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Characterization of 209%PTA/HAC-500 catalyst

Figure S1. FESEM images of 20%PTA/HAC-500.
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Figure S2. (a) EDAX pattern, and (b) PXRD pattern of 20%PTA/HAC—500.
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Figure S3. (a) IR spectrum, and (b) N2 adsorption isotherm, and BJH pore size distribution curve
(inset) of 20%PTA/HAC—500.

Characterization of synthesized alkyl levulinates

Methyl levulinate (ML): *H-NMR (CDCls, 400 MHz, & ppm): 3.60 (s, 3H), 2.69 (t, 2H, J=6.8 Hz),
2.50 (t, 2H, J=6.4 Hz), 2.12 (s, 3H); ¥3C-NMR (CDCls, 100 MHz, & ppm): 205.7,172.2, 50.8, 36.9,
28.8, 26.7; FTIR (ATR, cm™): 2955, 2852, 1712, 1157.

Ethyl levulinate (EL): *H-NMR (CDCls, 400 MHz, & ppm): 4.05 (g, 2H, J=7.2 Hz), 2.68 (t, 2H,
J=6.4 Hz), 2.49 (t, 2H, J=6.4 Hz), 2.12 (s, 3H), 1.18 (t, 3H, J=7.2 Hz); 3C-NMR (CDCls, 75 MHz,
8 ppm): 205.7, 171.7, 59.5, 36.8, 28.8, 27.0, 13.08; FTIR (ATR, cm™): 2981, 2929, 1718, 1096.

Propyl levulinate (PL): *H-NMR (CDCls, 400 MHz, § ppm): 3.95 (t, 2H, J=6.4 Hz), 2.68 (t, 2H,
J=6.4 Hz), 2.49 (t, 2H, J=6.4 Hz), 2.11 (s, 3H), 1.57 (m, 2H), 0.86 (t, 3H, J=6.0 Hz); *C-NMR
(CDCls, 75 MHz, § ppm): 206.6, 172.7,66.1,37.8,29.7,27.9,21.8,10.2; FTIR (ATR, cm™): 2965,
2880, 1719, 1156.

Butyl levulinate (BL): *H-NMR (CDCls, 400 MHz, § ppm): 4.04 (t, 2H, J=6.8 Hz), 2.72 (t, 2H,
J=6.8 Hz), 2.54 (t, 2H, J=6.8 Hz), 2.16 (s, 3H), 1.57 (m, 2H), 1.35 (m, 2H), 0.90 (t, 3H, J=7.6 Hz);
13C-NMR (CDCls, 75 MHz, & ppm): 206.7, 172.9, 64.6, 38.0, 30.6, 29.9, 28.0, 19.1, 13.7; FTIR
(ATR, cm): 2961, 2875, 1717, 1069.



=a -
= o — =~
"'\I I:'n'l IIIII I.'ﬁ|
il L n'ln W
8 = II l |I Al )
| | o j‘uh""lll
I
A |
g 4 | Y
\ u \
£ | h
8o \‘ I
S = ‘ ‘ ‘|
E |
B \
F_
8 - l| |
E -
N .l |
g 4 HEg e 2 @ o
BEE & $8 & 8
ool - -_— — ~
T T T T T T
3500 3000 2500 2000 1600 1000
Wavenumber cm-1
Figure S4. The FTIR spectrum of methyl levulinate.
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Figure S5. The *H-NMR spectrum of methyl levulinate.
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Figure S6. The 3C-NMR spectrum of methyl levulinate.
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Figure S7. The FTIR spectrum of ethyl levulinate.

— MmN~ 0O NWW— LW — 0 O N
0O TN DOV OQO DN N o 0 ©
cocQo QOOWwI T AEE
A R i ANANNNNN N -
e —=/ V= | I
N ™ T T T
D 0 - D o
0 © @ © S
— - - o~ (3]

585654525048464442403836343230282624222018161412100.80604 0.2
Chemical shift (ppm)

Figure S8. The H-NMR spectrum of ethyl levulinate.
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Figure S9. The **C-NMR spectrum of ethyl levulinate.
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Figure S10. The FTIR spectrum of propyl levulinate.
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Figure S11. The *H-NMR spectrum of propyl levulinate.
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Figure S12. The *3C-NMR spectrum of propyl levulinate.
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Figure S14. The *H-NMR spectrum of butyl levulinate.
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Figure S15. The ¥3C-NMR spectrum of butyl levulinate.

Recyclability of 20%PTA/HAC—-600 catalyst

The recyclability of 20%PTA/HAC—600 was studied for the conversion of LA to EL under
optimized reaction conditions (150 °C, 7 h, 25 wt.% catalyst, and 5 mL ethanol). After the reaction,
the volatiles (e.g., water, and ethanol) were removed from the mixture under reduced pressure. The
catalyst was centrifuged and washed with chloroform. The catalyst was dried for 110 °C for 5 h
before the next catalytic cycle. The catalyst was successfully recycled for four consecutive cycles
with modest EL selectivity. Leaching of PTA from the HAC support was responsible for the drop

in the yield of EL in the consecutive cycles.
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Figure S16. Catalyst recyclability test for the conversion of LA to EL. [Reaction conditions: LA
(0.5 g, 4.30 mmol), ethanol (5 mL), 150 °C, 7 h, and 25 wt.% catalyst, 0.125 g].
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