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The three principal elastic constants, K I I ,  K22 and K33 of the eutectic nematic liquid crys- 
tal mixture E7 have been determined as a function of temperature by following changes 
in the anisotropy of turbidity of. a magnetically aligned specimen. The agreement with 
values of K22 obtained by a previous capacitance-voltage method is excellent, whereas 
the values of KII and K3, derived from the absorption coefficients are systematically 
higher. 

INTRODUCTION 

Eutectic nematic liquid crystal mixtures have important applications in 
electrooptical devices due to their stability, fast response time, and 
large nematic range which includes room temperature. The three prin- 
cipal elastic moduli K11, K22 and K33 corresponding to modes of splay, 
twist and bend, respectively, of the director of the liquid crystal are 
also fundamental parameters in the design aspects of such switching 
devices. Low values of the ratio of the bend to splay elastic constants, 
K33/K11, are particularly sought in materials for displays with large in- 
formation content. 

The temperature dependence of K11, K22 and K33 has been measured 
by following changes in the anisotropy of turbidity through the major 
part of the nematic range of E7, the first eutectic liquid crystal widely 
used in electrooptic displays. 
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130 H. HAKEMI, E. F. JAGODZINSKI and D. B. DuPRE 

EXPERIMENTAL SECTION 

The nematic eutectic mixture E7 was obtained from BDH Chemicals 
Ltd. and used without further purification. This mixture consists of 
three alkycyanobiphenyls and one alkylcyanoterphenyl with the fol- 
lowing molecular structures: 

(8OCB) 

The mixture, as received, was determined by polarization microscopy 
to clear over the temperature range of 61.0"C to 62.5"C (fO. 1°C) with 
the latter taken as the nematic-isotropic transition temperature, TNI, in 
this study. The solid-nematic transition occurs around -10°C which is 
below the capabilities of our temperature control apparatus. 

Determination of the three primary elastic constants from the aniso- 
tropy of turbidity has been discussed elsewhere',2 and requires precise 
measurements of the total scattering cross section (or turbidity) of a 
well oriented nematic thin film in three special geometries: (1) k )I VO; 
(2) k I VO, i I vo and (3) k I VO. i 11 VO, where k is the propagation di- 
rection of an incident laser beam polarized in the i direction and vo is 
the mean direction of the nematic director orientation defined by a 
strong magnetic field. Experimentally, the absorption coefficients, ui, 
in the selected geometries corresponding to  cases i = 1, 2, and 3 are 
measured according to: ui = (In Z? - In Zi)/l, where Zp and Zi are the 
light intensities of the isotropic phase and nematic phase, respectively, 
and I is the sample thickness. 

The beam of a 7 mW He-Ne laser was passed through a polarization 
rotator and a series of intercavity and exit mirrors that establish the 
three required geometries. The details of the method and experimental 
procedure are discussed in our previous publication' and Ref. (1). 

The temperature dependence of the anisotropy of turbidity in each 
geometry was determined on E7 contained in teflon sealed rectangular 
optical cells with inside thicknesses of I = 0.1 and 0.2 cm. The sample 
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TURBIDITY AND ELASTIC CONSTANTS OF E7 131 

cell was placed in a temperature control unit designed to fit between 
the pole faces of a 14 kG electromagnet which was used to establish the 
alignment direction (VO) of the liquid crystal. The temperature of the 
cell was controlled to fO. 1°C by a constant temperature circulator and 
measured digitally with a thermocouple placed in direct contact with 
the sample cell. Temperature range of this study was -03°C to 63.0"C. 

RESULTS AND DISCUSSION 

The variation of the absorption coefficients, ui, of E7 in the three 
geometries is shown in Figure 1 as a function of the relative tempera- 
ture, AT = (TNI - T) in "C. The ui data reported here are only for the 
sample thickness of I = 0.2 cm as some inconsistency was found with 
the thinner (1 = 0.1 cm) cell with the values of uI. The inconsistency in 
data obtained in geometry 1 could be due to static orientational defects 
at the glass walls which would have a more significant influence on ex- 
traneous light scattering in the thinner cell. If a surface parallel at- 
tachment of the liquid crystal is preponderant in these clean but other- 
wise untreated cells, measurements in geometry 1 would be more likely 

I I I I I I 
7- - 

6- 

5- - 
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s 4- 
b 

tj- 

3- 

2? I 60 50 40 30 20 10 0 

I&,- T I  

FIGURE 1 
ture, AT = ( T N f  - T) for eutectic, nematic mixture E7. 

