "‘lg-z&s,d- Rer=380, 100 (DADATAR].. Thang $20-05-HMP2023-30-05-HMF 2{122-05-2[:' 15-237-50MT 34.0)
Al ]
25{:0-
2000 4
1500 <
1000
- PR @ —
500 4 o + I&ﬁ E?. o
] S § BEJ\ 234 3
T T T T T T T T T T
2 4 3 g i+ i2 12 16 e
External Standard Report
sorted By H signal
Calib. Data Modified 5/24/2822 1:88:87 AM
Multiplier : 1.8888
Dilution : 1.8888

Do not wse Multiplier B Dilution Factor with ISTDs
signal 1: DAD1 A, Sip=218,4 Ref=368,106

RetTime Type Area amtfarea Amount  Grp  MWame

[min] [mau*s] [epm]
3.518 BB 2.85857 3.10403 9.13203 Formic acid
BE.788 - - - Levulinic acid
0.535 BV R 4038.464356 1.23408e-1 616.82784 HHF
18.161 WV E 66.93619 2.566608-2 1.71884 DFF
11.25@ EB 16.66615 9.637248-3 1.686168-1 FDCA
11.591 EB 3.12185 . 28888 2.20808 Furfural
HPLC-DAD 5/24/2822 1:34:59 &M SYSTEM Page 1 of 2
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Figure S4-20: HPLC chromatography of 5-HMF in investigating catalytic performance.
Reaction conditions: Fructose (Immol), DMSO, for 13 hours at 120 °C.

Data File D:\DATA\2822\Thang 5\28-85-HMF\2822-28-85-HUF 2822-85-28 18-37-54\MT 35.D
[Sample Name: MT 35
Acg. Operator @ SYSTEM Seq. Lime @ 30
Acq. Instrument @ HPLC-DAD Location @ P1-E-83
Injection Date @ 5/21/2822 6:85:11 AM Inj ¢ 1
Inj volume @ 18,888 ul
Acq. Method : D:\DATA\2822\Thang 5\28-85-HMF\2822-28-85-HMF 2822-85-28 1B-37-54\HMF_cot
158 hat mho.M
Last changed 1 4/10,/2822 4:56:47 PM by SYSTEM
analysis Method : D:\METHOD\HMF_cot 158 _hat nho_kKQ.M
Last changed : 5024/2822 1:86:83 AM by SYSTEM
(modified after loading)
Additional Info : Peak(s) manually integrated
DAD1 A, Sig=210.4 Ref=360, 100 (DADATARR].. Thang T20-05-HMP2022-20-05-HMF 2022-05-20 15-37-50MT 35.0)
Ll <]
2000 5
1500 o
1000
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1 e
0] I,
1 L) 1 1 1 1 1 1
2 2 16 i
DADA B, Sig=285.4 Ref=360, 100 (DADATANR].. Thang S20-05-HMP2022-20-05-HMF 2022-05-20 18-27-500MT 35.0)
il
2500
20003
1500
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o Eﬁ F Jo\g s o d 2 2
T T T T T T T T T
2 4 & [} i0 12 14 16 ein
External Standard Report
sorted By H signal
calib. Data Modified : 5/24/2822 1:88:87 AM
Multiplier H 1.68888
Dilution : 1.8888
Do not use Multiplier & Dilution Facter with ISTDs
signal 1: DAD1 &, Sig=218,4 Ref=368,188
RetTime Type Area Amt/area Amount  Grp Name
[min] [mau*=] [ppm]
3.678 BV E 3.12254 3.83264 9.46954 Formic acid
B.788 - - - Levulinic acid
9.535 BV R 5479.89256 1.23516e-1 G676.835266 HMF
18.158 VB E 126.66782 4.26F81le-2 5.48489 DFF
11.232 BV 38.11528 9.53884e-2 2.87823 FDCA&
11.589 VB 5.33868 @, 88888 8. eaeea Furfural
HPLC-DAD 5/24/2822 1:35:125 AM SYSTEM Fage 1l ofz2
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Figure S4-21: HPLC chromatography of 5-HMF in investigating catalytic performance.
Reaction conditions: Fructose (1mmol), DMSO, for 30 minutes at 120 °C.

Data File D:\DATA\2822\Thang 5%25-85-HMF\2822-25-85-HMF 2822-85-25 1B-45-84\MT 36.D
Sample Name: MT 36

Acq. Operator @ SYSTEM Seg. Line ! 18
Acq. Instrument : HPLC-DAD Location Fl-C-84
Injection Date : 5/25/2822 11:54:22 PM Inj 1
Inj Wolume : 18.888 pl
Acg. Method ¢ D:\DATA\2822\Thang 5\25-85-HMF\2822-25-85-HMF 2822-85-25 1B-45-84\HMF_cot

158 _hat nho.M
Last changed 1 4f19/2822 4:56:47 PM by SYSTEM
Analysis Method : D:\METHOD\HMF_cot 158_hat nho KQ.M
Last changed ! 5/26/2822 §:42:3% AM by SYSTEM
(modified after loading)
Additional Info : Peak(s) manually integrated
DD A, Skg=210,4 Ref=360,100 (DADATAR].. Thang 525-05-HMP2023-25-05-HMF 2022-05-25 13-45-04WT 36.0)
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DL B, Skg=2854 Ref=360,100 (CADATAR].. Thang S25-05-HMP2022-25-05-HMF 2022-05-25 15-45-04WT 26.0)
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2 4 8 B io 12 12 16 e
External Standard Report
Sorted By H Signal
Calib. Data Modified : 5/26/2822 6:43:26 AM
Multiplier H 1.8888
Dilution H 1.8888
Do not wse Multiplier E Dilution Factor with ISTDs
Signal 1: DAD1 &, Sip=218,4 Ref=368,188
RetTime Type Area amtfarea Amount  Grp  Name
[min] [mau*s] [epm]
3.688 - - - Formic acid
B.788 - - - Levulinic acid
B.877 W R 4823,13281 1.23481e-1 595,.55458 HMF
la.38e - - - CFF
11.888 - - - FDCA
11.688 - - - Furfural
HPLC-DAD 5/26/2822 6:58:23 AM SYSTEM Fage 1 =232
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Figure S4-22: HPLC chromatography of 5-HMF in investigating catalytic performance.
Reaction conditions: Fructose (Immol), DMSO, for 1 hour at 120 °C.

Data File D:\DATA\2822\Thang 5%25-85-HMF\2822-25-85-HMF 2822-85-25 18-45-84\MT 37.D
|sample Mame: MT 37
Acq. Operator @ SYSTEM Seg. Line : 19
Acq. Instrument : HPLC-DAD Location @ P1-C-85
Injection Date : 5/26/2822 12:12:26 AM Inj @ 1
Inj Volume : 18,888 pl
Acq. Method ! D:\DATAN2822\Thang 5)\25-85-HMF\2822-25-85-HMF 2822-85-25 1E-45-84\HMF_cot
158_hat nho.M
Last changed : 4f19/2822 4:56:4T7 PM by SYSTEM
Analysis Method : D:\METHOD\HMF_cot 158_hat nho KQ.M
Last changed ! 5/26/2822 6:42:3% &M by SYSTEM
(modified after loading)
Additional Info : Peak(s) manually integrated
Dl A, Skg=210,4 Ref=360,100 (CADATAR].. Thang S25-05-HMP2022-25-05-HMF 2022-05-25 15-45-04WT 37.0)
Al Fy SHMF
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DAL B, Skg=2854 Ref=360,100 (CADATAR].. Thang 25-05-HMP2022-25-05-HMF 2022-05-25 15-45-04WT 37.0)
it ]
2500+
20004
1500
10004
- a L) o+ =+
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o e - "'."l:;'j ."“": :
T T T T T T T T T T T
2 4 & 8 jlH] i2 14 16 min|
External Standard Report
sorted By : signal
calib, Data Modified 526420822 5143126 AM
Multiplier : 1.8888
Dilution : 1.8888
Do not wse Multiplier E Dilution Factor with ISTDs
signal 1: DAD1 A, Sig=218,4 Ref=368,108
RetTime Type area amtfarea Amount  Srp Mame
[min] [mau*s] [ppm]
3.688 - - - Formic acid
B.788 - - - Levulinic acid
0.879 W R 5846.15234 1.23484e-1 623.16797 HMF
18.388 - - - DFF
11.888 - - - FDCA
11.881 BB 16.83897 6.2428Be-2 1.88125 Furfural
HPLC-DAD 5/26/2822 6:51:20 AM SYSTEM FPage 1 of 2
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Figure S4-23: HPLC chromatography of 5-HMF in investigating catalytic performance.

Reaction conditions: Fructose (Immol), DMSO, for 3 hours at 120 °C.

