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Photoinhibiting via simultaneous photoabsorption and free-radical reaction for high-fidelity light-based bioprinting



Supplementary Note 1 | Characterisation of the light penetration depth.
Since layer thickness is a critical parameter in regulating printing quality, adjusting it to match the curing depth is essential to avoid the over-curing or incomplete-curing effects1. The former can reduce surface quality and pattern accuracy, while the latter can cause adhesion problems between adjacent layers. Jacob’s working curve2, describing the relation between curing depth and incident light energy, was established for PEG-GelMA/tartrazine and PEG-GelMA/Cur-Na bioink (see Supplementary Fig. 5) to determine the optimal printing parameters. The layer thickness (100 μm) was selected to achieve appropriate printing speed and vertical resolution. Based on the working curves, the light intensity and exposure time were then tuned to be 13 mW cm-2 and 13 s, respectively, ensuring that the curing depth for both bioink is slightly larger than the layer thickness necessary to enhance the bonding of two neighbouring layers.
Supplementary Note 2 | The lateral printing resolution analysis.
As shown in Fig. 4c, the printing resolution of the tartrazine-based bioink reduced when light energy increased, demonstrating strong sensitivity to light energy dosage. It is likely due to the enhanced scattering, and 1mM tartrazine was not enough to absorb the scattered light. We tried to increase the concentration of tartrazine (2-3 mM) to compensate for the increased scattering effect when the relative energy was amplified to . However, improvement in print resolution was not achieved. In contrast, the unresolved area was enlarged when the concentration of tartrazine became larger (see Supplementary Fig. 6). This phenomenon can be explained by the gelation kinetics of polymerisation (see Fig. 2a). Increasing the amount of tartrazine reduces the curing depth and prolongs the gel time, leading to incomplete curing and the resulting deteriorated resolution. These results indicate that re-optimisation is always required when printing conditions change, and obtaining the most optimal printing accuracy is challenging using the purely photoabsorbing-based method.
Supplementary Note 3 | Printing performance of multi-layer fabrication.
To measure the blockage of the channels of the printed structures, the channels were cut across the central cross-section (Supplementary Fig. 7). In the case of pure PEG-GelMA bioink, all the channels were blocked. The shape of the cylinder could not be maintained when the height of the cylindrical samples increased (see Supplementary Fig. 7a). For the PEG-GelMA/Tartrazine bioink, as the height increased to 3000 μm, the channels with smaller diameters of 300 μm and 500 μm were blocked (see Supplementary Fig. 7b). The channels are blocked partially from the bottom of the fabricated parts. The PEG-GelMA/Cur-Na bioink demonstrated superior capability for printing 3D channelled structures, and all the channels were fabricated successfully regardless of the height of the printed structures (see Supplementary Fig. 7c). 


Supplementary Figures
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[bookmark: _Hlk99124699]Supplementary Figure 1. 1H-NMR spectrum of Cur-Na. 1H-NMR (400 MHz, DMSO-d6).

[bookmark: _Hlk99124675][image: ]
Supplementary Figure 2. 13C-NMR spectrum of Cur-Na. 13C-NMR (400 MHz, DMSO-d6).


[bookmark: _Hlk99124721][image: ] Supplementary Figure 3. UV-vis absorption spectrum of Cur-Na. The absorption peak of Cur-Na is approximately 425 nm, which is close to the wavelength of the light source of the printer (405 nm).
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Supplementary Figure 4. FT-IR analysis for polymerising PEGDA and Cur-Na. Characteristic peak absorptions of C=C bond were recorded  every 20 s from 0 s to 180 s for  (a) PEGDA and (b) Cur-Na.
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[bookmark: _Hlk108088718][bookmark: OLE_LINK6][bookmark: _Hlk97044109][bookmark: _Hlk99124839][bookmark: OLE_LINK1][bookmark: _Hlk83651413]Supplementary Figure 5. Characterisation of the penetration depth. (a) Schematic diagram of Projection micro Stereolithography (PμSL) 3D printing system. (b) Four circular specimens cured with different exposure doses varying between 156 and 312 mJ cm-2. (c) The working curve for the PEG-GelMA/Cur-Na bioink, R2 = 0.97358. (d) The working curve for the PEG-GelMA/Tartrazine bioink, R2 = 0.95492.
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[bookmark: _Hlk105407169]Supplementary Figure 6. The lateral printing resolution analysis for the PEG-GelMa/Tartrazzine bioink. Different concentrations of tartrazine were used to test whether the printing resolution of PEG-GelMa/Tartrazine bioink can be improved by tuning the amount of tartrazine (the relative energy ). Red dashed circles indicate unresolved areas.
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[bookmark: _Hlk99124750][bookmark: _Hlk92038537]Supplementary Figure 7. Cross-section of the printed channels showing the variation of blockage with changes in the height of the cylindrical samples. (a) PEG-GelMA hydrogel. (b) PEG-GelMA/Tartrazine hydrogel. (c) PEG-GelMA/Cur-Na hydrogel. Scale bar: 500 μm.
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