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Brief Summary of the Modelling Approach 

We model the spatio-temporal evolution of the photopolymerisation process [1–3] by 
introducing rate laws for the monomer-to-polymer conversion φ(z,t), and for the light intensity I(z,t). 
The rate of change of φ(z,t) is taken to be proportional to the fraction of unconverted (1 − φ(z,t)) and 
the light intensity I(z,t) at the relevant depth z and time t, in addition to an overall reaction conversion 
rate K:  

φ( , )/ = 1 − φ( , )] ( , ) (1) 

Upon photopolymerisation, the material comprises both converted and unconverted monomer, 
whose optical attenuation coefficients μ may differ. To account for this evolving optical attenuation, 
we write a generalized Beer-Lambert expression:  ( , )/ = − (̅ , ) ( , ) (2) 

where the effective attenuation coefficient reads:  (̅ , ) ≡ μ0 1 − φ( , )] + μ∞ φ( , ) (3) 

Corresponding to the neat attenuation coefficients of the unconverted and converted materials, 
weighted by their respective composition fractions, at a given time t and depth z. Evidently, in the 
limit of small variations in μ between monomer and polymer, the usual Beer-Lambert law is recovered:  ( ) = (0) exp(− ̅ ) (4) 

The main (analytical) solutions of this photoinvariant limit of our model are given in  
Equations (1) and (2) of the main paper. The spatio-temporal dependence of the conversion profile is 
plotted in Figure S1.  

 
Figure S1. Conversion φ profiles along the sample depth z for increasing UV irradiation time t, which 
corresponds to an increasing sample thickness zf. 

In addition, an induction time is required for solidification, corresponding to the time interval 
associated to φ(z,t) first reaching the critical φc for solidification:  ≡ ln 1/(1 − )]/ 0 (5) 

and an equivalent expression can be written for the critical dose dc.  
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The interfacial width W [3,4], characterizing the extent of the interface between the monomer 
and polymer network can be defined as:  = 1| ϕ/ z|max (6) 

where dφ/dz is the maximum slope of the profile (at the inflection point), yielding W = e/μ and thus 
providing an effective means of estimating the steepness of the conversion profile. In the main paper, 
the interplay between this interfacial width and Δz of stereolithography is discussed in detail.  

In a series of publications, the model has been extended to include mass diffusion [4] and heat 
generation and diffusion [5] during FPP, giving rise to a number of important corrections to our 
‘minimal model’. Nevertheless, the ‘minimal model’ reported above has been found to quantitatively 
describe a number of thiol-ene, both neat and filled systems, not only in terms of the kinetics of front 
position [1,2,6], but also the exact interfacial profile [6,7]. We have introduced a unified description 
for FPP that appears generally applicable to a wide range of free radical systems [7].  
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