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1 Experimental details for the measurement of the inflection points 

In this section, an overview of the experimental results is given. In Table S1, all the initial 

conditions and the corresponding results for the inflection points are listed. Typical PLP-SEC 

traces are shown in Figure S1 with an indication of the inflection points (black circles). 

Table S1. Experimental results for PLP of nBuA at 303 K for varying solvent volume fraction and laser 

pulse frequency; initial conditions: [DMPA]0 = 2.5 10-3 mol L-1, Epulse = 1.5 10-3 J; solvent: butyl 

propionate 

Entry 
Volume fraction  

solvent [-] 
Frequency [s-1] 

Number of 

pulses [-] 
kp,app [L mol-1 s-1] 

1 0 10 25 4366 

2 0 20 35 7820 

3 0 40 45 8913 

4 0 60 55 9873 

5 0.5 10 35 3727 

6 0.5 20 45 4575 

7 0.5 40 65 6218 

8 0.5 60 75 7816 

9 0.75 10 50 2858 

10 0.75 20 65 4193 

11 0.75 40 85 5179 

12 0.75 60 95 7152 
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Figure S1. Typical measured PLP-SEC traces (full black line) and their corresponding first derivative 

(full blue line) for PLP of nBuA at 303 K for varying solvent volume fraction (ΦS = 0, 0.5, 0.75) and a 

laser pulse frequency ν = 10 s-1; black circle: inflection point (i.e. maximum of first derivative) used for 

kp,app determination (Equation (2) in the main text); initial conditions: [DMPA]0 = 2.5 10-3 mol L-1, Epulse = 

1.5 10-3 J; solvent: butyl propionate (see also Table S1). 

2 Model details for the calculation of the inflection points 

2.1 Reactions and model parameters for the basic PLP model 

An overview of the reactions considered in the kinetic Monte Carlo (kMC) model to calculate the 

inflection points and thus to obtain the simulated input for the regression analysis is provided in 

Table S2 (basic reaction scheme). In the same table, the model parameters for the theoretical 

evaluation of the method (parameters: only typical orders of magnitude) and the application to 

the actual experimental data (cf. Table S1) are included.  
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Table S2. Basic reaction scheme to simulate low temperature PLP of nBuA initiated by DMPA, including 

a listing of the model parameters used for the theoretical evaluation of the method (only orders of 

magnitude) and the actual application to nBuA at 303 K; intermolecular chain transfer, βC-scission and 

macromonomer addition neglected based on literature data.1, 2 Chain transfer to monomer and solvent can 

be also neglected, as demonstrated in Section 3. 

Reaction Equation 

Theoretical evaluation 

∆[𝑅0] [mol L-1], 

k [(L mol-1) s-1] 

nBuA 303 K 

∆[𝑅0] [mol L-1], 

k [(L mol-1) s-1] 

Photodissociation[a] 𝐷𝑀𝑃𝐴
∆[𝑅0]
→    𝑅0,e

I + 𝑅0,e
II  10-4 2 10-5 

Chain initiation[b] 𝑅0,e
I/III

+𝑀
𝑘p,I/III
→   𝑅1,e 104 1.8 104 

Propagation 𝑅i,e +  𝑀 
𝑘p,e
→  𝑅i+1,e 

𝑅i,m +  𝑀 
𝑘p,m
→  𝑅i+1,e  

104 1.8 104 [3] 

 102 1.2 101 [4] 

Backbiting (i ≥ 3 ) 𝑅i,e  
𝑘bb
→  𝑅i,m  103 1.7 102 

Termination[c] (i, j ≥ 0 ) 
𝑅i,e + 𝑅j,e  

𝑘t,ee
app
(𝑖,𝑗)

→     𝑃i(+j)(+𝑃j) 
109 9.3 108 [4] 

 

𝑅i,e + 𝑅j,m  
𝑘t,em 
app

(𝑖,𝑗)
→      𝑃i(+j)(+𝑃j)  

108 6.1 108 [4] 