33

Data File D:\DaTAN\2822%Thang 5\25-85-HMF\2822-25-85-HMF 2822-85-25 18-45-84\MT 35.D
Sample Name: MT 38
Acq. Operator @ SYSTEM Seg. Line : 28
Acq. Instrument : HPLC-DAD Location @ Pl-C-86
Injection Date : 5/26/2822 12:38:38 AM Inj 1
Inj wolume : 18.888 pl
Acq. Method ¢ D:\DATA\2822%Thang 5\25-85-HMF\2822-25-85-HMF 20822-85-25 18-45-84\HMF_cot
158_hat nho.M
Last changed ! 4f10/2822 4156147 PM by SYSTEM
Analysis Method @ D:\METHODAHMF_cot 158 hat nho_RQ.M
Last changed ! 5262822 6:42:39 AM by SYSTEM
(modified after loading)
Additional Info : Peak(s) manually integrated
DD A, Skg=210,4 Ref=360,100 (DADATAR].. Thang 525-05-HMP2023-25-05-HMF 2022-05-25 13-45-04WT 38.0)
Ll 5-HMF
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D01 B, Skg=2854 Ref=360,100 (DADATAR].. Thang 525-05-HMP2022-25-05-HMF 2022-05-25 13-45-04WT 38.0)
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T T T T T T T T T T T
2 4 (] B io 12 14 16
External Standard Report
Sorted By : Signal
calib. Data Modified : 5f26/2822 6:43:26 AM
Multiplier : 1.8888
Dilution : 1.8888
Do not wse Multiplier E Dilution Factor with ISTDs
signal 1: DAD1 A, 5ig=218,4 Ref=358,180
RetTime Type area amtfarea Amount  Grp  Name
[min] [mau*s] [epm]
3.688 - - - Formic acid
B.788 - - - Levulinic acid
0.852 W R 5488,28381 1.23512e-1 667.9BE15 HMF
14.388 - - - DFF
11.858 VB E 9.92856 8. 88868 @, 88888 FDCA
11.858 BB 17.13772 6.52514e-2 1.11826 Furfural
HPLC-DAD 5/26/2822 6:51:52 AM SYSTEM Fage 1 =232




Figure S4-24: HPLC chromatography of 5-HMF in investigating catalytic performance.
Reaction conditions: Fructose (Immol), DMSO, for 6 hours at 120 °C.

Data File [:\DATA'\2822%Thang 5\25-85-HMF\2822-25-85-HMF 2822-85-25 18-45-B4\MT 39.D
|sample Name: MT 39
Acg. Operator ¢ SYSTEM 5eq. Lime @ 21
Acq. Instrument : HPLC-DAD Location @ Pl-C-87
Injection Date : 5/26/2822 12:4B:35 AM Inj 1
Inj wolume : 18.888 pl
Acg. Method ¢ D:\DATA\2822\Thang 5\25-85-HMF\2822-25-85-HMF 2822-85-25 1B-45-84\HMF_cot
158_hat nho.M
Last changed ! 4f19/2822 4:56:47 PM by SYSTEM
Analysis Method @ D:\METHOD\HMF_cot 158 hat nho_wQ.M
Last changed ! 5/26/2822 6:142:3% AM by SYSTEM
(modified after loading)
Additional Info : Peak(s) manually integrated
D0 A, Skg=210,4 Ref=360,100 (CADATAR].. Thang S25-05-HMP2022-25-05-HMF 2022-05-25 15-45-04WT 38.0)
i 5-HMF
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DD B, Skg=2854 Ref=360,100 (DADATAR].. Thang 25-05-HMP2022-25-05-HMF 2022-05-25 15-45-04WT 38.0)
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External Standard Report
sorted By H signal
Calib. Data Modified : 5/26/2822 6:43:26 &M
Multiplier : 1.8888
Dilution H 1.8888
Do not wse Multiplier & Dilution Factor with ISTDs
signal 1: DAD1 4, Sig=218,4 Ref=368,188
RetTime Type area amtfarea Amount  Srp Mame
[min] [mau+s] [ppm]
3.538 BB 3.34686 2.91523 9.,75456 Formic acid
B.788 - - - Levulinic acid
0,838 BV R 4079,75879 1.23498e-1 614,.95834 HMF
14.388 - - - DFF
11.888 - - - FDCA
11.836 BV 37.22764 B.74B6Te-2 3.25692 Furfural
HPLC-DAD 5/26/2822 6:53:85 AM SYSTEM Fage 1 =232
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Figure S4-25: HPLC chromatography of 5-HMF in investigating catalytic performance.
Reaction conditions: Fructose (Immol), DMSO, for 8 hours at 120 °C.

Data File D:\DATA2822\Thang 5\32-85-HMF\2022-83-86-HYF 2822-86-83 16-51-25\MT 48.D
[sample Name: MT 48

Acq. Operator @ SYSTEM Seq. Line : &8
Acq. Instrument @ HPLC-DAD Location @ P1-B-86
Injection Date : 6/4/2822 18:48:87 AM Inj : 1

Inj wolume : 18,888 ul

D:\DATA\2822\Thang 5%3@-85-HMF\2822-83-86-HMF 2822-86-83 16-51-25%\HMF_cot
158_hat nho.M
Last changed 1 419/2822 4:56:47 PM by SYSTEM
Analysis Method : D:\METHOD\HMF_cot 158_hat nho_KQ.M
Last changed 66,2822 7:14:45 &AM by SYSTEM

(modified after loading)
Additional Info : Peak(s) manwally integrated
DADA A, Sig=210.4 Ref=360,100 (DADATARRD... Thang H20-05-HMP2022-03-06-HMF 2022-06-02 16-51-23MT 40.0)
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DAL B, Sig=285.4 Ref=360,100 (CADATARRD... Thang 120-05-HMP2022-03-06-HMF 2022-06-02 16-51-23MT 40.0)
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External Standard Report
sorted By : signal
Calib. Data Modified : 6672822 7:14:45 &M
Multiplier : 1.8888
Dilution H 1,888
Do not wse Multiplier & Dilution Factor with ISTDs
signal 1: DAD1 &, Sig=218,4 Ref=368,188
RetTime Type Area amtfarea Amount  Grp Name
[min] [mau*s] [ppm]
3.6688 - - - Formic acid
B.788 - - - Levulinic acid
0.419 BV R 4545.67139 1.23463e-1 561.22268 HMF
1a.388 - - - DFF
11.888 - - - FDCA
11.599 BB 6.71651 1.32157e-3 8.87632e-3 Furfural
HPLC-DAD 6/6/2822 7:38:18 AM SYSTEM Fage 1 ef 2
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Figure S4-26: HPLC chromatography of 5-HMF in investigating catalytic performance.
Reaction conditions: Fructose (Immol), DMSO, for 9 hours at 120 °C.

Data File D:\DATA\2822\Thang 5%38-85-HMF\2822-83-85-HMF 2822-86-83 16-51-25\MT 41.D
Isample Mame: MT 41
Acgq. Operator @ SYSTEM Seq. Lime : 61
Acq. Instrument : HPLC-DAD Location P1-B-87
Injection Date : &/4/2822 18:53:13 &AM Inj 1
Inj Wolume : 18,888 pl
ACqQ. Method ¢ D:\DATA\2822\Thang 5\38-85-HMF\2822-83-86-HMF 2822-86-83 16-51-25\HMF_cot
158_hat nho.M
Last changad t 4f19/2822 4:56:47 PM by SYSTEM
Analysis Method : D:\METHOD\HMF_cot 158_hat nho KQ.M
Last changed ! 662822 7i114:45 AM by SYSTEM
{modified after loading)
Additional Info : Peak(s) manually integrated
QA0 A, Sig=210,4 Ref=360,100 (DADATAR].. Thang S30-05-HMP2022-03-06-HMF 2022-06-03 16-51-23MT 41.0)
s 5-HMF
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DD B, Sig=285.4 Ref=360,100 (DADATAR].. Thang T30-05-HMP2022-03-06-HMF 2022-06-03 16-51-23AMT 41.0)
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External Standard Report
sorted By : signal
Calib. Data Modified : 6/6/2822 7114:45 &M
Multiplier : 1.8888
Dilution H 1.8888
Do not wse Multiplier & Dilution Factor with ISTDs
signal 1: DADL A, Sig=218,4 Ref=368,180
RetTime Type area amtfarea amount  Grp MName
[min] [mau+s] [ppm]
3.688 - - - Formic acid
BE.788 - - - Levulinic acid
0.483 BV R 4683,36523 1.23457e-1 568,.36353 HMF
18.388 - - - DFF
11.888 - - - FDC&
11.584 BB 7.37917 1.87626e-2 7.941932-2 Furfural
HPLC-DAD 6/6/20822 7:49:26 AM SYSTEM Fage of Z
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Figure S4-27: HPLC chromatography of 5-HMF in investigating catalytic performance.
Reaction conditions: Fructose (Immol), DMSO, for 10 hours at 120 °C.

