Application of the aza-Michael reaction to crosslinking poly(glycerol itaconate)
— a preliminary research
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Figure S1. 'H NMR spectrum of the PGltc.
To calculate the esterification degree with the use of NMR spectra the following equation was used:
EDnmR = (JPitc + JMitc) / (JPitc + [Mitc + [ACite1 + [Aci2)) x 100% (S1)

To calculate the proportion of isomerisation reactions of itaconic units to mesaconic units the following
formula was used:

%ISMes = (_rACMes/ (IACMes + 15 % JPItc + 15 x _[Mltc)) x 100% (SZ)
1



The following equation was used to calculate the contribution of the Ordelt reaction:
%O0ra = ((1/3 % [Ora) / (1/3 % [Ora + 1/2 % [Pic+ 1/2 % [Miysc + [ACues + fAccit) X 100% (S3)

Where:
JP1ic - The value of the integral of the signal is from the itaconic polyesters, oligoesters, monoesters;
JMyc - The value of the integral of the signal is from the itaconic monoesters;
[Aciic1 - The value of the integral of the signal is from the itaconic acid;
JAci2 - The value of the integral of the signal is from the itaconic acid;
JAny. - The value of the integral of the signal is from the itaconic anhydride;
JAcwmes — The value of the integral of the signal is from the mesaconic acid;
JAccic - The value of the integral of the signal is from the citraconic acid;

[Orq - The value of the integral of the signal is from the Ordelt protons.
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Figure S2. 3C NMR spectrum of the PGltc in the range of carbon atoms of glycerol together with the ways of substitution of glycerol.
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Figure S3. 3C NMR spectrum of the PGlItc in the range of carbonyl atoms.
The following equation was used to calculate the itaconic acid conversion degree:
%X13cMR = ((JP1 + [P2 + [P3 + [Ps) / (JP1 + [P2 + [P3 + [Py + [Acic)) x 100% (54)
Where:

JP1+ [Pz + [P3 + [P4- the value of the integrals of the signals from the itaconic polyesters, oligoesters and
monoesters.
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Figure S4. Fragments of 'H NMR spectra of the crosslinking products with 1,8-ODA (0.9 - 3.3 ppm) with the labeled protons of the used

amine, taken in D20.
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Figure S5. Fragments of 'H NMR spectra of the crosslinking products with 1,8-ODA (3.3 - 5.7 ppm), taken in D20.
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Figure S6. Fragments of 'H NMR spectra of the crosslinking products with 1,8-ODA (5.3 - 7.7 ppm), taken in D20.
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Figure S7. Formation of primary diamine salt.



The calculations performed to determine the required amount of t-BuOH (m;.guon):

The required m:.guwon was calculated based on the determined AN value for the PGItc sample (AN = 135.6). It
corresponded to the number of milligrams of KOH that was required to esterify the free acid groups presentedin1 g
of the test sample. To determine m:.guon, the number of moles of KOH (nkou) per reactor charge was determined (m.
=35g):

ngon = ((ANter / 1000) / 56.1) - my (S5)
The required amount of t-BuOH was determined, taking into account the 15% excess:
Me-guon = (NMkon + 0.15 - nkon) - 74.1 (S6)

Table S1. Conditions and results of performed crosslinking processes for PGltc.

Maximum crosslinking

Functionality (Signature) Amine temperature Time of crosslinking Visuzl eval_uati0|_1 of
[°C] [s] product viscosity
1:2f (al) 55 49 +
1:1f (a2) A 57 54 ++
2:1f (a3) 68 54 +
8:1f (ad) 65 84 +
1:2f (b1) 41 54 +++
1:1f (b2) A2 55 73 +
2:1f (b3) 60 120 +++
8:1f (b4) 65 60 +
1:2f (c1) 40 56 ++
1:1f (c2) A3 41 89 ++
2:1f (c3) 46 118 ++
8:1f (c4) 62 185 +
1:2f (d1) 34 46 +++
1:1f (d2) A 35 37 +++
2:1f (d3) 50 41 +++
8:1f (d4) 49 45 ++
1:2f (e1) 38 95 +
1:1f (e2) A5 42 60" +
2:1f (e3) 50 50 +
8:1f (e4) 82 40 +
Where
* The amine started to crystallise during mixing with the polymer sample
+++ Product is well dense, does not stretch without the use of force
++ Product is partially dense, weakly stretches without the use of force
+ Product is easily extractable without the use of force
Table S2. FTIR signals of the aza-Michael adduct, poly(glycerol itaconate) and 1,8-octanediamine.
WavenuTber Observed vibration Symbol
v[cm™]
3200-3550 O-H bond stretching vibrations Aand A’
3300-3500 N-H bond stretching vibrations B
2960-2925 C-H bond stretching vibrations of the C.C and C”
methylene group
Stretching vibrations of the C=0
1730-1715 carbonyl group of a,B-unsaturated D
esters




Stretching vibrations of the C=0

carbonyl group of esters D
1680-1630 Stretching wbrahc;)r:)sngf the C=C double E and E’
~1560 N-H bending vibration of NHs* group F
~1382 Deformation vibration of the C-H bond Gand G
of the methylene group
~1156 C-O bond stretching vibrations of the H and H'
acyl group
~1035 C-O bond stretching vibrations of the land I

alkoxy group

Table S3. Glass transition temperature during first and second heating of PGItc and crosslinked samples based on DSC analysis.

. Tg1 ng ATg (Tg1 - Tg2)
Amine rcl rcl rc]
- -58.0 -42.3 -156.7
A2 -48.6 -48.5 -0.1
A3 -563.7 -44.0 -9.7
A4 -51.8 -44.0 -7.8
A5 -51.4 -46.6 -4.8
Table S4. TG analysis DSC analysis of crosslinked samples.
. Ta 5% Ta 50% Ta 85%
Amine S rc] rcl
A2 144.5 283.9 469.5
A3 141.2 262.3 457.4
A4 130.6 276.5 422.0
A5 141.7 267.8 452.8




