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BIAXIALITY PHENOMENON IN MOLECULAR PROPERTIES OF COMB LC
POLYMER WITH LATERAL STRUCTURE: FIRST EVIDENCE

PETER LAVRENKO', NATALIA YEVLAMPIYEVA?, HEINO FINKELMANN’
'Institute of Macromolecular Compounds, Russian Academy of Sciences, Bolshoi pr.,
31, 199004 St.Petersburg, Russia. *Institute of Physics, St Petersburg State University,
Petrodvoretz, 198904 St. Petersburg, Russia. 3Institut for Makromolekulare Chemie,
Universitit Freiburg, Stefan-Meier-Strasse 31, 7800 Freiburg, FRG

Abstract Dynamooptical and electrooptical properties have been investigated in dilute
solutions for comb-like LC polymer with mesogenic groups laterally attached by
middle point to the macromolecule backbone via flexible spacer. For polymer solution
in chloroform, the T-range was found where the Kerr constant X is increasing (in
absolute value) with increasing 7 while the shear optical coefficient [7]/[n] remains
invariable. This reflects the intramolecular parking of the mesogen dipole axes with
keeping the same order in mesogen optical axes. Dipole axis of the mesogenic group
in the chain of this polymer is kmown to form a large angle with the optical one. Hence,
the result can be explained by change in the mesogen short axes parking with the
invariable long axes one. By other words, as evidence for present biaxiality
phenomenon in molecular properties of the polymer.

INTRODUCTION

Biaxial nematic phase behaviour is promising but rare experimental phenomenon.'? For a
comb-like polymer, this was surely observed only in the melt of the polymer PMA with the
structure shown below:

PMA ~CH; - (|?(CH3)~
CO-0- ((':Hz)l 1
CsHi3-O-Ph-OC-0-Ph-0-CO-Ph-0-CHis

Here the three-ring mesogenic group in every monomer unit is laterally attached by the
middle point to the main chain of the macromolecule via flexible spacer.

Note that the similar polymer with a shorter spacer’ as well as the polymers with a
siloxane main chain’ do not possess this property. There seems to be an optimal length of
the spacer in PMA providing the phenomenon under investigation.
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Besides conoscopic proofs for present nematic phase biaxiality', a very surprising
dynamic behavior of the PMA LC phase was observed in the Kerr effect investigations.®

The real work relates to investigations of the molecular nature of the phenomena by the
dynamo-optical and electro-optical methods. The value and a sign of the Maxwell and the
Kerr effects observed in dilute polumer solution are known to be determined by structure
(optical anisotropy) and space orientation of the anisotropic groups in the macromolecule.

EXPERIMENTAL

Flow birefringence (FB) and the Kerr effect (KE) were investigated for the PMA sample
with M,, =6.8 x10°in chloroform with techniques described previously®’.

RESULTS AND DISCUSSION

Flow birefringence
Dependence of the FB  Ar on the shear rate g was well approximated by a linear
function with the slope giving the shear optical coefficient [»] /[n]

[r]1/[n]l=lim(c 50)lim (g »0)An /At , Av=g(n- 1)
where 1 (1) is the solution (solvent) viscosity. Lower curve in Figure 1 shows the An/At
value at different temperaﬁn*es T for PMA sample in chloroform. Over the all T-range
investigated, the [7] / [n] values are negative in sign as for other comb-shaped polymers
having both aliphatic and mesogenic aromatic groups in the side chains’. Further, this value
is practically temperature-independent.

A sign of shear optical coefficient in the PMA solution is determined by orientation of
the optically anisotropic mesogenic side groups.*Negative sign of [1}/[n] implies that the
polarizability of the molecule and its segment in the direction of greatest geometric length
is lower than in that normal to segment axis, i.e., the mesogenic groups in the side chain are
preferably oriented in the normal (to molecule axis) direction. Further, invariable values of
both [n}n] and the Kuhn segment length® correspond to the same orientational order of
the mesogen long axes over the all 7-range investigated.
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FIGURE 1 Temperature © -
dependence of the Kerr \n/c!:"
constant An/cE'  and

e
the Maxwell constant An/At (in 0

CGSE units) for PMA in dilute
solution in chloroform
during a cool-down process.

The chain conformation in B0 AniA

solution for the investigated

Aarx10 ' | anfee?x10 M

» ‘ 0 %0
FMA sample is a random 7, °C
coil® Inmolecular solution of these chains , the shear optical coefficient does not depend

on M and is determined by the optical anisotropy of the Kuhn segment Aa,:

[7]/[n} = BAas (1)
where B is the optical constant, B = (4 2745kgT) [(n2+2)2/rz] , r 18 the refractive index of
the solvent, and kg is the Boltzmann constant.