Data File D:\DATA\2822%Thang 5%38-85-HMF42822-83-86-HMF 2822-86-83 16-51-25\MT 42.D
Sample Mame: MT 42

acg. Operator @ S¥STEM Seq. Lime : &2
Acq. Instrument : HPLC-DAD Location P1-B-83
Injection Date @ &/4/2822 11:15:19 AM Inj 1
Inj wolume : 1&.888 pl
Acq. Method ¢ Dr\DATAN2822\Thang 5)38-85-HMF\2822-83-86-HMF 2822-86-83 16-51-25\HMF_cot

158 _hat nho.M
Last changed 1 4f10/2822 4:56:47 PM by SYSTEM
analysis method @ D:\METHOD\HMF_cot 158 hat nho_kQ.M
Last changed ¢ 662822 T:14:45 AM by SYSTEM
(modified after loading)
Additional Info : Peak(s) manually integrated

DAL A, Sig=210,4 Ref=360,100 (DADATARD.. Thang S20-05-HMP2022-03-06-HMF 2022-06-03 16-51-23MT 42.0)
mAl 7 S-HMF
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DAL B, Sig=285.4 Ref=360,100 (DADATARD.. Thang S20-05-HMP2022-03-06-HMF 2022-06-03 16-51-23MT 42.0)
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External Standard Report
Sorted By H Signal
calib. Data modified : 6/6/2822 7:114:45 &M
Fultiplier H 1,888
Dilution : 1.8888
Do not wse Multiplier & Dilution Factor with ISTDs
signal 1: DAD1 A, Sig=218,4 Ref=368,188
RetTime Type Area amtfarea Amount  Grp  Name
[min] [mau+s] [ppm]
3.688 - - - Formic acid
E.788 - - - Levulinic acid
8.383 BV R 4895.88672 1.23491e-1 616.94552 HMF
1la.3a88 - - - DFF
11.588 - - - FDCA
11.567 BB 18.83618 3.658064e-2 3.52278e-1 Furfural
HPLC-DAD 6/6/2822 7:58:82 AM SYSTEM Page 1 of 2
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Figure S4-28: HPLC chromatography of 5-HMF in investigating catalytic performance.
Reaction conditions: Fructose (Immol), DMSO, for 11 hours at 120 °C.

Data File D:\DATA\2822\Thang 5%38-85-HMF\2022-83-B6-HMF 2822-86-83 16-51-25\MT 43.D
Sample Name: MT 43
Acg. Operator @ SYSTEM Seg. Lime : 63
Acg. Instrument : HPLC-DAD Location @ Fl-B-@89
Injection Date : &/4/2822 11:34:25 AM Inj 1
Inj wolume : 18.888 pl
Acq. Method ¢ D:\DATAN2822\Thang 5\38-85-HMF\2822-83-86-HMF 2822-86-83 16-51-25\HMF_cot
158_hat nho.M
Last changed i 419/2822 4:56:47 PM by SYSTEM
Analysis Method : D:\METHOD\HMF_cot 158_hat nho KQ.M
Last changed ! 6672822 7:14:45 AM by SYSTEM
(modified after loading)
Additional Infe : Peak(s) manually integrated
DAL A, Skg=210,4 Ref=360,100 (DADATAR].. Thang S30-C5-HMP2022-03-06-HMF 2022-06-02 16-51-23MT 42.0)
Al S-HMF
2000
1750
1500
1250
1000
50
0 - o
= E g8 : Lk
o L L v - —=
2 4 ; 8 10 12 14 16 min
DL B, Skg=2854 Ref=360,100 (DADATAR].. Thang 30-C5-HMP2022-03-06-HMF 2022-06-02 16-51-23MT 42.0)
mau g
d
4003
300
200
- - =
- gz I g 35
o b I = - . LTy
' : 1 B 8 1 12 12 15 il
External Standard Report
Sorted By H Signal
Calik. Data Modifisd : E/6/2822 7:14:45 &M
FMultiplier H 1.8888
Dilution : 1.8888
Do not wse Multiplier & Dilution Factor with ISTDs
Signal 1: DAD1 A, Sig=218,4 Ref=368,168
RetTime Type area amtfarea Amount  Grp Name
[min] [mau*s] [epm]
3.688 - - - Formic acid
B.788 - - - Levulinic acid
0.481 EB 394.8925E 1.28221e-1 A7 .47444 HHF
18.388 - - - DFF
11.888 - - - FDCA
11.688 - - - Furfural
HPLC-DAD 6/6/2822 7158129 AM SYSTEM Page 1 of 2
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Figure S4-29: HPLC chromatography of 5-HMF in investigating catalytic performance.
Reaction conditions: Fructose (Immol), DMSO, for 12 hours at 120 °C.

Data File D:\DaTA\2822\Thang 5%38-85-HMF\2822-83-86-HMF 2822-86-83 16-51-25\MT 44.D
[sample Name: MT 44
Acq. Operator @ SYSTEM Seq. Lime ! 64
Acq. Instrument : HPLC-DAD Location P1-C-81
Injection Date : &/4/2822 11:52:31 AM Inj & 1
Inj Wolume : 18.888 pl
Acg. Method ¢ D:\DATA\2822\Thang 5\38-85-HMF\2822-83-86-HMF 2822-86-83 16-51-25\HMF_cot
158_hat nho.M
Last changed 1 4f16/2822 4:56:47 PM by S¥YSTEM
Analysis Method : D:\METHOD\HMF_cot 158_hat nho_KQ.M
Last changed : 6f6,/2822 7:14:45 AM by SYSTEM
(modified after loading)
Additional Info : Peak(s) manually integrated
DAL A, Sig=210.4 Ref=360, 100 (DACAT AR, Thang 130-05-HMP2022-03-06-HMF 2022-06-03 16-51-23MT 44.0)
ml ] 5-HMF
2000
15004
1000 =
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5004 % 3 8%
7 @ =
- B §Es * h 35
04 L - T v —
T T T T T T T T
2 4 g B 10 12 4 16 min
DAL B, Skig=285.4 Ref=360, 100 (DACAT AR, Thang :30-05-HMP2022-03-06-HMF 2022-06-03 16-51-23MT 44.0)
mal ] E
b 4
25004
2000
1500
1000
SI}CI-: - — o [
. 282 § § ¥s3 |
o Ll i o . . —— -
T T L T T T T T T T T
2 4 8 B ig 12 12 16 mnf
External Standard Report
sorted By : signal
Calib. Data mModified : 6/6/2822 7i114:45 &M
Fultiplier H 1.@888
Dilution H 1.@888
Do not wse Multiplier & Dilution Factor with ISTDs
signal 1: DADL A, Sig=218,4 Ref=368,180
RetTime Type area amtfarea Amount  Grp  Name
[min] [maus] [ppm]
3.688 - - - Formic acid
B.TEE - - - Levulinic acid
9.415 VB R 4848, 23778 1.23425e-1 499.65456 HYF
18.388 - - - DFF
11.888 - - - FDC&
11. 688 - - - Furfural
HPLC-DAD 6/6/2822 7151186 AM SYSTEM Fage 1 of 2
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Figure S4-30: HPLC chromatography of 5-HMF in investigating catalytic performance.
Reaction conditions: Fructose (Immol), DMSO, for 13 hours at 120 °C.

Data File D:\DATA\2822\Thang 5\38-85-HMF\2822-83-86-HMF 2822-86-83 16-51-25\MT 45.D

Sample Mame: MT 45

Acg. Operator

Acg. Instrument :

Injection Date
Acg. Method
Last changed

Analysis Method
Last changed

: SYSTEM Seq. Lime : 65
HPLC-DiaD Location P1-C-82
6/4/2822 12:18:35 PM inj : 1

Inj wWolume : 18.888 ul

¢ D:\DATA\2822\Thang 538-85-HYF\2822-83-85-HIF 2822-86-83 16-51-215\HMF_cot

158_hat nha.M
4/190/2822 4:156:47 PM by SYSTEM

1 D:\METHODYWHMF_cot 158_hat nho_KQ.M

Additional Info :

6/6/2822 7:14:45 AM by SYSTEM
(modified after loading)
Peak(s) manually integrated