 
𝑅i,m + 𝑅j,m  

𝑘t,mm
app

(𝑖,𝑗)
→      𝑃i(+j)(+𝑃j)   

106 1.9 106 [4] 

a: dissociation into a benzoyl and dimethoxy benzyl radical; ∆[𝑅0] of the first laser pulse is reported (Equation (S.3)) 
b: 𝑘p,I/III can be taken equal to the plateau value for propagation with long ECRs, no propagation of R0,II (see Subsection 2.1) 
c: chain length dependent (apparent) termination rate coefficients according to the composite kt model are considered (see 

Subsection 2.1); 𝑘t
app
(1,1) is reported, taking into account a correction with a factor 2, as indicated by e.g. Derboven et al.;5 fraction 

termination by recombination (δ) in agreement with literature data (δee = 0.9, δem = 0.3, δmm = 0.1) 2, 6; i, j = 0: 𝑅0,e
I//II/III

 

 

In what follows, specific attention is focused on the kinetic parameters for photodissociation, 

chain initiation, and termination. In Section 3 it is demonstrated that the reactions included are 

indeed sufficient for the reliable calculation of the inflection points. 

The generated amount of photoinitiator radical fragments per pulse (Δ[R0]) is calculated 

explicitly.7 The rate of photodissociation (mol L-1 s-1) as a function of the intensity delivered by 

the light source (I0; W dm-2) is calculated as: 

 
𝑟𝑑𝑖𝑠𝑠 = 𝛷𝑑𝑖𝑠𝑠

𝐼0𝜆

ℎ𝑐𝑁𝐴𝐿
[1 − exp(−2.303𝜀[𝐷𝑀𝑃𝐴]𝐿)] 

(S.1) 
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with Φdiss the quantum yield for photodissociation (0.95;8 also see subsection 3.1.1), λ the 

wavelength of the laser (351 10-7 cm), ε the molar absorptivity of the photoinitiator (280 L mol-1 

cm-1), L the optical path length (0.78 cm), h the Planck constant (6.63 10-34 J s), c the speed of 

light (3 109 dm s-1) , and NA the Avogadro constant (6.02 1023 mol-1). The intensity (I0) can be 

expressed as a function of the laser pulse energy (Epulse; 1.5 10-3 J): 

 
𝐼0 =

𝐸𝑝𝑢𝑙𝑠𝑒

Ω∆𝑡𝑝𝑢𝑙𝑠𝑒
 

(S.2) 

with Ω the optical cross-sectional area (3.85 10-3 dm2) and Δtpulse the duration of the pulse. Since 

the change in DMPA concentration during a pulse can assumed to be negligible (initial [DMPA] 

= 2.5 10-3 mol L-1), Δ[R0] can be calculated by multiplying rdiss (Equation (S.1)) with Δtpulse, 

taking into account a factor 2 (two radicals formed per dissociation reaction): 

 
∆[𝑅0] = 2𝛷𝑑𝑖𝑠𝑠

𝐸𝑝𝑢𝑙𝑠𝑒𝜆

ℎ𝑐𝑁𝐴ΩL
[1 − exp(−2.303𝜀[DMPA]𝐿)] 

(S.3) 

In agreement with earlier kinetic analysis of single pulse-pulsed laser polymerization (SP-PLP) 

experiments,9 and based on literature data,10-13 in the present work, the difference in chain 

initiation reactivity of the DMPA radical initiator fragments (entry 2 in Table S2) is taken into 

account. No further decomposition needs to be taken into account due to the selected low 

polymerization temperature of 303 K.9 

Chain length dependent termination kinetics - either caused intrinsically or by diffusional 

limitations - are evaluated via the composite kt model.14-17 For the low monomer conversion 

ranges as encountered during PLP, it suffices to consider: 
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 𝑘𝑡
𝑎𝑝𝑝(𝑖, 𝑖) = 𝑘𝑡

𝑎𝑝𝑝(1,1)𝑖−𝛼𝑆                      𝑖 ≤ 𝑖𝑐 (S.4) 

 𝑘𝑡
𝑎𝑝𝑝(𝑖, 𝑖) = 𝑘𝑡

𝑎𝑝𝑝(1,1)𝑖𝑐
−𝛼𝑆+𝛼𝐿𝑖−𝛼𝐿        𝑖 > 𝑖𝑐 (S.5) 

in which αS and αL express the chain length dependence for short and long radicals, and ic is the 

cross-over chain length. The values as reported by Barth et al.4 are used, i.e.  αS = 0.85,  αL = 

0.16, and ic = 30. 

