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THE EFFECT OF HOST ON PLEOCHROIC DYE ORDER PARAMETER 

ALLEN BLOOM, P.L.K.HUNG, and DIETRICH MEYERHOFER 
RCA Laboratories, Princeton, New Jersey 08540 

(Submitted for' pub1 ication June 30, 1977) 

Abstract The order parameters of three dyes i n  seven 
nematic l iquid crystal l ine hosts have been measured. 
A correlation between a dye's length and i ts  order 
parameter could be seen. Variations of as much as 
50% i n  a dye's order parameter occurred on changing 
host . 

A number of investigations have been concerned with the 
properties of pleochroic dyes i n  nematic l iquid crystal l ine 
hosts. I-' We have previously shown tha t  the order para- 
meter, s, of a dye in  a nematic host is greatly affected 
by the  s t ructure  of the dye.6 Here we report on the effect  
of host on dye order parameter. Indeed, variations of S of 
50% o r  more can be observed by changing host. 

The order parameter is given by the formula 

- A,, - A 1  - 
'obs 2A1 +Al,  

where All i s  the opt ical  density of the dye a t  its absorp- 
t ion maximum when aligned pa ra l l e l  t o  the l iquid c rys ta l  
host as measured with plane-polarized l i gh t  oriented para- 
l l e l  t o  the l iquid crystal  director ,  and AL is  the optical  
density of the dye a t  its absorption maximum as measured 
by plane-polarized l igh t  oriented perpendicular t o  the 
l iquid crystal director.  
been previously described.' 
gested tha t  it is appropriate t o  correct the dye order 
parameter for  the refractive index anisatrbpies of the 
host: 

The measuring techniques have 
A number of workers have sug- 

1 

D
ow

nl
oa

de
d 

by
 [

T
om

sk
 S

ta
te

 U
ni

ve
rs

ity
 o

f 
C

on
tr

ol
 S

ys
te

m
s 

an
d 

R
ad

io
] 

at
 0

5:
27

 2
3 

Fe
br

ua
ry

 2
01

3 



2 k BLOOM, P. L. K. HUNG, and D. MEYERHOFER 

where nu is the refractive index of the host i n  the align- 
ment direction and nA is the refractive index of the host 
perpendicular to the alignment direction. 

of their  relevant physical properties, are l is ted i n  Tables 
I and 11, respectively. These nematic hosts have been used 
by many workers and most are commercially available. The 
dyes were carefully purified by repeated column chromato- 
graphy and recrystallized unt i l  the material shcrwed one t l c  
spot i n  several solvents and had satisfactory elemental an- 
alysis. Sobs for three dyes i n  the seven hosts we investi- 
gated are shown i n  Table I11 along wi th  the absorption max- 
i m u m  for the dye i n  the liquid crystalline host. The order 
parameters, sobs and ScOr, were calculated using (1) and 
( 2 ) ,  respectively. The refractive index values a t  546 nm 
were used for these calculations.' 
the absorption maxima of the dyes from 546 nm does not in- 
troduce an error of more than a few percent. 3'  
cases, the Scor value w a s  0.03 t o  0.05 higher than the COP 
responding Sobs value. 

The hosts we have used i n  this  study, as well as some 

The small deviations of 

I n  a l l  

TA8LE I Nematic Hosts 

Designation Host 

(MBFIA). 
I. 4-Methoxybenzylidenc4'-butylaniline 

11. 

111. 

A 1:l molar m i x t u r e  of 4-ethoxybsnzyl- 
i&ne-4'-butylanilbe (-A) and MESA. 
A mixture containing 85 wt% of a 70:30 

of 4-~thoxybsn~yliden~4'-aminoben~0- 
nitrile. a 

mixture. 

base mixture. 
BDH E-7, a mixture of biphenyls and 
terphenyls. 

zylidene-l'-amfnobantonitrile, 4- 
hexoxybenzylidene-4 '-minobenzoni- 
trile, and 4-octanoyloxybeneylidene- 
4 -aminobenzonitrile .b 

molar mixtun, of MBBA-EBBA and 15 wt% 

IV. Hoffmann-LaRoche IID--101, an ester 

V. Hofimann-LaIloche IID--200, a Schiff 

VI. 

