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Table S1 - In-situ MA/MAA copolymerization experiments at 60 °C with 0.2 wt.% AIBN for DMSO-d6 and 0.2 wt.% V-

50 for D20/EtOD
wt. %mun,o fMA,O Solvent axa XOverall,final
0.20 72.7
50 0.50 87.5
0.80 88.8
DMSO-d6 | 1
0.20 73.1
10 0.50 73.5
0.79 78.5
0.20 81.4
50 0.49 88.6
0.80 88.0
0.20 50.8, 66.9, 82.0°
20 0.50 54.5,72.6,90.4°
0.79 72.6
0.50
0.19 84.1
10 0.49 93.6
0.80 82.6
0.19 | EtOD/D20 91.9
5 0.49 85.3
0.79 80.3
0.20 88.5
10
0.49 89.2
0.75
0.21 90.1
5
0.48 87.9
0.20 83.8
10 0.48 0.90 | 79.9
0.79 96.2

9 Refers to the mass fraction of D.O or DMSO-d6 in the solvent mixture

b Xoverall values for batch experiments conducted for 40, 60 and 100 min, respectively, to check the reproducibility of
data as shown in Figure S1(a) and (b).



Table S2- Summary of performed In-situ MA/DEGMEMA copolymerization at 60 °C with 2 wt.% AIBN for Toluene-d8,

0.2 wt.% AIBN for DMSO-d6 and 0.2 wt.% V50 for D20:EtOD.

wt. %mon,o fMA,O Solvent 0y ® XOverall,final
0.21 82.5
10 0.50 | Toluene-d8 1 85.1
0.79 84.5
0.20 94.4
50 0.49 90.8
0.79 93.0
DMSO-d6 1
0.19 86.8
10 0.49 91.0
0.79 89.5
0.20 96.7
50 0.50 88.5
0.80 83.1
0.5
0.20 93.2
10 0.49 93.1
0.79 75.3
0.19 95.6
10 0.50 85.9
0.79 76.7
EtOD/D,0 0.75
0.20 93.5
5 0.48 83.2
0.78 74.7
0.22 93.0
10 0.50 88.5
0.79 76.4
0.9
0.20 94.2
5 0.47 89.4
0.78 82.9

9 Refers to the mass fraction of D20, toluene-d8 or DMSO-d6 in the solvent mixture
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Figure S1 —a) fuavs. Xoveral, b) Xoverait vs. time and c) joint confidence region (JCR) for the copolymerization of MA/MAA

(Wmon,0 = 0.2) in D20:EtOD (aetop = 0.5) using 0.2 wt.% V50 at 60 °C. Blue, orange and green symbols represent data

for reactions followed by in-situ NMR for 40, 60 and 100 min, respectively.



S1. 'H NMR analysis of MA/MAA copolymerization in DMSO-d6

Table S3- Details of formulation used to prepare sample with MA/MAA (20:80 mol%) with Wmon = 0.5 in DMSO-d6

Substance MA MAA DMSO-d6 AIBN
Amount [g] 0.304 1.215 1.4971 0.0063
MW [g/mol] 86.09 86.06 84.17 164.21

Characteristic H mol
Substance substance 1.00 4.00 B B

Characteristic Hy, moly,
In this set of experiments, the peak integration in the range of 3.25-4 ppm, arising from three MA
hydrogen atoms (d in Figure S2), was used as the reference peak for the quantitative integration
of the monomer vinyl peaks in the range of 5.25-6.5 ppm. It is shown in Figure S2(a) that the peak
ratio from the vinyl bound of MAA (A, B) to MA (a, b and c) are identical to the given value (4) in

Table S3 which confirms the accuracy of the quantitative calculation from NMR spectra.

Comonomer composition was calculated from Figure S1 using equation S1:

(f MA), (a)¢

— THAR, + ([ M, =@t @A, fvmaa + fua =1 (S1)

fua

Individual monomer conversions are calculated from equation S2 and S3:

X _ (f MA)O - (f MA)t _ (a)o - (a)t
MA,absolute — (f MA)O - (a)o

(52)

_ (f MAA)O - (f DMAEMA)t _ (A)o - (A)t

X = = S3
MAA,absolute (f DMAEMA)O (A)o ( )

And overall conversion was calculated from Equation S4
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Figure S2- a) *H NMR spectra of MA/MAA (20:80 mol%) with Wmon = 0.5 in DMSO-d6 without initiator and no

conversion at 60 °C and b) with 0.2 wt.% AIBN after 60 minutes of In-situ polymerization at 60 °C. The formulation for

this sample is given in Table S3.



