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0RIEPU"TATIONAL ELASTIC CONSTANTS OF POLYMER COMBLIKE 
NEMATIC 

ALEXANDER P.FILIPPOV and LARISA N.ANDREEVA 
Institute of Macromolecular Compunds of Russian Academy of Sciences, 
Bolshoi pr. 3 1, St.Petmburg, 199004, Russia 
EUGE" B.BARMATOV and VALERIY P.SHIBAEV 
Chemistry Department, Moscow State University, 119899, Moscow, Russia. 

Abstract Elastic deformations of d d y  orientated layers of thennotropic 
polymeric comblike nematic in magnetic field were studied using the method of 
Freedericksz transitions. The temperature dependences of splay K1 and bend K3 
elastic CodlSfBflfs and optical anisotropy  we^^ detemined. On changii of the 
relative tempexatme AT = T - To from 4.5 to -6O"C, the @cal anisotropy 
hmeases from 0.05 to 0.1. This experimental fact shows double inmase of ordm 
parameter. It was found that in investigated temperature range the splay constant 
values ~IR slightly more then the bend constant values (K& - 0.8). 

Several recent papers14 deal with the behavier of polymer nematia in bulk in external 

m a p t i c  fields. Aromatic polyesters, both main-chain LC and combined 

main-chain/side-chain LC  polymer^^'^ were investigated. It has been g h o ~ n ' ~  that 

biretlingene An and bend elastic constants K3 of these polymer nematia do not depend 

on the chain length. Mmver,  the values of K3 coincide in the order of magnitude with 

those which am usually obtained for low molecular weight thermotropic ne~nat ia~.~.  

In this wurk the method of Freedericksz transition'" was used to study orienta- 

t i d  elastic dehmatiom in the magnetic field of a polymer nematicg 

-CH- CH,- 
I 
coo-(cq5- C ~ * ~ * O c 4 H 9  

The mesogenic p u p s  of this nematic are located only in the side chains and are 

separated fiom the main chain by a long flexible fragment. 

An unbctionated sample with intrinsic viscosity [ q J = 0.065 dug (solvent - di- 
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144 A.P. FILIPPOV el  ul. 

oxane), molecular weight M, = 5.2 lo4, and poiydispemity parameter MdM,, = 2.0 

was investigated. Phase transition temperat\lres were determined by using polarization 

miamcopy and DSC. The pow passes into the LC state at TB = 42°C and melts into 

isotWpic phase at To = 127°C. In the range h m  127 to 65°C the polymer exists in the 

stable nematic phase. 

The procedm of investlgatiom of phe-convex unifolmly oriented layers of 

polymernematicsappiiedherehasbeendescribedindetail*.~pLaneglassesand 

plane-convex lenses with curvature radii R of 1.6 1 and 2.00 cm were used.. Mesurements 

were carried out in a magnetic field with a strength of up to 25000 Oe. The tempexatwe 

T of the sample placed in a special oven was controlled to within 0.5OC. 

Defarmatians of the homeotropc layers Def-tim of the planar laym 

H=O H=8000Oe H=16000Oe H = O  H=8000Oe H=l6000Oe 

FIGURE 1 Polanzing-microscopic pattern of the polymer under investigations. 

It was possible to obtain for this polymer both horntropic and planar u n i f d y  

oriated textures. Figwe 1 show polarmng micrographs of homeotmpic and planar 

texhaes in the absence and presenw of a deforming field in crossed polaroids. Deforma- 

tions appegling in the polymer nematic under the effect of a magnetic field applied 

mrmally to the director am! of the pronounced threshold character. The critical boundary 

separates the d e M  and non-deformed sample parts. In the case of a planar texture, 

in& rings are retained in the nondefinmed part and disappear in the dehrmed 

part. For the hornsotropic layer, these rings are observed in the deformed part. When 

magnetic field strength h s e s ,  the radius of the critical boundary re and, comes- 

podmgly, the critical thickness z, = r,' / 2R decreases. 
By using the Figure 1 it is possible to determine (i) the values of splay constants 

Kt (firm planar layers &fixmation) and bend constants K3 (fi-om homeotropic layers de- 
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ORIENTATIONAL ELASTIC CONSTANTS OF POLYMER NEMATlC 145 

formation) and (ii) the value of nematic birebgence An = n, - G. All quantitative 

d t s  discussed below refa to the equ&brium state of the system. 

I o o -  -5.5% 

0.05 O ; o o - o o o ~ u ~  

zC*Hc, 0 e . m  
I AT = -44OC 

zC*Hc, 0 e . m  
AT = -44OC 

A -26.5% 

* planarlayers A splay deformations 
o homeotropic layers 0 bend deformations 

0 30 60 z.104 cm 0 10 20 4104 cm 
0.00 

FIGURE 2 The experimental dependences of An(z) on z and of & on z, 

Figure 2 shows the dependences of effective birefhgence An(z) = d z  (m is the 

number of the interfemnce ring counted from the sample center and h = 546 run) on the 

layer thickness z. In the Case of a spontaneous planar orientation, the value of An(z) does 

not depend on z, and the mean value of h ( z )  determines the bkhngence of the nematic 

An at a given relative temperatures AT = T - To. For deformed hmeotmpic layers, 

effective birefhgence of An(z) decreases with decreasing z fbm thick layers to G. This 
is due to incomplete benta t ion  of the director in thin layers. The limiting value of 

An@) in the range of large layers thickness (z >> zJ gives the value of birehgene An 

for a completely oriented nematic at a given temperature. 

