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Details on the calculation of @, from the WAXS spectra

Schematics of the two crystal cells are reported in Figure S1.
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Figure S1 Schematic of the Form I and 11 crystal cells (inspired from ref [1]) with visualization of the main
inter-planar distances.
To obtain a reliable calculation of @, from the WAXS spectra, the existence of all the calculated diffraction

lines reported in the Table 1 was taken into account. Thanks to the WAXS experiments on pure form | and
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form 11 samples (Figure 2-d and b respectively) and to indications on intensity ratios from the literature [1]
[2] some constraints on parameters were imposed during the Fityk [3] refinement. For example, in form 11,
the width of line (110) is always broader than that of the line (020). The intensity ratio lox/ l110 is around
0.5-0.7 for form |1, and the ratio lu0/ l110 is around 1 for form I. With these constraints, reliable fittings of
WAXS experimental spectra, that respect the relative intensities and width of Bragg peaks usually observed
for pure forms I and 11, were obtained.

The amorphous contribution is modeled with the superposition of three broad peaks (Figure 2-c). This model
calculated from the amorphous film is adjusted for the semi-crystalline samples. For the semi-crystalline
samples, small deviations from the initial model are allowed in order to improve the global refinement of
the spectra. These deviations are considered to be valid because the amorphous phase constrained between

crystalline lamellae is not necessarily the same as the amorphous phase free from crystalline constraints.

Corrections of WAXS spectra and calculation of the normalized intensity in absolute units

To apply the absolute method, WAXS spectra intensity, Iraw(S), was first corrected from absorption (faps),
polarization (fpr) and Lorentz factor (fLorentz) Using XSACT software [4]. These three contributions lead to a

corrected factor feor. [4]

Leorr = Iraw/ feorr WIth feore = faps X fpol X fLorentz

InT, X (ﬁ— 1)

elnﬂx(ﬁ—l) _1

fabs =

with T;, the sample transmission: T, = e ™#L | u: the linear absorption coefficient , and L: the thickness of

the sample.
foor = 0.5 % (1 + cos? 26)

1
Trorentz = 355 gin? 0
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These corrections are implemented in the XSACT software [4], which are applied to the

experimental spectra Iraw(s) Or Iraw(26). lcorr is thus obtained.

lcorr IS NOrmalized using the fact that the scattered intensity integrated in all the reciprocal space is
a constant. Using the formalism described by VVonk, T(sp) can be calculated [5].

7(s,) = f;p(]Tz+D.sz.ds )

J)¥ Leorr- 52 . ds

f2(s), the weighted mean-square atomic scattering factor, defined in the main article, is calculated for the
chemical composition of PEKK (C2H:120s) and using the tabulated values [6]. s2 f2(s) represents the
coherent intensity, lcone, While the incoherent intensity, lincon = S%. J, Where J, the average of the incoherent
intensities, in electron units, is calculated for the PEKK using an analytical expression [7]. The intensities
calculated, (lconet lincon) and lincon are plotted Figure S2-a. Due to the reduced angular range used in this
study, the normalization coefficient o (inset in Figure S2-a) is measured at s, = 0.65 A, which is a

reasonable estimation [5]. The normalized intensity in absolute units is deduced and the incoherent

contribution is subtracted. Corresponding spectra Inorm and (Inorm — lincon) are reported Figure S2-a.

Absolute crystallinity calculated from the Ruland method

The separation of the crystalline peaks from the background of amorphous scattering was done using a
similar procedure to the one already used and published [5] [8] [9]. The crystalline intensity, lcyst is plotted

in Figure S2-b.

The two methods presented in the main part of this article for the calculation of couples ( X2P¢, k) are applied
to leryst. FOT the two methods, the lower and the upper limits of s were set at so = 0.1 At and s, = 0.65 A%,

respectively. The graphical method [5], 1/R(sp) versus sg, is illustrated Figure S2-c for the sample CC230.

Xabs = (0.18 and k = 3.8 were calculated.
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Figure S2 (a) Illustration of the normalization method, using the calculation of Icone and lincon , (b) Separation

of leryst from the amorphous background and (c) graphical method [5] for the determination of X2PS and

k. Inset in (a) shows the evolution of T(s).
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Results of calculation of

fo sle@)ds _Jys*G)ds

XS =R x K == —
J, s2(s)ds [, s*f%(s)D(s)ds

for various [so, Sp] ranges and various k values are reported in Table S1 for sample CC230. The smallest

standard deviation is observed for k = 2.7. For this k value, X2 = 0.17 was calculated.

