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Abstract. A comb-like liquid crystal polymer is stretched and quenched after a certain time in

the nematic phase. The conformation of the deformed chain is determined using small angle

neutron scattering (SANS) as a function of the temperature of stretching, the stretching ratio and

the duration of the relaxation. The scattering data are well fitted to junction affine and phantom
network models. Some data are even well fitted by a totally affine model that we call

«
pseudo

affine
»

because the only parameter, the stretching ratio, is found to be well below the macroscopic
stretching ratio. The latter result, never encountered with amorphous polymers, is attributed to the

cooperative effects of the nematic phase. We also note that the form factors of the chain in the

underformed sample remain similar in the isotropic, nematic and glassy state they correspond to a

Gaussian chain. The same samples were studied by wide angle X-ray scattering. On one hand, the

orientation of the mesogenic groups is found to be parallel or perpendicular to the stretching
direction depending on the stretching temperature. This result is discussed as a function of the

presence of smectic fluctuations. On the other hand, longer relaxations at constant elongation ratio

do not lead to a disorganization of the mesogenic group orientation whereas the polymer chains are

partly relaxed.

Introduction.

The aim of this paper is the study of a Comb-Like Liquid Crystalline (CLLC) polymer
stretched in the bulk state. Our interest is to compare the deformation of the backbone for a LC

polymer in the nematic phase (the conformation of the chain at rest has been already studied

[I ii to that of a usual flexible polymer in the amorphous phase [2].

A related problem is the relative orientation of the mesogenic cores with respect to the

backbone which is not yet understood in the nematic phase as observed with different methods

of orientation and techniques [3-5]. The most common procedure is X-ray diffraction on

mechanically oriented samples. A few studies only are made in clearly defined conditions but

still [6-10] lead to conflicting results. In addition the backbone can only be assumed to be

parallel to the stretching axis.

JOURN~L DE PHYSIQUE II T 4 N'6 JUNE lQ94 19



1034 JOURNAL DE PHYSIQUE II N° 6

As regards the backbone, no experiments have been reported yet with stretched CLLC

polymers. We were curious to know whether the chain conformation is different from that

observed with usual flexible polymers. Conceming the latter the reference model is the affine

deformation of the coil with respect to the macroscopic deformation. This behaviour is never

observed in the whole range of distance because there is always a loss of affineness [2] related

to the relaxation of the material at small distances. This applies for times shorter than the

characteristic time of the macroscopic deformation. The relationship between such time

r and distance r is given by the Rouse model II ],
r m

r~. In other words there exists a cross-

over value, r*
w r "~, between the deformed behavior at large scale and the isotropic one at

small scale. This model is valid for r values smaller than the mean distance between

entanglements (the tube diameter D). This description corresponds to the static response of

SANS shown in figure I where the loss of affineness is clearly seen at a scale where the Rouse

regime begins.
For the description of relaxation in amorphous polymers to be complete we recall the

behavior at large time. For r greater than D, reptation is assumed in the deformed tube

(representing the obstacles due to the other chains) and relaxation occurs mainly from the two

end parts of the chain disengaged from the deformed tube extremities. In the reciprocal space,
described by the scattering vector q, this corresponds to a scattering function which averages

the conformations of parts of chains inside and outside the deforrned tube. Thus at each

q value corresponds the same distribution of times at variance of the Rouse law

(q
m

T~ "~).

For LC polymers, cooperative phenomena encountered in the nematic phase should involve

the polymer at all scales (the mesogenic groups align the backbone which in turn align the

mesogenic groups, and so on). A smaller scale of correlation times is expected in this global

process. We think that this mechanism would not allow the existence of the Rouse regime
where chains relax individually. Thus the scattering curves could display an affine deformation.

Small Angle Neutron Scattering (SANS) is the main tool for the determination [12] of the

backbone conformation from a mixture of fifty percent of deuterated and protonated polymers.
We will use it here in order to determine the backbone response of an uncrosslinked LC

polymethacrylate stretched in its nematic state. The corresponding mesogen orientation will be

evaluated from X-ray experiments with the same sample.
The paper is organized as follows in section I the preparation of the sample and neutron

and X-ray set ups are described. Then in section 2 we recall the phantom network model which

allows us to calculate the scattering function of a mixture of polydisperse polymers in the

stretched state. In section 3 we describe the results obtained with an undeformed sample
whereas in section 4 the results of preliminary experiments obtained with three temperatures of

deformation are given. Then the variation with the deformation ratio and the variation of the

relaxation durations are shown in section 5. Section 6 is devoted to a general discussion of the

results.

