Supplementary Materials
1. Dielectric data processing

Complex dielectric permittivity &"(f) = '(f) -ie"'(f) was measured isothermally in steps of 5°C in
temperature interval -150 to + 200°C and in the frequency range from 102 to 10° Hz. The complex

dielectric modulus M* is related to €* as follows [1]:

M*=-=M+iM" (1)
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We chose to apply the straightforward derivative method where the ohmic-conduction-free loss is

determined from the logarithmic derivative of the dielectric constant [2]:
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It was shown that this method is a very good approximation of the “conduction-free” loss for
relatively broad loss peaks like those observed here, while narrow peaks appear much narrower
in&pthan in €>” [2].  In order to evaluate the individual relaxation processes quantitatively, a
model function has been fitted to the dielectric data, with the Havriliak- Negami
phenomenological relation [3].

Traditional Havriliak- Negami Equation:
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being the most general form. In this expression, £ '= £’-ie’’, is the complex dielectric function, ®=
2nf, fis the field frequency,Ae is the intensity of the dielectric process, tnw= 1/2nfnH and fan is the
position of the relaxation process on the frequency scale, &« IS &’(f) for £>>fyn, a and B are shape
parameters representing the symmetrical and asymmetrical broadening of the relaxation with
respect to the Debye peak. The main characteristic of each relaxation process is the most probable
relaxation time, tmax, determined according to [4] as
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The temperature dependence of lokal relaxations was modeled by an Arrhenius type expression

(Eq.6) [5]:



E
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Here 1o = Tmax at T—0, Ea IS the activation energy.

The a-relaxation is connected with onset of large-scale motions of the chain segments in the
vicinity of Tgq. The temperature dependence of the characteristic relaxation times have been

described using the Vogel-Fulcher-Tammann equation [5] (Fig.10):

T = Tgexp (TD—T1?0) 7

Where 1o is the relaxation time at infinite high temperature, To is so-called VVogel temperature at

which the relaxation time goes to infinity, and D is the parameter related to the fragility of material
[6]. A smaller value of D implies steeper temperature dependence of the relaxation time or a more
“fragile” behavior. The D data are given in Table 2. According to Plazek et al. [7,8] the activation

energy of a- relaxation process was calculated using the following equation:
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where Ez is the activation energy, R is the gas constant and Tg the glass transition temperature.
The values of D and T, parameters were extracted from the best fit to equation (5). The values of
activation energies for a- relaxation as well as the VFT parameters To, D and Tg are gathered in
Table 3.
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Figure S1. 3D plot of log & versus frequency and temperature for sample R1/100.
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Figure S2. 3D plot of log & versus frequency and temperature for sample R1/50/R4/50
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Figure S3. 3D plot of log €” versus frequency and temperature for sample R1/50/R3/50.
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Figure S4. 3D plot of M” versus frequency and temperature for sample R1/50/R3/50.

NMR experiments

NMR experiments were performed on a Bruker Avance Il 500 spectrometer operating at a
proton frequency of 500.13 MHz. 4 mm and 7 mm double resonance MAS probe heads were used
for recording *C spectra under MAS conditions and for *H static spin-diffusion experiments

correspondingly.

(1) CP-MAS experiments. Conventional cross-polarization MAS NMR experiment (CP-MAS)
with high power proton decoupling (100 kHz) was used to detect the signals from rigid component
with high CP efficiency, recycle delay was 5 s, CP contact time - 100 ps. **C direct-polarization

MAS NMR experiment with echo detection (90°-1-180°-t-aq) and low power proton decoupling
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(LPD, 25 kHz) was used to observe the mobile component. Applying 180° pulse after t delay
refocuses mobile component whereas the broad signals from the rigid part are already irreversibly
relaxed.! Recycle delay in this experiment was 0.5 s (optimal for short relaxing of mobile
component), echo delay t - 3ms. Spinning frequency in all experiments was 5-8 kHz. Spectra were
recorded at ambient temperature.

(2) CPSP-MAS experiments. This method combines both CP and single pulse (SP) in one
experiment, leading to a hybrid NMR spectrum?. Pulse sequence requires only one additional 90°
pulse on *C channel before CP stage. As a result, such scheme overcomes a very long 3C
relaxation delay required by SP experiment for the rigid phases and low efficiency of CP to the
mobile phases.

(3) H DQ build-up and spin-diffusion experiments. The method used for *H DQ spin-diffusion
measurements was the same as the one suggested by Saalwachter et al* which we used in our
previous work. 4 The spectral width was 200 ppm (100 kHz) to cover the broad hard-phase (HS)
signal. Pulse sequence is a conventional 5-pulse DQ experiment with a variable z-filter with proper
phase cycling for DQ filtration.> DQ build-up curves were measured using the same scheme by
varying excitation/reconversion time with additional 180° pulses in excitation and reconversion
segments to compensate for spectral offsets and chemical-shift dispersion at long evolution times.®
For spin-diffusion experiments, the DQ excitation and reconversion time zpq of 15 us was used to
obtain maximum hard-phase signal with negligible inter- and mobile-phase magnetization,
because it corresponds to the maxima of the DQ build-up curves at short times (the range of the
strong *H dipolar interactions). For the separate integration of individual resolved mobile signals
a narrow 20 ppm region around the sharp signals was baseline-corrected using a second order
polynomial, thus removing the HS background hump. These integrations yield the overall mobile
fraction (SS). All spin diffusion experiments in this work were performed under static conditions

to avoid any influence of MAS on the spin diffusion coefficients.’



(4) 'H Hahn echo NMR experiment was employed to measure the transverse magnetization
relaxation (T. decay). Additional experiments with the dipolar filter before echo sequence were
performed to obtain the T, of the mobile component directly,” which could be used to determine
the proton spin diffusion coefficient for the mobile polymers as proposed by Mellinger et al.® The
experimental conditions of the dipolar filter sequence before Hahn echo were the same as used in
corresponding *H dipolar filter experiments.