Table S1: Crystallinity of sample CC230 as a function of k and the integration interval [So,Sp]

[Sor Sol k=0 |k=1] k=2 | k=27 | k=3 | k=4

[0.1,0.3] 0,152 | 0,160 | 0,169 | 0,175 | 0,178 | 0,188

[0.1,0.4] 0,133 | 0,146 | 0,159 | 0,169 | 0,174 | 0,189

[0.1,0.55] | 0,114 | 0,232 | 0,153 | 0,169 | 0,176 | 0,202

[0.1,0.67] | 0,103 | 0,227 | 0,154 | 0,175 | 0,184 | 0,218

Mean X2bs | 0,125 | 0,141 | 0,159 | 0,172 | 0,178 | 0,199

o(Xabs) 0,022 | 0,015 | 0,007 | 0,003 | 0,005 | 0,014

Details on the crystallinity calculation from the WAXS peak-fitting method.

The WAXS spectra used is Iraw(20) (see Experimental part). Before refinement and decomposition in
amorphous and crystalline peaks, a linear background was determined, based on the intensity level at small
and large angles [10] [11] [12]. The background was subtracted from the diffraction spectra. The weight
crystallinity, " is then calculated using the following equation:

A+ A,

w

Xc

in which Ac and Aa are the areas under fitted crystalline peaks and amorphous halos, respectively.

Figure S3 shows a comparison of the crystallinities calculated with the three methods.
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Figure S3: Comparison of the weight crystallinities deduced from the peak-fitting method, the Ruland
method, and the Vonk-Ruland method.

With the peak-fitting method, as the normalization in absolute intensity and the subtraction of the incoherent
intensity were not performed, a baseline must be subtracted. The choice of the angular domain is then critical
because it defines the base line intensity to subtract to the amorphous contribution.

If the refinement was performed in a wide 20 range, from 5 to 60°, the background is estimated at 5° and
60°, a value of ¥ : 18.5% was calculated. For WAXS spectra recorded in smaller 26 range, it is not easy
to evaluate the «correct» background, i.e. without suppression of significant intensity. This point is
illustrated in Figure S4. When the background was evaluated at the limits of each 26 range, two values of
xe = 18.5% and 27% were calculated for the two respective angular domains: [5°, 60°], used in this study,
and [10°, 35°], the angular range most frequently encountered in the literature. The crystal ratio can largely

be overestimated due to an underestimation of the amorphous contribution for the smaller angular range.
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Figure S4: Influence of the angular 268 range on the weight crystallinity evaluation. In these cases, the

background is defined in (a) and (b) at the boundaries of each 26 range.

Influence on the heating rate from 20°C to the crystallization temperature

DSC traces of amorphous PEKK recorded during heating at 10, 20 and 50 °C/min were presented in Figure
S5. Crystallization during heating at 10 and 20 °C/min were actually observed. Significant crystallization,
above 225 °C, can be observed during heating at low heating rates, 10 and 20 °C/min. No crystallization

was observed below 225 °C.
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Figure S5: DSC traces of amorphous PEKK (T/I = 60/40) films during the first heating at various heating
rates: 10, 20, and 50 °C/min
Crystallized films were taken out of the DSC pan and analyzed by WAXS to quantify the amounts of

forms | and 1l. Results are reported in Figure S6.
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Figure S6: Fraction of form | in PEKK 6002 cold crystallized during 4h00 at 280 °C and at 230 °C after
heating ramp at various heating rates. The dotted lines are guides to the eye. The red arrows indicate the
estimation of the heating rate for the sample crystallized inside the ventilated oven at 280 °C (form I fraction

46%).

The crystallization at 230 °C was not significantly affected by the heating rate to reach the crystallization

temperature. Contrariwise, it is not the case for the crystallization at 280°C. The significant amount of form
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Il obtained after the crystallization at 280 °C for heating rate lower than 50 °C/min is due to the high rate of

crystallization of the form 11 at around 240 °C for cold crystallization [13].

Complementary DSC experiments for a better understanding of the multiple melting endotherm.
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Figure S7: Heating traces at various heating rates of PEKK cold crystallized at 200 °C.
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Figure S8: Dependence of the (a) low and (b) high melting temperatures on heating rate for PEKK cold
crystallized at Tc = 200 °C, and (c) evolution of the low endotherm peak temperature with crystallization

time for PEKK cold crystallized at Tc =180, 200, and 230°C.
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Figure S9: Heating traces of PEKK crystallized in form | and form II.

Correlation between melting enthalpy from DSC and crystallinity from WAXS.
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Figure S10: Melting enthalpy deduced from DSC measurements versus weight crystallinity from WAXS

experiments.
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