DD A, Sig=210,4 Ref=360,100 (DADATAR].. Thang S30-05-HMP2022-03-06-HMF 2022-06-03 16-51-23MT 45.0)
mAl §-HMF
2000 4
1500 =
1000 ©
-
500 8 T b
: B BES ¢ & g & £d
] (e E E S
l:l T L L] =TT T 1 L
T T T T T T T T
2 4 ] 8 12 14 15 i
DD B, Sig=285,4 Ref=360,100 (DADATAR].. Thang T30-05-HMP2022-03-06-HMF 2022-06-03 16-51-2AMT 45.0)
mall P
2500 ]
2000
1300
1000
F - LT (=
0 o @ o a
] g BgE g\ 30%§ ¥
o o J‘“'. ol 1 J"_="_ il .'__ a T
N T N T T T N T T T
2 4 -] 8 0 12 14 18 [Liti|
External Standard Report
sorted By : signal
calib. Data modified 6/6/2822 7:14:45 &M
Multiplier H 1.8888
Dilution : 1.@888
Do not wse Multiplier & Dilution Facter with ISTDs
Signal 1: DAD1 4, Sip=218,4 Ref=368,188
RetTime Type area amtfarea amount  Grp MName
[min] [mau*s] [ppm]
3.688 - - - Formic acid
B.788 - - - Levulinic acid
0.416 BB A756.30893 1.23477e-1 538.54246 HHF
1a.388 - - - DFF
1i.288 - - - FDCA&
11.588 - - - Furfural
HPLC-DAD 6/6/2822 7:46:44 &M SYSTEM Page 1 of 2

40



Figure S4-31: HPLC chromatography of 5-HMF in investigating catalytic performance.
Reaction conditions: Fructose (Immol), DMSO, for 12 hours at room temperature.

pata File D:\DATAW2822\Thang 5'38-85-HMF\2822-83-86-HYF 2822-86-83 16-51-25\MT 46.D
Isample Name: MT 46

Acq. Operator @ SYSTEM Seq. Lime ¢ 66
Acg. Instrument : HPLC-DAD Location Pl-C-83
Injection Date : 6/4/2822 12:28:43 PM Inj 1
Inj wolume : 18.888 ul
Acg. Method ¢ D:\DATAN2822\Thang 5%3@-85-HMF\2822-83-86-HMF 2822-86-83 16-51-25\HMF_cot

158 _hat nho.M
Last changed i 419/2822 4:56:47 PM by SYSTEM
Analysis Method : D:\METHOD\HMF_cot 158_hat nho KQ.M
Last changed 1 662822 7:14:45 AM by SYSTEM
(modified after loading)
Additional Info : Peak(s) manually integrated
DADA A, Sig=2104 Ref=360,100 (DADATARRD.. Thang H20-05-HMP2022-03-06-HMF 2022-06-032 16-51-23MT 46.0)

Al S-HIMF
2000
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10004
1 2
500 1] ; E]
: e : F z £ & 5%
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|:|- '3: 1+ T -l—-r-“-n Jrl\_p‘ 1"'-I T ¥
T T T T T T T T
2 4 [ g 10 12 14 16 min)
DAL B, Sky=285,4 Ref=360, 100 (DDA TARY... T hang Sut-05-HMP 20 22-03-06-HME 20220602 16-51-ZMT 46.0)
il - o
2500 1
2000 3
1500
1000
o Qo
500 g 2518
L=}
5 § ZEEEH\ =if 2%
T T T T T : T T T ll T T T
2 4 [ B 10 12 14 16 il

External Standard Report

Sorted By : Signal
Calib. Data Modified : 6/6/2822 7114:45 &M
Multiplier H 1.8888
Dilution H 1.8888

Do not wse Multiplier & Dilution Factor with ISTDs

Signal 1: DADI 4, Sig=218,4 Ref=368,188

RetTime Type Area amtfarea Amount  Grp Name
[min] [mau*s] [ppm]
3.688 - - - Formic acid
B.788 - - - Lewvulinic acid
6.418 BV R 3327.85547 1.23358e-1 418.49174 HMF
1a.388 - - - DFF
11.988 - - - FDCA
11.685 EB &.86888 3.939@4e-3 2.71321e-2 Furfural
HPLC-DAD 6/6/2822 7:47:33 AM SYSTEM Fags 1 =f 2
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Figure S4-32: HPLC chromatography of 5-HMF in investigating catalytic performance.
Reaction conditions: Fructose (Immol), DMSO, for 12 hours at 40 °C.

Data File D:\DATA\2822\Thang 5%38-85-HMF\2822-83-86-HMF 2822-86-83 16-51-25\MT 47.D
Sample Name: MT 47

Acq. Operator @ SYSTEM Seg. Line : &7
Acq. Instrument : HPLC-DAD Location @ Pl-C-84
Injection Date @ &/4/2822 12:4G:52 PM Inj @ 1
Inj Wolume : 18.888 pl
Acq. Method ¢ D:\DATAN2822\Thang 5\38-85-HMF\2822-83-86-HMF 2822-86-83 16-51-25\HMF_cot

158 _hat nho.M
Last changed 1 4f19/2822 4:56:47 PM by SYSTEM
Analysis Method @ D:\METHOD\HMF_cot 158 hat nho_wQ.M
Last changed ! 6672822 T:14:45 AM by SYSTEM
(modified after loading)
Additional Info : Peak(s) manually integrated
DD A, Skg=210,4 Ref=360,100 (DADATAR].. Thang 30-05-HMP2022-03-06-HMF 2022-06-03 16-51-23MT 47.0)

Al ] 5-HMF
2000+
1500
1000
] kS
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- = 2
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a4 o ridnd T A T ;
T T T T T T T T
2 3 8 o 12 16 e
DAL B, Skg=2854 Ref=360,100 (CADATAR].. Thang :30-05-HMP2022-03-06-HMF 2022-06-03 16-51-23MT 47.0)
Ll ] S
] 1
25004
2000
1500
1000 4
] =} r = |
500 o z 5 3 £
3
. § FREEYN\ Fz; 43
1 ¥ 1 1 N 1 ) 1 1
2 4 3 8 i [1] 12 14 16 wir
External Standard Report
sorted By H signal
Calib. Data Modified : 6/6/2822 7114145 &M
Multiplier : 1.8888
Dilution : 1.8888
Do not wse Multiplier E Dilution Factor with ISTDs
Signal 1: DAD1 A, =ig=218,4 Ref=368,188
RetTime Type area amtfarea Amount  Srp Mame
[min] [mau*s] [ppm]
3.688 - - - Formic acid
B.788 - - - Levulinic acid
0,425 BV R 3563.35498 1.2337Be-1 439.53087 HMF
14.388 - - - DFF
11.888 - - - FDCA
11.518 BB 9.75366 3.485352-2 3,32195e-1 Furfural
HPLC-DAD 6/6/2822 7:48:85 AM SYSTEM Fage 1 of 2
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Figure S4-33: HPLC chromatography of 5-HMF in investigating catalytic performance.
Reaction conditions: Fructose (Immol), DMSO, for 12 hours at 60 °C.

pata File D:\DATA\2822'Thang 5'38-85-HMF\2822-83-86-HYF 2822-86-83 16-51-25\MT 48.D
Sample Name: MT 48

AcqQ. Operator @ SYSTEM Seg. Lime ! 6B
Acg. Instrument : HPLC-DAD Location Pl-C-85
Injection Date @ &6/4/2822 1:84:58 PM Inj & 1

Inj volume @ 18,888 ul

Acq. Method

D:\DATAN2822\Thang 538-85-HMF\2822-83-86-HMF 2822-86-83 16-51-25\HMF_cot
158 hat mho.M

419/2822 4:56:47 PM by SYSTEM

D \METHOD\HMF_cot 158 _hat nho_KQ.M

6/6/2822 7i14:45 AM by SYSTEM

(modified after loading)

additional Info : Peak(s) manually integrated

DAL A, Sig=210.4 Ref=360, 100 (DADATARD.. Thang 120-05-HMP2022-03-06-HMF 2022-06-02 16-31-29MT 48.0)

Last changed
Analysis Method
Last changed

] 5-HMF
20004
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: :
5004 - = = -
: i= X NEEL
[} =t T ™F t r—t— = u
! ! : : B B L P
DAD1 B, Sig=285.4 Ref=360, 100 (DADATANR]... Thang T30-05-HMP2022-03-06-HMF 2022-06-03 16-51-23MT 48.0)
il | =
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2000 <
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0 8 P el o e Ty
T T T T T T T T T T T
2 4 -] g 10 12 14 16 i
External Standard Report
sorted By H signal
Calib. Data Modified = 66,2822 F114:45 &M
Multiplier H 1.8888
Dilution H 1.8888
Do not wuse Multiplier & Dilution Factor with ISTDs
signal 1: DaD1 &, Sig=218,4 Ref=368,188
RetTime Type Area amtfarea Amount  Grp Name
[min] [mav*s] [ppm]
3.6088 - - - Formic acid
B.788 - - - Levulinic acid
0.416 BV R 4689.87598 1.23473e-1 579.87118 HMF
1a8.388 - - - DFF
11.151 EB 18.8E175 @, 88888 8. eaeea FDC&
11.599 EB 28.67774 7.238548-F 1.48511 Furfural
HPLC-DAD 6/6/2822 7:43:38 AM SYSTEM Page 1 of 2
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Figure S4-34: HPLC chromatography of 5-HMF in investigating catalytic performance.
Reaction conditions: Fructose (Immol), DMSO, for 12 hours at 80 °C.