1. Experimental.

I,I SYNTHESIS OF POLYMERS. The side chain liquid crystal polymethacrylates (PMAH-
CH~ and PMA~-CH~),

CR~

~CR~C~

CO~(CH~)~-O-4--C02-4--CH~
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where R is either H or D, were obtained by free radical polymerization of corresponding
methacrylate monomers in solution [13]. The molecular weight distributions were determined

by size exclusion chromatography with light scattering on line (SEC-LS) at~Institut. Charles

Sadron, Strasbourg. The average molecular weight M~ of the polymer PMA~CH~ is 217 000

with a polydispersity M~/M~ of 2.7. For PMA~CH~, M~ is 336000 and M~/M~=

3.7.

These polymers present a nematic phase lying in between the nematic isotropic transition

temperature Tj~
=

82 °C and the glass transition : T~ =

45 °C [14].

This rather large nematic range allows deformations in a -wide range of temperatures and

quenching in the glassy nematic state.

1.2 SAMPLE PREPARATION. A mixture of hydrogenated and deuterated PMA,-CH3 was

prepared by dissolving the two polymers at 50 : 50 weight ratio in chloroform. After drying

under vacuum at room temperature, the powder was then moulded at 130 °C into strips of

initially 18x9 xl mm~. The samples have been stretched rapidly (elongation time

ts between I and 80s) by an elongation ratio A (from 1.3 to 3) at a temperature

T~j
>

T~
> T~ in a silicon oil bath, then maintained at constant length and constant temperature

for a certain relaxation time t~ before being quenched in the glassy state at room temperature
[15]. Elongation ratios were determined by measuring the distances between reference marks

drawn on the sample before and after deformation in the three principal directions. We have

checked that the macroscopic deformation was

A~"~ 0 0

r-E-r E= 0 A~"~ 0

0 0 A

giving consistent A values within AA/A
=

0.I.

A sample is characterized by ts the duration of stretching, A, t~ and TD. We consider this

deformation as an instantaneous one followed by a relaxation of duration ts + t~ (ts « t~~~

where
t~~~

is the largest relaxation time). Since the characteristic relaxation times of the polymer
decrease with increasing temperature, ts and t~ have been chosen conveniently shorter at

higher T~. These experimental parameters for each sample are given together with our results

in section 4 and 5. Section 5 also involves samples which have been relaxed, then measured

and relaxed again (by dipping them again in the bath), measured again, and so on.

The stretching temperatures are 55, 67, and 77 °C. For amorphous polymers it is usual to

observe that the sample is able to recover its initial length for t « t~~~ as is well known, this

occurs because entanglements then play the same role as crosslinks in a rubber. Here the

reversibility of the deformation is a function of temperature : at 55 and 67 °C, the sample is

able to recover its initial length within a few percent whereas, at 77 °C, the recovery is far from

complete (the deformation better ressembles a flow). In these polymers, the origin of

«
entanglements

»
is not yet understood.

1.3 NEUTRON EXPERIMENTS. The measurements were performed on the PAXY spectrome-

ter at LLB (Orphde reactor, CE-Saclay). The distance between the sample and the

multidetector (128 x 128 cells of 5 x 5 mm~)
was 3.2 m and the neutron wavelength was 10 1.

The scattering vector range was 7 x
10~~

< q <
6.4 x

10~~ l~ '

For the undeformed sample, the regrouping of the isotropic scattering was annular. For

anisotropic samples, the regrouped cells were selected among rectangles of II cells of width

aligned along the stretching direction and 7 cells in the perpendicular direction. Each scattering

was corrected from transmission, sample thickness and detector efficiency (using I mm water

cell). The incoherent background due to the H nuclei in the labelled sample calculated from the
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signal of the undeformed PMA~CH~ sample was then subtracted. Absolute calibration of

SANS data was obtained by direct measurement of the incident beam flux [16]. The

differential scattering cross sections, Iii (q) and I~ (q) are expressed in cm~ '