S2.'H NMR analysis of MA/MAA copolymerization in D,0: EtOD

In this set of experiments, the sum of peak integrations in the range of 3.25-4.25 ppm, arising
from two Ethanol-OD hydrogen atoms (E in Figure S3) and three MA hydrogen atoms (d in Figure
S3), was used as the reference peak for the quantitative integration of the monomer vinyl peaks
in the range of 5.5-6.5 ppm. The expected value of this integral is 76.77 for the formulation given

in Table S4, as calculated by Equation S5:

_ molgop olya
Areas zs-425 ppm = ———— X number of Hgrop + ——— X number of Hy,
moly 4 Iya
2.212 0.1096
_ 47.08 86.09 _ —
= 51096 X 2+ 01096 X 3=7376+3=76.77 (§5)
86.09 86.09

The agreement with the measured value of 76.76 (Figure S3) is excellent. The accuracy of this
methodology for calculating conversion was also checked by adding 2 wt.% 1,3,5-trioxane as an
internal reference! to the Table S4 formulation. As shown in Figure S3, the integral of this
reference peak X at 5.1 ppm to the MA peak at 6.55 ppm perfectly matches the molar ratio of the
two components measured in the lab (5.73). Therefore, using the combined integration of peaks

in the range of 3.25-4.25 ppm as a reference to calculate monomer conversions is reliable.

The overall conversion from the spectra given in Figure S3 was calculated from Equation S4 using
the measured integrals in the range of 5.5-6.5 ppm relative to the reference peaks in the range of

3.25-4.25 ppm.



Table S4 - Details of formulation used to prepare sample with MA/MAA (20:80 mol%) with Wmon = 0.1 in D20: EtOD

(aeop = 0.5) with 2 wt.% 1,3,5-trioxane.

Substance MA MAA EtOD D20 1,3,5-trioxane
Amount [g] 0.1096 0.4128 2.2112 2.1937 0.1096
MW [g/mol] 86.09 86.09 47.08 20.02 90.08
CharaCteriSti.c I?Substance x mozsubstance 1 3.77 73.76 _ 5.73
Characteristic Hy, moly,
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Figure S3- 1H NMR spectra of MA/MAA (20:80 mol%) with Wmon = 0.1 in.% D20: EtOD (aetop = 0.5) with 2 wt.% 1,3,5-

trioxane using the formulation given in Table S4.

$3. 'H NMR analysis of MA/DEGMEMA copolymerization in Toluene-d8
In this set of experiments, the sum of peaks in the range of 3-3.75 ppm from nine hydrogen of
DEGMEMA (E and F in Figure S4) and three hydrogens from MA (d in Figure S4) was used as the

reference peak for the quantitative integration of the vinyl bounds peaks from monomers at the



range of 5.5-6.5 ppm. Following this idea, the corresponding integral for the given example

formulation in Table S5 should be equal to 12.13 as shown in Equation S6:

mol mol
Areaz_3 75 ppm = % X number of Hpgeuema + - "2 x number of Hya
MA MA
0.1393 0.0628
_ 188.22 86.09 _ —
= S orse X9+ osbe X3 =9.13+3 = 12.13 (S6)
86.09 86.09

The overall conversion from the spectra given in Figure S4 was calculated from Equation S4 using
the measured integrals in the range of 5.5-6.5 ppm relative to the reference peaks in the range of

3-3.75 ppm.

Table S5 - Details of formulation used to prepare sample with MA/DEGMEMA (50:50 mol%) with Wmon = 0.1 in Toluene-

d8 with 0.2 wt.% AIBN.

MA DEGMEMA | Toluene-ds | AIBN
Amount [g] 0.0628 0.1393 0.9609 0.04
MW [g/mol] 86.09 188.22 100.18 164.41
Characteristic Hgypstance MOlgypstance | 3 9.13 - -

Characteristic Hy, moly,
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Figure S4 - a) 1H NMR spectra of MA/DEGMEMA (50:50 mol%) with Wmon = 0.1 in Toluene-d8 without initiator at 60

°C and no conversion and b) with 0.2 wt.% AIBN after 60 minutes of In-situ polymerization at 60 °C. The formulation

for this sample is given in Table S5.

