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Figure S1 Molecular weight distribution from SEC-MALLS (black) and the distribution

transformed to give the number distribution (blue) for Sample 1. Equipment.
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Figure S2 Simulated (top) and experimental (below) MALDI-TOF mass spectra of
poly(nBA) synthesized at 140 °C in p-xylene. The second group of peaks is the simulated
isotopic distribution of a 1:1 ratio of the two compounds shown above the peak (bold blue
line). The individual isotopic distributions of the compounds are also shown. All peaks are

the sodium adducts of the molecules shown.
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Figure S3 Simulated (top) and experimental (middle) MALDI-TOF mass spectra of the
expanded region shown in the bottom figure which contains additional peaks of poly(nBA)
synthesized at 100 °C in p-xylene (reaction 2 in Table S1). The second group of peaks is
the simulated isotopic distribution of a 1:1 ratio of the two compounds shown above the
peak (bold black line). The individual isotopic distributions of the compounds are also

shown. All peaks are the sodium adducts of the molecules shown.
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Figure S4 MALDI-TOF mass spectra (left) and number distribution calculated from raw
data (right) for poly(butyl acrylate) obtained by solution polymerization at 60, 100 or 140

°C and at 20 or 30 wt% in p-xylene.
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Figure S5 Simulated MALDI-TOF spectra with high rates of macromonomer propagation
and B-scission at 140 °C at [M] = 30 wt%. The rate coefficients used were as shown in
Table 1 with the exception of the rate coefficient of B-scission and macromonomer

propagation, ks = 450 s k=3 x 10° M!s”!. Symbols correspond to structures shown in

Figure 2.



Kinetic Monte Carlo simulations of midchain radical distribution

The kinetic Monte Carlo (KMC) algorithm proposed by Gillespie! was used as the basis of
the model. Starting from an initial midchain radical located 2 units from the end of the
chain three possible outcomes were considered: (1) Reaction of the midchain radical either
by propagation (with frequency 1/kp3[M]) or by p-scission (with frequency 1/kp), (2)
migration of the midchain radical two units away from the chain end (with frequency
1/kmig), (3) migration of the midchain radical two units towards the chain end (with
frequency 1/kmig). In the case where the radical was next to the chain end the last reaction

was disregarded. The reaction steps considered are shown in Scheme S1.

Scheme S1 Radical migration steps starting from the initial tertiary radical position in close

proximity to the end chain.
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The probability of a given reaction, v, occurring, P,, is given by:

Where N is the total number of reactions considered in the polymerization scheme and Ry is
the rate of reaction v. At each point in the simulation a given reaction is chosen based on

the above probabilities using a random number, r;:



-1
ij=1 Pv < r < Zﬁ=1pv

Where u is the number of the selected reaction. Starting from the initial location this step
was repeated and the location of the midchain radical was updated until reaction of the
midchain radical, either by propagation or S-scission occurred at which point the location of
the midchain radical upon reaction was recorded. This was repeated for 50000 radicals in
order to gain sufficient statistical information to generate the distribution function of the
position at which the midchain radicals react. Figure S1 shows the comparison of the
results from the Monte Carlo simulations and from the analytical model described in the

main text for a variety of different conditions.
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Figure S6 Comparison of midchain radical distribution function based on analytical

equation (lines) or kinetic Monte-Carlo simulation (symbols) for T = 140 °C, kp3 = 336 M~



Is1 kmig = 4500 s, kg = 146 s (a) [M] = 1 M (black squares) (b) [M] = 0.1 M (blue

circles) (¢) [M] = 0.01 M (red triangles).
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Figure S7 Comparison of midchain radical distribution function based on analytical
equation (lines) or kinetic Monte-Carlo simulation (symbols) for T = 140 °C, kp3 = 336 M~
15, Jkmig = 4500 s!, kg = 146 s’! with a maximum number of migration steps of 9 (a) [M] =

1 M (black squares) (b) [M] = 0.1 M (blue circles) (c¢) [M] =0.01 M (red triangles).
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Figure S8 Comparison of midchain radical distribution function based on analytical
equation (lines) or kinetic Monte-Carlo simulation (symbols) for T = 140 °C, kp3 = 336 M~
Is1 kmig = 4500 s7!, kg = 146 s! with a maximum number of migration steps of 9 and
starting from the middle of the polymer chain as highlighted in the figure (a) [M] =1 M

(black squares) (b) [M] = 0.1 M (blue circles) (c) [M] = 0.01 M (red triangles).
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Figure S9 Simulated peak maximum for the B-H species as a function of the rate
coefficient of kwmig for experiment 4 (T=140 °C at [M] = 30 wt%, squares) and experiment 3
(T=140 °C at [M] = 30 wt%, circles). The experimental peak maximum is shown as a

dotted line.