IA X-RAY EXPERIMENTS. The X-ray diffraction experiments were carried out with an

already described apparatus [17]. The X-ray beam is produced by a rotating copper anode

generator equipped with a microfocus. A nearly parallel monochromatic (Ac~~
=

1.541ii
beam is obtained by reflection from a bent graphite slab. The beam size is about I mm~ at the

sample level. The scattered X-rays were collected either with a two-dimensional proportional
counter [18], for test purposes, or with photographic plates. The scattering vector range was

10~ '
< q <

3 l~ '

It is worth noting that samples contained in capillary tubes of 1.5 mm diameter could not be

aligned (as checked by X-ray diffraction) in a magnetic field of1.7 T by the usual procedures.
Moreover, fibers were drawn with a pair of tweezers from the isotropic melt. These fibers

observed in the polarizing microscope were quite birefringent, but their X-ray diffraction

patterns were isotropic.

2. Models for scattering functions.

2, I MixTuREs oF H AND D CHAINS. According to the random-phase approximation (RPA),

the coherent neutron scattering S~(q) from a mixture of ~b~ labelled polymer chains and

(I ~b~) matrix hydrogenated chains is given by [19] :

=
+

'
-2 xs~(qi w~ s~(qi (i w~i s~(qi

where x is the interaction parameter between D and H monomer units, S~(q) and

S~(q) are the forrn factors of the two types of chains.

Since the molecular weight distribution f(N ) of polymers is relatively large, generalization
of this equation is used following the RPA [19] :

=
+ 2 x (I)

ST(q) fbD(SD(q)) (I ~bD)(SH(q))

defining

jfi(N)dN

In our calculation f, (N is deduced from SEC-LS measurements. Previous SANS experiments

on that kind of polymers do not report any noticeable effect of x [lc 23]. For our mixture of

homopolymers of comparable and not very high molecular weights, the influence of x can be

negligible.
At rest, if the chain configurations are ideal, S~(q) and S~(q) can be expressed in terms of

the Debye function D(q) :

