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Quenching of ’ITX by NPG

Two quenching experiments were averaged and the kq3'Tx/NPG finally obtained by the

Stern-Volmer analysis is equal to 6.0x10° M™.s.

AOD

Figure S1: Evolution of the ITX triplet state transient signal at 640 nm with increasing NPG
concentrations (Aex = 355 nm, 5-6 mJ/pulse, ODi355nm(|TX) =0.11, Ar).
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Figure S2: Stern-Volmer plot of the evolution of ITX triplet lifetime t with increasing NPG
concentrations.
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Figure S3: Transient absorption kinetics recorded at 470 nm for solutions of ITX under Ar (=)
and air (-), and ITX+EDB under Ar (-) and air (=) in acetonitrile (Aex = 355 nm, 6-7 mJ/pulse).
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Development of the kinetic model

The propagation (k,), bimolecular termination (k:p), initiation (ki) and primary radical
termination (k¢pgrr) kinetic rate constants are defined as functions of the fractional free
volume vz in order to take into account their progressive diffusional control throughout the
photopolymerization process.”*™ v; represents the fraction of unoccupied volume in the
reaction medium, and decreases as the monomer is converted into a polymer according to:

ve = 0.025+ ap(T — Tym) Py + op(T — Tgp) (1 — Py (S1)

by = 1 - Conv
M ™1 _ conv + Conv x (pM/pP)

(S2)

Subscripts M and P refer to monomer and polymer respectively, with o the thermal
expansion coefficient (difference between liquid and glassy state expansion coefficients), T,
the glass transition temperature, @ the volume fraction and p the volumetric mass density.

The expressions for the propagation (k,) and bimolecular termination (k) rate constants

are given in Egs. S3 and 54314

The expression of k., includes both diffusional bimolecular
termination and subsequent reaction diffusion processes. kpo and k:po correspond to the
propagation and bimolecular termination intrinsic rate constants respectively, i.e. without
any diffusional control. A, and A, are the parameters which govern the rate at which,
respectively, k, and k., decrease with viscosity. Finally, vi¢, and v, represent the critical
fractional free volumes at which propagation and bimolecular termination become diffusion-

limited respectively.

k. = Kpo (S3)
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The initiation rate constant k; (Eq. S5) and the PRT rate constant k¢prr (Eq. S6) have the
same expression as the propagation rate k, with appropriate subscripts. The exponential

factors A and the critical fractional free volume v¢. coefficients for initiation and PRT are
taken equal to A, and vf,cp.ss The values of the initiation (kip) and PRT (ki prro) intrinsic rate
constants depend on the nature of the primary initiating radical.
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k; = (S5)




K¢ PRTO (S6)

kt,PRT =
1 1
(1 + eXp(At,PRT(v_f - Vet PRT)))

The set of differential equations associated to the basic kinetic model defined in Figure 4
of the main paper is defined as:

d[°ITX]
dt

I S
= — 2 (1 — 107200y g [OITX][PITX] + "Kgeal 'ITX] + 3k gea[PITX]
Z

+ k023ITX[3ITX] [02] + krral2ITX]? + kqisp [ITXH"]? + kOZITXH' [ITXH*][0,]
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d[3ITX
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— kaige[CITX][AH] + K_gig[3(ITX- -AH)]
d[AH] _ ; ,
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3 --
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dt
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— 2Keomb” [A"12 = Keomp™ "X [A][ITXH"]
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- 21<combITXH. [ITXH.]Z - kcombA./lTXH. [A'] [ITXH']
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dt
— keprr™ [A1[R(C=C)n"] = ko, "= [R(C=0),"1[0,]
d[(;fc] = —k* [A'][C=C] — k"™ [ITXH"][C=C] — kp[C=C][R(C=C),]
d[dOtZ] = —ko, [*ITX][0,] ~ ko, " [A'][02] ~ ko, ™™ [ITXH"][0;]

— ko, RO [R(C=C),,"][0,]

Finally, the kinetic parameters used for the simulations are listed in Table S1.



Table S1: Parameters used for the simulations.
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kioNPG-HO 6.5x10° 141 [S13]
o™ 40 ML [58]
A A, / Assumptions in [S5]
Vici Viep / Assumptions in [S5]
Keprro Kaifo Mts™ /
A prr A, / Assumptions in [S5]
Vit pRT Viep / Assumptions in [S5]
K:,bo Kaitfo M1s? /
A:p 2.1 / Proportionality with A, [S2]
Victb 0.059 Proportionality with vy, [S2]
Reg 4 m* [S7]
4.5x10°
[1ITX]o (0.1 wi%) M Experimental conditions
. 0
[EDB], or [NPG], 1.5x1072 Experimental conditions
[C=C], 4.52 Experimental conditions
[0.]o 3.2x10* M [S7]

As previously assumed, the rate constant for all the oxygen inhibition reactions, as well as
the radical-radical reactions (A° + A°, ITXH® + ITXH® or A* + ITXH® combination) are taken
equal to the diffusion rate constant kg given by the Stokes-Einstein equation (Eq. 11 of the
main paper).S7 The viscosity is proposed to decrease exponentially with the conversion,™**
with an exponential factor B, previously optimized to 2 with other type-Il photoinitiating
systems.>’



Comparison with experiment — basic kinetic model (ITX+NPG)
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Figure S4: Comparison between experimental (dashed black) and simulated (plain red) a)
acrylate double bond conversion b) rate of polymerization for ITX+NPG photoinitiating
system — basic kinetic model (Ai;, = 395 nm, 10 mW.cm™?, 0.1 wt% ITX / 1.5x10° M NPG).