The vatues of An are shown in Figure 3 vs AT. These values are in good 

agreement with data for low molecular weight nematics with the molecular structure 

similar to that of the mesogenic groups of the polymer nematic investigated here. 

Bh-ence of the nematic An is v h d y  a unique function of the degree of its 

orientational order S'O. In other words, the dependence of An on AT reflects the 

tempatwe dependence of the order parameter S of the polymer nematic investigated. It 

may be concluded hm the experimental dependence shown in Figure 3 that the order 

parameter of this polymer nematic increases more than twice when the relative 

temperature AT decreases from -1' to -60°C. 
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FIGURE 3 The -tal dependences of K, / Ax and An on the temperature AT 

The main law detemriaing Freedericksz transitions for splay and bend deforma- 

tions is given by 

&I&= K ( K , / A ~ * ~  and i = l , 3  

whem H, is the magnetic field strength cumaponw to critical layer thickmas z, and 

Ax is the dmmagnetic anisotropy of the volume Unit of the nematic. Experimental data in 

FIGURE 2 indicate that the Freedericksz law is obeyed for this polymer nematic. The 

v a l m  of z& awxaged over all thicknesses determine the K, /Ax ratio at a given relative 

temperature AT. 

The dependence of the value of KIIAx and KdAx on AT are shown on Figure 3. 

Over the entire temprature range investigated the experimental points correspondmg to 

splay elastic constants lie slightly above the points for bend elastic cmstants, i.e. 

K a l c l .  A similaf ratio of these cunatants has been obtaiued by C.Casagraude” and 

W.RUP~” for the p o r n  nematic~ with a Combwre structure. 
It is not always possible to obtain both planar and homeotmpic orientations for 

the same nematic. In these casea Saupe’s theory13 is used to determine the K d K  ratio. 

This theory makes it possible to estimate this ratio from experimental investigations of 

only one deformation type (fix either planar or homeotropic layers). The validity of this 
theory, at least for low molecular weight nematic LC has been confinned in several 
 paper^'^.'^. saupe’s theoryba~beenused in the inwstigation apolymernematicby 

D
ow

nl
oa

de
d 

by
 [

U
ni

ve
rs

ity
 o

f 
C

al
if

or
ni

a,
 S

an
 D

ie
go

] 
at

 2
2:

06
 2

0 
A

ug
us

t 2
01

2 



ORIENTATIONAL ELASTIC CONSTANTS OF POLYMER NEMATIC 147 

10- 

5 -  

01 

w.R~pp '~ .  For the polymer nematic investigated in the present work, tbe KdK1 ratio 

was obtained firom independent investigations. Over the entire temperature range 

investigated, this ratio is aproxinately 0.8. 

This experimental fact mquks additional checlung. First, it should be born in 

mind that the K&I ratio can be detennineed not only by the propedes of this LC as such 

but also by its bodrig to the s u p p d 6 .  Weak bonding is known to lead to too low 

experimemtal values of elastic constantss. Mmver,  a considerable error in the 

determination of the K1 /Ax ratio should not be overlooked either. This error is due to the 

relatively low valm of An fw this nematic. 

0 0  0 & 

0 0  
A 

~ x . 1 0 ~  0 0  0 A 
Ka 

-m\.l.o o h  

"a .OS 

*To' 70.0 

K,* lo7, dyn 

FIGURE 4 The dependences of Ax and the constants K, on the temperature AT 

In order to determine the absolute valw of K1 and K3 firom the experimental 

values of K1 /Ax and K3 /Ax, specific dmmagnetic B n i w  Ax should be known. It can 

be estimated by the mew proposed in  paper^^*'^ using the expmimental values of 

molar dmmagnetic anisotropy Ax+ for several nemati~s'~ and taking into account the fact 

that the mass hction of aromatic rings in this polymer is 33.5% and its density p 

isabout 1.4 g/cm3. The values of Ax calculated in this way are shown in Figure 4. 

The temperature dependence ofthe values of K, determined h m  the experimen- 

tal values of KIA2 and Ax an? shown in Figure 4. The values of K1 and K3 are close in 
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148 A.P. FILIPPOV Y I  ul. 

the order of magnitude to those for low molecular weight nematics (however, for the 

latter K3 is usually greater than K1 )s.6. The bend elastic constan9 for this comblike PO- 

lptx are close to t h e  for high molecular weight nematics investigated previous~y'~. 

Thts work supported by the Russian Foundation of Fundamental Investigations 
(srants 9643-33863 and %43-33820). 
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