S (q
=

ND (Nq~ a~/6 j
~~~

p/ ~2
D(x)

=

(2/x~) (exp(- xl + x I x =
q~ R( R(

= 6

where R~'is the radius of gyration.
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2.2 DEFORMED CHAINS. The affine deformation discussed in the introduction corresponds

to the following form factors

Sjj (q
=

ND (A ~ xl Si (q
=

ND (x/A ). (4a)

At large q, q~ S(q) for both directions reach a plateau of levels :

q~ Sjj (q)
=

/,
q~ S~ (q)

=

~~/ (4b)

a A a

A more realistic model takes into account the loss of affineness to the macroscopic
deformation when the scale decreases from the macroscopic dimension of the sample to the

undeformed scale of the monomer. This behaviour, as discussed in the introduction, is

predicted by the Rouse model. it is also a general feature of rubber elasticity. Both can be

described schematically by considering chains linked to fixed points but free to rearrange

between them. In a first model cross links can be displaced affinely under deformation. This

junction affine model [20] has been slightly modified in a phantom network model [2 Ii where

the junctions (crosslinks) are assumed to fluctuate around their affinely deformed mean

positions. An important idea of the latter model is that the fluctuations of the junctions are

independent of the strain. These models developed for networks have also been used for melts

in modem theories where entanglement points replaced cross links. They can thus be described

by a chain inside a deformed tube for which S(q has been given by Warner and Edwards [22]

which corresponds to an affine deformed chain of Gaussian blobs of p monomers. The

scattering can be expressed as a single sum :

s~(oj
s~(q)

=

~
x

x

N
+2 £ (N -k)exp(- ~~~~

(a~k+p(I -a~)(I -exp(-~ )j (5)
,~~

6 p

a
is the deformation along the vector q I.e.

a
~

=

~ cos~
q7 +

) sin~
q7

where
q~

is the angle between q and the stretching axis. In the following we define

sjj (q
=

so(q) and s
~

(q
=

s~o(qj.
We have performed numerical evaluations of the intensity scattered by a mixture of

deuterated and hydrogenated polydisperse chains following equations (5) and I ). S~(q can be

calculated for different values of the deformation ratio and molecular weights of elementary

sequences between entanglements (corresponding to different numbers of monomer units per

mesh).

2.3 REPRESENTATION oF S~(q). For large q values (qR~~~~ ml the variation of

S~(q) is independent of the polydispersity, as can be clearly seen using the Kratky
representation, q~ST(q)

versus q, which gives a plateau in this intermediate q range (see

Fig. I ). This representation allows us to focus on the loss of affineness visible at large q. Thus

the Kratky representation will be used in the following.
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2.o '

isotropic

II

~0 0.2 0.( 0.6 0.8

q
10ij/

Fig. I. -Representation of q~S(q)
versus the scattering vector q for the calculated form factors

S (q for a totally affine model 1
=

3 (full lines upper (1 and lower curves III
and for a phantom network

model 1
=

3, p =

loo (see Eq. (5) (O) I
curve (.) 1 curve). The polymer is a polystyrene chain of

7 000 units. The isotropic scattering is shown on the medium full line.

3. Results for the undeformed sample.

Undeformed samples were studied in two ways :

(ii in a quartz cell at three temperatures 100 °C, 67 °C and 42 °C

(iii annealed at about 85 °C for 10 mn and then quenched to room temperature.

The corresponding scattering curves are very similar and give the same value for the

apparent radius of gyration R~~~~ =

101 ±
41 obtained from the Zimm representation :

si (q
"

si (0)(1 + q~ R(app/3 ) qRgapp ~ l (6)

At large q, the curves approach the plateau (see Fig. 2) characteristic of a Gaussian

conformation in the Kratky representation. This representation is very sensitive to the