2.2 Correction for SEC broadening 

When designing and interpreting PLP-SEC experiments, it has to be taken into account that axial 

dispersion during analysis leads to a broadening. Buback et al.18 have proposed a procedure to 

account for this experimental broadening, based on principles suggested by Tung19 and Billiani.20 

Tung19 proposed to express the chromatogram f as the convolution of the chromatogram in case 

no experimental broadening would occur, h, with a broadening function G: 

 𝑓(𝑣) = ∫ 𝐺(𝑣 − �̃�)ℎ(�̃�)𝑑�̃�

+∞

0

 (S.6) 

According to Billiani20 the broadening function can be represented by a Gaussian distribution 

with variance 𝜎𝑣
2: 

 𝐺(𝑣 − �̃�) =
1

𝜎𝑣√2𝜋
exp (−

(𝑣 − �̃�)2

2𝜎𝑣2
) (S.7) 

Shortt21 demonstrated that the relation between the broadened MMD 𝑤𝑆𝐸𝐶(log𝑀) and the 

chromatogram f(v) is given by: 

 𝑤𝑆𝐸𝐶(𝑙𝑜𝑔𝑀) = −
𝑓(𝑣)

𝑑(log𝑀)/𝑑𝑣
 (S.8) 
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Analogously, the relation between w(log M), with 𝑀 representing the molar mass, and the 

chromatogram h(v), with w(log 𝑀)and h(𝑣) both representing the case no broadening occurs, is 

given by: 

 𝑤(𝑙𝑜𝑔𝑀) = −
ℎ(𝑣)

𝑑(log𝑀)/𝑑𝑣
 (S.9) 

If the relation between the elution volume v and log M is linear: 

 𝑙𝑜𝑔𝑀 = 𝑎−𝑏𝑣 (S.10) 

it follows that: 

 
𝑑(log𝑀)
𝑑𝑣

= −𝑏 (S.11) 

Substituting (S.11) into (S.8) and (S.9), respectively, yields: 

 𝑓(𝑣) = 𝑏 𝑤𝑆𝐸𝐶(𝑙𝑜𝑔𝑀) (S.12) 

 ℎ(𝑣) = 𝑏 𝑤(𝑙𝑜𝑔𝑀) (S.13) 

Finally, substituting (S.7), (S.12), and (S.13) into (S.6), yields: 

 

𝑤𝑆𝐸𝐶(log𝑀) =

1

(2𝜋)0.5𝜎𝑣𝑏
∫ exp (−

(log(𝑀) − log(�̃�))2

2(𝜎𝑣𝑏)2
)𝑤(log  �̃�) 𝑑𝑙𝑜𝑔(�̃�)

+∞

0

 

(S.14) 

Equation (S.14) has the important implication that broadening is assumed Gaussian with respect 

to log(M) and, hence, larger chain lengths will SEC-broaden exponentially. The SEC broadening 

parameter (σvb) can be determined via regression to the SEC-measured MMD for a narrow 

polystyrene standard. It can be expected that this leads to an upper limit for the broadening 

parameter, as this value also reflects the width of the MMD of the polystyrene standard. It has 

been opted in the present work to use the literature value of 4 10-2.22 



S8 

 

3 Robustness of the alternative method 

In the present section, the robustness of the alternative method is illustrated. Via a sensitivity 

analysis it is first demonstrated that a correct calculation of inflection points does not imply the 

need of a detailed model with highly accurate kinetic parameters. Next it is shown that the 

method can in principle be applied for the simultaneous estimation of the backbiting and mid-

chain radical propagation rate coefficient, indicating that a lack of knowledge on the latter does 

not lead to a failure of the method. 