Appendix L. Distribution of radical migration steps in the limit of long chains
In the first instance, consider a midchain radical which can either undergo an n:n+4 radical
migration with a rate coefficient of kmig or can undergo any alternative reaction such as
propagation (with rate coefficient kp2) and B-scission (with rate coefficient kp), and radical
migration only occurs in one direction along the chain. It is assumed that the number of
migration steps is much lower than the chain length of the polymer. The probability that the

radical migrates, P, in the first step is given by

_ kmig _
Pn(1) = Kmig+kpg+kps[M] (A-1)

The probability that the radical also migrates from the second position is given by

— Kmig
Pn(2) = P (1) i oo (A-2)

This leads to the general probability that the radical migrates n times

Prn(n) = By (D™ (A-3)

Knowing this probability, the distribution of the number of radical migrations that occur is
given by

p(n)migration = Pm(n - 1)(1 - Pm(l)) (A‘4)

This analysis does not take into account that the radical migration can occur in two
directions along the chain as shown in Scheme 3. In this case, at each point the radical can
either migrate in both directions or undergo reaction by B-scission or propagation. If the
radical undergoes migration there is some probability that the radical will migrate back to
the same position, Prr. The probability that the radical migrates from the initial point is

thus given by



kmig(l_Pret)
kmig(1—Pret)+kpg+kps[M]

Pm(l) =

(A-5)

Where Pre: 1s the probability that the radical returns to the same point in subsequent radical

migration steps given by

_ kmig kmigpret kmig kmigPret 2 kmig
Pree = 5 T g R ( B ) R (A-6)
B = kg + k3 [M] + 2Ky (A-7)
Which leads to
kmi
Prer = . (A-8)

kﬁ+kp3 [M]+2kmig_kmigpret

The value of Pret can thus be calculated by

2
k3+kp3[M]+2kmig—\/(kﬁ+kp3[M]+2kmig) —4kmig®

(A-9)

Prer = ko
mig

The probability that a radical migrates to the n position is given by Eq A-3. Thus, the

distribution of the number of radical migrations that occur is given by

n-1
kmig(l_Pret) ) <1 _ kmig(l_Pret)
kmig(l_Pret)+kB+kp3 [M] kmig(l_Pret)+kﬁ+kp3

P(M)migration = ( [M]) (A-10)

Similarly, the radical chain length distribution can be given by the following. Assuming
that most termination events occur either by transfer to solvent or B-scission, the probability

a radical undergoes propagation is given by

p _ kp,av[M]
PTOP  kpy av[M]+kg(1—Py)+ker s[S]P;

(A-11)

Where P2 is the fraction of secondary radicals in the system which can be estimated by

P, = kpz[M]

= A-12
kps[M]+kpp ( )



And kpav 1s the average propagation rate coefficient taking into account the presence of
tertiary radicals, given by

kpav = kp3(1 = Py) + kyo Py (A-13)
The chain length distribution of dead chains is thus given by

— kp,av[M] ot _ kp,av[M] )
D(n)propagation_<kn(W[M]+kﬁ(1_P2)+ktr.s[5]P2) (1 a1+ g lsirs) 1

Appendix II. Distribution of radical migration steps with a limiting chain length

When the number of migration steps is high with respect to the overall chain length, a
limit to the number of migration steps must be applied in order to obtain the correct
distribution. Assuming a maximum possible number of migrations steps, zmax, the midchain
radical distribution function can be calculated as follows. The fraction of radicals that reach

Nmax Migration steps is given by

kmig(l_Pret) )nmax
[M]

Pm(nmax) - <kmig(1_Pret)+kB+kp3 (A-IS)

The midchain radical distribution function can therefore be calculated by taking this
fraction of radicals and redistributing along the chain. The distribution of radicals starting

from one end of the chain on the basis of the long chain hypothesis is given by

n-1
kmig(l_Pret) ) (1 _ kmig(l_Pret)
kmig(1—Pret)+kpg+kp3[M] kmig(1—Pret)+kpg+kp3[M]