Data File D:\DATAN2822%Thang 5%38-85-HMF\2822-83-86-HMF 2822-86-83 16-51-25'MT 409.D
Sample Name: MT 48

Acg. Operator @ SYSTEM Seq. Line : &0
Acq. Instrument : HPLC-DAD Location @ P1-C-86
Injection Date @ 67472822 1:23:84 PM Inj : 1
Inj volume : 18,888 ul
Acg. Method : D:\DATAN2822\Thang 5%38-85-HMF\2822-83-86-HMF 2822-86-83 16-51-25'HMF_cot
158_hat nho.M
Last changed t 4f19/2822 A:56:47 PM by SYSTEM
Analysis Method : D:\METHOD\HMF_cot 158 hat nho_KQ.M
Last changed ;662822 7:14:45 AM by SYSTEM

(medified after loading)
Additional Info : Peak(s) manually integrated
DADT A, Sig=210.4 Ref=360, 100 (DADATAAD... Thang H3l-05-HMP20 22-03-06-HMF 2022-06-03 16-51-23MT 45.0)
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DADA B, Sig=2854 Ref=360, 100 (DADATAKR]... Thang 130-05-HMA20 22-03-06-HMF 2022-06-03 16-51-23MT 48.0)
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o L hﬁrr EEER Fip 27
1 | L] 1 1 ) 1
2 4 -] g ik iz 14 16 imin
External Stamdard Report
Sorted By : Signal
calib, Data Modified : 6/6/2822 F114:45 &AM
Multiplier H 1.8888
Dilution H 1.8888
Do not wse Multiplier & Dilution Factor with ISTDs
signal 1: DAD1 &, 5ig=218,4 Ref=368,188
RetTime Type Area amtfarea Amount  Srp Mame
[min] [mau*s] [ppm]
3.6688 - - - Formic acid
B.788 - - - Levulinic acid
9.419 BV R 4698.57861 1.23473e-1 579.15886 HMF
1a.388 - - - DFF
11.152 BV 12.5638% 8. 80888 8.8a88a FDCA
11.599 vB 29,.7B96E B,27587e-2 2.46512 Furfural
HPLC-DAD 6/6/2822 7i148:55 AM SYSTEM Fage 1 ef 2
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Figure S4-35: HPLC chromatography of 5-HMF in investigating catalytic performance.
Reaction conditions: Fructose (1mmol), DMSO, for 12 hours at 100 °C.

Data File D:%DATA\2822%Thang 5%38-85-HMF\2822-83-86-HMF 2822-86-83 16-51-25\MT 58.D
Sample Mame: MT 58

Acq. Operator @ SYSTEM Seg. Line : 7@
Acq. Instrument : HPLC-DAD Location @ P1-C-87
Injection Date : &/4/2822 1:41:11 PM Inj 1

Inj Volume : 18,888 pl
D:\DATAY2822%Thang 5\38-85-HMF\2822-83-86-HMF 2022-86-83 16-51-25\HMF_cot
158_hat nho.M
Last changed P 419/2822 4:56:47 PM by SYSTEM
Analysis Method : D:\METHOD\HMF_cot 158_hat nho KQ.M
Last changed ! 662822 7:14:45 AM by SYSTEM
(modified after loading)

Acq. Method

DD A, Skg=210,4 Ref=360,100 (DADATAR].. Thang S30-05-HMP2022-03-06-HMF 2022-06-03 16-51-23MT 50.0)
il
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15004
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T T L] T T L] 1 1
2 4 & g 10 12 4 16 min
DAL B, Sig=285.4 Ref=380, 100 (DADATARR]... Thang M30-05-HMA2022-03-06-HMF 2022-06-03 16-51-23MT 50.0)
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d— . i
T T T T T L] T T
2 4 ] B 10 12 14 16 min)
External Standard Report
sorted By : signal
Calib. Data Modified : 6/6/2822 7:14:45 &AM
FMultiplier H 1.8888
Dilution : 1.8888
Do not wse Multiplier & Dilution Factor with ISTDs
Signal 1: DAD1 &, Sip=218,4 Ref=368,188
RetTime Type Area amtfarea Amount  Grp Name
[min] [mau+s] [ppm]
3.6588 - - - Formic acid
E.788 - - - Levulinic acid
9.419 BB 139.97421 1.16391e-1 22.11138 HMF
1a.388 - - - DFF
11.@88 - - - FDCA
11.688 - - - Furfural
HPLC-DAD 6/6/2822 7:36:27 AM SYSTEM Fage 1 of 2
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Figure S4-36: HPLC chromatography of 5-HMF in investigating catalytic performance.

Reaction conditions: Fructose (Immol), DMSO, for 12 hours at 120 °C.

[sample Mame: MT 51

jpata File D:%\DATAN2822\Thang 5%38-85-HMF\28212-83-86-HMF 2822-86-83 16-51-25\MT 51.D

Acg. Method

Last changad
Analysis Method
Last changed

Additional Info :

Acg. Operator @ SYSTEM Seg. Line ¢ 71
Acg. Instrument : HPLC-DAD Location @ P1-C-88
Injection Date : &/4/2822 1:59:17 PM Ingj @ 1

Inj volume : 18.888 pl

D \DATAY2822\Thang 5%38-85-HMF\2822-83-86-HMF 2822-86-83 16-51-25\HMF_cot
158 _hat nho.M

t 4f19/2822 4:56:47 PM by SYSTEM

D:\METHODWHMF_cot 158 _hat nho_KQ.M
6/6/2822 7:14:45 AM by SYSTEM
(modified after loading)

Peak(s) manually integrated

DAL A, Sig=210.4 Ref=380, 100 (DADATARR]... Thang S30-05-HMP2022-03-06-HMF 2022-06-03 16-51-23MT 51.0)

mAl 5-HMF
d
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DADA B, Sig=285.4 Ref=380, 100 (DADATARR]... Thang 30-05-HMP2022-03-06-HMF 2022-06-03 16-51-23MT 51.0)
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T T T T T T T T T T T
2 4 ] j 1] 12 14 16 |
External Standard Report
sorted By H signal
Calib. Data Modifisd 6/6/20822 7114145 AW
Multiplier 1.8688
Dilution : 1.84988
Do not wse Multiplier & Dilution Factor with ISTDs
signal 1: DAD1 A, Sig=218,4 Ref=358,188
RetTime Type Area amtfarea Amount  Grp  Name
[min] [mau*s] [ppm]
3.688 - - - Formic acid
B.788 - - - Levulinic acid
0.428 BV 5B846.49268 1.23532e-1 722.22731 HMF
18.518 VB 18.87688 @.a88a 8. 2aeaa DFF
11.288 - - - FDCA
11.6588 - - - Furfural
HPLC-DAD 6/6/2822 7:36:51 AM SYSTEM Fage 1 of 2
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Figure S4-37: HPLC chromatography of 5-HMF in investigating catalytic performance.
Reaction conditions: Fructose (1mmol), DMSO, for 12 hours at 140 °C.

Data File D:\DATA\2822\Thang 5%38-85-HMF\2022-83-86-HMF 2922-86-83 16-51-25\MT 52.D
Sample Name: MT 52

Acq. Operator @ SYSTEM Seqg. Line @ 72
Acg. Instrument : HPLC-DAD Location P1-C-83
Injection Date : &/4/2822 2:17:23 PM Inj @ 1
Inj Wolume : 18.888 pl
Acq. Method : D:\DATA\2822\Thang 5\38-85-HYF\2822-83-86-HMF 2822-86-83 16-51-25\HMF_cot

158_hat nho.M
Last changed 1 4f10/2822 4:56:47 PM by S¥YSTEM
Analysis Method @ D:\METHOD\HMF_cot 158_hat nho KQ.M
Last changed ! 662822 T:14:45 AM by SYSTEM
(modified after loading)
DDA A, Slg=210,4 Ref=360,100 (DADATAR.. Thang S20-05-HMP2022-03-06-HMF 2022-06-03 16-51-23MT 52.0)

mAL ] S-HMF
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il J
2500
20009
1500
1000
L " L)
- : 333 g
o -“’5I .h-._lr"'_l i -"-_"-I?- -Ell'-
T T T T T T T T
2 4 ] 8 h|i] 12 14 16 iweny
External Standard Report
sorted By H signal
calib. Data Modified : 6/6/2822 7:14:45 AW
Multiplier : 1.8888
Dilution H 1.@888
Do not wse Multiplier E Dilution Factor with ISTDs
signal 1: DAD1 &, Sig=218,4 Ref=368,188
RetTime Type area amtfarea Amount  Grp  Name
[min] [mou*s] [ppm]
3.588 - - - Formic acid
B.626 BB 7.86291 4.22658 29.85148 Levulinic acid
8.412 W R 5483.11621 1.23512e-1 657.34083 HMF
18.585 VB E 3.8328B &, Baesn [=py=icleolc] DFF
11.&E5 BB B.85380 @, B8 &, Bae6a FDCA
11.688 - - - Furfural
HPLC-DAD 6/6/2822 7:37:27 AM SYSTEM Fage 1 =22
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Figure S4-38: HPLC chromatography of 5-HMF in investigating catalytic performance.
Reaction conditions: Fructose (Immol), DMSO, for 12 hours at 40 °C.