Oxygen consumption in the presence of amines — effect of the AOO® + AH
reaction (ITX+EDB and ITX+NPG)

ITX + EDB
a) 100 ; —74 ,
80 """"""""" W
B L S E— -
Q\o, Il | | |
> 4 ‘ ‘ 3
S 404 - - - Experimental results | -
@) - - Basic kinetic model
—— Model with the reaction between
2044 AOQsandAH | -
Iy H H H
! | |
0 T T 74 T
0 10 20 100 200 300
Time (s)
b) T T T T
20 — e :
‘ * Experimental results
154 [\ . |---Basic kinetic model ,_
o | —— Model with the reaction between
a AOO- and AH
i . s :
g 1.04° : !
[
0.5 1
0.0
0 2 4 6 8 10

Time (s)

Figure S5: Comparison between experimental (dashed black) and simulated a) acrylate
double bond conversion b) rate of polymerization for ITX+EDB photoinitiating system — basic
kinetic model (dashed-dotted blue) and model with AOO® + AH reaction (plain red) (A = 395

nm, 10 mW.cm?, 0.1 wt% ITX / 1.5x10> M EDB).
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Figure S6: Comparison between experimental (dashed black) and simulated a) acrylate
double bond conversion b) rate of polymerization for ITX+NPG photoinitiating system — basic
kinetic model (dashed-dotted blue) and model with AOO" + AH reaction (plain red) (A = 395

nm, 10 mW.cm, 0.1 wt% ITX / 1.5x10> M NPG).



Oxygen consumption in the presence of amines — effect of the R(C=C),00" +
AH reaction (ITX+NPG)
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Figure S7: Comparison between experimental (dashed black) and simulated a) acrylate
double bond conversion b) rate of polymerization for ITX+NPG photoinitiating system — basic
kinetic model (dashed-dotted blue) and model with R(C=C),00" + AH reaction (plain red) (Air

=395 nm, 10 mW.cm™, 0.1 wt% ITX / 1.5x10> M NPG).
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Ketyl radicals as terminating agents — model with termination by ITXH’
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Figure S8: Comparison between experimental (dashed black) and simulated (plain red) a)
acrylate double bond conversion b) rate of polymerization for ITX+NPG photoinitiating

system — model without (dashed-dotted blue) and with (plain red) termination by ITXH" (Li.

=395 nm, 10 mW.cm™, 0.1 wt% ITX / 1.5x10> M NPG).
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Formation of new initiating radicals by reaction of HOO * with AH.
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Figure S9: Comparison between the model with and without the reaction of HOO * + AH (A
=395 nm, 10 mW.cm™, 0.1 wt% ITX / 1.5x10> M NPG).

Study of the termination pathways

It is possible to simulate the formation of the species terminated by the different

pathways (bimolecular termination, PRT by A®, PRT by ITXH" or oxygen inhibition) during the
photopolymerization process with the following differential equations:
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d[bimol]

dt = 2kt,b [R(C=C)n.]2

d[R(C=C),A]

It = kt,PRTA. [A*][R(C=C),"]

d[R(C=C),ITXH]
dt

= keprr'  [ITXH'][R(C=C), ]

d[R(C=C),00°]

T = ko," I R(C=0),"1[0,]

[bimol] stands for the concentration of the macroradicals terminated by combination or
dismutation, [R(C=C),A] the concentration of the macroradicals terminated by a PRT reaction
with A®, [R(C=C),ITXH] the concentration of that terminated with ITXH® and [R(C=C),00°] the
peroxy radicals derived from the inhibition of the macroradicals by oxygen. At the end of the
polymerization, all the remaining macroradicals are considered trapped in the tridimensional
matrix by occlusion.

Study of the inhibition reactions

In a similar manner than for the termination reactions, it is possible to determine the
concentration of the inhibited species formed throughout the photopolymerization with the
following differential equations:

d[Trip0,]

3
G =Ko, | [ITX][0]

d[A00°]
dt

= ko, [A"][0,]

d[ITXHOO"]

——— =ko, " ITXH][0,]

d[R(C=C),00°]

o = ko," O [R(C=0),"1l0,]

TripO, represents the ITX triplet states quenched by O,, AOO® the peroxy radicals derived
from the aminoalkyl ones A®, ITXHOO"® the ITXH" ketyl radicals having reacted with O, (before
their dissociation to yield °ITX and HOO"®) and R(C=C),00" the peroxy radicals obtained from
the macroradicals.
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