background subtraction and to the difference of densities of the phases. This probably explains
the small differences (± 5 iii ) observed between the scattering (I) and (it) (curves not shown

here).

The scattered intensity for sample (it) has been fitted to a form factor of a mixture of

polydisperse Gaussian chains according to equations (3) and (I). In our calculations we have

used the normalized weight distribution functions of the polymers measured by SEC-LS. By

fitting experimental data to equation (I) we determine the following relation between

R~ and the molecular weight M

R~ =

(0.17 ± 0.01 M"~

This value of 0.17 is to be compared to that of 0.24 found with another polymethacrylate
[lc, 23].

In figure 2, we can observe, at the intermediate q values, a little discrepancy between the

data and the calculated points. This could be attributed to a non-zero (but small) value of the

Flory-Huggins interaction parameter between H and D species the influence of which increases
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1

3

E
o

~v
o< 2

q~
o

cQ

~
~

q
~k~

Fig. 2.- Representation of q~l(q)
i>ersus the scattering vector q for the scattering intensity

1(q ) by the quenched liquid crystal polymer at rest. The full line is a best fit to Gaussian chains (Eqs. (I

and (3)).

with the molecular weight of the polymers. However, this effect is not very significant and
does not change the main conclusions of this study.

In summary a Gaussian conformation is adopted by the LC chains in the isotropic phase and

is kept after quenching to room temperature. It is a remarkable result in particular in the

nematic phase.

4. Exploration experiments at different temperatures.

In this section, we present neutron and X-ray scattering data for samples deformed

(A
=

3 ) inside the nematic phase at three temperatures 55 °C (close to the glass transition

T~ =

45 °C), 67 °C and 77 °C (close to the nematic-isotropic phase transition).

We first discuss the SANS data shown in figure 3. The most striking result for

T~
=

55 °C (Fig. 3a) and 67 °C (Fig. 3b) is that no loss of affinity appears for large q values.

I.e. the curves in parallel and perpendicular directions do not tend to join the isotropic curve, as

is usually observed for amorphous polymers (see Fig. I) for similar of values q and

t~ + ts. In particular q~ I~ (q does not show any maximum but seems to reach a plateau. This

can be made quantitative by fitting simultaneously both scattering curves Iii (q) and

I~ (q by equations (I and (5). The following procedure is used the value of S(0 is obtained

from the extrapolation to q =

0 of Ii '(q)
versus q~ in the Guinier range which is very

accessible in the perpendicular direction. Then this value is introduced into the calculation of

I~(q) and I (q). The fit consists in the determination of A and p using the relation

R~ =

0.17
/~

for the radii of gyration.

The best values of A and p are obtained by visual comparison of the calculated curves with

the experimental ones in both directions simultaneously.
From another point of view the values of S(0) obtained for each sample display differences

(below 20 iii relatively to the value of the isotropic sample) which we attribute to errors in the

determination of the thickness of the stretched samples.
The results for values of A and p are summarized in table I where the values of

R~~~~ are also given (see Eq. (6)) for both directions. Figure 3 shows the corresponding fit for
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Table I.- Characteristics of samples and neutron results. A is the elongation ratio,
TD the temperature of deformation, ts and tR the durations of the stretching and of the
relaxation,

R~~~~ is the radius of gyration obtained from
a Zimm plot. A

~
and p are parameters

of fits to equation (5).

A TD (°C t
s

(S tR (s ) R
~~~~ j

