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An ESR study of the liquid crystals N(p-n-pentyloxy benzylidene) p-n-alkylanilines [alkyl = 
methyl, 50.1; ethyl, 50.2; butyl, 50.4] has been carried out using a nitroxide radical as 
paramagnetic probe. The order parameters determined in this way are in close agreement with 
those determined from refractive indices by the Neugebauer method. 

Introduction Experimental 

ESR studies of molecular o rder and mot ion in 
l iquid crystals are well established. Liquid crystals 
being diamagnet ic , it is necessary to dope the l iquid 
crystal with a small amount of a paramagnet ic 
p robe whose structure is such tha t the probe mole-
cules follow the order ing of the l iquid crystal to a 
great extent [1 -3 ] , (3-Spiro[2 '-N-Oxyl-3 ' ,3 ' -dimethyl 

The transition t empera tu res are de te rmined using 
a polarizing microscope combined with a hot stage. 
The molecular fo rmulae and transition t empera tu res 
are as follows. 

C5HhO CH=N 

R = CFL - 5 0 . 1 Solid 57 °C 

45 °C 

N e m a t i c < -
| 4 6 ° C 

Smectic G 

62.4 °C Isotropic 

R = C2H5 — 50.2 Solid < 4SI c >Smectic G< 53 7 C >Nematic <—59 c > Isotropic 

R = C 4 H 9 — 50.4 S o l i d < — S m e c t i c G<—51 C »Smectic A< 5" c >Nematic < 6 9 4 c > Isotropic 

oxazol idine])-5a-choles tane is chosen as the ESR 
probe because its hyper f ine tensor A can be con-
sidered as approximate ly cylindrical a round a 
Z axis lying along the direction of the p2 orbitals of 
the nitrogen atom and perpendicu la r to the long 
axis of the molecule [4, 5], T h e g anisotropy is 
~ 7 x 1 0 - 3 and can be neglected in first approxima-
tion. The probe, a r igid rod shaped molecule, is 
easily soluble, is or iented by the anisotropically 
ordered molecules of the solvent, and reflects local 
molecular or ientat ion and mobil i ty. W e report here 
the t empera tu re dependence of the orientat ional 
order of a spin p robe in the mesophases of three 
N(p-n-pentyloxy benzyl idene) p-n-alkylanilines. 

Reprint requests to Dr. N. V. S. Rao, Faculty of Physical 
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The nitroxide probe molecule ( 1 0 _ 3 M ) is easily 
dissolved in the corresponding l iquid crystal in its 
isotropic phase in a quar tz tube. The ESR spectra of 
the three compounds (50.1, 50.2, and 50.4) were 
recorded with a Varian E-4 spectrometer . The tem-
perature of the sample was controlled with a Varian 
variable t empera tu re accessory and measured with 
a copper-constantan the rmocoup le inside the quar tz 
tube. r N _ ! of all the samples is decreased by 0.5 ° C 
af ter dissolving the ni t roxide probe in them. 

Results and Discussion 

In a nemat ic phase the order pa rame te r S is 
related to the ESR spect rum of the N - » O probe by 

S = ((a)-a)/(A - a ) . 
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Fig. 1. ESR spectra of 50.1, 50.2, and 50.4 at ( rN_ 1 -1 .4)°C 
in the nematic phase. 

REDUCED T E M P E R A T U R E 
Fig. 2. Order parameters vs. temperature in the nematic 
phase of 50.1. 50.2. and 50.4. Solid line taken from [8], 

Table 1. Temperature dependence of order parameter 
values from ESR spectra and refractive indices data for 
50.1. 

Tempera- Order parameter S 
ture 

C ESR Vuks Neugebauer 

0.4 0.462 _ _ 
1.4 0.470 0.458 0.455 
3.4 0.506 0.504 0.508 
4.4 0.527 0.523 0.546 
5.4 0.546 0.541 0.562 
6.4 0.565 0.553 0.579 
7.4 0.586 0.565 0.592 
9.4 0.636 0.588 0.612 

11.4 0.636 0.603 0.636 

Max imum order corresponds to S = — 0.5, i.e. the 
order paramete r obta ined by ESR should be double 
the value of S obtained by N M R . 

(a) = coupling constant obtained f rom the ex-
perimental motional ly averaged spectrum 
in the nemat ic phase ; 

a = (1/3) (A + 2A±) = Isotropic hyperfine par-
ameter measured in the isotropic phase; 

A ,A± = parallel and perpendicular components of 
the hyperf ine tensor; 

A = 30.8 Gauss is taken f rom [6], 

The ESR spectra of 50.1, 50.2, and 50.4 in their 
nematic phases at (F N _] — 1.4) ° C are shown in 
Figure 1. At the N - I t ransi t ion t empera tu re all the 
three samples exhibi ted an order paramete r S = 
0.44, which is in agreement with Maier-Saupe 's 
theoretical value at F n _ j . It is observed that the 
order parameter increases with increasing chain 
length at any t empera tu re ( F n _ j — F ) ° C in the 
nematic phases (Figure 2). T h e odd-even effect can-
not be ascertained because of l imi ted number of 
compounds . Fu r the rmore we have calculated order 
parameters for 50.1 f rom refractive index data [7] 
via the methods of Vuks and Neugebauer , as given in 
Table 1. It is found that the order paramete rs f rom 
ESR are in close agreement with the Neugebaue r 
values. This feature is also found for 50.2 and 50.4. 
The tempera ture dependence of the order pa ram-
eter 5 calculated f rom the Maie r -Saupe theory [8] is 
shwon in Fig. 2 as solid line. The experimental 
S values obtained f rom ESR are found to be higher 
than the values predicted f rom Maier and Saupe 's 
theory in all the compounds . 
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