Supplementary Information (SI) for Green Chemistry.
This journal is © The Royal Society of Chemistry 2025

High-performance fully bio-based dynamic covalent supramolecular epoxy resin:
synthesis and properties

Xiangyu Zhou'?, Zhen Yu!, Yajin Fang!, Hongyun Hu!, Songyue Cheng', Zhaobin Tang',
Yanlin Liu'*

'Key Laboratory of Bio-based Polymeric Materials Technology and Application of Zhejiang
Province, Laboratory of Polymers and Composites, Ningbo Institute of Materials Technology
and Engineering, Chinese Academy of Sciences, Ningbo 315201, P. R. China;

ZUniversity of Chinese Academy of Sciences, Beijing 100049, P. R. China;

*Corresponding authors: (Yanlin Liu) E-mail liuyanlin@nimte.ac.cn.



mailto:masongqi@nimte.ac.cn

(2) (b)

0. OH
O OH
HaC
0 0]
2 ¥ HaC
*HoN NH5* o Y\ ©
1 cr N v
cl *HaN NH3*
‘ crt crt
| ” | T T [
-1.3 -11 -9 8-7 5.5 4-3 2 1 6.-1”.-3” 190 140 -------- 9‘0””6‘0 ----- 3‘0 ----- D

Chemical shift (ppm) Chemical shift (ppm)

(@ 0 O-CH,
HaC
0 0,
sl s
+H3 NH3+
crt cr
A L I L_L || I O T i
5‘.ﬂ. B ‘7‘.5‘ ‘ E.ﬂ‘ ‘ 4.‘5‘ . 3:0‘ . ‘1:5‘ ‘ ﬂlO‘ B o 190 o 140 B o 9’07 ) 750 ) 307 h Vﬂ
Chemical shift (ppm)

Chemical shift (ppm)

Fig. SI. 'H NMR(a) and 3C NMR(b) spectra of 4,4'-Bis(5-amino-2-furano)valerate

hydrochloride. '"H NMR(c¢) and '3C NMR(d) spectra of 4,4'-Bis(5-amino-2-furano)valerate

methyl ester hydrochloride.

Fig. S2. TOF-MS spectrum of FDE.



(a) 20 °C/min FDAA (b) —+20 °C/min FDMA3-7
15 °C/min —— 15 °C/min
—— 10 °C/min g +— 10 °C/min
& | 5 °C/min 7 &l . socmin 7
z P £ !
2 g
) =
g &
= =
50 100 150 200 50 100 150 200
Temperature (°C) Temperature (°C)
(¢)| - 20°C/mn FDMAS-5 (d)[ - 20°C/min FDMA7-3
—— 15 °C/min 15 °C/min
+— 10 °C/min +— 10 °C/min
[ @
=) 5 °C/min | . 59C/mi F i
E ...__!/\\.‘.. '; 5 °C/min .-_,f -\._..
= : s
z 2
=]
= =
= [
= -
:
Al 108 1 200 50 100 150 200
Temperature (°C) Temperature (°C)
(€)[—20 “C/min ~, FDDM
+—15 °C/min 7 %
o [ 10 °C/min i i
=) 5 °C/min N
2 ’_‘r‘\ t
S A
~ 3
=
=
-
g
=

50 100 150 200

Temperature (°C)

Fig. S3. (a) Non-isothermal DSC thermographs of FDAA with heating rates of 5, 10, 15,

20 K min~!. (b) Non-isothermal DSC thermographs of FDMA3-7 with heating rates of 5, 10,
15,20 K min~!. (¢) Non-isothermal DSC thermographs of FDMAS5-5 with heating rates of 5,
10, 15, 20 K min~!. (d) Non-isothermal DSC thermographs of FDMA7-3 with heating rates of

5,10, 15,20 K min~!. (e) Non-isothermal DSC thermographs of FDDM with heating rates of

5,10, 15,20 K min".
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Fig. S4. Photographs of resins swelling in EtOH, H,O, THF at room temperature for 72h.

200°C 10MPa 80min

—
FDDM

Fig. S5. Illustration of reprocessing of FDMAS5-5, FDMA7-3 and FDDM.
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Fig. S6. (a) Pictures of degradation behavior of resins in ethylene glycol at 150 °C. (b) Pictures
of degradation behavior of resins in alkaline solutions (1M NaOH) at 50 °C. (c) Degradation

rate of FDAA in 1M NaOH aqueous solution. (d) Degradation rate of FDAA in ethylene glycol.
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Fig. S7. TOF-MS spectrum of degradation products of resin in ethylene glycol.

Greener solvents were also employed to replace non-green solvents in the synthesis process.
For instance, acetone was used as a substitute for chloroform in the purification of FDE and
FDEP, ultimately yielding the desired product, FDEP. Similarly, methyl isobutyl ketone

replaced DMF in the curing process, resulting in the cured product, FDAA.
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Fig. S8. NMR proton spectrum of FDE purified using acetone
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Fig. S9. NMR proton spectrum of FDEP purified using acetone



Fig. S10. Methyl isobutyl ketone used as a curing solvent to obtain FDAA samples.

Table S1. Epoxy resin ingredient list.

Name FDAA FDMA3-7 FDMAS5-5 FDMA7-3 FDDM
Epoxy group of 10 10 10 10 10
FDEP
Active hydrogen 10 7 5 3 0
group of FDCA
Active hydrogen 0 3 5 7 10

group of FDDM




Table S2. Date of Non-isothermal curing curve.

Samples p (°Cmin!') Tonset (°C) T, (°C) Tena (°C)
FDAA 5 146.2 198.3 240.2
10 126.5 164.6 202.3
15 138.4 172.6 217.1
20 146.4 198.5 240.2
FDMA3-7 5 84.2 118.5 136.6
10 85.3 128.5 160.4
15 91.6 128.6 170.5
20 103.2 151.4 203.6
FDMAS-5 5 80.2 114.4 131.2
10 85.5 123.6 140.2
15 90.2 130.6 150.2
20 100.1 155.7 218.8
FDMA7-3 5 75.3 110.4 133.6
10 80.4 116.4 141.5
15 92.5 122.6 158.2
20 101.2 155.6 200.4
FDDM 5 80.3 161.5 200.2
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