Absorption coefficients, ul, u2 and 0 3 ,  as a function of relative tempera- 
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132 H. HAKEMI, E. F. JAGODZINSKI and D .  B. DuPRE 

to detect these defects as the magnet field is perpendicular to the larger 
surfaces of the cell in this configuration [Cf. Figure 1 of Ref. (2)]. 

For purposes of data processing, the ui values recorded in 05°C in- 
crements were fitted to a four constant polynomial of the form: 

y = Bo + BIX 4- BzxZ + B g 3  

where y is the absorption coefficient Uj and x is AT. The constants Bo, 
B1, Bz, BJ, were obtained by using least square adjustments and are 
listed in Table I along with similar polynomial fits to other derived 
constants of this article. The temperature dependence of uz and u3 is 
found to be more significant than that of (11. 

Numerical evaluations of K I I ,  KZZ,  and K33 were performed by a 
computer search routine' which finds the Kii values for the best fit be- 
tween experimental and theoretical' values of the ratios of ul/uz and 
m/u3. Refinement of this routine now allows an accuracy in the deter- 
mination of the elastic constants of lo%, so far as the method is pre- 
cise. Systematically higher values of the Kii as compared with those ob- 
tained by the Frederik's distortion method were noted in previous 
utilizations of this procedure'** and other light scattering methods3 At 
this time there is no definitive resolution of the origin of the discrep- 
ency. Weak surface anchorage of the liquid crystal which would lead to 

TABLE I 

Polynomial fits to the temperature dependence of the absorption coefficients, refractive 
indices and elastic constants of El: y = BO + BIX' +&x2 + B3x3 

Y X Bo BI Bz B3 

4-2.14 

+5.96 

+7.19 
(f8 X lo-') 
4-1.530 

+1.650 

-39.1 
(f6.8) 
-8.18 
(f 1.08) 
-12.9 
(33.6) 

(f2 x 10-2) 

(f5 x 10'2) 

(f4 x lo-') 

(f9 x 10'') 

-7.2 X 10" 
(f5 x lo-') 
-2.4 XIO-' 
( f l  x 10-2) 
-3.0 X lo-' 
(U x 10-2) 
-2 x 10-3 

( f i  x 
+6.1 X 10-3 
(f2 x lo-') 

+111.0 
(f15.0) 

4-25.0 
(33.4) 
+68.6 
(SW, 

+2.7 x 10+ 
(f3 x lo-) 
+9 x I O - ~  
(f9 x lo-) 
+1.2 x lo-* 
(fi x 
+ I  x 10- 
(f7 x lod) 
-2 x I O - ~  
(f2 x lo+) 

-70.4 
(f8.3) 
-16.6 
(f1.3) 
-54.7 
(11.7) 

0 

-2 x 10- 
(f2 x 
-2 x 10- 
(f3 x lo+) 

0 

0 
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TURBIDITY AND ELASTIC CONSTANTS OF E7 133 

I I I I I I 
60 50 40 30 20 10' 0 

FIGURE 2 Temperature dependence of the ordinary (n.) and extraordinary (n,) re- 
fractive indices of E7. Interpolation of the data of Ref. (4) to 6328 A and scaled accord- 
ing to AT = (TNI - T )  ("C). 

IG,-TI 

low values of the Kii by the Frederik's distortion can apparently be 
ruled out as tests are available and have been applied to check for weak 
anchoring. The possible neglect of volume changes in the theory of 
equilibrium, field induced distortions of the director pattern have been 
suggested but not quantitatively ex~lored.~ 

Additional input to the computer routine is the ordinary and ex- 
traordinary refractive indices: no and nr, respectively. The values of no 
and n, of E7 at 6328 A were deduced from data in the l i terat~re.~ Inter- 
polation of the dispersion data to the wavelength of the He-Ne laser 
was first performed and the temperature dependence of no and n, scaled 
according to AT = (TNI - T) (Figure 2). Polynomial lease square fits 
to this data are presented in Table 1. 

The temperature dependence of K11, KZZ and K33 is presented in Fig- 
ure 3 and Table I1 as a function of the reduced temperature 2, = T/TNI 
(in "KPK). Constants of polynomial fits to this data are listed in Table 
I. The elastic moduli are also compared with the average value 
= 1/3(K11 + KZZ i- K33) and two indicator ratios K~s/KII and K Z ~ K I I  
are tabulated. 

As expected, all three elastic constants decrease with increasing 
temperature and exhibit the relative order K33 > KII > K22. 

Some limited data on the temperature dependence of the elastic con- 
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134 H. HAKEMI, E. F. JAGODZINSKI and D.  B. DuPRE 

I I I I I I I I 

f 
FIGURE 3 
(OKPK). 