3.1 Sensitivity of kp,app to the model parameters 

3.1.1 Photodissociation 

In this work, Δ[R0] is fundamentally calculated via Equation (S.3) by substituting the values for 

the experimental parameters (Epulse = 1.5 10-3 J, [DMPA] = 2.5 10-3 mol L-1,  λ = 351 10-7 cm, Ω = 

3.85 10-3 dm2, L = 0.78 cm), the physical constants (h = 6.63 10-34 J s, c = 3 109 dm s-1, NA = 6.02 

1023 mol-1) and physicochemical coefficients (ε = 280 L mol-1 cm-1 and Φdiss = 0.95). It should be 

noted that Φdiss has been also reported equal to 0.52;23 in contrast to the value reported by Allonas 

et al.8 (Φdiss = 0.95). For Φs = 0 and ν = 10 s-1 the effect of such a variation in Φdiss (and thus 

Δ[R0]) on the PLP-SEC trace and in particular on the position of the inflection point is shown to 

be negligible in Figure S2 (full purple line: Φdiss = 0.95, L1 = 3778; dashed yellow line: Φdiss = 

0.52, L1 = 3851).  
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Figure S2. Theoretical illustration of the negligible effect of a possible variation of Φdiss on the 

PLP-SEC trace (full purple line: Φdiss = 0.95; dashed yellow line: Φdiss = 0.52) and in particular 

on the inflection point (symbols) for Φs = 0 and ν = 10 s-1; initial conditions: Table S1; model 

parameters: Table S2. 

3.1.2 Chain transfer to monomer 

In principle the estimated parameter values could depend on the chain transfer to monomer rate 

coefficients ktrM,e (transfer from an ECR) and ktrM,m (transfer from an MCR). In Figure S3 it is 

theoretically demonstrated that at the temperature considered in this study (303 K), chain transfer 

to monomer has a negligible effect on the PLP-SEC trace (dashed yellow line: ktrM,e = 6.9 10-1 L 

mol-1 s-1 and ktrM,m = 2.3 10-3 L mol-1 s-1 (literature values24), L1 = 3528; full purple line: ktrM,e = 

ktrM,m = 0 L mol-1 s-1, L1 = 3778) and in particular on the position of the inflection point (symbols 

in Figure S3), even under the conditions of the highest importance of chain transfer to monomer, 

i.e. highest monomer concentration (ΦS = 0) and lowest frequency (ν = 10 s-1) considered in this 

study. 
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Figure S3. Theoretical illustration of the negligible effect of chain transfer to monomer on the 

PLP-SEC trace and in particular on the inflection point at 303 K; transfer to monomer accounted 

for (dashed yellow line; ktrM,e and ktrM,m from ref.24) and neglected (full purple line; ktrM,e = ktrM,m = 

0 L mol-1 s-1); ΦS = 0, ν = 10 s-1  (i.e. conditions corresponding to the highest importance of chain 

transfer to monomer); initial conditions: Table S1; model parameters: Table S2.  

 

3.1.3 Chain transfer to solvent 

In addition to chain transfer to monomer, chain transfer to solvent can occur. In order to 

investigate the effect of this chain transfer reaction on the PLP-SEC trace and in particular on the 

inflection point, simulations with the coefficient of chain transfer to solvent (CtrS) based on 

literature data are performed. CtrS is assessed by the value for chain transfer from poly(ethyl 

acrylate) radicals to ethyl acetate at 353 K (CtrS = 8.9 10-5).25 The value of CtrS at 353 K is 

converted to the value at 303 K using for simplicity the activation energy of the rate coefficient of 

chain transfer to monomer (CtrM), which yields a value for CtrS of 3.9 10-5. In Figure S4, the PLP-

SEC trace for CtrS = 3.9 10-5 (dashed yellow line; L1 = 465) and CtrS = 0 (full blue line; L1 = 496) 

is shown, with the inflection pointed indicated by a symbol. It is clear that at 303 K, chain 

transfer to solvent has a negligible effect on the PLP-SEC trace and thus on the inflection point, 

even under the conditions of the highest importance of chain transfer to solvent, i.e. highest 
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solvent volume fraction (ΦS = 0.75) and lowest frequency (ν = 10 s-1) considered in this study. 

