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Figure S1. '"H NMR spectrum of p-ES (400 MHz, CDCl5).
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Figure S2. 3C NMR spectrum of p-ES (100 MHz, CDCl3).
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Figure S3. 'H NMR spectrum of p-iPS (400 MHz, CDCI;).
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Figure S4. 3C NMR spectrum of p-iPS (100 MHz, CDCl5).
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Figure S5. 'H NMR spectrum of p-BS (400 MHz, CDCls).
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Figure S6. 3C NMR spectrum of p-/BS (100 MHz, CDCI;).
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Figure S7. '"H NMR spectrum of P(Iy s-grad-(p-ES) o 5) (targeted 5,000 g mol-!)
(400 MHz, CDCL5).
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Figure S8. 'H NMR spectrum of P(I s-grad-(p-iPS), s) (targeted 5,000 g mol!)

(400 MHz, CDCly).
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Figure S9.'"H NMR spectrum of P(I s-grad-(p-tBS)s) (targeted 5,000 g mol-!)
(400 MHz, CDCL5).

Determination of the copolymer molecular weight based on SEC measurements with
two independent detector signals'

For improved accuracy the molecular weights of the copolymers were determined via SEC
with two independent detectors signals (UV and RI) with the copolymerization module
from the PSS WinGPC® UniChrom (V 8.31, Build 8417) software provided by PSS
Polymer Standards Service GmbH.

For the p-alkyl styrene comonomers polystyrene standards were employed and for isoprene
a series of low dispersity polyisoprene standards was used, for calibration, both provided
by PSS.

Using k independent detector signals d, the composition of a copolymer consisting of k
comonomers can be determined. For the detector signal U, as a function of the volume V'
follows

UaV) = ). farci(V)
d

with the response factor f;; of the comonomer k for detector signal d and the concentration
of the comonomers c¢; in the detector cell at the volume V. In this manner the response



factors were measured for polystyrene and polyisoprene standards at a known concentration
injected onto the column.

Table S1. Response factors for polystyrene and polyisoprene.

Detector Response factor for polystyrene, f»s | Response factor for polyisoprene,
fri

UV (275 nm) | 0.1226 0.0005

RI 0.0391 0.0287

In the case of a binary copolymer the weight fraction, W, for the comonomer A can be
calculated as
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where in this case for f;z, fop and f;4, f>4 the response factors (UV and RI detectors) for
polystyrene and polyisoprene were used as listed above. Thus, by interpolating the
calibration curves of the homopolymer standards Mpg(V) and Mp,(V) and using the weight
fractions Wy and W, for the comonomers styrene (S) and isoprene (I) the molecular weight
of the copolymers (M,) was calculated as

log M (V) = Ws(V)logMs(V) + W (V)logM(V)

and the mean value of the molecular weight (M,) was calculated for the copolymers as for
a conventional GPC by using the above obtained molecular weights.

Evaluation of reactivity ratios via Meyer-Lowry fit

Traditionally, the determination of reactivity ratios was performed by multiple
copolymerization experiments with low conversion. The low conversion is essential to
assure a constant relative monomer concentration.? In copolymerization experiments with
similar comonomer reactivity the copolymerization experiment can be subdivided into
multiple copolymerization experiments, in which for each interval only a small conversion
occurs as shown elsewherere.? Applying this technique to the studied copolymerization
systems was not sufficantly accurate as shown in Figure S11, S16 and S21 indicated by the
reduced R? value. The obtained fits produced negative values for 7 in some cases (r;= 18.2,
r,.8s = -0.008) rendering this method inapplicable. To accurately describe the
copolymerization kinetics, the integrated form of the Mayo-Lewis equation needs to be
used. The integration of the Mayo-Lewis equation introduced by Skeist and first performed
analytically by Meyer-Lowry yields the Meyer-Lowry equation.>* This equation enables
the direct fit of the experimental "H NMR kinetics data to obtain the reactivity ratios. The




following equation was used to fit the compositional drift of f; during the total conversion
X to determine r; and r:
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Microstructure simulation

The resulting microstructure of a copolymer with an initial monomer ratio can be calculated
by numerical integration according to Skeist® or with the Meyer Lowry equation. This gives
values for total conversion X and the fraction of comonomer concentration f;. To translate
this to the composition in the copolymer F, the modified Mayo-Lewis equation can be
used:
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Figure S10. Monomer conversion as function of time for the copolymerization kinetics of
1soprene and p-ES in C¢D), at 23 °C, initiated with sec-butyllithium.
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Figure S11. Kelen-Tiidos fit for the copolymerization kinetics of isoprene and p-ES in
CsD1, at 23 °C, initiated with sec-butyllithium.
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Figure S12. Meyer-Lowry fit for the copolymerization kinetics of isoprene and p-ES in
Ce¢D1; at 23 °C, initiated with sec-butyllithium.
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Figure S13. SEC traces UV signals (solid lines), RI signals (dashed lines), eluent: THF,

