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BWUAUTY PHENOMENON IN MOLECULAR PROPERTIES OF COMB LC 
POLYMER WlTH LATERAL STRUCTURE: FlRsT EVJDEWCE 

PETER LAVRENKO', NATAIJA YEVLAMPTYEVA2, HEIN0 -3 

'Institute of Macromolecular Compounds, Russian Academy of Sciences, Bolshoi pr., 
31,199004 StPetersburg, Russia 'Institute ofPhysics, StPetersburg State University, 
Pehdvoretz, 198904 St Petersbur& Russia k t u t  fhr Makromo1ekuIm-e Chemie, 
Universitrrt Freiburg, Stefrm-Meier-~trasse 3 1,7800 Freiburg, FRG 

Abstract Dynamooptical rmd electrooptical properties have been iwestigated in dilute 
s01uti0n~ 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 w a ~  found where the Kerr comtant K is increasing (in 
abuolute value) with increasing T while the shear optical coefficient [n]Jd remaim 
invariable. 'Illis reflects the inhamolecular parking of the mesogen dipole 8 x ~ 8  with 
keeping the same order in mesogen optical 8 ~ ~ 8 .  Dipole axis of the mesogenic group 
in the chaia of this polymer is horn to form a large augle with tfie optical we. Hence, 
the result can be explained by chaoge in the mesogen ehort 8x8s 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 promisiug but rare experimental phenomenon." For a 

comb-like polymer, this was surely observed only in the melt of the polymer PMA with the 

stnrchpe &own below: 

PMA -W-C(CH3)- 
I 
co - 0 - (CH2)ll 

I 
-13 - 0 -Ph- OC - 0 - Ph - 0 - CO -Ph- 0 -mi3 

Here the lhree-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 ahorter space? a~ well ss the polymem with a 

siloxane main chain4 do not possess this property. There seems to be an optimal 1- of 

the spacer in PMA providm the phenomenon under investigation. 
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260 P. LAVRENKOrrul. 

Besides conoscopic proofi for premnt nematic phase biwidi#, a very Surprishg 

dynamic behavior of the PMA Lc phase was obllerved in the Kerr efFect iwestigations? 
The red work relates to investigations of the molecula nature of the phenomena by the 

dynamo-optical and electro-optical methods. The value and a sip of the Maxwell and the 

Kerr effects observed in dilute polumer solution am known to be d e t 6 e d  by &ucture 

(optical ani~otropy) and space orientation of the anisotropic in the macromolecule. 

EXPERIMENTAL 

Flow bbfiingence (FB) and the Kerr effect (KE) were invdgated for the PMA ample 
with Mw -6.8 x106 in chlorofwm with tedmique~s described preViou~l#? 

RESULTS AND DISCUSSION 

Flow birefiianenc e 

Dependence of the FB An on the &ear rate g w a ~  well approximated by a linear 

hction with the slope gi- the h a p .  optical coefficient [n] / [a 
[n] /[d = l i m ( ~  +O) lim (g +O) h /AT , A l r g ( l l -  w) 

where q (w) is the solution (solvent) viscoaity. L o w e t m e  in F i p  1 chows the &/AT 
value atdifferenttemperatures T forPMAsample in chloroform. Over the all T-mge 

investigated, the [n] / [ql values 88 negative in sign aa for other comb-&aped polymers 

both aliphatic and mesogenic aromatic p u p s  in the side chains’. M e r ,  this value 

is practically temperature-independent. 
A sign of shear optical coefficient in the PMA solution is detennined by orientation of 

the optically anisotropic mesogenic aide jyoupa6Neptive s ip  of [n]/[d implies that the 

polarkability of the molecule and its segment in tfie direction of greatest geometric leagtb 
is lower than in that n d  to segment axis, i s . ,  the mesogenic groups in the side chain am 
p r e f d l y  oriented in the n o d  (to molecule axis) direction. M e r ,  iwariable values of 

both [n]/Irl] aad the Kuhn segment lemj$h* correspond to the same orientational order of 

the mesogen long axes over the all T-mnge investigated. 
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BIAXIALITY PHENOMENON IN MOLECULAR PROPERTIES 261 

FIGURE1 Temperature 40. 

