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ABSTRACT

In a previous work on a poly(ether ether ketone) (PEEK) melt, above its nominal melting temperature
(Tm = 335 °C), a severe Cox-Merz rule failure was observed. The abrupt decrease of the apparent
shear viscosity was ascribed to the formation of Flow-Induced Crystallization (FIC) precursors. Here,
shear rheology and reflection polariscope experiments are utilized to unravel the structural changes
occurring under shear on a similar PEEK melt above Tm. Three regions of the flow curve were
identified from low (0.01 s') to high shear rates (1000 s): I) isotropic structure with weak
birefringence due to polymer chain orientation and mild shear thinning for y < 1 s!, II) isotropic-
nematic transition accompanied by strong birefringence, two steady-state viscosities and large
nematic polydomain director fluctuations and III) shear thinning behavior with a n~y~%°
dependence for y > 20 s’!, typically found in nematic fluids. The findings reported in this
experimental work suggest that the nematic phase may represent the early stage for the formation of

shear-induced crystallization precursors.



Nematic fluids have always received a great deal of attention due to their rich opto-mechanical
properties. A wide plethora of systems showing nematic phases has been investigated over the years,

45 polymer-grafted nanocylinders®’ and liquid crystalline

including rigid rods,' fd-viruses,
polymers.®!! The Isotropic-Nematic (I-N) transition promoted by shear is not sharp for polydisperse
systems, but it can involve phase coexistence at different length scales (domains).''"1¢ The resulting
nematic phase, as in the case of liquid crystals subjected to shear, can be characterized by nematic
director fluctuation and motion in the velocity direction, such as collective tumbling and wagging, or
orientation in the vorticity direction, but motion in the velocity direction; log-rolling and
kayaking.”!#!172° These regimes are controlled by many factors: initial orientation of the system,
polydispersity, interaction potential, aspect ratio, chain flexibility, domain composition and shear
rate.!”182122 While the I-N transition promoted by shear has been extensively investigated in
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polymeric or colloidal solutions, much less is known for polymer melts. Most of the

literature refers to thermotropic melts.!*!>21:2-2% Of considerable importance are the works of
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Beekmans et al.”> who confirmed the presence of fluctuations in the stress and first normal stress

differences in transient shear experiments, in situ X-ray scattering experiments of Rendon et al.'” and
by Romo-Uribe and Windle'* probing tumbling and log-rolling, respectively, and Gotsis et al.?
investigating the shear thinning regime of nematic melts with pressure-driven flows in capillary and
slit dies. However, rheological evidences of a shear-induced I-N transition is still missing for polymer

melts that never show a quiescent nematic phase.

In this Letter, we demonstrate that the poly(ether ether ketone) (PEEK) melt, sheared above its
nominal melting temperature, exhibits an Isotropic-Nematic transition. The complex transient
response of PEEK was unravelled by means of a combination of rheological and optical techniques,
including shear rheology coupled with a reflection polariscope, cone partitioned plate rheometry and

capillary rheometry.

PEEK 450G was purchased from Victrex (Lancashire, United Kingdom) and has a weight-average
molecular weight Mw = 36.6 kg/mol with Mw/Mn = 2.9.3° The Kuhn monomer length is b= 10.8 nm,*!
making PEEK a very stiff polymer compared to conventional semicrystalline polymers (b < 2 nm).

The entanglement molecular weight was estimated to be 1500 g/mol,*

yielding ~ 25 entanglements
per chain for chains with M = Mw. Shear rheology experiments were performed in three different
instruments: Anton Paar MCR 502 equipped with a 50 mm diameter transparent quartz bottom plate
and an 8 mm diameter polished stainless steel top plate, enabling a reflection polariscope measuring
birefringence in the velocity-vorticity plane;*>** Rheometrics Ares-LS equipped with a cone
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partitioned plate®> (6 mm inner plate diameter and 25 mm cone diameter with angle 0.04 rad and 53
nm truncation gap); and a Rosand dual-barrel capillary rheometer equipped with two dies, one is 30
mm length and the orifice is 0.25 mm in length, both with 1 mm diameter. All the experiments were
performed at 370 °C, above the nominal melting temperature Tm = 335 °C** and below the
equilibrium melting temperature of T, = 380 °C.** An annealing process of five minutes at 400 °C
was applied after the loading, in order to erase the history of the sample.>* 8 mm diameter disks, 0.8
mm thick were press-molded at 380 °C under nitrogen conditions inside a glove-box for twenty

minutes.

