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The density, refractive index and ultrasonic velocity dependence on temperature for N-(p-n-
pentyloxybenzylidene)-p-n-octylaniline, 50.8, is presented. The compound 50.8 exhibits smectic-B, 
smectic-Ä and nematic phases between the solid and isotropic liquid phases. The nematic-iso-
tropic and smectic A-smectic B phase transformations are found to be first order. The interesting 
smectic A — nematic transformation is confirmed from the results to be second order, although 
the thermal expansion coefficient and reported enthalpy data had suggested a weak first order 
transition. The computed adiabatic compressibility, /?ad, molar sound velocity, Rn, and molar 
compressibility Aw are presented. 

Introduction 

There is not yet a theoretical and experimental 
consensus about the critical behaviour at the 
nemat ic (N) to smectic-A (SA) phase transition in 
liquid crystals. Lubensky [1] has critically reviewed 
the current status of the theory of the N - A transi-
tion and m a d e compar isons with exper iment , while 
Johnson [2] discussed the N - A tri critical point ex-
tensively and concluded that a careful study of 
critical exponents in homologous series and appro-
priate mixtures that cover a wide range of values of 
( T N A / T N I ) I S needed to lead to a concurrent theo-
retical and exper imental situation. Dur ing the last 
few years extensive research by dif ferent methods 
for two homologous series has been focussed upon 
the SA— N transit ion [3.4], The methods employed 
include X-rays, scanning calorimetry. light scattering, 
thermal microscopy, density, ultrasonic velocity etc. 
The compounds involved are N-(p-n-alkoxybenzyl-
idene)-p-n-alkyl anil ines [4] and p-n-alkyl or alkoxy-
p ' -cyanobiphenyls [3]. The N-(p-n-alkoxybenzyl-
idene)-p '-n-alkylanil ines (hereaf ter referred as nO.m 
compounds where n = alkoxy g roup and m = alkyl 
group) exhibit complex mesomorph i sm. They are 
highly susceptible to humidi ty and exposure to 
a tmosphere . However they can be obtained in a 
pure form and detai led studies of phase transitions 
by dif ferent techniques are reported [5, 6]. Density, 
ultrasonic velocity, thermal microscopy and refrac-
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tive index studies did yield interesting results on 
some of the compounds in our laboratory [4]. 
Recent studies on 40.8 and 40.7 at MIT [6, 7] in-
dicated second order N - S A t ransi t ion using heat 
capacity, high resolution X-ray and light scattering 
methods. However our results on 50.4, 60.4, 70.4 
and TBBA indicated first order N —SA transition. In 
continuation of these results we carr ied out s imilar 
studies on 50.8 which exhibits interesting meso-
phases. 50.2 exhibits highly ordered S G and nemat ic 
phases, 50.4 exhibits S G , SA and nematic phases 
while 50.6 exhibits S G , S F , S B , S c , SA and N 
phases. The compound 50.8 exhibi ts only a mono-
tropic SG and enantiotropic S B , SA and N phases. 
The phase transit ion t empera tu res observed by 
density, ultrasonic velocity and refractive index 
studies are found to be compat ib le with the thermal 
microscopic and li terature data [8]. The structural 
formula and transition t empera tu res are presented 
below: 

C S H 1 1 ° - ( Ö J > - C H = N - < 2 ) ~ C 8 H 1 7 

Solid 4 3 S Smectic B c> Smectic A 
LOUR 76 °C 

Nematic <—> Isotropic 
Smectic G 

Experimental 

50.8 is prepared by condensat ion of p-n-pentyl-
oxybenzaldehyde (0.1 mole) and p-n-octylaniline 
(0.1 mole) in boiling absolute ethanol in the pres-
ence of a few drops of glacial acetic acid. After re-
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fluxing the reactants for four hours the solvent is 
removed by disti l lat ion under reduced pressure, and 
later the pure compound is recrystallised f rom ab-
solute ethanol in the cold. The molar volume and 
ultrasonic velocity measurements are carried out by 
a procedure similar to that reported earlier [4], The 
refract ive indices are measured with a modi f ied 
laboratory spectrometer [9], The t empera tu re ac-
curacy in all the exper iments is ± 0 . 1 °C. The 
density measurements are accurate to ± 0 . 0 0 0 1 g m / 
cm3. The ultrasonic velocity measurements are ac-
curate to ± 0 . 1 % while the refract ive index measure-
ments are accurate to 0.0005. 

Results and Discussion 

The variat ion of the density and the ultrasonic 
velocity with t empera tu re is i l lustrated in Figs. 1 a 
and b, and the var ia t ion of the refract ive index with 
temperature for different spectral regions in Figure 2. 
The j u m p in density and refract ive index and the 
anomalous d ip in the ultrasonic velocity at the N - I 
transition conf i rmed it to be first order. The 
variat ion of the thermal expansion coefficient 
i = d In Vm/dT, where Vm = molar volume, with 
t empera tu re is shown in F igure 3. It also supports 
the first order na ture of the transit ion. The j u m p in 
molar volume at the N - I transit ion is (AVm/Vm) 
= 0.25%; pretransi t ional effects are found to occur in 
the nemat ic region. T h e anomalous behav iour in the 
ultrasonic velocity ranges over 1.2 °C , while the 
anomalous decrease in ul trasonic velocity is 1.17% 
in compar i son with the normal t empera tu re depen-
dence. All these results are compat ib le with data 
reported in l i terature [4, 10]. T h e j u m p in refractive 
index, i.e. niso to nt or n0, is high for b lue light com-
pared to the other spectral regions. 