P(M)iongchaina = ( ) (A-16)

And it follows that the distribution of radicals starting from the other end of the chain at

position nmax 1s given by

n -n
kmig(l_Pret) ) max ( _ kmig(l_Pret)
kmig(1—Pret)+kpg+kp3[M] kmig(1—Pret)+kpg+kp3

p(n)longchain,z = ( M]) (A-17)

Thus the distribution function taking into account the limited chain length is given by



P(M)migration = P(Miongchain1 T PmnMmax)P (M) iongenainz +
P (M) *P (M iongenaing + PnMimax)*p (M iongcnainz +
(A-18)
This can be simplified to give

p(n)migration = p(n)longchain,l Z??:O(Pm(nmax)z)n +

[ee] n [ee]
p(n)longchain,z Zn:O(Pm (nmax)) - p(n)longchain,z Zn=0(Pm (nmax)z)n

(A-19)
_ P(Miongchain1~P(Miongchainz , P(Miongchain,2
p (n)migration - 1= Py (max)? 1-Pr (imax) (A'ZO)

Comparison of the final result with distributions obtained from Monte-Carlo simulation
(see Supporting Information) confirm that this approach to estimating the midchain radical

distribution is acceptable.

Appendix III. Distribution of radical migration steps from a radical starting in the
middle of the chain

In some cases it may be assumed that the initial point of the midchain radical is not close
to the chain end but appears at a random point in the chain. This is the case if
intermolecular transfer takes place, or more importantly, in the case of midchain radical
formation as a result of reaction with macromonomers.

In this case the distribution depends on the location with respect to the initial point, #start.
The analytical equation from above is used and divided into radicals which migrate in one

direction and radicals that migrate in the other.



_ kmig(1—Pret)
€= (kaig(l—Pret)+k3+kp3[M]) (A-21)

p(n)migration =1-2c n = Nstart (A-22)
_ kmig(l_Pret) ) )
d= (kmig(l_Pret)+kB+kp3[M] (A 23)
p(n)migration = Cd(nsmrt_n_l)(l - d) n < Astart (A—24)
p(n)migration = Cd(n_nsmrt_l)(l - d) n > Nstart (A-25)

The effects of limited chain length in both directions can be taken into account according
to Appendix II. The probability that the radical reaches one side of the chain from the initial
radical and the probability that the radical migrates the length of the chain is given by

P, (nmax,l) = cdMstart=1) (A-26)

Pm (nmax'r) = Cd(nmax_nstart) (A_27)

kmig(l_Pret) )nmax
A-28

kmig(1=Pret)+kp+Kkps

Pu(maxo) =

Thus the distributions can be calculated

P(Miongchain1—P(Miongchainz , P(M) longchain,z) +
1-Pm (Nmax)? 1-Pi (Nimax)

p(n)migration =1-2c)+ Pm(nmax,l) (

P(Mmax—Miongchain,1~P (Mmax—Mlongchain,2 P(Mmax—M)longchain,2
Pm(nmax r) ( g > g + g n = Nstart (A-29)
! 1-Pp(Mmax) 1-Pm(Mmax)

—n— p(n) hain1—P(M) hain,
p(n)migration = Cd(nsmrt n 1)(1 - d) +Pm(nmax,l)( ongclil;:;l(nmax)sngc e +

p(n)longchain,z P p(nmax_n)longchain,l _p(nmax_n)longchain,z
_ + P (nmax,r) — 2 +
1-Pp(Mimax) 1-Pp(Mimax)

P(Mmax—11 hain,2
ongchain ) n < Rstart (A-30)
1-Ppm(Mimax)




_ _ P(Miongchain1—P(Miongchain,
p(n)migration = Cd(n Ntstart 1)(1 - d) + Pm(nmax,l) ( gl—Pml(nmax)z ? : +

P(Miongchain,2 +P P(Mmax—Miongchain1—PMmax—Mlongchain,2
m (nmax,r)

+
1-Py(Mimax) 1-Prp(Nimax)?
P(Mmax—Miongchain,
max 2 longchain. "> Hyar (A-31)
1-Pm(Mimax)

Comparison of the final result with distributions obtained from Monte-Carlo simulation

(see Supporting Information) again confirm that this approach to estimating the midchain

radical distribution is acceptable.
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