VII. A 1:l:l mlar mixture Of 4-butoxyben- 

%.A.Tarry, S.E.R.L.Tech.J. 3, 5.1(1973). 
'KSchadt and W.Helfrich, sl.Phys.Lett. g, 
127(1971). 
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PLEOCHROIC DYE ORDER PARAMETER 3 

TABLE I1 Physical Properties of Nematic Hosts 

4 €1" Host TCN(OC) TNL(OC) Tm-TZ3(OC) 

I. 22 48 25 4.6 5.2 

11. 0 60 37 4.6 5.1 

111. -9 40 63 8.8 5.7 

b IV . 0 71 48 24.gb 7.2 

V. -15 41 64 26.8 7.7 

VI . -10 3 7  60 18.5 5.3 

VII. 20 94 71 2 6' 

a 

bHof fmann-LaRoche product bulletin. 

See Ref.7. 

'M.Schadt, J.Chem.Phys. 56, 1494(1972). 

TABLE 111 Order P a r a m e t e r s  of Dyes i n  liquid C w s t a l  Hosts 

Dye O2*@)-K-*@)-II1C2Hd2 02*@~H-~)-II-*@))--NiC2H5)2 0 2 H ( s ! 5 + 4 $ > - . 2  I C 2 W 2  

C Host SOBS A "2, =08s ") SO85 - ") 

I. 0.42 505 0.54 540 0.38 595 

11. 0 . 5 1  505 0.70 542 0.40 593 

111. 0.55 506 0.65 538 0.16 595 

IV. 0.50 5 1 0  0.66 545 0.48 595 

v. 0.50 5 1 3  0.66 550 0.52 603 

V I .  0.60 5 1 3  0.73 545 0.59 600 

VII. 0.62 514 0.72 550 0.60 603 

There appears t o  be a general correlation between the 
length of the dye molecule and its order parameter. W e  
have previously shewn tha t  dye structure is an important 
factor i n  influencing dye alignment, but since the three 
dyes described here do have the same end groups, some com- 
parisons can be made. B,  the longest dye molecule has a 
higher order parameter than A or  C i n  a l l  hosts. Dyes A 
and C are of about the same length and, i n  most hosts, A 
and C do have similar order parameters. However, as A and 
C i n  Host I11 demonstrate, the solute-solvent interactions 
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4 A. BLOOM, P. L. K. HUNG, and D. MEYERHOFER 

are host  dependent and can cause changes i n  t h e  relation- 
sh ip  dye order parameters have with each other. 
therefore,  hazardous t o  i n f e r  t h e  order parameter of the 
host  f r m  t h a t  of t h e  dye. 
parameter i n  the  d i f f e r e n t  nematic hos ts  allows u s  to spec- 
u l a t e  t h a t  the order parameters of t h e  nematic l iqu id  crys- 
t a l l i n e  hosts  increase as follows: 

N o  ready correlat ion ex is t s  between the physical pro- 
perties of the  hosts  l i s t e d  i n  Tab le  I1 and the  order par- 
ameter of the dye guest. A more de ta i led  understanding of 
t h e  interactions on a molecular level between guest and 
host  w i l l  have t o  be developed before f i r m  s t ructure-  
property correlat ions can be made. 

th ree  pleochroic dyes i n  seven l i q u i d  Crystal l ine hosts ,  and 
found the  dye order parameter t o  be host-dependent. W e  d e w  
ons t ra te  the  d i f f i c u l t i e s  involved i n  determining a hos t ' s  
order parameter from a guest dye's order Parameter- 

It  is, 

A ranking of each dye's order  

I <  1 1 - V < V I ,  VII. 

In  conclusion, w e  have measured t h e  order parameters f o r  
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