Figure 1 shows the apparent viscosity and shear stress at 370 °C as a function of shear rate at the
perimeter of the parallel plate geometry, along with the complex viscosity as a function of frequency
(see also Figure S1 in the SI). The birefringent images, also shown in Figure 1, refer to the velocity-
vorticity plane and correspond to the red symbols in the flow curve. A shearing time of 30 s for each
rate was chosen based on the steady-state attained with the lowest shear rate, ¥ = 0.01 s™. As will be
shown later, this does not always ensure steady-state conditions. Conveniently, the flow curve can

be divided into three regimes which seem to differ from the picture of Asada-Onogi®’-**

and Marrucci-
Grizzuti,*® because there is no thinning regime at the probed low shear rate region, suggesting that

the system is completely isotropic at rest and no nematic domains are present.

I) A Newtonian plateau at the lowest shear rates (y < 0.1 s™), indicating a zero-shear viscosity ~
8000 Pa s, is characterized by very weak birefringence due to chain orientation along the flow
direction (see Figure S2 in the SI). The Newtonian plateau is followed by mild shear thinning in
Regime I, where the birefringence grows very slowly for y <1 s

II) As the shear rate reaches 1 s™!, an abrupt increase in birefringence was clearly observed (see
birefringent image at y = 1 s™' and Figure S2 in the SI), implying a significant structural change
attributed to the I-N transition.'??®4° The border between Regimes I and II has a relaxation time
corresponding to 1/y = 1 s. This might represent the Rouse time 7 of the longest chains, where
such long chains get significantly stretched along the flow direction.’®*! As y increases, the
failure of the Cox-Merz empirical rule*> manifests. On a similar PEEK melt, sheared at 350 °C,
Nazari et al.* assigned the failure of the Cox-Merz to the onset initiation of FIC precursors, with
accelerated crystallization kinetics. In the range 1 <y <20 s™! the failure of the Cox-Merz rule is
accompanied by an abrupt drop in apparent viscosity with n~y =1, implying flow instabilities. In
fact, in this range of shear rates, the shear stress remains constant (~ 7000 Pa), typical of shear-
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banding. Berret et a witnessed an analogous rheological response in wormlike micelle



4445 on the nonlinear rheology of wormlike micelles,

solutions, confirming an earlier prediction
according to which the I-N transition is not sharp but rather characterized by two processes:
nucleation and growth. During these processes, isotropic and nematic domains coexist, and their
composition varies with y. We expect the shear rate in the nematic domains is much higher than
in the isotropic domains, with different viscosity but the same shear stress, referred to as shear
banding.*>

IIT) Fory > 20 s’ the entire sample is nematic, exhibiting a shear thinning regime with n~y %>, as

nematic phases seem to invariably display.!>23-26:39:48-53

The rich rheological response is accompanied by a remarkable evolution of birefringence An with
shear rate and radial position (see images at 10, 30 and 100 s™! in Figure 1). The birefringence is a
measure of the optical anisotropy, resulting from the orientation and deformation of the chains in
shear flow, seen as colored “fringes” in Figure 1. Note that isochromatic circular fringes correspond

t,>* and their position shifts towards smaller

to regions where the normal stress differences are constan
radius as the shear rate at the perimeter increases. An elegant, yet effective, way to quantify
birefringence follows.**** First, a stack of images was created (see Figure 2A), each corresponding
to a shear rate value of the flow curve reported in Figure 1. Second, a slicing plane at 45° to both the

3334 yields the birefringence spectrum as a function of

polarizer and the analyzer transmission planes
radial position and the shear rate at the perimeter of the plate, shown in Figure 2B, along with the
flow curve reported in Figure 1. The two white dashed lines in Figure 2B represent the iso-shear rate
region at the I-N transition (y = 1 s™!). Lastly, the birefringent color observed at a given radial position
is contrasted with the light path thickness (twice the measuring gap) in the Michel-Levy chart™* to

quantify the birefringence.
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Figure 1. Apparent viscosity (blue symbols and left axis), complex viscosity (blue line and left axis)
and shear stress (open black symbols and right axis) of PEEK 450G at 370 °C, as a function of the
shear rate at the perimeter of the plate geometry. Images are birefringence data at the nine shear rates
indicated as red symbols. The rotational direction of the reflecting polished parallel plate is clockwise
and the two yellow vectors in the birefringence image at 2 s!, labelled P and A, are the polarizer and
the analyzer transmission azimuths, respectively. The shear rate in parallel plate geometry depends

on the radial position as y = %, where Q is the angular velocity, h is the measuring gap and r the

radial position.
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Figure 2. Birefringence data analysis for PEEK 450G at 370 °C: A) The image at each plate rotation
rate is sliced at 45° to both the polarizer and the analyzer transmission planes®* and stacked to form
the image in B) which also shows as white dashed lines, the 1 s™! constant shear rate that corresponds
to the isotropic-nematic transition and the apparent viscosity as a function of the shear rate at the
perimeter of the sample (white solid line).

