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I) References
A) Preliminary polymerization temperature study
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Figure S1. M, mpus determined by GPC relative to PMMA standards in THF at 40 °C and
corrected via MHS parameters versus overall conversion X (top, the dotted line indicates
the theoretical M, (M, heo) versus overall conversion based on the monomers to initiator
ratio) and P versus overall conversion X (bottom) for My/IBOMA copolymerizations

performed at T = 100-120 °C, and exhibiting fys,0 = 0.50-0.71.
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B) Determination of reactivity ratios by terminal models and a non-linear least-squares
(NLLS) model

o Use of terminal models: Table S1 gives the experimental data used to determine
the reactivity ratios 1y, and rigoma. It was assumed that the selected copolymer samples
exhibited sufficiently a low degree of conversion that the monomer composition was
essentially unchanged. Calculation of ry, and rigoma was first done by the Fineman-Ross (FR)
approach! (rearrangement of the Mayo-Lewis copolymer equation into a linear form?) and by
the Kelen-Tiidos (KT) approach?. The latter refines the linearization method by introducing an
arbitrary positive constant a to spread the data more evenly so as to give equal weight to all
data points. Accordingly, the KT approach minimizes the bias of the FR approach. The
appropriate plot of the variables G and H, defined in Equation B1, will provide a linear
relationship giving the reactivity ratios as the slope and intercept as shown in Equation B2.

G = (fisomao/fipo) X [(2Fzoma — 1)/ Fisomal s H = (fisomao / fir0)? X [(1 — Figoma) /
Fizoma) (B1)

G = rBoma X H_rMy (B2)

Equation B3 shows the additional variables used for the KT plot as illustrated in
Equation B4.

T]=G/((X+H);8=H/(0L+H);Uv=\/Hmamein (B3)

N = (toma T T/ ) —Tay/ @ (B4)

In Equations B3 and B4, H,,,. and H,,;, stand for the highest and lowest values of the
set of experimental points, respectively. ry;, = 2.16 L 0.34 and rigoma = 0.07 L 0.04 (1
X rgoma = 0.15 £ 0.19) were obtained via the FR method and r);, = 1.90 + 0.18 and
eoma — 0.02 £ 0.21 (Tagy X rpoma — 0.04 * 0.15) were calculated via the KT method.
The errors associated with the experimental data were derived from the standard errors of the
slopes from FR and KT plots.

o Use of a NLLS model: Despite its improvements, the KT method does not
overcome the shortcomings of the linear method: use of the differential form and errors that
affect both variables. In order to handle rigorously the Mayo-Lewis equation, linearization has
to be avoided. From a statistical point of view, a NLLS fit to the Mayo-Lewis equation is
probably the soundest method to determine the desired parameters®. Therefore, the reactivity
ratios were also determined using a non-linear least-squares fitting of the data. The
commercial software package Matlab R2016a was used to solve the Mayo-Lewis equation'
for My/IBOMA copolymerization (BS).

Fisoma = (tisoma fisomao® T fisoma o fi0) /
(rlBOMAﬁBOMA,OZ + 2fIBOMA,OfMy,0 + rMnyy,Oz) (BS)

Using the reactivity ratios determined by the KT method as initial guesses, the
statistical fit to the data yielded reactivity ratios ry; = 2.07 * 0.58 and rgoma = 0.05 £
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0.08 at 95 % confidence level and with a regression coefficient R> = 0.91 (SSE = 0.0174,
RMSE = 0.0499).

Table S1. Samples used for the determination of reactivity ratios for My/IBOMA gradient
copolymerization done at 100 °C in bulk with NHS-BB and targeting M,, neo = 30 kg.mol-!
at X =100 %.

JiBomao® Figoma®  XO (%) t (min) (1;(/[;::;(?) p@
0.10 0.15 24.5 60 4.1 1.27
0.19 0.10 12.5 30 1.6 1.07
0.30 0.13 13.2 60 1.8 1.10
0.41 0.22 17.0 120 2.7 1.27
0.50 0.24 20.1 100 3.7 1.28
0.60 0.28 10.4 30 3.0 1.21
0.70 0.42 13.2 60 3.5 1.30
0.80 0.39 21.2 180 6.6 1.36
0.90 0.57 12.4 60 7.0 1.52

a) fisoma.o 18 the initial molar feed composition of isobornyl methacrylate.

b) Fisoma 1s the molar composition of isobornyl methacrylate in the P(My-grad-IBOMA)
copolymer determined by 'H NMR in CDCls.