As to the order of the SA— N phase t ransforma-
tion, the salient features observed are 

a) a sudden j u m p in density is not observed in spite 
of repeated runs and d i f ferent rates of cooling 
(0.3 °C to 2 ° C per hour) , 

b) a d ip in velocity of 4 m/ sec is found and the 
anomalous decrease in ul trasonic velocity is 
(A V/V) = 0.3%, 

c) the ordinary and ext raordinary refract ive indices 
show a cont inuous behav iour at the SA— N transi-
tion, 

d) the nemat ic-smect ic A phase t ransformat ion is 
visible to the naked eye, i.e. a change f rom 

opaque nemat ic to translucent smectic A is ob-
servable, 

e) the thermal expansion coeff icient shows a peak 
(22 x 10~4 K _ 1 ) with pretransi t ional effects on 
both sides of the transit ion tempera ture , 

and indicate a weak first order or second order 
transition. It may however be argued that the peak 
is due to pretransi t ional effects at the transit ion, and 
only high resolution studies can dist inguish weak 
first order and second order transitions. In view of 
the ultrasonic velocity and refract ive index results, 
which support the density data , we conclude that 
this S A - N transit ion is of second order. The calori-
metric study [8] reported a transit ion enthalpy of 
920 J /mole at this transition. This is h igher than the 

Fig. 1. Density (g/cm3) and ultrasonic velocity (cm/sec) vs. 
temperature for 50.8 in its SB, SA, N and I phases. 
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Fig. 2. Refractive indices vs. temperature for the nematic 
and smectic A phases of 50.8. 
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Fig. 3. Thermal expansion coefficient (Kr1) of 50.8 vs. 
temperature. 

pretransi t ional heat of transition. Unless high reso-
lution ad iaba t ic scanning calorimetry is carried out 
the discrepancy cannot be explained. 

The crystalline smectic B phase possesses long 
range three dimensional ( 3 D ) order and positional 
correlat ions of the hexagonal in plane packing of 
the molecules, as well as of the layer stacking. We 
observed transit ion bars across the fans at the 
S A - S B transition followed by fans with a reduced 
n u m b e r of discontinuit ies characterising this phase 
of 50.8 as crystalline smectic B. The smectic A -
smectic B transition involves the development of in-
plane order. The re fo re the transition must be first 

order, and indeed our results conclusively show that 
in 50.8 the transit ion is strongly first order. The 
large density increase between the smectic A and 
crystalline smectic B phases does not however cor-
respond to a step funct ion; instead an almost l inear 
behaviour with a f ini te slope is observed. This in-
dicates the existence of an impur i ty b roadened two 
phase region between 52 and 52.3 °C. Hence this 
broadening can be explained as being due to a two 
phase coexistence, which occurs commonly and 
does not require pretransi t ional effects. Moreover 
the transition f rom disordered molecular arrange-
ment inside the layers of smectic A to the order ing 
in smectic B might be the origin of the two phase 
coexistence. Al though it is conceivable that impur i -
ties can convert an otherwise second order transit ion 
into a first order transit ion there is absolutely no 
reason to believe that this effect is occuring here. 
For example the comple te absence of pretransi t ion 
phenomena expected for second or weakly first 
order transitions weights heavily against any such 
hypothesis. The j u m p at this t ransi t ion is (AQ/Q) 
= 0.79%. The pressure dependence of the 
smectic A - s m e c t i c B transit ion t empera tu re is esti-
mated using the Claus ius-Clapeyron equat ion 
(dTt/dP) = T{(V/H); where Tt is the transit ion tem-
perature, P the pressure, Vm the volume change asso-
ciated with the transit ion and H the heat of transi-
tion. Using the Vm values f rom our experimental 
graph and the H values f rom the l i terature [9] the 
computed value of (dTx/dP) is 49.8 K /k bar. 

The ultrasonic velocity, which is constant in the 
lower tempera ture region of the smectic A phase, 
shows an anomalous behav iour at the transit ion 
tempera ture and then suddenly shoots up in the 
SB phase. It is apparen t that this anomaly agrees 
with the density result and leads to the conclusion 
that the SA—SB t ransit ion is first order. 

The adiabat ic compressibi l i ty /?ad, molar sound 
velocity Rn and molar compressibi l i ty Au as dis-
played in Figs. 4 and 5 are computed using the rela-
tions 

/Ad = r/V2 • Rn = Fm V 1/3 

where v = specific volume, V= ul trasonic velocity 
and Vm = molar volume: The ad iaba t i c compres-
sibility shows pretransi t ional effects in the vicinity 
of all the phase transitions. The molar sound veloc-

10/3 <,-1/3 ity Rn in the isotropic phase is 4452 x 10 6 m l u / J s 
and is found to be lower than the computed value of 
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Fig. 4. 
50.8 vs. 

Adiabatic compressibility /?ad(10 3 m kg 's 2) 
temperature. 

of Fig 5. 
(10~6 m 
( 1 0 - 3 I / 7 

Variation of 
"s- ' / 3 ) and 

molar 
molar 

sound velocity 
compressibility 

m kg'77 s~2/7) with temperature for 50.8. 

4553 f rom Rao 's a tomic data [11]. All the transit ions 
are indicated by minima, and pretransi t ional effects 
are found to be on the lower t empera tu re side of the 
transition. Both molar sound velocity and mola r 
compressibili ty are found to be constant in the 
nematic phase, while they steeply decrease with 
decreasing tempera ture in the S A phase. T h e cal-
culated value of the molar compressibi l i ty 
(223.6 x 10~31/7 m2 0 / 7 kg1/7 s _ 2 / 7 ) f rom Wada ' s table 

[12] is slightly lower than the experimental value 
(225.4). 
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