(J~ R
~~~~ ~

(J~ A
~

p

3 55 230 0 170 ± 10 72 ± 5 1.9 ± 0.5 10 ± 5

3 67 76 0 155 ± 10 81± 5 1.7 15

3 77 5 0 105 ± 5 100 ± 5 1.8 200

1.3 55 22 0 125 ± 5 90 ± 3 1.2 ± 0.05 5 ± 2

1.6 55 80 0 146 ± 5 83 ± 3 1.5 10

2 55 86 0 152 ± 7 78 ± 3 1.6 20

3 55 76 0 170 ± 10 70 ± 3 2.05 10

3 55 76 400 1.55 35

3 55 76 300 110 ± 10 84 ± 5 1.35 55

the three temperatures. Figure 3a corresponds to T~
=

55 °C a rather good fit is obtained with

an effective value of A A~ =

1.9 and p =

10. In practice it is very close to a totally affine

deformation ~p
=

I or Eq. (4a)) with a A~ value slightly lower A~ =

1.7. Let us notice that

these effective values are very much lower than the applied deformation of3.
Figure 3b is quite similar to figure 3a; the phantom model gives A =1.7 with

p =15 whereas the totally affine models gives A~ =1.55 ~p
=

). For both samples the

relevant parameter is A
~

and not p. Figure 3c corresponds to a different behaviour since a large
Value Of P IS found P

=

200 for A~ =
1.8. This forbids any fit to an affine model. The latter

result IS Obtained at a temperature of 77 °C which is relatively close to the nematic-isotropic
transition. In figure 3c we note that the simultaneous fit of q~ Iii and q~ I~ is not possible. The

calculated curve for sample at rest fits better the data in the perpendicular direction. It may be

because the deformation is now (77 °C) closer to a viscoelastic flow.

In summary, when the temperature is increased from the glass transition to the nematic-

isotropic transition, an increase of the loss of anisotropy of the chain is'observed, mainly in a

decrease of A~, A significant value of p is observed only at the highest temperature.
The X-ray diffraction pattems of the same samples are shown in figure 4. All these pattems

show the usual wide angle diffuse ring [17] (A) which hints at the fluid nature of the

mesophase. This diffuse ring is due to the lateral interferences among mesogenic cores and,

when it is anisotropic, the direction of its maximal intensity is perpendicular to the preferred
orientation of the mesogenic cores. Therefore, figure 4a shows that they are oriented

perpendicular to the stretching direction at 55 °C, figure 4c shows that the side chains are

oriented parallel to the stretching direction at 77 °C and figure 4b shows that they are

completely unoriented at 67°C (even at high stretch Am 3). Furthermore, the width

A6 "~ (FWHM) of the diffuse ring is a useful parameter (see the discussion in Ref. [17]) to
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a) b)

I'. S

,

~
~~ @. 'i~

~.

j
_~

~
'~

.~
c ?,'

C)

Fig. 4. X-ray diffraction pattem of samples stretched at a) T~ 55 °C, side chains are perpendicular

to the stretch, b) T~ 67 °C, side chains are unoriented, c) T~ 77 °C, side chains are parallel to the

stretch. (A) Wide angle diffuse ring, (B) sharp reflection, (C) in addition, a set of diffuse lines is

classically due to short range one-dimensional correlations [28]. This confirms in each case the

orientation of the side chains. (Ac~~ =1.541I, sample-film distance 80 mm) S is the stretching

direction.

characterize the orientation degree of the side chains. The smaller this width, the better

oriented is the side chains. One cannot use here the usual treatment [24, 25] of the wide angle

diffuse ring to derive the nematic order parameter because the samples are not monodomains.

Figure 4a leads to the value of A6 "~
w

70° which represents a fair alignment of the side chains
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in the plane perpendicular to the stretch. The rather low value A6"~m 50° obtained from

figure 4c shows that the side chains are well-oriented along the stretching direction.

Let us notice that the complementary techniques, small angle scattering (SANS) and wide

angle X-ray scattering (WAXS), give totally different results : SANS shows that the chain

backbone is elongated along the stretching axis while WAXS shows that the orientation of the

mesogenic ~ores is parallel to the stretching axis only at high temperatures (see the discussion

of Sect. 6).
Let us now turn to the central part of the X-ray diffraction pattems. Figures 4a-c actually

show the diffraction pattems of aged samples, stored at room temperature for typically a few

months. These patterns show in their central part a sharp reflection (B) at q
=

~
'~ J~~ ' located

24.7

on the meridian of the oriented pattems. This sharp reflection proves that the aged samples
(whatever their orientation state) are no longer in a nematic state but, at least in part, in a

smectic state instead. The geometry of reciprocal space and also the comparison with the

length f
m

23. I h of a side chain in its most extended conformation imply that the smectic

phase is of the A type. The X-ray pattems not presented here of freshly samples do not show

these sharp reflections but they display diffuse spots instead. This means that the fresh samples

are still in a nematic state subject to SmA fluctuations, but they slowly evolve with time and

tum to a SmA state within a few months. This situation is not uncommon in the field of

mesomorphic side chain polymers.

5. Deformation and relaxation at low temperature.

The deformations of samples discussed now were done at 55 °C following two procedures, The

first one consists in stretching each sample at different elongation ratios and letting all samples
relax during the same time. The second one consists in stretching the sample at

A
=

3 and performing successive measurements of the scattering for different increasing

t~ values. T~
=

55 °C was chosen in order to be in the vicinity of T~ and because it allows an

easy deformation in the time range of the stretching machine. Moreover the range of

t~ is well suited to the characteristic relaxation times of the chain in the sample.
The time temperature superposition principle [26] generally accepted for amorphous

polymers in the vicinity of T~ will not be used here since different temperatures may

correspond to different mesophases.

5. I VARIATION wiTH THE ELONGATION RATIO. The elongation ratios are A
=

1. 3, 1.6, 2.0,

and 3.0. The values of Rjj
~~~