Data File B:\DATA\2822\Thang 5\38-85-HMF\2822-83-86-HMF 2822-86-83 16-51-25\MT 53.D
|sample Mame: MT 53
Acg. Operator @ SYSTEM Seq. Lime @ 73
Acg. Instrument @ HPLC-DAD Location @ PL1-D-81
Injection Date : 6/4/2822 2:35:27 PM Inj : 1
Inj wolume : 18.888 pl
ACq. Method ¢ D:\DATA\2822\Thang 5\38-85-HMF\2822-83-86-HMF 2822-86-83 16-51-25\HMF_cot
158_hat nho.M
Last changad : 4f19/2822 4:56:4T7 PM by SYSTEM
Analysis Method @ D:\METHOD\HMF_cot 158 hat nho_kQ.M
Last changad ! 662822 7:14:45 AM by SYSTEM
(modified after loading)
Additional Info : Peak(s) manually integrated
DADA A, Sig=210,4 Ref=380, 100 (DADATARR]... Thang :30-05-HMP2022-03-06-HMF 2022-06-03 16-51-23MT 53.0)
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External Standard Report
sorted By : signal
Calib. Data Modified : 6/6/2822 Til4:45 &M
Multiplier : 1.8888
Dilution : 1.8888
Do not wse Multiplier & Dilution Factor with ISTDs
Signal 1: DAD1 A, Sip=218,4 Ref=368,188
RetTime Type area amtfarea Amount  Grp Name
[min] [mau*s] [ppm]
3.688 - - - Formic acid
B.788 - - - Levulinic acid
0.421 VB R A4875.88283 1.23434e-1 681,.90433 HMF
18.388 - - - DFF
11.888 - - - FDCA
11.688 - - - Furfural
HPLC-DAD 6/6/2822 7142135 AM SYSTEM Fage 1 o2
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Figure S4-39: HPLC chromatography of 5-HMF in investigating catalytic performance.
Reaction conditions: Fructose (Immol), DMSO, for 12 hours at 60 °C.

pata File D:\DATAN2822)\Thang 5'38-85-HMF\2822-83-86-HMF 2822-86-83 16-51-25\MT 54.D
[sample Name: MT 54

Acq. Operator @ SYSTEM Seq. Line : 74
Acq. Instrument : HPLC-DAD Location @ P1-D-82
Injection Date : &/472822 2:53:31 PM Inj @ 1

Inj Wolume : 18.888 ul

D:\DATA\2822\Thang 538-85-HMF\2822-83-86-HMF 2822-86-83 16-51-25\HMF_cot
158_hat mho.M
Last changed P 41942822 4:56:47 PM by SYSTEM
Analysis Method : D:\METHOD\HMF_cot 158_hat nho KQ.M
Last changed ! 662822 7114145 AM by SYSTEM

(modified after loading)
Additional Info : Peak(s) manually integrated
DACA A, Sig=210.4 Ref=360, 100 (DADATALR].. Thang T30-05-HMP2022-03-06-HMF 2022-06-03 16-531-23MT 4.0)
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External Standard Report

sorted By signal

Calib. Data Modified 6/6,/2822 T:l4:45 AM
Multiplier : 1.8888

Dilution : 1.8888

Do not wse Multiplier & Dilution Factor with ISTDs

Signal 1: DADI 4, Sig=21@,4 Ref=368,188

RetTime Type Area st farea amount  Srp Mame

[min] [mau*s] [ppm]
3.688 - - - Formic acid
B.788 - - - Levulinic acid
5.423 VB R 3062.24243 1.2341Fe-1 4395.81878 HMF

1a.3ae - - - DFF

11.@88 - - - FDCA

11.688 - - - Furfural

HPLC-DAD 6/6,/2822 7:38:88 AM SYSTEM Page lef2
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Figure S4-40: HPLC chromatography of 5-HMF in investigating catalytic performance.
Reaction conditions: Fructose (Immol), DMSO, for 12 hours at 80 °C.

Data File D:\DaTAN2822\Thang 5%38-85-HMF\2822-83-86-HMF 2822-86-83 16-51-25\MT 55.D
|sample Name: MT 55
Acq. Operator @ SYSTEM Seq. Line ! 75
Acq. Instrument @ HPLC-DAD Location @ P1-D-83
Injection Date @ &/4/2822 3:11:36 PM Inj @ 1
Inj wolume : 18.888 pl
Acg. Method ¢ D:\DATAN2822%\Thang 5\3@-85-HMF\2822-83-86-HMF 2822-86-83 16-51-25\HMF_cot
158_hat nho.M
Last changed 1 4f19/2822 4:56:47 PM by SYSTEM
Analysis Method : D:\METHOD\HMF_cot 158_hat nho KQ.M
Last changed ! 6672822 T:14:45 AM by SYSTEM
(modified after loading)
Additional Info : Peak(s) manually integrated
D&l A, Skg=210,4 Ref=360,100 (DADATAR].. Thang S30-C5-HMP2022-03-06-HMF 2022-06-03 16-51-23MT 55.0)
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External Standard Report
sorted By signal
Calib. Data Modified : 6/6/2822 7:14:45 &M
Multiplier : 1.8888
Dilution : 1.8888
Do not wse Multiplier E Dilution Factor with ISTDs
signal 1: DAD1 A, Sig=218,4 Ref=368,108
RetTime Type area amtfarea Amount  Grp MName
[min] [mau*s] [epm]
3.688 - - - Formic acid
B.788 - - - Levulinic acid
0.441 W R 3819.19385 1.23387e-1 3I72.2E822 HHF
18.416 VB E 7.26146 8. 88888 a. 88888 DFF
11.888 - - - FDCA
11.688 - - - Furfural
HPLC-DAD 6/6/2822 7:43:88 AM SYSTEM Fag= =f 2
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Figure S4-41: HPLC chromatography of 5-HMF in investigating catalytic performance.
Reaction conditions: Fructose (1mmol), DMSO, for 12 hours at 100 °C.

Data File D:\DATA\2822\Thang 5%38-85-HMF\2822-83-86-HMF 2822-86-83 16-51-25\MT 56.D
|sample Mame: MT 56

Acq. Operator @ SYSTEM Seq. Line ! 76
Acq. Instrument : HPLC-DAD Location @ Fl-D-84
Injection Date : &/4/2822 3:20:44 PM Inj @ 1
Inj wolume : 18.888 pl
Acq. Method ¢ D:\DATA\2822\Thang 5\38-85-HMF\2822-83-85-HMF 2822-86-83 16-51-25\HMF_cot

158_hat nho.M
Last changed P 419/2822 4:56:47 PM by SYSTEM
Analysis Method : D:\METHOD\HMF_cot 158_hat nho_KQ.M
Last changed : 6f6/2822 7:14:45 AM by SYSTEM
(modified after loading)
DDA A, Skg=210,4 Ref=360,100 (CADATAR].. Thang S30-05-HMP2022-03-06-HMF 2022-06-03 16-51-23MT 56.0)
il S-HMF
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External Standard Report
sorted By : signal
Calik. Data Modifisd : E/6/2822 7:14:45 &M
FMultiplier H 1.8888
Dilution : 1.8888
Do not wse Multiplier & Dilution Factor with ISTDs
Signal 1: DAD1 A, Sig=218,4 Ref=368,168
RetTime Type area amtfarea Amount  Grp Name
[min] [mau*s] [ppm]
3.688 - - - Formic acid
B.T88 - - - Levulinic acid
9.451 BB 8.54821 8. 88008 &, 80888 HMF
1a.388 - - - DFF
11.@88 - - - FDCA
11.688 - - - Furfural
HPLC-DAD 6/6/2822 7:43:54 &M SYSTEM FPage 1 of 2
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Figure S4-42: HPLC chromatography of 5-HMF in investigating catalytic performance.
Reaction conditions: Fructose (1mmol), DMSO, for 12 hours at 120 °C.