Figure 3 depicts the dependence of the birefringence on shear rate, both referred to the perimeter of
the plate (R =4 mm). An is positive in the whole range of shear rates, implying that PEEK flow aligns
and the polarizability along the chain is larger than that perpendicular to the chain.>*»> Analogous to
the rheological response, the birefringence is divided into the same three regimes of shear rate. For
¥ < 1 the magnitude of the birefringence is the lowest and only caused by chain orientation. In the
range 1 <y <20 s"! An shows a plateau when the system undergoes the I-N transition followed by an
increase with y. In liquid crystalline solutions of poly(benzyl glutamate) and hydroxypropylcellulose,
Hongladarom et al.**>® attributed the An plateau to tumbling and to net orientation imparted by
polydomains in the Regime I defined in Refs. 37-39, respectively, whereas in the present case, the
plateau is tentatively associated to the presence of shear bands, hence the coexistence of isotropic and
nematic domains identified in Figure 1. A similar conjecture was also hypothesized by Noirez, et al.?’
in polydisperse liquid crystalline polymer melts. For y > 20 s™! all the polymer chains contribute to
the nematic phase and An increases as An~}y %5, as reported by all studies of nematics that we are

aware of 28:29.56,59,60
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Figure 3. Birefringence An evaluated at R =4 mm (perimeter of the plate) as a function of shear rate
at the same radial position for PEEK 450G at 370 °C. Error bars were estimated in terms of retardancy
while reading the birefringent colors in the Michel-Levy chart.

We examined Regime II (the I-N transition) in detail via the start-up of shear at various shear rates,
each time with a fresh sample, using a cone partitioned plate at 0.1, 1, 2, 3, 5, 10, 20 s™!. In Regime
111 where the sample is presumably fully nematic, 30 and 40 s™' also were studied but unfortunately
higher shear rates could not be probed without edge fracture effects. A fresh disk was used for each
y. The use of these tests with such a geometry has a threefold goal: 1) providing a uniform shear rate,
2) fixing to zero the shear history of the sample for each y and 3) minimize edge fracture. The
shearing time t was at least 1000 s for each y. Shear stress and primary normal stress difference as a
function of strain (= yt) are presented in Figures 4A and 4B, respectively. Three important findings
are: 1) Two steady-states in the range 1<y <20 s’!, one occurring at ~ 20 strain units, and a second
one at ~ 2000 strain units. While the first steady-state is assigned to the response of the isotropic
phase, the second one with lower apparent viscosity is attributed to the nematic/isotropic biphase,
where two bands coexist with the same shear stress. Presumably the long chains are in the nematic
domains and the shorter chains are still isotropic. As shear rate increases, more chains join the nematic
domains. 2) The second steady-state is characterized by uncorrelated fluctuations in the shear stress
(or in Ni) that are attributed to fluctuations of the polydomain nematic directors, known as

wagging.”!82 3) Aty >20 s°! the two steady-states merge into one single steady-state.



Ugaz and Burghardt®! proposed a simplified version of the Leslie-Ericksen theory®? that studies the
evolution of anisotropy of polydomains and shear stress during a start-up of shear flow in
thermotropic polymers. On the assumption of negligible elastic distortions,®! the orientation response
depends on a single material constant, the tumbling parameter A. Flow aligning dynamics are
expected for A > 1 whereas A < 1 reflects tumbling. In flow aligning (A > 1) liquid crystal polymers,

the tumbling parameter solely depends on mechanical data®® by knowing the steady-state conditions

of the first normal stress difference Ni and the shear stress o: % = \//% (see inset in Figure 4C).