The experimental [#]/{n] value is provided by the proper segment anisotropy, A,
and the form effects comected with the difference in refractive indexes of PMA substance
and solvent. Whole macromolecule and each segment, being asymmetrical in geometric
form, are oriented in the shear field preferably along the flow direction. As a result, the

positive in sign contributions of the macroform effect ({#] /[n} ) and microform effect

([7}/[nDg are added to the proper ([#]}/[n])e value:
({21/[m) =71/ [n])e + ([~} / [ De* ([2] / [n] )ss 2

These contributions of the macroform (index “f°) and microform (index “fs”) effects
were evaluated by’:

(VD= {[(7* +2Y (2 - Y x0.058 ®} / (np’nNaRT)} {M[n]} (3)

2] = B (dntdcy (Mos/ = N4 v ) &, 4)
with the refractive index 7, and demsity p of the polymer, the Flory coefficient @,
Avogadro’s number N, , the gas constant R , the refractive index increment dn/dc , the
monomer (repeat) unit mass Mo, number of the monomer units in the segment s, partial
specific volume v , and the segment form factor s,. Using eqs 3 and 4, the proper
monomer unit anisotropy Aa was evaluated at different " from :
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AM=Aw/s=([r)AN])./Bs (5)

The mesogenic core of the PMA side chain is separated from the main chain by a
flexible spacer - (CHy)y; - . This weakenes the correlation between orientations of the
main chain and the mesogenic part of the side chain Additional space mobility of the
mesogenic groups in the PMA chain is provided by the type of their aftachment. Hence, the
contribution of the mesogenic groups to the optical anisotropy of the PMA molecule
segment may be considered to be independent of each other. Asin previous paper,’ we
may thus represent Az by the following sum:

AQ = Adpes Sopt + Mimain 6)
with the orientational order parameter S, for the optical axes of the mesogenic
groups :

Sept = (3 co 8 - 1)12 )

The first term in eq 6 takes into account the optical anisotropy of the mesogenic

group Aa,.. andthe angle 6 formed by the optical axis of the group and the segment;
cos?6 isthe value averaged over all mesogens. The second term in eq 6 is the optical
anisotropy of the rest of the PMA monomer unit (methacryloyl and - C;;Hy; - groups). Ina
previous paper,‘i Ad,,, wasdetermined to be Agn., =230x10% cm® while Adpgn
may be evaluated to be’ Agpu, =-7.5x10% cm’.

The temperature dependence of the form effects for PMA in chloroform is not
significant, as it follows from eqs 3 and 4. Hydrodynamic data show, additionally, that the
Kuhn segment has the same length (the same s value) for the PMA molecules in
chloroform at different temperatures®. Hence, insensitivity of the experimental [r]/[n]
value to changing 7 reflects the same ordering in the long mesogenic group exes
(coinsided with the optical ones) in the PMA macromolecule at different 7.

Electro-optical properties

Birefringence An induced in PMA solution by electric field increased proportionally to
the square field strength Z* with the slope giving the Kerr constant. Specific Kerr constant
for PMA was obtained by &= (X - Ko)/c , where X isthe An/E® value for a solution
with concentration ¢, and K, isthat for a solvent. The X wvalue did not depend on
concentration but was very sensitive to change in 7. With solution cooling from 52 to 20
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%C, the K value increases monotonically and reversably from -3.3x10"° to +3.3x10%°
cm’g?(300V)? (Figure 1). The change in sign of X was observed at temperature close to
32°C which coingides with the low X value obtained earlier for PMA in carbon
tetrachloride at room temperature ¢

At low temperature, 7 <32°C, the Kerr constant X and the shear optical coefficient
{n1/[n] have opposite signs. This effect may be attributed to intramolecular aggregation of
the mesogenic cores obgerved earlier for a comb-shaped end-on polymers’: change in
thermodynamic quality of the solvent (due to changing 7 ) may be followed by change in
orientational ordering of the side chains due to changing polymer-solvent interactions
which compete with interactions between the side chains into the polymer molecule.

At T >32°C for PMA in chloroform, the sign of the Kerr constant coincides with that
of the shear optical coefficient. They are both negative as well as those of other LC side
chains polymers elsewhere investigated” This coincidence may be attributed to the
existence of the longitudinal component py of the dipole moment of the macromolecule. It
is the sum of the longitudinal components of the monomer dipole moment oy which was
evaluated by’

poy * = 54 kMoK / {([AVn]) s Na(s +2)°} ®
with &=2.28 being the dieletric permeability of the solvent.

For PMA, the value and sign of the Kerr constant and, hence, the ppy value are
determined by the mesogenic groups.® Therefore, in the manner above, we may represent
gy by the following expression

Hoj = o Sap = plo (3 08> @ -1)/2 | ©®
with pp being the dipole moment of the mesogenic group, and ¢ the angle formed by the
dipole direction and the optical axes of the segment; m is the value averaged over
all mesogens.

The orientational order parameter Sy for the mesogen group dipole axes was
evaluated by eq9 with iy =3D.° The Sg value thus determined increases gradually
from 0.16 to 0.40 with increasing temperature (in accordance with the X(T) dependence)
while parameter S,,, remains temperature-independent and close to -0.16.
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CONCLUSIONS

The optical axis (direction of maximal polarizability) of the mesogenic group in the PMA
molecule coincides with the long geometric one. This means that parameter S,y 18 the
direct quantity for degree of the mesogen long axes ordering. On the other hand, for the
mesogenic group under investigation, the angle between the dipole direction and the optical
axis is large enough, from 68 to 69 degrad.>'® This is as close to normal direction, as the
direction ol the short wesogen uxiy is. Ileuce, oriestulionul orderiug ol (e dipole axes
reflects orientational ordering of the mesogens in normal direction, and parameter Sa,

may be accepted as the quantity for degree of the mesogen short axes ordering.

From this point of view, increasing Ss, with increasing T at invarisble Sy,
observed for PMA in chloroform at 7 >32°C, may be interpretted as change in the
mesogen short axes parking with the invariable long ones. By other words, as evidence for
prescut biaxiality phenomenon in molecular properties of the PMA.

Finally, parameter Sg, reflecta polar ordering of the mesogen dipoles, and the axial
ordering of the mesogen boards along their normals may be expected to be even higher.
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