
This article was downloaded by: [Tomsk State University of Control Systems
and Radio]
On: 23 February 2013, At: 03:17
Publisher: Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954
Registered office: Mortimer House, 37-41 Mortimer Street, London W1T 3JH,
UK

Molecular Crystals and Liquid
Crystals
Publication details, including instructions for
authors and subscription information:
http://www.tandfonline.com/loi/gmcl16

Experimental Evidence for
a Hyperscaling Relation at a
Nematic to Smectic A Phase
Transition
Ichiro Hatta a & Takao Nakayama a
a Department of Applied Physics, Nagoya University,
Chikusaku, Nagoya, 464, Japan
Version of record first published: 14 Oct 2011.

To cite this article: Ichiro Hatta & Takao Nakayama (1981): Experimental Evidence for
a Hyperscaling Relation at a Nematic to Smectic A Phase Transition, Molecular Crystals
and Liquid Crystals, 66:1, 97-102

To link to this article:  http://dx.doi.org/10.1080/00268948108072662

PLEASE SCROLL DOWN FOR ARTICLE

Full terms and conditions of use: http://www.tandfonline.com/page/terms-
and-conditions

This article may be used for research, teaching, and private study purposes.
Any substantial or systematic reproduction, redistribution, reselling, loan,
sub-licensing, systematic supply, or distribution in any form to anyone is
expressly forbidden.

The publisher does not give any warranty express or implied or make any
representation that the contents will be complete or accurate or up to
date. The accuracy of any instructions, formulae, and drug doses should be
independently verified with primary sources. The publisher shall not be liable
for any loss, actions, claims, proceedings, demand, or costs or damages

http://www.tandfonline.com/loi/gmcl16
http://dx.doi.org/10.1080/00268948108072662
http://www.tandfonline.com/page/terms-and-conditions
http://www.tandfonline.com/page/terms-and-conditions


whatsoever or howsoever caused arising directly or indirectly in connection
with or arising out of the use of this material.

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

3:
17

 2
3 

Fe
br

ua
ry

 2
01

3 



Mol Cryst. Liq. Crysl.,  1981, Vol. 66, pp. 97-102 
0026-8941/81/6604-0097 $06.50/0 
0 1981 Gordon and Breach Science Publishers, Inc 
Printed in the U.S.A. 

Experimental Evidence for a 
Hyperscaling Relation at a Nematic 
to Smectic A Phase Transition 

ICHIRO HATTA and TAKA0 NAKAYAMA 

Department of Applied Physics, Nag0 ya University, Chikusaku, Nagoya 464, Japan 

(Received July 24, 1980) 

A hyperscaling relation v l l  + 2v, = 2 - u is examined for the nematic to smectic A transition 
of 4-octyloxy-4-cyanobiphenyl (80CB) and 4-octyl-4-cyanobiphenyl (8CB). From the heat 
capacity results, 2-a is analyzed to be 1.84 f 0.03 for 80CB and 1.75 k 0.02 for 8CB. On 
the other hand v l ,  + 2v, is calculated from the results reported by X-ray experiments to be 
1.87 f 0.12 for 80CB and 1.69 & 0.1 1 for 8CB. From the above coincidences the hyperscaling 
relation is found to be applicable to the nematic to smectic A transition. 

1 INTRODUCTION 

Since de Gennes' suggestion1y2 that the phase transition between a nematic 
phase and a smectic A phase, hereafter abbreviated as NA transition, might 
be analogous to the superfluid transition of 4He, much theoretical and 
experimental effort has been devoted to a study of this problem. Halperin 
and Lubensky3 have shown that the fluctuation of the director results in a 
first order phase transition, but it is very close to a second order phase transi- 
tion. Furthermore, they have pointed out that the effective critical exponents 
should be the same as for the superfluid t ran~i t ion .~  

The critical exponents obtained experimentally, however, do not always 
agree with those of the superfluid transition, i.e., the exponents of a three 
dimensional XY system. Among these facts, it is quite striking that the critical 
exponents of the correlation length have been reported to vary with direc- 
t i ~ n . ~ , ~  In 4-cyanobenzylidene-4'-n-octyloxyaniline (CBOOA), v ,, = 0.70 

Paper presented at the Eighth International Liquid Crystal Conference, Kyoto, Japan, June 
_______ 