and R~
~~~

obtained using equation (6) and the Zimm representation

are given in table I. The data q~ I (q) are shown in figure 5a (A
=

1.3 ), 5b (A
=

1.6 and 5c

(A
=

2) together with the best fits to the phantom model (Eq. (5)) following the procedure
described above. The corresponding values of A~ and p are given in table I. Here also the

curves are well fitted with small values of p and A~, values which are below the applied
elongation ratio A. A~ is an increasing function of A but the ratio A~/A decreases with A. The

values of A~ are also consistent with those deduced from the ratios R~~~~/R~,~~.
X-ray measurements have been performed on these samples. They display the same

orientation as that of the sample stretched at 55 °C, discussed in the former section, I.e. the

mesogenic cores are perpendicular to the stretching axis. More precisely, at a given

temperature (55 °C), the orientation improves with the strain: there is no measurable

orientation for A
=

1.3 whereas A6 "~
=

90° for A
=

2 and A6 "~
=

70° for A
=

3.

5.2 INFLUENCE oF THE RELAXATION. The same sample (A
=

3) has been observed after

each of three successive relaxations of duration (ts + t~ )
=

76 s, 476 s and 376 s. The data

for tR
=

76 s are very close to that of figure 3a obtained under very similar conditions. The data
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for the other relaxation times are shown in figure 6a (t~
=

400 s and 6b (t~
=

300 s ). In

figures 6a and 6b are also shown the best fits to the phantom model the corresponding values

of A
~

and p are given in table I. Let us notice in figure 6a a strong forward scattering which is

not taken into account in the fits because we believe that it is a spurious effect due to the set-up
and not to the sample.

For these samples (t~
=

400 s and 300 s) the effect of the relaxation is clearly seen ; by
analogy to amorphous polymers we expect that for longer chains the curves q~ I~ (q obtained

with the same A and p values would show a maximum. This result, with a shift of the relaxation

time scale, is in agreement with the idea of loss of affineness found in the relaxation models of

amorphous polymers. A more quantitative comparison requires a more precise determination

of the rheological times. We can simply note from the recoverability of the sample that times

involved in the deformation are shorter than the terminal time.

Within the accuracy of measurements, the anisotropic X-ray patterns do not change during
the relaxation process at this low nematic temperature. Even though the polymer chains are

relaxed, the orientation of mesogenic groups remains unchanged : it is normal to the stretching
direction with the same half width. The relaxation of polymer chains does not seem to affect the

orientation of mesogeiis.

6. Discussion.

We first discuss the relative orientation of the side chain with respect to the stretching axis as

observed by X-ray scattering. It is a classical and difficult problem for samples aligned using

fiber drawing. It seems that the vast majority of fibers drawn in the SmA phase present side

chains perpendicular to the stretch [6, 7]. This observation agrees with the now numerous

SANS studies [lc, 23] which show that the side chains are perpendicular to the backbones in

the SmA phase, and that the backbones are indeed aligned along the stretching direction.

Conversely, fiber samples drawn from the nematic phase lead to both types of orientation

according to various factors. For instance, it has been shown in a given series [7] that long

spacers induce the perpendicular orientation of the side chains whereas short spacers form the

parallel ones. In addition, the parity of the number of methyl groups in the spacer seem to

determine the orientation of the side chains in a family of cross linked nematic side chain

polymers [3]. It was also shown that the nature (mesogenic or not) of the crosslinks also plays a

role in the orientation of mesogenic cores [17]. Our observation of both types of orientation in

the nematic phase of a single compound proves that the chemical structure is not the only factor

goveming the orientation behaviour. For instance, in magnetically oriented samples, the

existence of SmA fluctuations in the nematic phase leads to an orientation of the side chains

perpendicular to the backbones as demonstrated by SANS [4, 27].

The process of fiber drawing is even more complicated by a possible competition between

backbones stretching and nematic flow. The viscoelastic behaviour of the samples is governed

not only by the elasticity of the backbone but also by the various viscosities of the nematic

phase. A possible interpretation of our results is the following : due to strong SmA fluctuations

observed at low temperature (55 °C) the side chains orient perpendicularly to the stretch.

Conversely they orient parallel at high temperature because of the nematic natural tendency for

this particular spacer and because of a possible nematic flow. Then temperatures around 67 °C

represent a cross-over between the two regimes so that no overall orientation is observed.

We now tum to the discussion of the mechanism of stretching of a chain in the nematic

phase. This mechanism should explain the pseudo affinity (A~ <
A ) observed for T

=
55 °C

and 67 °C (for T
=

77 °C, the relaxation is very fast and the results are similar to those of an

amorphous polymer in a flow).
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Fig. 6. Representation q~1(q)
t>ersus q for still the same mixture (see caption of Fig. 3) for the same

elongation ratio 1 and temperature with different durations of relaxation: a) 1= 3, T~
=

55 °C,

t~ 0, 1~
=

2.05 p =

lo. b) 1 3, TD
=

55 °C, t~ 400 s, 1~
=

1.55 p =

35. cl 1
=

3, T~
=

55 °C,

t~
=

300 s, 1~
=

1.35 p =

55.
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A first possibility consists in a decrease of the number of defects (disinclination finest of the

nematic phase just after the beginning of the stretch until formation of a monodomain. Aiter

this stage, all the macroscopic stretching would act on the chain. This model is not realistic

because, for A =1.3, no noticeable orientation is found by X-ray diffraction while a

noticeable orientation of the backbone is observed (A~ =1.2). Moreover A~(A )/A is a

decreasing function of A.

A second possibility consists in the disappearance of the nematic defects progressively
removed by the increasing strain of the chain. This mechanism is consistent with the

experimental results. This should explain the weakness of A
~

value with respect to A, as well as

a high anisotropy observed in the largest q range. Such a characteristic behaviour of this

polymer for low t~ values (t~
<

100 s is probably due to cooperative effects of the nematic

phase. It should also be found with other liquid crystalline polymers.
Let us note that we do not know how to observe the defects by a macroscopic technique well

suited to our samples and, besides, due to difficulties in stretching thin samples.
For large t~ the chains seem to relax more similarly to amorphous polymers as large values

of p are encountered. The comparison of the variation of A~ needs a better knowledge of the

relaxation time distribution of our polymer.
At this stage the main unresolved question concems the origin of the effective junctions

between the chains. One may think of entanglements between chains as in amorphous
polymers, but the chains are short (600 monomers in average). An alternate origin will be

specific interactions or entanglements between side chains.
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