¢) Overall monomer conversion X = Xyfus.0 + Xisomafisoma o determined by "H NMR
in CDC13

d) M, gpc and My, gpc determined by GPC calibrated with PMMA standards in THF at 40
°C. M, mus, obtained from M, gpc and corrected using the Mark-Houwink relationship.
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C) Effect of feed composition on kinetics for My/IBOMA copolymerization
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Figure S2. M, gpc determined by GPC relative to PMMA standards in THF at 40 °C and
M; mus, obtained from M, gpc and corrected using the Mark-Houwink relationship, versus
overall conversion X for experiments My/IBOMA-80 (fi50 = 0.81) and My/IBOMA-30
(im0 = 0.30) at 100 °C. The dotted line indicates the theoretical My, (M, jheo) versus overall
conversion based on the monomers to initiator ratio (M, seo = 30 kg.mol! at X = 100%).
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In((1-X)")
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versus polymerization time ¢ for the various My/IBOMA copolymerizations in bulk at
100 °C initiated by NHS-BB. All experimental ID and characterization of experiments
are listed in Table 1 and Table 2 of the manuscript. The dotted lines indicate linear fits to
the experimental data during the initial stages of the polymerizations (0 to 60 min,
except for My/IBOMA-80 and My/IBOMA-90 where the linear region was taken from 0
to 120 min). The squared linear regression coefficient R? for each linear trend is also

provided.
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Figure S4. (a) n((1-X)!) (X = overall conversion) versus reaction time #, (b) D

versus overall conversion X and (¢) M,,mus versus overall conversion X for
My/IBOMA-100 (fy5,0 = 1.00, open circles (0)), My/IBOMA-0 (fys0 = 0, solid blue
circles (®)) and My/IBOMA-0-Tol (fy;0 = O, in toluene, solid grey circles (#)). The
dashed line indicates the theoretical M, versus overall conversion based on the monomer

D) NMR spectra for P(My-grad-IBOMA) copolymers
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Figure S5. '"H NMR spectrum in CDCl; (300 MHz, tetramethylsilane TMS as internal
reference) at room temperature of the final dried P(My-grad-IBOMA) gradient copolymer
from experiment My/IBOMA-50 after recovery and purification (dissolution via
tetrahydrofuran and precipitation via methanol).
2HPM), 4.65-4.00 (m br, IHPUBOMA)N 2 60-1.40 (m br, 7HPIBOMA) "2 2(0-1.90 (m br, SHP(*),
1.67 (s, 3HPM) 1,59 (s, 3HPM), 1,40-0.70 (m br,
14HPIBOMA))

1,2-

itent

*Signal at 6 = 5.45-530 ppm (t br, 1H!2-P0))
corresponds to one olefinic proton of 1,2-P(My)°.
*Signal at & = 4.80-4.65 ppm (d, 2H!>P) and s,
2H34PM) corresponds to two vinyl protons of 3,4-addition and two vinyl protons of 1,2-
addition of My units>.
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Figure S6. 81 MHz 3'P NMR spectra of dried P(My-grad-IBOMA)-SG1 macroinitiators
My/IBOMA-82 (top) and My/IBOMA-44 (down, chemical structure in bottom left) in
CDCl; at room temperature with diethyl phosphite as an internal reference (structure in
bottom right).
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E) DSC traces for P(My-grad-IBOMA) copolymers
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Figure S7. DSC traces (second heating run) of P(My-grad-IBOMA) gradient copolymers. The
black dotted lines indicate the changes in slope observed. The numbers alongside each DSC
curve refer to the molar fraction of IBOMA (Figoma in percentage) in the copolymer. Please
note that the P(My-grad-IBOMA) copolymers characterized by DSC do not necessarily

correspond to the final copolymers presented in Table 2.

F) Optimized synthesis of P(My)-(SG1),
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Table S2. Experimental conditions for My polymerizations initiated by PEB-(SG1), at 120 °C

in bulk or at 115 °C in toluene.

P (él%fi?]" oy oy sovent BT it i
My-79 0.011 5.928 0 - 0 79.1 300
My-105 0.008 5.831 0 - 0 105.0 420
My-137 0.006 5.791 0 - 0 137.2 420
My-174 0.005 6.178 0 - 0 174.0 420
My-173s61.9 0.005 6.122  0.0005 - 0 172.5 420
My-169s:1.18 0.005 5.975 0.0011 - 0 168.5 480

a) Experimental identification given by My-XX where XX refers to the rounded M, pheo

" targeted.