Assuming only flow alignment, supported by the positive sign of An, data of N1 and ¢ reported in
Figures 4A and 4B were used to calculate the shear rate dependence of A as is shown in Figure 4C
(green symbols). A was found to decrease with increasing shear rate, pointing towards the trend
exhibited by semiflexible chains with increasing order parameter,** a result which is in good

agreement with the pronounced chain rigidity of PEEK. The tumbling parameter A is also related to

: . . : o - :
director orientation angle, relative to the flow direction:** tang = \[ A_+i tanh (]E, A% — 1) ,where 7y is

the shear strain. As A becomes smaller, 6 decreases as well, until A = 1 and 6 = 0 for a perfectly shear-
aligned system. In the present case, by using the strain corresponding to the nematic phase (2000
strain units) 0 decreases from 35° to a steady orientation of 20° with increasing shear rate, as reported

in Figure 4C (black symbols and right axis).
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Figure 4. Start-up of shear at 370 °C for fresh loadings of PEEK450G using the cone-partitioned plate
in terms of A) shear stress 6 and B) primary normal stress difference N1 as a function of shear strain.
Panel C) shows the shear rate dependence of the tumbling parameter A (green symbols - left axis) and

the director orientation angle 6, relative to the flow direction (black symbols - right axis) for PEEK
450G at 370 °C. Error bars for A refer to the standard deviation of the mean steady-state values of the

% ratio. The black arrows in panel A indicate the first steady state at y = 20 (isotropic response) and
the second steady-state at y = 2000 (nematic response). N1 at 0.1 s™! is not reported because the normal
force was below the transducer resolution limit. The inset in panel C displays the % ratio as a function

of shear strain at various shear rates reported in the legend of panel B.

In view of the results presented in Figure 4, it is possible to create a more refined flow curve as
reported in Figure 5. The apparent viscosity shown in Figure 1 appears now as a solid black line. The

apparent viscosity values, calculated from the first and second steady-states of Figure 4A (n = a/y)



are displayed as red and blue open circles, respectively. Interestingly, the apparent viscosity
calculated from the first steady-state aligns perfectly with the complex viscosity, validating the
empirical Cox-Merz rule. This represents the isotropic response. y = 1 s™! marks the lowest shear rate
at which two steady-states are observed; the I-N transition. The blue circles represent the “true”
steady-state apparent viscosity values of the shear-banded biphase where the high molecular weight
chains presumably form a nematic phase that coexists with an isotropic phase comprising lower
molecular weight chains. In fact, the lower apparent viscosity values in the range 4 <y < 8 57!,
measured with a fixed shearing time, might not represent steady-state values (see gray region in
Figure 5 and Figure S3 in the SI) as it was not known, a priori, the existence of a second steady-state.
This occurs in Regime II, where fluctuations in viscosity are also quite significant (see Figure S3 in
the SI). A very good agreement between the two sets of data is then recovered at y >10 s™!, where the
system response starts being dominated only by the nematic phase and the two steady-states start to
merge. Note that 7 = 20 s™! represents the highest rate at which it is still possible to measure a transient
isotropic response. Fory > 20 s, only a fully nematic response is obtained (Regime III). Finally,
rheology of PEEK in Poiseuille flow (blue squares in Fig. 5) validated the shear thinning Regime I11

aty > 20 s with n~y %5, and extended the flow curve by more than a decade in shear rate.
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Figure 5. Apparent steady state and complex viscosities as a function of shear rate and frequency,
respectively, for PEEK 450G at 370 °C. The black line represents the flow curve reported in Figure
1. The green dotted line is the complex viscosity (see blue symbols in Figure S1). Red and blue circles
are steady-state viscosities estimated from the first and second steady-state plateau shown in Figure
4A. Blue squares are viscosity values obtained with capillary rheometry at 370 °C. The gray region
at 1 s corresponds to the I-N transition of the longest chains that get stretched in the shear flow,
whereas the one between 2 s™! and 6 s™! refers to strong fluctuations in the nematic/isotropic biphase
(see figure S3 in the SI). Vertical black dashed lines mark Regimes I, I and III (see text).

In light of the refined results displayed in Figure 5 the following scenario is thus proposed, assuming
that the 1 s™! shear rate where Regime I starts is the reciprocal of the Rouse time of the longest chains,
g =1s.