Elastic constants of E7 as a function of reduced temperature 1, = T/TNz 

stants of E7 obtained by capacitance-voltage measurements on a 
twisted nematic preparation are available for comparison.’ Whereas 
our data for K Z Z  are in excellent agreement with these measurements, 
KII and K33 values reported here are consistently larger. The average 
values It;, obtained by the procedure of this article, are also larger (by a 
factor of 2) than those derived from Ref. (5).  The ratio of KZZ/KII in 
both procedures is constant as a function of temperature. K33/K11, 
however, decreases as the nematic-isotropic transition is approached. 

Our previous study’ of the temperature dependence of the aniso- 
tropy of turbidity of a homologous series of n-alkylcyanobiphenyls (n- 
CB with n = 5,6,7,8) yielded absolute values of the elastic constants 
that were systematically higher than those obtained from field distor- 
tion methods. Ratios of K33/K11 and K Z Z / K I I  were however in satisfac- 
tory agreement among the various measurements. 

The above ratios are frequently discussed in attempts to correlate 
molecular structural factors with macroscopic elasticity of liquid crys- 
tals. A definite theoretical development of the elastic constants in 
terms of microscopic molecular parameters has yet to emerge. One 
would expect the molecular elongation to be a fundamental determi- 
nant in any such theory. The statistical theories of Priest6 and van der 
Meer and Vertogen’ represent this aspect in a manner amenable to di- 
rect comparison with the dimensions of a constituent liquid crystal 
molecule. Theory for example predicts that &3/KII should increase as 
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TURBIDITY A N D  ELASTIC CONSTANTS OF E7 135 

TABLE I 1  

Temperature dependence of the elastic constants of E7 

( lo6 dyne) 

0.9955 
0.9925 
0.9880 
0.9850 
0.9715 
0.9700 
0.9555 
0.9405 
0.9245 
0.9105 
0.8960 
0.8810 
0.8660 
0.8510 
0.8360 
0.8210 
0.8120 

0.82 0.24 0.91 0.66 
1.00 0.25 1.18 0.81 
1.18 0.29 1.46 0.98 
1.30 0.32 1.70 1.11 
1.56 0.38 1.98 1.31 
1.83 0.43 2.4 1 1.56 
2.22 0.55 2.9 1 1.89 
2.43 0.65 3.29 2.13 
2.67 0.73 3.70 2.37 
3.03 0.79 4.26 2.69 
3.14 0.85 4.63 2.87 
3.26 0.93 4.98 3.08 
3.50 1.02 5.34 3.29 
3.72 1.09 5.73 3.51 
3.90 1.12 6.30 3.83 
3.96 1.12 6.60 3.89 
4.04 1.16 6.84 3.92 

1.12 
1.12 
1.24 
1.30 
1.27 
1.31 
1.31 
1.35 
1.38 
1.41 
1.47 
1.53 
1.52 
1.54 
1.62 
1.67 
1.69 

0.29 
0.25 
0.25 
0.25 
0.24 
0.24 
0.25 
0.27 
0.27 
0.26 
0.27 
0.28 
0.29 
0.29 
0.29 
0.28 
0.29 

the length to width (L/D) ratio of the molecule (taken as a rigid rod) 
increases. (This is true so long as P4/P2 > 0, which is not always the 
case. P. is the average value of the nth Legendre polynomial describing 
orientational order in the liquid crystal.) K33/KlI has in fact been found 
to increase when the rigid core of structurally similar thermotropic liq- 
uid crystals is elongated.899 A decrease of this ratio is observed however 
with homologous series involving para-substituted n-alkyl In 
the latter case rotational isomers of the alkyl part of the molecule in- 
crease the width as well as the length of the molecule as the number of 
methylene carbons is increased. There are further complications in de- 
termining L/D of a responding unit when strong polar moieties (such 
as cyano groups) are presented that can lead to molecular pairing.” 

We find that the ratio K33/Kl1 is larger for the eutectic mixture E7 at 
most reduced temperatures than values obtained for either of the com- 
ponents 5CB and 7CB in our previous examination of the turbidity 
anisotropy procedure. This could be due to the longer molecular axial 
ratio of the terphenyl component, 5CT. The terphenyl compound is 
present to only 8% by weight in the mixture’ however and no data on 
the elastic constants of the 80CB compound is currently available. A 
fundamental flaw in the theories sited6” which are truncated develop- 
ments in nth order Legendre polynomials was recently pointed out.” 
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136 H. HAKEMI, E. F. JAGODZINSKI and D. B. DuPRE 

We hesitate therefore to make further speculation about the molecular 
basis of the values of the elastic constants that we find for E7, particu- 
larly as it is a multicomponent mixture with undoubtedly more com- 
plicated interactions among molecules. 
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