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Table S1.  Feed-in ratio of siloxane amine and benzoxazine monomer.

Vfa : Si
P0

w/w%       Eqv. 
ratio

1:10  1: 7.0

1:15 1: 4.6

1:20 1: 3.4

1:25 1: 2.4

1:30 1: 1.6
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Figure S3. Stacked 1H NMR spectra of SiP0-Vfa for imine bond formation with different 
stoichiometric ratios of aldehyde (Vfa) to amine (SiP0). *Recorded in CDCl3.

Theoretical calculations of stoichiometric ratio of amine and aldehyde: 

𝐴𝑚𝑖𝑛𝑒 𝐸𝑞. 𝑊𝑡. =
𝑀𝑊 𝑜𝑓𝑎𝑚𝑖𝑛𝑒

𝑁𝑜. 𝑜𝑓 𝑎𝑐𝑡𝑖𝑣𝑒 ℎ𝑦𝑑𝑟𝑜𝑔𝑒𝑛𝑠 𝑖𝑛 𝑎𝑚𝑖𝑛𝑒

4400 =
20939 𝑔.𝑚𝑜𝑙 ‒ 1

𝑁𝑜. 𝑜𝑓 𝑎𝑐𝑡𝑖𝑣𝑒 ℎ𝑦𝑑𝑟𝑜𝑔𝑒𝑛𝑠 𝑖𝑛 𝑎𝑚𝑖𝑛𝑒

 = 4.8𝑁𝑜 𝑜𝑓 𝑎𝑐𝑡𝑖𝑣𝑒 ℎ𝑦𝑑𝑟𝑜𝑔𝑒𝑛𝑠 𝑖𝑛 𝑎𝑚𝑖𝑛𝑒

Thus, 1 eq. of amine requires 2.5 eq. of aldehyde.
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Figure S4.  1H NMR spectra of imine prepolymer (SiP0-Vfa).

Figure S5. FTIR spectra for SiP0-Vfa prepared with varying stoichiometry.
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Figure S6. Proposed structure of the polymer network post curing. 

Figure S7. XRD patterns of MNPs and the poly(SiP0-VfaFe20%) film.



8

Figure S8. Morphology characterization. SEM images of (a) Fe3O4 nanoparticles, (b) 
poly(SiP0-VfaFe20%) polymer film with elemental mapping of poly(SiP0-VfaFe20%) polymer film.

Figure S9. Deconvoluted high-resolution XPS spectra of (a) O 1s for the pristine film and 
poly(SiP0-VfaFe20%) (upper panel), and (b) Fe 2p for Fe3O4 nanoparticles (lower panel) and 
poly(SiP0-VfaFe20%) film.
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Figure S10. Normalized isothermal stress-relaxation plots at 25 °C at 0.1% strain to show 

differences in the characteristic relaxation time relaxation curves of both the vitrimers.   

2.8 3.0 3.2 3.4 3.6 3.8 4.0 4.2
0

1000

2000

3000

4000

5000

C
om

pl
ex

 v
is

co
si

ty
 (P

a.
s)

1000/T

 poly(SiP0-VfaFe20%)
 poly(SiP0-Vfa)

 

Figure S11. Complex viscosity graph of both the vitrimers w.r.t. temperature.   

Calculation of activation energy (Ea) 

Arrhenius equation: ln(𝜏) = 𝐸𝑎/𝑅𝑇 + ln(𝜏𝑜)

Linearity equation from the plot, y = mx + c

(i) For poly(SiP0-Vfa):



10

ln(τ) = 2.57 × 1000/T – 5.227

Ea/R = 2.57 × 1000

Ea = 21.4 kJ/mol

(ii) For poly(SiP0-VfaFe20%):

ln(τ) = 1.37 × 1000/T + 0.08

Ea/R = 1.37 × 1000

Ea = 11.4 kJ/mol

Calculation of Topology freezing temperature (Tv) 

(i) For poly(SiP0-Vfa):

Tv is calculated by extrapolating the viscosity to ƞ = 1012 Pa.s in the Arrhenius plot of ln ƞ vs

1000/T

Whereupon, extrapolating to ln (1012) gave us 1000/Tv = 4.83

Tv = 1000/4.83 = 207.1 K = – 66 °C

(ii) For poly(SiP0-VfaFe20%):

extrapolating to ln (1012) gave us 1000/Tv = 8.6

Tv = 1000/8.6 = 116.3 K = –156 °C

Figure S12. Magnetic field analysis of the used magnet via Gaussmeter. 
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Figure S13. Stroke length analysis of poly(SiP0-VfaFe20%) under an external magnetic field of 
75 mT, illustrating the bending displacement and actuation response of the magnetic vitrimer.

Figure S14. Digital images of surface adhesion of poly(SiP0-Vfa) on different mono-/sandwich 
substrate.

Figure S15. Load-bearing performance of the magnetic vitrimer actuator demonstrating the 
ability to lift up to 10 g under an external magnetic field of  ≤ 75 mT, confirming its potential 
for soft actuation and mild load-responsive applications.
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Movie S1. Bending & returning of magnetic responsive film (mp4)

Movie S2. Circular movement of magnetic responsive film  (mp4)

Movie S3. Pendulum behaviour (mp4)                                   

Movie S4. Magnetic actuation as gripper (mp4)

Movie S5. Self-healing of vitrimer film (mp4)

Figure S16. Effect of shear rate on viscosity in prepolymers as a function of magnetic field.