For ytz < 1 the system is only isotropic, regardless of the shearing time. At ytz = 1, the longest
chains of the system get stretched, and the isotropic response is then followed by the nematic
nucleation as the shearing time (or strain) increases. The two responses are well decoupled in time
(or strain) reflected in the presence of two steady-states in the transient response. In Regime II, the
nematic phase forms domains (or bands), within which the longest chains are oriented and stretched,
surrounded by an isotropic phase of shorter chains that are only oriented. The nematic phase is now
characterized by uncorrelated time fluctuations of the shear stress that increase with y. As shear rate

increases in Regime II, more chains get stretched to join the nematic domains. Thus far, the isotropic
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response complies with the complex viscosity, fulfilling the Cox-Merz Rule. For ytp > 20 (Regime
IIT) all chains are nematic. As the shear flow starts, all the chains start immediately to flow align,
smearing out the isotropic response. Rotational and capillary rheometry agree well, yielding n~y %>,

reflecting the shear thinning of all nematic fluids,!>23-26-3%48

The stress-optical rule correlates the birefringence with the primary (N1) and secondary (N2) normal
stress differences as An=CN1(N2/Ni+1) with C being the stress-optical coefficient.>* Assuming that
Nz is negligible compared to N1, An=CN is obtained. The latter enables the estimation of the stress-
optical coefficient by knowing An from the reflection polariscope and Ni from Figure 4B. Figure 6A
shows the birefringence as a function of radial position and strain (= yt) obtained with a start-up of
shear experiment at y = 30 s™! (at the perimeter of the plate). The strain units related to the two steady
states are also displayed as vertical black dashed lines. By using the Michel-Levy chart, birefringence
values were calculated at different radial positions, 4 mm, 2.7 mm, 1.3 mm, 0.7 mm, corresponding
to shear rate values of 30 s!, 20 s!, 10 s7!, 5 57!, respectively. Such values were then contrasted to
those of Ni reported in Figure 4B, therefore, the stress optical coefficient was calculated in the two
steady-states and displayed in Figure 6B. The stress-optical coefficient takes values between
5.65 x 1072 and 5.95 x 107° Pa’! regardless of the shear rate and the steady-state which is referred
to. In fact, the stress-optical coefficient is directly proportional to the difference between the parallel

t,5 or analogously, to the chain rigidity.®® Thus, as

and perpendicular polarizabilty of a Kuhn segmen
PEEK is characterized by a large Kuhn length (b = 10.8 nm)*! and a linear molecular structure, the
parallel polarizability is much larger than the perpendicular polarizability, resulting in a positive stress
optical coefficient ~ 5.8 X 107° Pa! that is considerably larger than more flexible polymers,* such
as isotactic polypropylene (C ~ 0.9 X 107° Pa’!, b= 1.1 nm), polyisoprene (C ~ 1.9 X 107° Pa’l, b <
1 nm), polyethylene (C ~ 2.5 X 10~° Pa’!, b = 1.4 nm), polybutadiene (C ~3.3x 107 Pa’!, b= 1.0

nm) and polystyrene (C ~ —4.5 X 107° Pa’!, b= 1.8 nm).

12



A) 1 steady-state 2" steady-state B)
I

- II:I '15' stlead)"-sta;e .

O 2" steady-state |

_____n______o______o__

a o |

o _____8_______]

T T l 1 T 5 0 _
10° 100 100 10 T5 10 15 20 25 30

y=ty (R =4 mm) vIs']

Figure 6. A) Slice of the stack of shear-induced polarized light images (sliced by a plane at 45° to
both the polarizer and the analyzer transmission planes)** during a start-up of shear at y = 30 s™! at
the perimeter of the plate. Birefringence as a function of radial position and shear strain at the
perimeter of the plate is obtained. The two vertical dashed lines indicate the two steady-states (see
text). B) Stress optical coefficient estimated as C=An/N at various radial positions (or y) reported in
panel A: 30 s' R=4mm, 20s' R=2.7mm, 10 s' R =1.3 mm, 5 s"' R = 0.7 mm. N values refer to
Figure 4. The value of the stress optical coefficient falls in the range 5.65 X 107 << 5.95 x 107°
Pa! (see horizontal dashed lines).

The entangled rigid PEEK melt exhibits an isotropic-nematic transition, promoted by shear flow. The
PEEK transient shear response is complex, suggesting multiple structural changes. Conveniently,
three regimes were identified by means of different rheological and optical techniques: I) an isotropic
regime with weak chain orientation at low shear rates, II) an I-N transition where isotropic and
nematic phases, well separated in the time (or strain), coexist and their compositions depend on shear
rate y, and III) a shear thinning regime at high shear rates, where the whole system is nematic and the
viscosity decreases as n~y ~0-> 1225263948 \We hypothesize that formation of the nematic phase in

shear may play an important role in flow-induced crystallization.>¢-’

