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Model Development

The full kinetic scheme, developed assuming terminal model kinetics and considering the
formation and consumption of both MA and t-BuAAm MCRs, is detailed in Table S1 with the
corresponding kinetic coefficients summarized in Table S2 and S3. Initiator / decomposes into two
primary radicals /* with the rate of initiator decomposition described by k4, the rate coefficient for

initiator decomposition. Radicals 7* add to M;, monomer of species i, to form unit radical P kll,,i,

the rate coefficient of monomer addition to /* is assumed to be equal to k,
rate coefficient of monomer i. Not all initiator radical formed will initiate new radical chains, thus

this behaviour is quantified by £; the initiator efficiency. Unit radical P; with M; to form secondary

;> the homopropagation

radical (SPR) Pil, where 7 is the chain length. Macroradical Pil can either homo- or cross propagate
with monomer (described by £, ;,), transfer to solvent (described by Ky, 5, the rate coefficient of
chain transfer to solvent) thus forming a dead polymer chain D,, of chain length » and unit radical
P} or undergo intramolecular chain transfer (i.e. backbiting, described by the backbiting
coefficient, k) with a monomer unit within the chain thus forming midchain radical (MCR) QO .
Monomer addition to Q,, reverts it back to an SPR, with the rate described by k;,m, the rate
coefficient for monomer addition to an MCR. SPRs and MCRs disappear via bimolecular
termination of SPR-SPR, SPR-MCR, MCR-MCR, SPR-I* and MCR-I* termination with the rate
coefficients being &, ., &, g, k;, and k! respectively. With the exception of &/, all termination rate
coefficients used in this model are dependent on the viscosity of the solvent viscosity and average
radical chain lengths. Initiator radicals can also recombine outside the solvent cage (also described

by k}) though these reactions are expected to have negligible impact on the rate of polymerization.
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Table S1. Full mechanism for MA/t-BuAAm copolymerization in ethanol/water solutions.

Initiation
k{,;MA
I+ MA— P4
k{;‘t—BuAAm
I"+t— BuAAm — Plt—BuAAm

Propagation
MA
PMA 4 MA L p
kt BuAAm
Prilf—BuAAm +t — BuAAm N Pt —BuAAm
kMA t—-BuAAm

PMA 4 t — BuAAm ———— pL BuAam
kt—BuAAm-MA
pi-BuAdm 4 Mg L pMA
Transfer to monomer
MA
P4 +MA—>D + M4
t— BuAAm
pi-Buddm 4t — BuAAm ——— D, + p{~BuaAm
kMA t—-BuAAm
PMA + t — BuAAm ———— D, + p{~Budam
t—BuAAm oA MA
P, +MA—— D, +P;
Transfer to solvent
2hakp'
PM4 4 Solvent ——25 D, + PMA

sol t BuAAm
Ctr,t—BuAAmkp

Pi-BuAAm 4 Solvent Dy, + pf~Buadm

SPR-SPR termination
( “ssA)ktss “%Akévg?

P,{"A+PMA—>Dn+m/ Dy + Dy,

(1 a BuAAm)kt BuAAm qtsBudAm . t— BuAAm

_aMA-t—BuAAm)kMA t—-BuAAm aMA-t—BuAAmkMA-t—BuAAm
ss t,ss SS t,ss

_ (1
PnMA + Prfl. BuAAm Dn+m

t—BuAAm t—BuAAm s tss
Pn + Pm Dn+m / Dn

+ D,

D, + Dy,

MCR-MCR termination
(1-alfA M4 aMAk
QTI;/IA + Q%A Dn+m/ D + D

(1_a£t—BuAAm)kt—BuAAm agt BuAAmkt —BuAAm

(1_aMA-t—BuAAm)kMA-t—BuAAm aMA-t—BuAAmkMA-t—BuAAm
QMA + Qt—BuAAm tt ttt D / tt it
n m n+m

t—BuAAm t—BuAAm tet Lt
Qn + Qm Dn+m / Dn

+ D,

D, + Dy,

SPR-MCR termination
(1—6{%‘4)](%‘? MAkMA
PMA + QMA ———5 Dy /—— Dy + Dy,

(1_a§t—BuAAm)k€—?uAAm att BuAAmkt BuAAm

_ yMAt—-BuAAm\;,, MA-t—BuAAm MA-t—BuAAm;, MA-t—BuAAm
(1-a )k ki

PMA 4 Qt-BuAdm st tst D,, /“S
n+m
(1 a —BuAAm- MA)kt —BuAAm-MA

a —BuAAm- MAkt —BuAAm-MA
t

D/ —

PTf—BuAAm + QrMnA

t—BuAAm t—BuAAm S tst

+ D,

D, + D,
Dy + Dy,
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Backbiting
kMA'MA
pMA bbeff HMA
n n
kMA-t—BuAAm
pMA bbeff , Ot-BuAAm
n n
t—-BuAAm-t—BuAAm
pt—BudAm bbeff , QL-BuAam
n n
kt—BuAAm-MA
pt—BudAm bbeff , OMA
n n

Monomer addition to MCR
kMA

MA ptert HMA
QMA + MA 25 pMA

kt—BuAAm

_ ptert _
Qrtl BuAAm +t — BuAAm N P£+§uAAm
MA-t—-BuAAm

MA Kp tert t—BuAAm
n +t—BuAAm P13
t—tlgytAAm-MA
t—BuAAm p. MA
Qn +MA—— P4

Primary radical termination

ki
I*+BM4 3 p,
I

k
I* + QM4 = D,

kI

* t—BudAm ¢
I+ P, —; D,

k

* t—BuAAm ¢
I"+Qp - D,

d

I+ 1" > inerts
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Table S2. Rate coefficients for modeling of MA and t-BuAAm homopolymerizations in
ethanol/water solvent. Note: wa4 and wr.p44m are the weight fraction of MA and t-BuAAm in the
solution respectively.