S4.'H NMR analysis of MA/DEGMEMA copolymerization in DMSO-d6

The idea to calculate the conversion was like what was explained in section S3.
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Table S6 - Details of formulation used to prepare sample with MA/DEGMEMA (20:80 mol%) with Wmon = 0.5 in.%

DMSO-d6 with 0.2 wt.% AIBN.

MA DEGMEMA AIBN
Amount [g] 0.1026 0.8974 0.004
MW [g/mol] 86.09 188.22 164.41
Characteristic Hg,pstance 3 35.80 -

Characteristic Hy,

mOISubstance
moly,
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Figure S5 - a) H NMR spectra of MA/DEGMEMA (20:80 mol%) with Wmon = 0.5 in DMSO-d6 without initiator at 60 °C

and no conversion and b) with 0.2 wt.% AIBN after 60 minutes of In-situ polymerization at 60 °C. The formulation for

this sample is given in Table S6.

S5.'H NMR analysis of MA/DEGMEMA copolymerization in D,O/EtOD

In this set of experiments, the sum of peaks in the range of 3.25-4.25 ppm from nine hydrogen of
DEGMEMA (E and F in Figure S6), three hydrogens from MA (d in Figure S6) and two hydrogens
from Ethanol_OD (G in Fihure S6) was used as the reference peak for the quantitative integration
of the vinyl bounds peaks for monomers at the range of 5.5-6.5 ppm. Following this idea, the
corresponding integral for the given example formulation in Table S9 should be equal to 17.80 as

shown in Equation S7:
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Areas zs_4.25 ppm

= %’ZX“ X number of Hppemema + szj X number of Hyy,

+mxnumberofHEwD =mx9+mx3+mx2
86.09 86.09 86.09

=9+4+3+4+580=17.80 (87)

Table S7 - Details of formulation used to prepare sample with MA/DEGMEMA (50:50 mol%) with Wmon = 0.5 in D20:

EtOD [50:50] with 0.2 wt.% V50.

MA DEGMEMA | EtOD D20 V50
Amount [g] 0.3148 | 0.6882 0.4987 0.4980 0.004
MW [g/mol] 86.09 | 188.22 47.07 20.02 271.19
Characteristic H mol
Substance substance 3 9 5.80 _ _

Characteristic Hy, moly,

(a)
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Figure S6 - a) 'H NMR spectra of MA/DEGMEMA (50:50 mol%) with Wmon = 0.1 in D20:EtOD (aeop = 0.5) without

B
—
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initiator at 60 °C and no conversion and b) with 0.2 wt.% V50 after 60 minutes of In-situ polymerization at 60 °C. The

formulation for this sample is given in Table S9.

S.6. Reactivity ratio estimation
The analytical solution to Skeist’s equation presented by Meyer and Lowry? is:

(B )
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Figure S7 — Drift in MA comonomer composition (fua) with overall monomer conversion for MA/DEGMEMA in (a)

toluene-d8 with Wmon = 0.1, (b) DMSO-d6 with Wmon = 0.5 and (c) DMSO-d6 with wmon = 0.1. Symbols are experimental
data and blacklines are simulated using the overall best-fit reactivity ratios estimated from the combined data set

(r1=0.36, r,=2.16).
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DMSO_d6 (Wmon=0.5) (red) and (c) DMSO-d6 (Wmon=0.1) (blue) using reactivity ratios (DNI technique) estimated from

datasets “A”, "B” and “C” in Table 1, respectively compared to Fua '™ (black line) from overall dataset “D” in Table 1.

17



(a) (b)

0.8 0.8
%0.6 3 0.6
g §
>

> <

°
IS
°
IS

0 : : : 0 ' :
0 50 100 150 200 0 50 100 150 200
Time (minute)

Time (minute)
Figure S9 — Monomer conversion profiles for the copolymerization of MA/MAA with monomer ratio of 20:80 (O),
50:50 (O )and 80:20 (4) (mol%) in DMSO-ds (red) vs. D20: EtOD (aetop = 0.5) (blue) with (a) Wmon,0 = 0.1 (b) Wmon,0 = 0.5.
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Figure S10- a) Lumped rate coefficient (k,*P/(ki°P) % ) vs. conversion for the copolymerization of MA-DEGMEMA with

a) Wmon,0 = 0.1 and b) Wmon,0 = 0.5 with monomer ratio of 20:80 (O ), 50:50 ( o ) and 80:20 ( A) (mol%) in DMSO-ds

(red) vs. D20: EtOD (actop = 0.5) (blue).
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