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Abstract Small angle scattering studies were carried
out on a spacer-mesogen polyester family. A strong ani-
sotropy was observed in the nematic phase. Studies of
the anisotropy in isctropic-nematic biphasic, nematic,
and nematic vitrous state and the temperature variation
in melts and in dilute solutions in a low molecular
weight liguid crystal are presented here. The role of
spacer parity is emphasized.

INTROBUCTION

Neutron scattering is a powerful tocl in the study of poly-
mer systems in both soluticons and bulk. Selective deuterium
labelling allows the determination of chain conformation and

dynamics’I

. The chain conformation of main chain liguid crys-
talline polymers (LCP) in the nematic and isotropic phases
has never been investigated by this technique which can di-
rectly determine the possible chain extension at the nema-
tic/isotropic transition.

This important question has been extensively debated thegre -
tiecally by several groups. Already in 1381 de Gennesz consi-
dered the possibility of important conformational changes at

the isotropic-nematic transition. Calculations were perfor-

581



Downloaded by [Tomsk State University of Control Systems and Radio] at 13:02 19 February 2013

582 J. F. D’ALLEST et al.

med in particular in the worm-like chain model3-4 and the
flexible comb-like model5

The experimental study of conformational changes by neutron
scattering was done for the case of a flexible chain in a
nematic 501v9nt7 or for a side chain polymer 8710. In the
case of main chain liguid crystal polymers chain extension
in the nematic phase has been mentioned already in 198111.
Other technigues have been used to study conformational
changes in the nematic phase of this polymer12 but the di -
rect value of the radius of gyration and of anisotropy has

to our knowledge never been determined.
EXPCRIMENTAL
MATERIALS

We have used a main chain polyester based on a regularly al-
ternating sequence of a P, P' dixoy 2,2' dimethylazoxybenze-
ne mesogen and a flexible spacer with 10 and 7 methylene

groups : n = 7 (AZA-38), n = 10 (BDA-38).

-0 N N-{8) -0 C~(CH2) -C-

Hz  CH3 X

This polymer presents a large number of attractive fea-
tur9513—17 which make it an ideal cendidate for this study:

- well known mesomorphic characteristics : order para-
meter properties in magnetic and electric fields petc.

- Low isotropic-nematic transition temperatures allo-
wing for extended time studies without decomposition.

- Good solubility and knowledge of phase diagrams
with PAA. The good scolubility of this polymer in common
solvents gives the possibility of obtaining sharp fractions

of degree of polymerization (DP) between 5 and 50. The fi-
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gure 1 gives the dependence of the transition temperature
on Mn for a series of sharp fractions (MW/Mn < 1.2). Figure

2 shows the phase diagramm of DBDA-S of Mn = 65,000 and PAA.

10

O DbA-Y
AA-9
&

i

S00 10000 15000 20000 25630 30000 35000

FIGURE 1. Anisotropic-biphasic and biphasic-isotropic
temperature of AZA-9 (+) and DDA-9 (.). Poly-

esters as a function of molecular weight.

The composition of the samples used in neutron scattering
was df a few weight % of protonated DDA-39 in perdeuteraded
PAA. The concentration was chosen to be well below the cri-
tical concentration for chain overlaps. The additional ad-
vantages of the low concentration are a narrow biphasic in-

terval (see flg. 2} and a wesk non-coherent scattering.

EXPERIMENTAL SET-UP
The small angle neutron scattering was performed with the

spectrometer Paxy of the laboratory Léon Brillouin CEA,



Downloaded by [Tomsk State University of Control Systems and Radio] at 13:02 19 February 2013

584 J. F. D’ALLEST et al.

p=1c

CNRS Saclay. The wavelength chosen is ©= 15 and the

sample-detector distance is  Zm.
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FIGURE 2. Phase diagram of DDA-9 (Mn : 6000)/PAA mixture.

A magnetic field H = 1.4 Tesla allows to orient the nematic
phase of the sample. The intensify distribution of the scat-
tered beam in space can be recorded by a system of multide-
tector. Thus the intensities scattered in two perpeneidcu-
lar directions can be determined.

The sample is placed in a cell of precisely controlled tem-
perature allowing to work in the nematic, isotropic and
glassy states.

A number of investigators have discussed the possibility of
a determination of the radius of gyration for isotropic and
anisotropic particles in the Guinier range 1

For an iscotropic sample the scattering intensity is given
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by
-1 -1 2 . .
I (g) =1 (0) (I+*q RD /3) with g RO < 1 and
2 2 2
Ry = <R >+ <Ry>+<R2>
g is the scattering vector and R . the dimensions of the

polymer chain in the Xiy,z directions.

If q// and qL are the components of g which are parallel and
perpendicular to the magnetic field which aligns the polymer
liguid crystal medium, then the corresponding scattered in-

tensities are given by

-1 - 2.2
I (q//] =1 (0) (1 + q,, R// ) a, R// > 1
S 2 .2
I [qA =TI (03 (1 + q, R 4? q, RL < 1

R// and RL are the guadratic characteristic sizes of the po-
lymer respectively parallel and perpendicular to the nematic
director.