30-July 4, 1980. 
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k 0.04 and vl = 0.62 f 0.05, in 4-octyloxy-4’-cyanobiphenyl (SOCB), v , ,  = 
0.71 & 0.04 and vL = 0.58 h 0.04, and in 4-octyl-4-cyanobiphenyl (SCB), 
v i ,  = 0.67 =k 0.03 and vI  = 0.51 i 0.04, where / /  and I denote the direction 
parallel and perpendicular to the director of nematic ordering, respectively. 
For such a case, a hyperscaling relation v l ,  + 2v, = 2 - M has been proposed 
by Lubensky and Chen.s In this connection, it is of interest to examine the 
critical exponents a, a’ of the specific heat capacity for CBOOA, 80CB and 
8CB. The specific heat capacity of CBOOA has been measured by Djurek 
ct al.’ and the critical exponents M and a‘ have been obtained as 0.16 & 0.01 
and 0.14 f 0.02, respectively. It is clearly seen that M and a‘ substantially 
deviate from zero (logarithmic divergence), but, satisfy a scaling relation 
M = a‘. For 80CB there is conflicting evidence concerning the critical expo- 
nents of the specific heat capacity. Johnson et aL7 have reported them to be 
consistent with a logarithmic divergence, which is expected in a three dimen- 
sional XY system. On the other hand, recent specific heat measurements for 
80CB carried out by Garland et aL8 agree with a power law divergence, with 
M = a’in the range of0.2 - 0.3. We have performed independent experiments? 
using 80CB and SCB, in view of the establishment of the hyperscaling rela- 
tion. Garland et aL8 have also measured the specific heat capacity of SCB and 
obtained a large positive M value in the 0.25 - 0.4 range. 

In this paper, the results of the analysis of the critical exponents a, M’ for 
80CB and 8CB will be discussed and the examination of the hyperscaling 
relation will be made. 

2 EXPERIMENTAL RESULTS A N D  ANALYSES 

The specific heat capacity experiments were carried out by means of an a.c. 
calorimetry method. Liquid crystals were put between thin platinum plates 
and a chromel-alumel thermocouple was used for the a.c. temperature detec- 
tion ; this was attached to one of the surfaces of the platinum cell. The ampli- 
tude of the a.c. temperature was about 9 mK near the NA transition tem- 
perature (TNA).  The results were analysed by a least squares method fitting 
to the equations : 

(1) 
C, = At-“ + B + Et 
C,=A’It’I-”+B’+Et’  T <  TNA, 

where t and t’ are (T  - TNA)/TNA above and below TNA, respectively. The 

T > TNA, 

t Our experimental results were briefly reported at the Autumn Meeting of the Physical 
Society of Japan, Ehime. October 1979. 
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analysis was performed under the constraints E = E‘ and o! = a’. The latter 
condition is required from a scaling law. 

8 0 C B  assumes a crystalline phase below 327.0 K and a smectic A phase 
appears above this temperature. It forms a nematic phase at 338.8 K and 
successively transforms into an isotropic phase at 351.6 K. For SCB, the 
sequence of the phases is the same as for 80CB. A crystalline-smectic A tran- 
sition occurs at 294.3 K, a transition to a nematic phase at 306.7 K, and, 
finally, a transition to the isotropic phase at 314.0 K. The present experi- 
ments were made in the temperature regions of 333 K to 347 K for 80CB and 
of 298 K to 31 3 K for 8CB. The least squares fitting analysis was carried out 
for the results between \t’lmax and It’Imin below TNA, and between tmin and 
t,,, above TNA. Closer to 0 from I t‘I and tmin, the departures from Eq. (1) 
become significant and may be attributable to sample inhomogeneities. Then 
the results with smaller I t’ I and t should be discarded in the analysis. On the 
other hand, in the temperature regions beyond lt’lmax and t,,,, the normal 
part of Eq. (1 )  is no longer linear in t’ and t ,  because a crystalline phase exists 
just below tkaX and an isotropic phase just above y,,,. In Table I, t’,,,, t’min, 
tminr t,,,, TNA and o! are summarized for 80CB. In Table 11, the same 
quantities for 8CB are listed. As seen in Tables I and 11, o! is closer to a stable 
value as the temperature region used in the analysis becomes narrower. 
Therefore the present analysis is successful. Finally, we determined that 
a( =a’) is 0.16 f 0.03 for 80CB and 0.25 f 0.02 for 8CB. The exponent for 
80CB is near to the smallest value, 0.2, obtained by Garland et al.* but clearly 
differs from the logarithmic divergence indicated by Johnson et al. The 
exponent for 8CB corresponds to the smallest value, 0.25, in the region 
quoted by Garland et a1.’ The present results indicate that the critical expo- 
nents of the specific heat capacity at the NA transition are significantly 
different from logarithmic and depend on the substance. Details of the 
experimental results will be published elsewhere. 