b) given for X = 100% and calculated as follows: My meo = My, ([My]o /[PEB-(SG1)2]o) +
Mn,PEB-(SGl)2 with MMy =136.23 g.l’IlOl'1 and Mn,PEB-(SGl)2 =5.7 kg.mol'l.
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Figure S8. a) Semi-logarithmic kinetic plots of /n((1-X)!) (X=My conversion) versus
polymerization time ¢, (b) D versus X, and (¢) M, mus versus X for the experiments My-79
(open circles), My-105 (solid grey circles), My-137 (solid blue circles) and My-174 (solid
red circles). The dotted lines indicate the theoretical M,, versus overall conversion based on
the monomer-to-initiator ratio for each reaction (black, grey, blue and red predicted lines for
experiments My-79, My-105, My-137 and My-174 respectively). All experimental ID are
listed in Tables S2 above.
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http://onlinelibrary.wiley.com/doi/10.1002/pola.28963/full#pola28963-tbl-0002

Figure S9. a) Semi-logarithmic kinetic plots of /n((1-X)™") (X =My conversion) versus
polymerization time ¢, (b) D versus X, and (¢) My mus versus X for the experiments My-174
(solid red circles), My-173sG1,9 (solid orange circles), My-169sg, 15 (solid yellow circles) and
My-1701, (solid green circles). The dotted line indicates the average theoretical M,, versus
overall conversion based on the monomer-to-initiator ratio (average M, meo = 171.3 kg.mol'!
at X = 1.0). All experimental ID are listed in Tables S2 above.

G) IBOMA/Co chain-extension from P(My)-(SG1),
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H) Characterization of the NMP-based Co/IBOMA-My-IBOMA/Co triblock copolymers

Figure S10. Normalized GPC traces for the chain-extensions of a) My-35 with a
IBOMA/My (92/8 mol%) mixture (experiment My-35-IBOMA/My) and b) My-52 with a
IBOMA/S (91/9 mol%) mixture (experiment My-52-IBOMA/S) at T = 115 °C in 50 wt%
toluene. For the experiment My-52-IBOMA/S, a slight shoulder can be observed (elution
time = 16-18 min) for the sample taken at 180 min. This may be a result of termination by

combination, characterized by a coupling of two propagating radicals. Fractionation of the
final My-52-IBOMA/S sample was performed using a methanol (non-solvent) / benzene

(solvent) pair (2 cycles).

S15



o Calculation of theoretical solubility parameter via the method of Hoftyzer and
Van Krevelen®: Relying on the group contribution principle, the solubility parameter
components can be determined using the following equations:

0a=YFai/ Vi ; 8,=CF)%/ Vi 5 = (Eni/Vm)® (H1)

where 84, 0, and o are the contributions of dispersion forces, polar forces and hydrogen
bonding, respectively. Fg; and Fp; are the molar attraction constants for dispersion and polar
forces. Ey; is the cohesive energy for hydrogen bonding and V,, is the molar volume of the
structural unit of the polymer. The corresponding equation for determination of solubility
parameter (0) is the following:

0= (6d2 + 6p2 + 6h2)0'5 (HZ)

o Solubility parameter of 1,4-P(My): Addition of the group contributions for 1,4-
P(My) gives:

Fg (MPaZmol!)  F,2 (MPa.mol?) Ep; (J.mol ™) Vi (cm3.mol )
2 —CHj; +420 0 0 +33.5
4 —CH,- + 270 0 +16.1
2 =CH- +200 0 0 +13.5
2 =C< +70 0 0 -5.5
Total 2 460 0 0 147.4

Thus: 8pay = (16.692 +02 +02)05 = 16.69 MPa!2

o Solubility parameter of PUIBOMA): Addition of the group contributions for P(IBOMA)

gives:
Fg (MPa2.mol!)  F,2 (MPa.mol?) Ep (J.mol ™) Vi (cm?.mol )

4 —CHj; +420 0 0 +33.5

4 —CH,- + 270 0 0 +16.1
3>C< -70 0 0 192

2 >CH- + 80 0 0 -1.0

1 -CO- + 290 + 592 900 +2 000 +10.8
1 -O- + 100 + 160 000 +3 000 +3.8
Total 3100 752 900 5000 153.4

Thus: SP(IBOMA) = (20212 + 5662 + 5.712)0‘5 =21.75 MPal/2
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00 3: Phase 796.9rm

Figure S11. Atomic force microscopy phase images (top image, 2 um X 2 um; bottom
image, 0.8 um x 0.8 um) under tapping mode of operation of the surface morphology of the
triblock copolymer My-35-IBOMA/My cast film. The dark domain represents the My
component (color-coded height scale given to the right of the image).
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Figure S12. Curves of shear storage modulus (G’) and shear loss modulus (G’’) versus
strain for My-52-IBOMA/S performed by amplitude sweep under the frequency of 0.15 Hz
at 170 °C (top) and 190 °C (bottom).
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