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1H spectra of PEO480 and PEO255 at different temperatures
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Fig. S1 'H NMR line shapes of samples PEO480 (a) and PEO255 (b) at room
temperature and 363 K.

The 'H spectra of PEO255 and PEO480 polymers obtained at room temperature and
at 363 K are presented in Figs. S1a and S1b, respectively. The results indicate that the
spectra obtained for both polymers at room temperature consist of two components,
including broad components, which are respectively fitted by dashed and dotted lines
in Figs. S1a and S1b, and have full width at half maximum (FWHM) values greater than
20 kHz, while the narrow components have FWHM values lower than 3 kHz. The
narrow and broad peaks can be attributed to non-crystalline and crystalline regions of
the polymers, respectively. As expected, the peaks associated with the crystalline
regions of the polymers disappear at 363 K, and the remaining signals are sharp peaks
with FWHM values lower than 1 kHz, which are much narrower than those obtained
at room temperature. These results verify that the PEO255 and PEO480 polymers are
in a melt state at 363 K.



1H DQ data processing
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Fig. S2 (a) Experimental /pq and /,;s data measured as a function of double-quantum
evolution time, tpq, for PEO480 at a fixed t. value of 0.4 ms and a temperature of 363
K. (b) The difference of reference and DQ intensities (/,ef — Ipg) can be used to identify
the more slowly relaxing nonelastic (isotropically mobile) fraction of the polymer
structure by fitting the exponential relaxing tail. (c) The fraction of defects has to be
subtracted to obtain the normalized DQ intensity Inpq by taking the equation of

Inp, = IDQ/([DQ + Lo defects)_



Obtaining polymer backbone order parameter distributions
The distribution function f is solved via Tikhonov regularization? in the following
form:

= in | Kf - ||*+ 2
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Where f = [f(1), f(2), ..., f(N)]" is the column vector of discrete distribution function,
lhoa = [hoall), Inpa2(2), .-, Inoa(M)]" is the column vector of normalized DQ build-up, a
is the error parameter, and K is the inversion kernel matrix. For DQ data inversion, the
element K,,,, on the m-th row and the n-th column is:

Where subscriptsm(m=1,2,..,M)andn(n=1, 2, ..., N) are the indices of data points
and discrete D, values, respectively.

We have chosen the L-curve* method for optimal choice of error parameters since the
method is well-established and has been widely used in regularization. A set of error
parameters are tested and corresponding solutions (f) and fitting residuals (x = [x(1),
X(2), ..., x(M)]" = Kf - 1,5q) are recorded. The residual norm x? (x> = Sx(m)?) and solution
norm f2 (f2 =3 f(n)?) are plotted in a log-log frame, forming a curve in the shape of the
letter L. A critical point can be found from the L-curve and corresponding error
parameter shall be picked for optimal solution. The procedures mentioned above
applied to all DQ experiments (including PEO255 at the temperature of 393 K).
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Fig. S3 Residual dipole coupling (D,.s) and backbone order parameter (S,) distributions
obtained by Tikhonov regularization on normalized DQ data (/npg). (a) x? (residual
norm) as a function of multiple trial error parameters. Regularization techniques solve



such kind of ill-posed problems by finding a tradeoff between goodness of fit and
reliability of solutions. Small error parameters achieve better fits but are at risk of yield
unrealistic distributions with artifacts that should be avoided. An error parameter with
corresponding x? which is not too far, yet not too close to the best of fit [e.g. the point
highlighted in a red circle in (a)] is usually considered to be reliable. (b) x*(residual
norm) as a function of f2 (solution norm) for optimal choice of error parameters,
known as the L-curve method. The critical point of the L-curve was highlighted by a
red circle. It represented the point highlighted in panel (a) as they have the same 2.
(c) Candidate D, distribution solutions yielded by trial error parameters for PEO480
at the temperature of 363K. Unrealistically narrow peaks emerged as excessively small
error parameters were being tested. The optimal solution yielded by the suggested
error parameter (10! in this case) shall be finally adopted. (d) The S, distribution
obtained from the optimal D, distribution in (c).



1H T, measurement and DQ NMR of PEO mixtures
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Fig. S4 'H NMR spectroscopy results for mixed PEO melts composed of PEO480 and
PEO2 with different percentages of PEO480 by weight at a temperature of 363 K: (a)
H NMR T, relaxation decay curves; (b) DQ build-up curves. The results in (a) become
increasingly nonlinear with an increasing proportion of PEO480, while the slope of the
initially increasing segment in (b) increases as well.



Rheology measurements of PEO255 at different temperatures
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Fig. S5 Rheology data of PEO255 measured at 353, 373 and 393 K. The data were fitting
using RepTate rheology software with the models of Maxwell (the number of element
equal to 3), Likhtman-McLeish and StickyReptation, respectively.
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