Data File D:\DATA\2822\Thang 5%38-85-HMF\2822-83-86-HMF 2822-86-83 16-51-25\MT 57.D
|sample Name: MT 57

Acq. Operator @ SYSTEM Seq. Limne ! 77
Acq. Instrument @ HPLC-DAD Location @ P1-D-85
Injection Date @ &/4/2822 3:47:47 PM Inj @ 1

Inj wolume : 18.888 pl
D:\DATA\2822\Thang 5\38-85-HMF\2822-83-86-HAF 2822-86-83 16-51-25\HMF_cot
158 _hat nho.M
Last changed P 419/2822 4:56:47 PM by SYSTEM
Analysis Method : D:\METHOD\HMF_cot 158_hat nho_KQ.M
Last changed i 6f6/2822 7:14:45 AM by SYSTEM
(modified after loading)
DD A, Skg=210,4 Ref=360,100 (DADATAR].. Thang S30-05-HMP2023-03-06-HMF 2022-06-03 16-51-23MT 57.0)
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External Standard Report
sorted By H signal
calib. Data Modified : 662822 7:14:45 AM
Multiplier : 1.8888
Dilution H 1.8888
Do not wse Multiplier E Dilution Factor with ISTDs
signal 1: DAD1 A, Sig=218,4 Ref=368,188
RetTime Type area amtfarea Amount  Grp  Name
[min] [mau*s] [epm]
3.5088 - - - Formic acid
B.788 - - - Levulinic acid
9.453 BB 183.39146 1.18211e-1 11.39458 HMF
1la.38e - - - DFF
11.888 - - - FDCA
11.688 - - - Furfural
HPLC-DAD 6/6/2822 7:45:84 &M SYSTEM Fage 1 =232
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Figure S4-43: HPLC chromatography of 5-HMF in investigating catalytic performance.
Reaction conditions: Fructose (Immol), DMSO, for 12 hours at 140 °C.

Data File D:\DaTa\2822%Thang 5'38-85-HMF\2822-83-86-HMF 2822-86-83 16-51-25\MT 58.D
[sample Mame: MT 58
Acgq. Operator @ SYSTEM Seq. Line : 78
Acq. Instrument : HPLC-DAD Location P1-D-86
Injection Date : &/4/2822 4:85:53 PM Inj 1
Inj Wolume : 18,888 pl
Acq. Method ! D:\DATAN2822\Thang 5\38-85-HMF\2822-83-86-HMF 2822-86-83 16-51-25\HMF_cot
158 _hat nha.M
Last changad t 4f19/2822 4:56:47 PM by SYSTEM
Analysis Method : D:\METHOD\HMF_cot 158_hat nho KQ.M
Last changed ! 662822 7i114:45 AM by SYSTEM
(modified after loading)
Additional Info : Peak(s) manually integrated
DD A, Sig=210,4 Ref=360,100 (DADATAR].. Thang S30-05-HMP2022-03-06-HMF 2022-06-03 16-51-2AMT S8.0)
i 5-HMF
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External Standard Report
sorted By H signal
Calib. Data Modified : 6/6/2822 7:14:45 AM
Multiplier : 1.8888
Dilution : 1.8888
Do not wse Multiplier & Dilution Factor with ISTDs
signal 1: DAD1 A, Sig=218,4 Ref=368,186
RetTime Type area amtfarea Amount  Grp  Name
[min] [mawr*=] [epm]
3.688 - - - Formic acid
B.TEE - - - Levulinic acid
9.445 BB 534.837836 1.21158e-1 64 . G8869 HYF
18.388 - - - DFF
11.888 - - - FDCA
11.823 BB 64.98422 9,55088e-2 6.21288 Furfural
HPLC-DAD 6/6/2822 7:145:31 AM SYSTEM Fage 1 eof2
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Figure S4-44: HPLC chromatography of 5-HMF in investigating catalytic performance.
Reaction conditions: Fructose (Immol), DMSO, for 3 hours at 120 °C.

Data File D:\DATA\2822\Thang 5%38-85-HMF\2822-83-86-HMF 2822-86-83 16-51-25\MT 59.D
Sample Name: MT 59
Acq. Operator @ SYSTEM Seg. Line ¢ 79
Acq. Instrument : HPLC-DAD Location @ P1-D-87
Injection Date : &/4/2822 4:23:57 PM Inj @ 1
Inj Wolume : 18.888 pl
Acg. Method t Dr\DATAY2822\Thang 5)38-85-HMF\2822-83-86-HMF 2822-86-83 16-51-25'\HMF_cot
158 _hat nho.M
Last changed 1 4f19/2822 4:56:47 PM by SYSTEM
Analysis Method @ D:\METHOD\HMF_cot 158 hat nho_wQ.M
Last changed ! 6672822 T:14:45 AM by SYSTEM
(modified after loading)
Additional Info : Peak(s) manually integrated
DD A, Skg=210.4 Ref=360,100 (DADATAR].. Thang 30-05-HMP2022-03-06-HMF 2022-06-03 16-51-23MT 58.0)
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External Standard Report
sorted By H signal
Calib. Data Modified : 6/6/2822 7114145 &M
Multiplier : 1.8888
Dilution : 1.8888
Do not wse Multiplier E Dilution Factor with ISTDs
signal 1: DAD1 4, Sig=218,4 Ref=368,188
RetTime Type area amtfarea Amount  Srp MName
[min] [mau*s] [ppm]
3.688 - - - Formic acid
B.788 - - - Levulinic acid
0.443 W R 2976.97827 1.23381e-1 367.86313 HHF
18.423 VB E 18.87321 8. 88888 &.80888 DFF
11.888 - - - FDCA
11.688 - - - Furfural
HPLC-DAD 6/6/2822 7:46:84 AM SYSTEM Fage 1 e 2
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Figure S4-45: HPLC chromatography of 5-HMF in investigating catalytic performance.
Reaction conditions: Fructose (Immol), DMSO, for 3 hours at 120 °C.

Data File D:\DATA2822\Thang 5%38-85-HMF\2822-83-85-HYF 2822-86-83 16-51-25\MT &8.D0
Sample Name: MT &8

Acq. Operator @ SYSTEM Seg. Line : B8
Acg. Instrument @ HPLC-DAD Location @ PL1-D-88
Injection Date : &/4/2822 4:42:13 PH Inj @ 1

Inj Volume : 18.888 ul

D:\DATAY2822\Thang 5%3@-85-HMF\2822-83-86-HMF 2822-86-83 16-51-25%HMF_cot
158 hat mhao.M
Last changed t 4f19/2822 4:56:47 PM by SYSTEM
Analysis Method @ D:\METHOD\HMF_cot 158_hat nho_KQ.M
Last changed 1 6/6/2822 7:14:45 AM by SYSTEM

(medified after loading)
Additional Info : Peak(s) manwally integrated

Acq. Method

DAL A, Sig=210.4 Ref=360, 100 (CADATARRD... Thang 130-05-HMP2022-03-06-HMF 2022-06-03 16-51-23MT 60.D)
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External Standard Report
sorted By : signal
calib. Data Modified : 6/6/2822 7:14:45 &M
Multiplier H 1. @888
Dilution : 1.8888
Do not wse Multiplier & Dilution Facter with ISTDs
signal 1: DAD1 4, 5ig=218,4 Ref=368,188
RetTime Type Area amtfarea amount  Srp Mame
[min] [mau*s] [ppn]
3.688 - - - Formic acid
B.788 - - - Levulinic acid
8.443 W R 3141.55298 1.23325e-1 387.43270 HMF
18.434 VB E B.76682 @, gaeea @.a88a DFF
11.888 - - - FDCA
11.6688 - - - Furfural
HPLC-DAD 6/6/2822 7:35:48 AM SYSTEM Fage 1 of 2
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Figure S4-46: HPLC chromatography of 5-HMF in investigating catalytic performance.
Reaction conditions: Fructose (Immol), DMSO, for 3 hours at 120 °C.

Jata File D:\DATA\2822\Thang 5%38-85-HMF\2822-83-86-HMF 2822-86-83 16-51-25\MT &1.D
sample Mame: MT &1
Acq. Operator @ SYSTEM Seg. Lime : 81
Acg. Instrument : HPLC-DAD Location @ P1-D-89
Injection Date : &/4/2822 5:88:36 PM Inj 1
Inj Wolume : 18.888 ul
Acq. Method ¢ D:\DATA\2822\Thang 5\38-85-HMF\2822-83-86-HMF 2822-86-83 16-51-25\HMF_cot
158 _hat nho.M
Last changed P 4f19/2822 4:56:47 PM by SYSTEM
Analysis Method : D:\METHOD\HMF_cot 158_hat nho_KQ.M
Last changed i 6672822 Til14:45 &M by SYSTEM
(modified after loading)
Additional Info : Peak(s) manually integrated
DAD1 A, Sig=210.4 Ref=360, 100 (DADATALR].. Thang H30-05-HMP2022-03-06-HMF 2022-06-03 16-51-23MT E1.0)
" 5-HMF
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External Standard Report
Sorted By H Signal
Calik. Data Modifisd : E/6/2822 7:114:45 AM
Multiplier H 1. 8888
Dilution H 1. 8888
Do not wse Multiplier & Dilution Factor with ISTDs
signal 1: DAD1 &, Sip=218,4 Ref=368,106
RetTime Type Area amtSarea Amogunt Grp Name
[min] [mau®s] [ppm]
3. 688 - - - Formic acid
B.788 - - - Levulinic acid
9.462 BV R 2498.86475 1.23289e-1 3I86.39612 HMF
18.159 VB E 388.66235 5.55145e-2 21.57638 CFF
11.135 BB 33.e4862 1.8478Ee-1 3.45963 FDCA
11. 688 - - - Furfural
iPLC-DAD 6/6/2822 7:31:41 &M SYSTEM Fage 1 ef 2
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Figure S4-47: HPLC chromatography of 5-HMF in investigating catalytic performance.
Reaction conditions: Fructose (1mmol), DMSO, for 3 hours at 120 °C.