PS standards of P(I-grad-(p-ES)) (66% I) from the copolymerization kinetics experiment.
(M,=10,500 g mol'!, B =1.23).
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Figure S14. Stacked 'H NMR spectra (400 MHz, CgD15) zoomed in region (5.7 —
4.85 ppm) as a function of time; in situ "H NMR Kinetics characterization of the statistical

copolymerization of isoprene and p-iPS.
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Figure S15. Monomer conversion as function of time for the copolymerization kinetics of
isoprene and p-iPS in C¢D, at 23 °C, initiated with sec-butyllithium.
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Figure S16. Kelen-Tiidos fit for the copolymerization kinetics of isoprene and p-iPS in
Ce¢D1; at 23 °C, initiated with sec-butyllithium).
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Figure S17. Meyer-Lowry fit for the copolymerization kinetics of isoprene and p-iPS in
CsD1, at 23 °C, initiated with sec-butyllithium).
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Figure S18. SEC traces UV signals (solid lines), RI signals (dashed lines), eluent: THF,
PS standards of P(I-grad-(p-iPS)) from the copolymerization kinetics experiment
(M, = 29,300 g mol'!, D =1.25).
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Figure S19. Stacked 'H NMR spectra (400 MHz, CgD;;) zoomed in region (5.7 —
4.85 ppm) as a function of time of the in situ '"H NMR Kkinetics characterization of the
statistical copolymerization of isoprene and p-rBS.
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Figure S20. Monomer conversion as function of time for the copolymerization kinetics of
isoprene and p-tBS in C¢D1; at 23 °C, initiated with sec-butyllithium.
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Figure S21. Kelen-Tiidos fit for the copolymerization kinetics of isoprene and p-/BS in
CsD1, at 23 °C, initiated with sec-butyllithium.
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Figure S22. Meyer-Lowry fit for the copolymerization kinetics of isoprene and p-/BS in
Ce¢D1 at 23 °C, initiated with sec-butyllithium.
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Figure S23. SEC traces UV signals (solid lines), RI signals (dashed lines), eluent: THF,
PS standard; SEC trace of P(I-grad-(p-tBS)) from the copolymerization kinetics
characterization (M,, = 11,600 g mol-!, D = 1.69).
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Figure S24. Pseudo-first-order time-conversion plots for the homopolymerization of p-
ES, p-iPS and p-BS in C¢D;, at 23 °C. (Due to the large amount of data points the plots
appear like a solid line)
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Figure S25. SEC traces (UV signals, eluent: THF, PS standards) of P(p-ES)
(M, =9,180 gmol!, b =1.29), P(p-iPS) (M, = 7,100 g mol-!, P = 1.22) and P(p-1BS)
(M,, = 7,000 g mol!, B =1.30), samples from the homopolymerization Kinetics
characterization.

The traces in Figure S25 stem from the polymerization carried out in the NMR tubes during
kinetics measurements. The bimodal character of the SEC traces obtained from the
homopolymerization kinetics characterization was caused by traces of oxygen in the NMR
tube.
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Figure S26. 'H NMR spectrum of P(p-ES) (400 MHz, C¢D;5), of the homopolymeri-
zation kinetics sample.
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Figure S27. '"H NMR spectrum of P(p-iPS) (400 MHz, C¢D;,) of the homopoly-
merization kinetics sample.
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Figure S28. 'H NMR spectrum of P(p-1BS) (400 MHz, C¢D;5) of the homopolymeri-
zation kinetics characterization, polymer formed in the NMR tube.
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Figure S29: SEC traces, RI detector (solid lines), UV signals (dashed lines); eluent: THF,

PS standards. High molecular weight (targeted 5,000 -60,000 g mol!) copolymers of
isoprene and p-iPS.
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Figure S30. SEC traces RI detector (solid lines), UV detector (dashed lines), eluent:
THF, PS standards. High molecular weight (targeted 5,000 -50,000 g mol!) copolymers
of isoprene and p-BS.



DFT Calculations

Figure S31. Calculated 3D geometries (HOMO orbitals) of p-MS, p-ES, p-iPS and p-fBS
by DFT.

Table S2. Para-R bond length p-MS, p-ES, p-iPS and p-rBS as computed by DFT
calculations.

Monomer p-MS p-ES | p-iPS p-tBS
para-R bond length by DFT / pm 150.48 150.69 | 151.54 153.14

Ground state geometry of each styrene derivative was calculated using the B3LYP¢°
density functional and the def2-TZVP %! basis set. To take dispersion and long range
interactions into account Grimme’s D3 dispersion correction!?!3 and geometrical
counterpoise correction!# was applied.

The DFT calculations were performed on an Intel 15-7500 system with 16 GB RAM using
the ORCA 3.0.2 software suite. 1

To reduce the calculation effort the RIJCOSX'S approximation method was used with the
“GRIDX7” option. The SCF convergence was set to “VeryTight” while a grid setting of 6
was employed. For all ground states no imaginary frequency was detectable. The
corresponding partial charges were calculated using the NBO method.!¢!7

Visualization of the orbitals were performed using IboView!®

Typical ground state geometry optimization command input is shown below:

! B3LYP RIJCOSX D3BJ def2-TZVP def2-TZVP/J TIGHTOPT Opt Grid6
NOFINALGRID GridX7 freq NORMALPRINT GCP(DFT/TZ)

%pal nprocs 4 end

%maxcore 2000

%oscf

SCFMode Direct

Convergence VeryTight

End
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