Hence, chain transfer to solvent can safely be neglected in the present work and no accurate rate 

coefficients need to be known for the reliable estimation of kbb and kp,m. In addition, in general, 

the temperature and frequencies can always be regulated to avoid a possible impact. 

 

Figure S4. Theoretical illustration of the negligible effect of chain transfer to solvent on the PLP-

SEC trace and in particular on the inflection point at 303 K; transfer to solvent accounted for 

(dashed yellow line; CtrS based on ref25) and neglected (full purple line; CtrS = 0 L mol-1 s-1); ΦS = 

0.75, ν = 10 s-1  (i.e. conditions corresponding to the highest importance of chain transfer to 

solvent); initial conditions: Table S1; model parameters: Table S2. 

3.1.4 Termination 

Finally, the estimated parameter value for kbb (and kp,m) could depend on the apparent termination 

reactivities. In Figure S5 it is demonstrated for ΦS = 0 and ν = 10 s-1 that a significant variation of 

the termination reactivity (variation of kt(1,1) by a factor 2) results in a shift of the PLP-SEC 

trace (full purple line: literature value for kt(1,1),4 L1 = 3778; dotted blue line: kt (1,1) x 2, L1 = 

3638; dashed yellow line: kt (1,1) : 2, L1 = 3913); the variation of the position of the inflection 

point is however negligible. Note that for a general monomer always a quick tuning of this 

parameter can be performed by considering the shift of the complete trace. 
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Figure S5. Theoretical illustration of the limited effect of the termination reactivity on the 

position of the inflection point (symbols) for ΦS = 0 and ν = 10 s-1; full purple line: literature 

value for kt(1,1),4 dotted blue line: kt (1,1) x 2, dashed yellow line: kt (1,1) : 2; initial conditions: 

Table S1; model parameters: Table S2. 

3.2 Simultaneous estimation of kbb and kp,m 

In the main text, the high accuracy of the method to estimate bulk kbb values provided that kp,m is 

accurately known is demonstrated (Figure 1). In this section, it is theoretically illustrated that in 

addition to kbb, kp,m can also be accurately estimated provided that sufficient PLP-SEC inflection 

point data are available. 

In agreement with the main text (Figure 1 (left)), regression analysis of in silico kp,app data 

perturbed by a Gaussian error with a standard deviation of 400 L mol-1 s-1 (i.e. a relative error of 

ca. 10%) is performed, however this time aiming at the estimation of both kbb and kp,m. For all rate 

coefficients typical orders of magnitude are again used (Table S2). A kbb and kp,m value of 1012 s-1 

and 102  L mol-1 s-1 are obtained with the corresponding fits shown in Figure S6 (full lines). The 

obtained estimates (1012 ± 307 s-1 and 102 ± 40 L mol-1 s-1) are thus very close to the 

implemented and to be estimated value of 1000 s-1 and 100 L mol-1 s-1 (Table S2); statistical 

analysis indicates a correlation coefficient of 0.83, which is sufficiently low highlighting the 
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limited correlation between the parameters. Large individual 95% confidence intervals are 

however obtained as only a small data set is considered. Hence, in case both parameters need to 

be estimated for an actual experimental data set it can be concluded that this set needs to be 

larger, in particular in case of high experimental errors. 

 

Figure S6. Potential of the method to estimate both kbb and kp,m for acrylate radical 

polymerization from kp,app data (Equation 2); symbols: generated data with the kMC model 

(dashed lines), superimposed with an artificial error with a standard deviation σ (same as in 

Figure 1 (left) in the main text; model parameters: Table S2; full lines: fits after regression 

analysis. 
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