.- .- 
dependence of the Kerr 
constant A&,?? and 
theMaxwell coneEaot AnlA~(in O .  

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

\ 
3 -40 
0 
e x 

The chain conformation in $a- 

solution for the investigated 

\ 

‘\\ 

. k. 

AnlAr - 
- 

[n3/  [d = B A a  (1) 

where B is the optical constant, B = (4d45lreT) [(n2+2)’/n] , n is the r e h t i v e  index of 

the solvent, and ke is the Boltanarm constant. 

The experimental [n] / [rJ value is provided by the proper segment anisotropy, Au , 

and the form effects connected with the difference in r e M v e  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] / [ ql )f and microform effect 

([n] / [riJ)fs are added to the proper ([n] / [d)e value: 

(En1 / [d 1 = 0 1  1 1111 )e + (En1 1 [ill If + (In1 ’ 1111 )fs (2) 

These contributions ofthe macroform (index “f ’) and microform (index “jF) effects 

were evaluated by7: 

( [n] f [q] )r=  { [ ( n 2  +2)2(n2k - n2)’ xO.058 01 / (np2n3N..R7‘)} { M f l d }  

([n]/Eq‘J)fs = B (dn/dc)2 (MG / n NA 
(3) 

(4 ) ) ss 

wth the #-&active index nk and density p of the polymer, the Hory coeficient @ , 
Avogadro’s lllrmber NA , the gas constant R , the refractive index increment dnliic , the 

monomer (repeat) unit mass Mo, number of the monomer units in the segment s , pattial 

specific volume v , and the segment fom h t o r  6, .  Using eqs 3 and 4, the proper 

monomer unit misotropy Aa was evaluated at different T fiom : 
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262 P. LAVRENKOrrul. 

Au = A u l  s= ( [ n ] l [ ~ l I ) ~ l  B s ( 5 )  
The mesogenic core ofthe PMA side chain is separated fiom the main chain by a 

flexible spacer - (CH& - . 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 attachment. Hence, the 

contribution of the mesogenic groups to the optical anisotropy of the P M A  molecule 

segment may be considered to be independent of each other. As in previous paper: we 

maythusrepresent Aa by thefollowingsum: 

Aa = A&* sv, + Aa- (6) 

with the orientatid order parameter 

groups: - 
S,, for the optical axes of the mesogenic 

Is,, = (3 cod 9 - 1)/2 (7) 
Tbe first term in eq 6 takes into account the optical anisotropy of the mesogenic 

group ks and the angle 8 formed by the optical axis of the group and the segment; 

C O S I  e is the value averaged over all mesogens. 'Ihe second term in eq 6 is the optical 

anisotropy of the rest of the PMA monomer lmit (methacryloyl and - CllHz - groups). In a 

previous paper: Aa-, was determined to be &,, = 2 3 0 ~ 1 0 - ~  cm3 while &, 

may be evaluated to be7 &z-, = - 7 . 5 ~ 1 0 ~  cm'. 

- 

The temperahPe dependence of theform effects for PMA in chloroform is not 

si@cant, as it follows fiom eqs 3 and 4. Hydrodynamic data show, additionally, that the 

Kubnsegnent has the same length (the same s value) for the PMA molecules in 

chloroform at different temperalwesV. Hence, insensitivity of the experimental [n] / [d 
value to changing T reflects the 8ame ordering in the long mesogenic group exes 

(coinsided with the optical ones) in the PMA macromolecule at different T . 