1, -1 E,
kt,ss(lnl)(L ‘mol™"-s ) = A-exp (ﬁ)

Er = Egapoy=0 " VISCOSItY corra

Rate Coefficient Reference
EfﬁCiency fAIBN = fmaxﬂ; fmax = 1240 eXp (_ ﬁ),
[M]+a ( ) T/K [1,2]
_ -8940 _ )
aMA = 1.78 10~ 2exp (—T/—K) at=BuAAm — 1 444,
Initiator N B . 15920
decomposition ky(s™) =5.82-10" exp (— TIK ) [3]
of AIBN /
Propagation kAL -mol™t - s7™) = k5[4 + (1 — A)exp (—C(1 — Wipon)]
kM4 L (L-mol™t-s71) = 1.41-107exp (— %>
pbu T/K
A=0
a = [-0.0075(egron — 0.4753)% + 0.0164](T — Tref)
b = —0.8398(agoy — 1.7471)% — 0.3644 4, 5]
C=a+b ’
kL-BuAdm ([, . mol=1 . s=1) = kL Buddm. p . g
1770
t—BuAAm _ . 106 -
kpo 44 =8.68-10 exp( T/K)
D = exp[0.463(1 — agop)], B = exp (=0.753wipyaam)
Transfer to k30 2813
sol  _ Rtrma _ _
solvent Cerma = KMA T 1.98 EXp( T/K)
kszl 3336 [43 5]
Csol _ tr,t—BuAAm _ 3 76 _
tr,t—BuAAm — kzt,_BuAAm — exp T/K
Transfer to kMA 1828
mon __ — _
monomer Cerpma = A~ 0.016 eXp( T/K)
kE—BuAAm 1002 [63 7]
”
Cg},gﬁBuAAm = k;;_Bm = 0.00118 exp (— T/—K>
iti 3993
Backbiting kMA(s™) = 1.2- 10%exp (——)
T Sh03 [1.2]
kt—BuAAm -1y — 222 108 (_ )
bb (s™) exp T/K
Monomer k%ﬁgrt 1143
addition to A 0.029 exp (_ T/K)
ptert
]{;_Bm = 0.0155 exp (— T/—K>
SPR-SPR < kpss > = kegs(1,1) <@ >7% i <i.
termination < kg >= ko5 (1,1) (ic—a5+al) <> i >,
[1,2]
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A = Agp,op=0 " VISCOSItYcorr 2
Epagon=0(J - mol™) = 13850
VISCOSitYeorrn = 1+ 2.74ag0n — 2.78a%:0n
VISCOSItYcorr 2 = €Xp (11.33agroy — 11.71a2.08)

Parameters for MA
Agoipano=o(L-mol ™t -s71) =114 - 10"
as =0.74,a; =0.15,i, = 25
ass = 0.05
Parameters for t-BuAAm
Agpon=0(L-mol™t-s71) = 1.89 - 10
a; =052, 0, =0.16,i, = 33
ass = 0.05

These parameters are used to determine <k; ¢ s>, using the CLD
termination equation where <i> is the average chain length of the
radical.

MCR-SPR Parameters for MA
: : <k >
termination tst ~ _ y5g
< Ktss
as = 0.40
Parameters for t-BuAAm [8,9]
< kt st >
——=10.25
< kt,ss >
ag = 0.40
MCR-MCR Parameters for MA
: : <k >
termination Lt~ _ 501
< kt,ss >
att == 1
Parameters for t-BuAAm [6, 8, 9]
——=10.01
< kt,ss >
att = 090
Primary
radical kl(L-mol™t-s71) = 1010 [2]
termination
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Table S3. Rate coefficients and assumptions for modeling of cross reactions implemented to
represent MA/t-BuA Am copolymerization in EtOH/H>O with agon=0.75 and 1.

Rate Coefficient Reference
Efficiency faisn, average — fi MAfAA;IélN + fi t—BuAAmfAtIB?V jaam This work.
SPR MA-t—BuAA 1,¢-1 y A
propagation kyp FTPHAA (L -mol T - sTY) = P
MA
kL-BuAAm This work.
k58 MAL-mol™t-s7) = ———
Tt—Buaam
TMA=1'12’ T‘t_BuAAm= 0.71
Cross B k” ku
transfer to ki (L-mol™t-s71) = =cl 2 [10, 11]
monomer kp i
Cross k (S_l) — Fmst kl]
backbiting bb.eff . bb
Where kbb(s ) = k lk”
For kbb e ff where i=MA or t- BuAAm
bb eff(s_l) = FmSt k Thlis Wl(irka
For k;bB;;‘;Am] where ]—MA [10, 11]
bbeff(s—l) = 0.10- F"st - k),
For kbb eff where i=j=MA
kpherr 70 = (1= F"aam) - ™" ke,
Elﬁ?(fmer k;JJtert kéjtert
~1.g-1y = U i _ P
addition to ptert(L mol~* ) =kyp k” = kp ro kel [10, 11]
jil'p
MCR
. 1/2
Cross <k > (Lomol™ 57 = (< ki >< k], >)
termination . . ’ o
Where xx= ss, st or tt (ie. radical types that participate in termination)
QMAt-Buddm _ ( o5 [10, 11]

MA-t— BuAAm

al t—BuAAmM-MA _ = 0.40

=al;

Q%At BuAAm _ 0.90
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