In this work we present the results of the study of the ra-
dius of gyration RD (isotropic phase) and R//. R¢ (anisotro-
pic phase) for a number of experimental situations

- For melts or solutions in low molecular weight liquid
crystal (PAA).

- For different ﬁ;.

- For two different spacer lengths (odd and even)

- In the isotropic, nematic, biphasic and glassy nema-
tic systems. I (g) versus q2 curves for typical exemples are
given fig.3. ‘

Studies of dilute solutions of the polymer in PAA

a) Molar mass variation
Studies were performed on isotropic and anisotropic phases
with different molecular weights of protonated polymer in
deuterated PAA. Figure 4 shows the results for two typical
DDA-9 samples which have molecular weights of 6000 and 1860C.
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In each phase no significant temperature variation is obser-
ved. For both samples a strong anisotropy exists in the ne-
matic phase. Due to the low polymer concentration, the ani-
sotropic-isotropic transition is abrupt and the transition
temperature is very close to pure PAA. The anisotropy seems
to increase with molecular weight. The value obtained for
R// in the M = 18,600 sample is only given as an indication:

the conformation of the chain is almost linear.

A
6.8
q)lso A

51¢
34
1.7

Q% . 107
0 L i 1 1 Al 1 I} < 1 .
1.2 24 3.6 4.8
FIGURE 3. Scattering spectrum for DDA-9 18600/PAA D

Mixture
I(gq) = scattering intensity g = scattering vector
» isotropic phase 1/1 versus q2 at 148°C
e anisctropic phase 1/1 versus q2 (// and 1) at

125°C

b) Comparaison between the anisotropies with two poly-
mers having different spacer length.
We did not carry out a comparison between two polymers of
approximately the same degree of polymerization. However it
is possible to draw a certain number of conclusions using

the results of the figure 5 which illustrates the beha-
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viour obtained with two dilute solutions in PAA @ AZA-9 with
a molecular weight of 36,000 in and of DDA-S of 18,600. In
the isotropic phase we obtain almost egual radii of

gyration . This can be explained by the fact the molecu-
lar weight is higher and the spacer length (and consequently
the monomer length) smaller in the AZA-(36,000). In the nema-
tic phase the DDA-8 anisotropy is much higher than the one
of the AZA-9. This corresponds to a greater extension of the

DDA-9 chains in PAA.

1 RGsR//sR.L (A)
150 ANISOTROPIC ISOTROPIC
100}
501
A— 2
OO
e = D .
At TC
-
100 120 140 160

FIGURE 4. Radius of gyration as a function of temperatu-
re for :
DDA-8 (Mn = 6,000) / PAA Mixture
DDA-8 [Mn = 18,600) / PAA Mixture

Bulk melt studies

Mixtures (50/50 by weight) of protonated (P) polymer with
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the corresponding polymer selectively deuterated on the spa-

cer (D) were studied. Molecular masses of P and D were the

same.
A (A)
Reg,Ruw, Ry (A

150 ANISOTROPIC ISOTROPIC
A

100}

501 - D= D= =0 )
@R T°C
100 120 140 160

FIGURE 5. Radius of gyration as a function of tempera-

ture for
. DBA-9 [I"]n = 18,BDD]/PAA Mixture
AZA-9 (Mn = BB,DDO)/PAA Mixture

a) Temperature variation
Results obtained with the melt AZA and DDA with molecular
weiehts of 6,000 are shown in figure 6. The behavior 1s ap-
proximately the same : a single value of radius of gyra-
tion in isotropic phase, strong anisoctropy in the anisotro-
pic phase jtime dependent (fig.7]) intermediate anisoctropy in
the biphasic zone. A comparison between the results obtained

with the two samples is difficult because the extent of the
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biphasic and nematic zones, are very different in the two
samples. In the DDA-9 cristallisation occurs at 105°C and
an the contrary, the AZA-9 can be cooled much lower without
noticable cristallisation. We observe in this last case a
very large increase of the anisotropy at low temperatures,
and in figure 6 we only have reported the points correspon-
ding to Rl at 88 and 98°C. The correspcnding values of R//
are too high (over 250) and therefore cannot be obtained

with a sufficient accuracy.

Rg. Ry. Ry (A

1000 DDA-9 l
o . .
7 | |
. ZA-9 ‘
0’\<f {
50 e ]
S S
25( '
] oo
. e g ‘. .
oot © | | _
[ s L 1 L] S S R vT C
100 120 140 160
FIGURE 6. Radius of gyration as a function of tempera-
ture
© DDA-8 (M_ = 6,000) in melt mixture
" DDA-9 D/ DDA-9 P)
& AZA 9 (Mn = 6,000) in melt (mixture

AZA-9/AZA-3 P)
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R (A}
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FIGURE 7. Radius of gyration in the biphasic gap as a
function of time for DBA-39 . T = 132°C
[Mn = 5.000) in melt (mixture DDA-9 P - DDA-9 D)

At time t = 0O temperature is quickly heated

from the nematic phase. , W L
p (» R// HI )
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