(5)  WISE experiments. Wideline separation (WISE) two-dimensional NMR experiment was
used to characterize different dynamics in polymer systems — molecular motion is probed by ‘H
wide-line shapes, which are separated in the second dimension by the *C chemical shift.® The
pulse sequence for the dipolar WISE experiment is similar to the original. The contact time was
500 ps, spin-diffusion mixing time, tm, was 100 ps. A MAS spinning speed of 5 kHz and recycle
delay 3 s were applied in all experiments.
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Calculation of domain size

. Domain sizes are evaluated via spin diffusion NMR by measuring the rates of change of nuclear
spin polarizations associated with the two phases in a PUs. When a step-function initial
polarization gradient is imposed on a two-component system, the initial rate of exchange is
directly proportional to the inter-component surface-area/volume ratio in the sample. From that
ratio, the domain size can be extracted if the morphology is known (spheres, rods, lamellae).
Proton spin-diffusion experiments with a DQ filter were used to achieve a magnetization
modulation across a dynamically heterogeneous sample. The DQ filter selects the *H
magnetization from rigid domains with lower molecular mobility (strong dipolar couplings). The
following step is a “mixing” period (tm), in which the remaining proton magnetization stored on
the +Z axis diffuses to neighboring spins and eventually reaches equilibration of the
inhomogeneous magnetization distribution. The final step is the direct *H detection. Precision of
'H spin diffusion NMR experiments as well as straightforward experimental protocols depends
on specific properties of the systems under study. It can be tested by studying DQ buildup curves
(Fig.3). The domain size of the discrete phase B in the two-phase A/B mixture dgis can be

determined by the following equation:

ddis—

+ 4¢e D D 7
(PA Pa T PB <PB) % <PB A B )

PaPr Vit pA/lZ+pB/l§



Here om (M = A, B) are volume fractions of the mobile phase A and rigid phase B, p and pare
proton densities, D, and Dy are spin-diffusion coefficients of mobile and rigid phases. The ¢
represents dimensionality, we accept the value 2, because according to the all previous data PU
have a cylindrical shape of phase domains The data used for calculation are given in the Table 3.
To determine domain sizes we use initial rate approximation method - it has been shown that for
short mixing times the signal is proportional to (tn®")"? (the characteristic mixing time of spin-
diffusion, see eq.2). This parameter can be determined from intersection of the linear
extrapolation of the initial part of the spin diffusion curve and the equilibrium magnetization
level occurs. Detailed description such approach can be found in [1,2]. t;.° is the characteristic
mixing time of spin-diffusion introduced by Mellinger et al. [39], which can be determined from
the intercept of extrapolated initial linear-slope with the X-axis in the spin-diffusion curves as

shown in Fig. 5.
For the transformation of spin-diffusion data into reliable information about spatial structure of
PUs the spin-diffusion coefficients must be known. The diffusion coefficient of the rigid phase

(Dg) can be calculated from the following equation that is valid for the Gaussian line shape [3]:

1 T (2
— 2 B

Where < 2 > is the mean-square distance between the nearest spins (we use a value 0.05 nm?)
[4], Avf/z is the full width at half height for proton signals of rigid phase obtained by solid-state
'H NMR experiment with a double-quantum (DQ) filter. The spin-diffusion coefficients for
mobile phase D, were calculated using T2 measurements of mobile fraction (from dipolar filtered
Hahn-echo experiment) by method proposed by Mellinger et al [2]. The characteristic size (L) of
the polymer matrix, namely the distance between the centers of two closest neighboring

dispersed HS domains, i.e. long period, is calculated using equation:

ddis
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Figure S5. 1H static solid-state NMR spectrum of sample 7.
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Figure S6. 'H static solid-state NMR spectrum of sample 9.
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Calculation of Aprs

From these spectra Aprs is generally evaluated by the following relation:

ADFs= A (1)

Af+Ab

where Ap and At are the integrated absorbances (ep and &f are extinction coefficients, assumed
to be equal, although the value of & / &f is probably between 1.0 and 1.2) of hydrogen bonded
and free molecular group of urethane or urea bond, respectively. The C=0 bands were
deconvoluted using Gaussian band shapes using software adapted Bruker AG for Vertex

instrument.
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Figure S7. DSC curves for copolymer R1/100.
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Figure S8. SEM images of sample R1/100. The measurement of length and diameter of

cylindrical domains.
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Figure S9. SEM image of sample R1/50R3/50
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Figure S10. *3C CP/MAS (1) and *C CPSP/MAS (2) spectra of sample R1/70/R3/30
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Figure S11. 13C CP/MAS (1) and *3C direct-polarization MAS (3) spectra of sample R3/100
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Figure S12. 13C CPSP/MAS (2) spectrum of sample R1/30/R3/70
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Figure S13. 13C CP/MAS (1) and **C direct-polarization MAS (3) spectra of sample R4/100
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Figure S14. 13C CP/MAS (1); 3C CPSP/MAS (2) and **C direct-polarization MAS (3) spectra of
sample R2/50/R3/50
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Figure S15. 13C CP/MAS (1); 13C CPSP/MAS (2) and *3C direct-polarization MAS (3) spectra of
sample R1/50/R4/50
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Figure S16. Solid echo (black) and single pulse (red) 'H signal for sample R3/100, with

background signal subtracted. The single-pulse signal was horizontally shifted by 5 [Is to account

for the dead time and vertically scaled by a factor of 0.98. Good agreements for both the fast-

decaying and the slow-decaying components are observed, as the black and red curves almost

completely overlap.
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