 

Figure S17. (a) Frequency sweep variation of the storage modulus (G″) and loss modulus (G′) 

of  poly(SiP0-Vfa) at constant magnetic flux  (0.6 T), and (b) storage modulus of poly(SiP0-

VfaFe20%) with increasing magnetic field as a function of frequency.
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Figure S18. Time-dependent self-healing of scratch in poly(SiP0-Vfa). Optical microscopic 

images of network at room temperature at different times.  

Figu

re S19. (a) Water contact angle (WCA) analysis of the polymers and (b) Variation of mass 

change of poly(SiP0-Vfa) and poly(SiP0-VfaFe20%) polymer networks in various solvents kept at 

25 °C for 8 days.

Table S2. Summary of mass (%) change of poly(SiP0-Vfa) and poly(SiP0-VfaFe20%) polymer 
networks in various solvents at 25 °C for 8  days. 

Polymers (% mass change)
Solvent

poly(SiP0-Vfa) poly(SiP0-VfaFe20%)
H2O 102 ± 0.5 103 ± 2.8

H2O (60 °C) 104 ± 1.8 103 ± 1.5
MeOH 101 ± 2.5 99 ± 6.3

1 N NaOH 101 ± 0.5 100 ± 0.6
1 N HCl 102 ± 0.8 99 ± 1.6
DMSO 106 ± 3.6 104 ± 5.1
Acetone 67 ± 11.2 85 ± 10.4

MEK 15 ± 12.2 21± 11.0
2-MeTHF 25 ± 9 40 ± 7

THF 35 ± 15.7 44 ±12.6
CHCl3 12 ± 18.5 21 ± 6.8
Hexane 120 ± 7.8 124 ± 12.5
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Figure S20. Digital images showing time-dependent solvent stability of vitrimers at room 
temperature.

Figure S21. Tensile test curves of the recycled vitrimers over three consecutive cycles for (a) 
poly(SiP0-Vfa) and (b) poly(SiP0-VfaFe20%), along with (c) comparison of the magnetic 
hysteresis loops for the pristine and post-recycled magnetic vitrimer at 25 °C
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Figure S22. Tensile stress–strain curves of the vitrimers.
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Table S3. Benchmark comparison of carbon-fibre-reinforced vitrimer composites and related 
soft vitrimer systems.

Materials Tmax
‡ 

(°C) Ea (kJ/mol) Healing 
Temp (°C)

Functional     
Response

Mechanical 
Regime

Bio-epoxy elastomer (disulfide)1 300–
350* 20–30 25 NR Soft

PDMS–imine elastomer2 250–
350*

N.D.         
40–80* 25 NR Soft

Siloxane–disulfide elastomer3 280–
350*

N.D.         
20–35* 25 NR Soft

Multi-dynamic PDMS (disulfide + 
supramolecular)4

300–
400* 20–40 25 NR ~1 MPa

CB/PDMS conductive elastomer5 300–
400* 40–70 25 Electrical Weak

Boronic vitrimer composite6 300–
400* 60–100 ~120 Magnetic Moderate

Epoxy–siloxane vitrimer7 350–
450* 80–150 ~200

N.D.
Strong

PU vitrimer (imine)8 250–
350* ~60 ~90

N.D.
Moderate

PBZ vitrimer (imine)9 400–
500* 80–120 ~150

N.D.
Strong

PBZ dual dynamic exchange10 400–
500* 50–90 ~140

N.D.
Strong

PBZ–sulfur vitrimer11 350–
450*

N.D.        
30–80* ~120

N.D.
Moderate

PDMS-supramolecular 
elastomers12

250–
350*

N.D.         
20–40* 25 Electrical device Soft

PU + Fe3O4@CNC13 250–
300*

N.D.
25 Magnetic Soft

MR plastomer (PCL/TPU)14 250–
300*

N.D.
60 Magneto-rheological 

(MR) Soft

PDMS + Fe3O4 composite15 300–
400*

N.D.
25 Magnetic Soft

PBZ + Fe3O4 composite16 400–
500*

N.D. N.D.
Magnetic (SMP) Strong

Magnetoactive elastomer17 250–
350*

N.D. N.D.
MR Soft

Magnetic ionic liquid18 >400
N.D. N.D.

MR fluid Liquid
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Siloxane-BZ-Fe polymer19 350–
500*

N.D.
50 Magnetic Moderate

NIR-actuated PBZ16 400–
500*

N.D.
~50 NIR actuation Strong

Cardanol PBZ + Fe3O4 NPs20 350-
400

N.D.
NA Superparamagnetic Strong

‡Determined from Thermogravimetry Analysis

*Thermal stability values were extracted from reported TGA curves or estimated based on polymer class when not explicitly provided. 

†N.D. Not determined. Activation energies were taken from literature or given based on established ranges for corresponding dynamic 

chemistries.

N.R.: Not reported
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Figure S. Optical 
microscopic images 
depicting scratch healing 
of poly(SiP0-Vfa) network 
at room temperature for 
various times.  