Electro-optical properties 

Birehgence A?z induced in PMA solution by electric field increased proportionally to 

the square field &-ex@ d with the slope Riving the Kerr constaut. Specific Kerr constant 

for PMA was obtained by K = (K, - Ko)/c , where K, is the Ad,?? value for a solution 

with concentration c. and KO is that for a solvent. 'Ihe K value did not depend on 
concentration but was very sensitive to change in T . With solution cooling fiom 5 2  to 20 
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BIAXlALlTY PHENOMENON IN MOLECULAR PROPERTIES 263 

'C, the K value increases monotonically and revmably 5om -3 .3~10"~ to +3.3~10"~ 

cm'g~'(300V)" (Figure 1). The chtqe in sign of K was observed at temperature close to 
32OC which coinsides with the low K value obtained earlier for PMA in carbon 

tetrachloride at room temperature.6 

At low temperahpe, T S 32 OC, the Ken coastent K and the shear optical coefficient 

[n]/[d have opposite signs. ' Ihie effect may be attributed to intramolecular agpgation of 

the mesogenic cores observed earlier for a comb-ahaped end-on polymers7 : change in 
thermodynamic quality of the solvent (due to cheagiog T)  may be followed by cheoge in 
otientational orderiag of the side chains due to changioe polymer-solvent interectio~ 

which compete with interactions between the aide chains into the polymer molecule. 

At T > 32 OC for PMA in chloroform, the sign of the Kerr constant coincides with that 

of the shear optical coefficient. They are both negative as well 88 those of other LC side 

chains polymers elsewhere iwe~tigated~ 'Ihis coincidence may be attributed to the 

exidence of the longitudinal component of the dipole moment of the macromolede. It 

is the sum of the longitudinal componenta of the monomer dipole moment which w8s 

evaluated by7 

poll = 54 bT'& 1 {([n]/[ril) s NA (6  +2)2) (8) 
with s = 2.28 be& the dieletric permeability of the solvent 

For PMA, the value and sign of the K m  constant and, hence, the poll value are 

determined by the mesogenic groups6 Therefore, in the manner above, we may represent 

jql by the following expression 

j&~ &, =m (3 COB' 9, -1y2 (9) 

with be@ the dipole moment of the mesogenic group, and cp the a@e f m e d  by the 

dipole direction and the optical axes of the segme* cod 9, is the value wenaged over 

all mesogem. 

The orientational order parameter Sdi, for the mesogen group dipole axes w a ~  

evaluated by eq 9 with po = 3 D.6 "be Sbp value ~~IUB determined increases m l y  

ilom 0.16 to 0.40 with hcreasing temperature (in accordance with the K(T) dependence) 
while parameter S,, remaina temperature-independent and clone to -0.16. 
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264 P. LAVRENKO et 01 

CONCLUSIONS 

The optical axis (direction of mraimal polarizability) of the mesogenic group in the PMA 

molecule coincides with the long geometric one. 'Ihis meam that parmeter S,, is the 

direct quautity for degree of the mesogen long axes ordering. On the other hand, for the 

mesogenic gmup under investigation, the tingle between the dipole direction and the optical 

axis is laqe enough, from 68 to 69 deg rad9*'0 This is as cloae to & direction, an the 

direutiuu u l h  buhurl urtwgvu rydu iu. IIww, o r i e ~ d  wduriug ul' Iht, &pule LULW 

reflects orientational ordering ofthe mesogens in normal direction, and prpameter Sdp 
may be accepted as the quantity for degree of the mesogen short axes order& 

From this point of view, increasing S, with increasing T at invariable Sw, 

obsemed for PMA in chlorofonn at T > 32 OC, may be interpretted as change in the 

mesogen short 8xes parking with the invariable long ones. By other words, as evidence for 

p x u l  bitxiality phenomenon in molecular properties of the PMA. 

Finally, parsmeter S+ reflects polar ordering of the m e s o p  dipoles, and the axial 

ordering of the mesogen boards along their normals may be expected to be even higher. 
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