3 DISCUSSION 

To examine the hyperscaling relation connecting 2 - a with v l l  + 2v, which 
was derived from the experimental values, these values are listed in Table I11 
for 80CB and SCB, together with the values for CBOOA.4.6 Within experi- 
mental accuracy, the coincidences are good enough, except for CBOOA. In 
the case of CBOOA, a good quality sample is not easily available, in com- 
parison with the other cases, and, for this reason, the coincidence may be 
rather poor. 

In the superfluid transition, the critical exponent v of the correlation length 
is 0.67. At the NA transition, v II is larger than vI, and the superfluid exponent 
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lies between v and v I .  The critical exponents of the specific heat capacity 
at  NA transitions are significantly different for different substances. Specific 
heat measurements at  the NA transition have been made for pentylphenyl- 
thiol-octyloxybenzoate (8S5), pentylphenylthiol-nonyloxybenzoate (9S5) 
and pentylphenylthiol-decyloxybenzoate (rnS5).9 Brisbin et aL9 have re- 
ported that a (= a') is 0.0 f 0.02 (logarithmic divergence) for 8S5,0.22 i 0.03 
for 9S5 and 0.45 i 0.05 for fiiS5. In the fiS5 homologous series, it has been 
concluded that there appears to be a tricritical point when ii 2 9 and, in 
consequence of a critical to tricritical crossover, the critical exponent of the 
specific heat capacity changes with ii. In the case of the ZS5 series, the value 
of a increases as the length of the molecule increases. On the contrary, o! for 
8CB is larger than that of 80CB, in which the length of molecule is greater 
by an additional oxygen atom. Therefore the length of the molecule alone 
does not play an important role in altering the nature of the divergence of 
the specific heat capacity. At present, it is desirable that X-ray experiments 
be carried out on a number of substances, especially those in the ZS5 series. 
Such results for the ZS5 series would give another examination of the hyper- 
scaling relation and strong evidence about the systematic change of the values 
of v l l  and vL . 

The hyperscaling relation is derived from a length scale transformation. 
The correlation lengths are given by t , ,  and (I at the NA transition. The 
singular part of the free energy per unit volume is related to t as 

F, cc t2-OL. (2) 

The total free energy does not change under a length scale transformation. 
Therefore, 

F,( , ,  (: = const. (3) 

V I ,  + 2 v ,  = 2 - a. 

From Eq. (3) one obtains 

(4) 

In an actual substance, both correlation lengths become long as t decreases, 
and near TNA grow with characteristic anisotropy when v , ,  > v I .  In a sample 
of finite size, the growth of clusters is limited before the three dimensional 
order is built up, and this seems to be a feature ofdelicate first order transition 
as mentioned below. The latent heat, which gives a measure of first order 
nature, is 0.06 & 0.02 cal/g for CBOOA, 0.10 f 0.03 cal/g for 80CB and 
0.17 & 0.05 cal/g for 8CB.l' On the other hand v I ,  - v I  is calculated to be 
0.08 i 0.09 for CBOOA, 0.13 & 0.08 for 80CB and 0.16 & 0.07 for 8CB from 
Ref. 4. As can be seen, there exists a strong correlation between the latent 
heat and the value of v ,, - v I  . 
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NOTE ADDED IN PROOF 

I. HATTA AND T. NAKAYAMA 

In the paper by G. B. Kasting, K. J. Lushington, and C. W. Garland, Phys. 
Rev., B22, 321 (1980), it was recorded that a = a’ = 0.25 f 0.05 for 80CB 
at 1 atm, 500 bar, and 1000 bar, and in that by G. B. Kasting, C. W. Garland, 
and K. J. Lushington, J .  Phys. (Paris), 41, 1200 (1980), that a = a’ = 0.30 
f 0.05 for 8CB at 1 atm. Very recently on two different batches of 80CB, 
similar experiments were carried out by J. D. LeGrange and J. M. Mochel, 
Phys. Rev. Lett., 45, 35 (1980). They obtained the results that on one sample 
(early batch) a = a’ is naught, inconsistent with Johnson’s early measure- 
ments, while on the other sample (late sample), a = a’ is 0.25 f 0.02, which 
agrees with Garland’s measurements. Our results, on a sample which should 
be classified as a late batch, are closer to the latter results, but CI = a’ is slightly 
smaller than in the other studies. 
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