Data File D:\DATA\2822\Thang 5%38-85-HMF\2822-83-86-HMF 2822-86-83 16-51-25\MT &2.D
Isample Mame: MT &2

Acgq. Operator @ SYSTEM Seq. Line : 82
Acg. Instrument @ HPLC-DAD Location @ P1-E-81
Injection Date : &/4/2822 5:1B:39 PM Inj & 1
Inj wWolume : 18.888 ul
Acqg. Method : D:\DATA\2822\Thang 5\38-85-HYF\2822-83-86-HMF 2822-86-83 16-51-25\HMF_cot

158_hat nha.M
Last changed ! 4f19/2822 4:56:47 PM by SYSTEM
Analysis Method @ D:\METHOD\HMF_cot 158 hat nho_ Q.M
Last changed ! 662822 7114145 AM by SYSTEM
{modified after loading)

DACA A, Sig=210,4 Ref=360, 100 (CACATAR].. Thang S30-05-HMP2022-03-06-HMF 2022-06-03 16-51-23MT 62.0)
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External Standard Report
Sorted By : Zignal
Calib. Data Modified : 6/6/2822 7114:45 &M
Multiplier : 1.8888
Dilution : 1.8888
Do not wse Multiplier & Dilution Factor with ISTDs
Signal 1: DADL &, 5ig=218,4 Ref=368,188
RetTime Type area amt/farea Amount  Grp Name
[min] [mau+s] [ppm]
3.6588 - - - Formic acid
E.788 - - - Levulinic acid
9.468 BB 65.51254 1.82371e-1 &.78657 HMF
1@8.387 BB 176.13898 4.88212e-2 8.45382 DFF
11.888 - - - FDCA
11.688 - - - Furfural
HPLC-DAD 6/6/2822 7:31:13 &M SYSTEM Page 1 of 2
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Figure S4-48: HPLC chromatography of 5-HMF in investigating catalytic performance.
Reaction conditions: Fructose (1mmol), DMSO, for 3 hours at 120 °C.

Data File D:\DATA\2822\Thang 5\38-85-HMF\2022-83-B86-HMF 2822-86-83 16-51-25\MT &3.D
Isample Mame: MT 63
Acq. Operator @ SYSTEM Seqg. Lime ! 83
Acg. Instrument : HPLC-DAD Location @ P1-E-82
Injection Date : 67472822 5:36:44 PM Inj @ 1
Inj wWolume : 18.888 pl
Acg. Method ¢ D:\DATAY2822\Thang 5%38-85-HYF\2822-83-86-HMF 2822-86-83 16-51-25\HMF_cot
158 _hat nho.M
Last changed P 4f10/2822 4:56:47 PM by SYSTEM
Analysis Method @ D:\METHOD\HMF_cot 158 hat nho_wKQ.M
Last changed ! 662822 T:14:45 AM by SYSTEM
{modified after loading)
DAL A, Sig=210,4 Ref=360, 100 (DADATARD...T| gEﬁB-D&-HHF'QﬂZZ—D}ﬂ MF 2022-06-03 16-51-2AMT 63.0)
] HMF
120
100
LR
ED_'
40 =
o E g
0 A
k T L L] T T T L] ]
2 14 16 minf
DD B, Sig=285,4 Ref=360,100 (DADATAR].. Thang T30-05-HMP2022-03-06-HMF 2022-06-03 16-51-2AMT 63.0)
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External Standard Report
sorted By : signal
Calib. Data Modified : 6/6/2822 7:114:45 &M
Fultiplier H 1.@888
Dilution H 1.8888
Do not wse Multiplier & Dilution Facter with ISTDs
Signal 1: DAD1 4, Sip=218,4 Ref=368,188
RetTime Type area amt/farea Amount  Grp Name
[min] [mawr*=] [epm]
3.688 - - - Formic acid
B.788 - - - Levulinic acid
o.&8e - - - HYF
14.388 - - - CFF
11.888 - - - FDC&
11.688 - - - Furfural
HPLC-DAD 6/6/2822 7:38:51 &M SYSTEM Fage 1 =% 3
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Figure S4-49: HPLC chromatography of 5-HMF in investigating catalytic performance.
Reaction conditions: Fructose (Immol), DMSO, for 3 hours at 120 °C.

Data File D:\DATAN2822\Thang £%18-86-HMF\2822-15-86-HYF 2822-86-18 16-58-88\MT 78.0
[sample Name: MT 78

Acq. Operator @ SYSTEM Seq. Lime i@ 43
Acq. Instrument : HPLC-DAD Location P1-E-85
Injection Date : 6/19/2822 5:31:21 aM Inj : 1
Inj wolume : 18,888 ul
Acg. Method : DiWDATAN2822\Thang &%18-86-HMF\2822-13-86-HMF 2822-86-18 16-58-88\HMF_cot

158 hat nho.M
Last changed : 4/18/2822 4:56:47 PM by SYSTEM
Analysis Method : D:\METHOD\HMF_cot 158_hat nho_2BSnmkQ-adiemchuan.M
Last changed 1 6/22/2822 4:16:48 AM by SYSTEM
(modified after loading)
Additional Info : Peak(s) manually integrated
DADA A, Sig=210.4 Ref=360, 100 (DADATARRD.. Thang §18-06-HMP2022-18-06-HMF 2022-06-18 16-50-08\MT T0.D)
rMI.I' 5-HMF
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14748
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i 1] BN R

+ +
L I I I ) I

2 4 -] 8
DADA B, Sig=285.4 Ref=360, 100 (DADATALRD.. Thang §.18-06-HMP2022-18-06-HMF 2022-06-18 16-50-08\MT T0.D)

o ;
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- : 582 R®5 %3 ¢
CE T o F el T AT .-E'E.-":".-".-" I
1 L) ] 1 1 N ) 1 I
2 4 -] g i i2 14 16 minf
External Standard Report
Sorted By : signal
calib. Data Modified : 6/22/20822 4:17:87 &AM
Multiplier : 1. 8888
Dilution : 1.8888
Do not wse Multiplier & Dilution Factor with ISTDs
signal 1: DAD1 &, Sip=218,4 Ref=368,108
5ignal 2: paD1 B, 5ig=285,4 Ref=368,188
RetTime Type Area amtfarea amount  Srp Mame
[min] [mav*s] [ppm]
B.702 - - - Levulinic acid
0.675 BV R 2.46B87ed4 2,18375e-2 519.22861 HMF
18.288 W E 111.72823 8.88e88 8. 88008 DFF
HPLC-FLD 6/22/2822 4:34:81 AM SYSTEM Fage 1 =52
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Figure S4-50: HPLC chromatography of 5-HMF in investigating catalytic performance.
Reaction conditions: Fructose (Immol), DMSO, for 3 hours at 120 °C.

Last changad * 4f10/2822 4:56:47 PM by SYSTEM
Analysis Method @ D:\METHOD\HMF_cot 158 _hat nho_2BSnmk(-2diemchuan.M
Last changad ¢ 622/2822 4:16:48 AM by SYSTEM
(modified after loading)
Additional Info : Peak(s) manually integrated
DADT A, Slg=210,4 Ref=360, 100 (DADATARR... Thang GWB-06-HMP2022-18-06-HMF 2022-06-18 16-50-080MT T1.0)
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DADT B, Slg=285,4 Ref=360, 100 (DADATARD... Thang SWB-06-HMP2022-18-06-HMF 2022-06-18 16-50-080MT T1.0)
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External Standard Report
Sorted By : signal
Calib. Data Modified : 622/2022 4:17:87 AN
Multiplier : 1.8888
Dilution : 1.8888

Do not wse Multiplier & Dilution Factor with ISTDs

Signal 1: DADI 4, Sig=218,4 Ref=36@,188

signal 2: DAD1 B, Sig=285,4 Ref=35@,188

RetTime Type area smtfarea  amount  Grp Mame

[min] [mau*s] [ppm]
B.702 - - - Levulinic acid
0,877 BV R 2.55446e4 2,18B56e-2 53B.62252 HMF

18.388 W E 382.15879 21,91215e-4 B.79987e-2 DFF

(2%

HPLC-FLD 6/22/2822 4:34:29 AM SYSTEM Page 1 of
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