ASSOCIATED CONTENT
SUPPORTING INFORMATION

Small Amplitude Oscillatory Shear in terms of dynamic moduli G’ and G”, and complex viscosity
as a function of oscillation frequency; apparent viscosity as a function of shear rate and shear-induced

polarized light images.
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S1. Linear Viscoelasticity: Small Amplitude Oscillatory Shear

Figure S1 shows the linear viscoelastic spectrum in terms of dynamic moduli G" and G”, and complex
viscosity " as functions of oscillation frequency for PEEK 450G at 370 °C. Data were obtained with
a rotational rtheometer Anton Paar MCR 502 equipped with a 50 mm diameter transparent quartz
bottom plate and an 8 mm diameter polished stainless steel top plate. Measurements performed at 370
°C were preceded by a five minutes annealing process at 400 °C to erase the mechanical history of

the sample.!
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Figure S1. Dynamic moduli G’ (solid symbols), G” (open symbols) and complex viscosity 1 (blue
symbols) as functions of oscillation frequency for PEEK 450G at 370 °C.
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S2. Reflection Polariscope: Shear-Induced Polarized Light Images

Figure S2 complements the birefringent images shown in Figure 1, in the main text. Images refer to
the velocity-vorticity plane. While for y < 1 s’! the birefringence is rather weak and caused only by
chain orientation, a clear increase is detectable at = 1 s!, at the Isotropic-Nematic transition. Note
that, at y = 1 s the “Maltese cross” manifests. When the orientation of the polymer chains (molecular
axes) coincides with that of one of the crossed polarizers (polarizer axes) the transmitted light is rather
weak. This results into four dark perpendicular cones or commonly known as Maltese cross. The light
transmission increases as the orientation of the chains makes a non-zero angle with both polarizers,
reaching a maximum at 45° (or 135°), which is why the slicing plane for the imaging analysis is

typically done at that angle.’

Figure S2. Birefringent images under shear of PEEK 450G at 370 °C. Measurements were performed

in a rotational rheometer Anton Paar MCR 502 equipped with a 50 mm diameter transparent quartz
bottom plate and an 8 mm diameter polished stainless steel top plate. A reflection polariscope®> was

utilized in situ as the sample is sheared in the rheometer.
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S3. Shear Stress Fluctuations in the Start-up of Shear

Start-up of shear aty = 2 s™! (at the perimeter of the plate) of PEEK 450 G at 370 °C is shown in
Figure S3 in terms of apparent viscosity against time. Birefringent images corresponding to the
colored symbols in the viscosity data are also reported. ¥ = 2 s™! falls in the region II of the flow curve
shown in Figure 1 (see main text). It has been pointed out that, in such a region, the apparent viscosity
measured with a plate plate configuration is lower than that measured with the cone partitioned plate
(Figure 5 of the main text). A possible conjecture follows. The fixed shearing time based on the lowest
shear rate probed in the flow curve (y = 0.01 s™), may not guarantee the steady-state conditions in
region II, where two steady-states were observed with the cone partitioned plate. In other words, it is
possible that the instrument measures the viscosity during an undershoot of the fluctuations (see
Figure S3) underestimating significantly the apparent viscosity. Moreover, with the plate plate
geometry the system does not reach a clear second steady-state. Perhaps the shear flow is not
homogeneous in a parallel plate geometry as the shear rate varies linearly with the radius, and this
might enhance the presence of fluctuations. Finally, as it is known from the literature,* the shear-
induced nematic strongly depends on shear history, therefore, it is possible that in a shear rate sweep
experiment, the polydomain nematic directors experience diverse dynamics because of a different
accumulated strain. On the contrary, in start-up of shear experiments, the system always starts from
an initial isotropic condition. It is also worth looking at the results in terms of birefringence. Indeed,
an unambiguous change in birefringence is observable between the blue, red and purple symbols,
when the system undergoes [-N transition. A further increase in time does not seem to change the
birefringence pattern significantly, suggesting that the nematic composition is constant but its

orientation director is characterized by strong fluctuations, reflected also in the apparent viscosity.
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Figure S3. Shear stress growth coefficient as a function of time during start-up of shear flow at 2 s™!

(at the perimeter of the plate) for PEEK 450G at 370 °C. Birefringent images at various times,
corresponding to the colored circles, are also reported. Measurements were performed in a rotational
rheometer Anton Paar MCR 502 equipped with a 50 mm diameter transparent quartz bottom plate
and an 8 mm diameter polished stainless steel plate. A reflection polariscope* was used in situ while

the sample is sheared in the rheometer.
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