
This article was downloaded by: [Tomsk State University of Control Systems
and Radio]
On: 23 February 2013, At: 03:32
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

Incommensurate and
Commensurate Smectic a
Phases with Pressure Induced
Nematic Phases
P. E. Cladis a , D. Guillon a , P. Finn a , W. B. Daniels
b a & A. C. Griffin c a
a Bell Laboratories Murray Hill, New Jersey, 07974
b Physics Dept., University of Delaware Newark,
Delaware, 19711
c Department of Chemistry, University of Southern
Mississippi Hattiesburg, Mississippi, 39401
Version of record first published: 20 Apr 2011.

To cite this article: P. E. Cladis , D. Guillon , P. Finn , W. B. Daniels & A. C. Griffin
(1980): Incommensurate and Commensurate Smectic a Phases with Pressure Induced
Nematic Phases, Molecular Crystals and Liquid Crystals, 64:4, 93-99

To link to this article:  http://dx.doi.org/10.1080/01406568008072004

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.

http://www.tandfonline.com/loi/gmcl16
http://dx.doi.org/10.1080/01406568008072004
http://www.tandfonline.com/page/terms-and-conditions
http://www.tandfonline.com/page/terms-and-conditions


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
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:
32

 2
3 

Fe
br

ua
ry

 2
01

3 



Mol. Cryst. Liq. Cr>)s/. Vol. 64 (Letters), pp. 93-99 

@ 1980, Gordon and Breach, Sciencc Publishers, lnc. 
Printed in the United States of America 

0 14@-6566/80!64@4-O@93 %@6.50/0 

KNCOMMENSURATE AND COMMENSURATE SMECTIC A 
PHASES WITH PRESSURE INDUCED NEMATIC PHASES 

P. E. Cladis, D. Guillon and P. Finn, 
Bell Laboratories 
Murray Hill, New Jersey 07974. 

W. B. Daniels 
Physics Dept. 
University of Delaware 
Newark, Delaware 197 1 1 .  

A.  C. Griffin 
Department of Chemistry 
University of Southern Mississippi 
Hattiesburg, Mississippi 39401. 

(Submitted for Publication September 12, 1980) 

ABSTRACT 
Our previous resolution of the discrepancy between the molecular length, L , ,  and the 
observed smectic A lattice parameter, d (incommensurate smectic A phase, d # L s )  of 
some nitro esters now seems unnecessary. A new interpretation is presented. It turns 
on the appreciation that an x-ray diffraction experiment on intercalated smectic A layers, 
composed of different sorts of molecules: N molecules of length Lp and M, of length, 
L , ,  would sense an average spacing: 

d = (NL,, + M L , ) / ( N  + M )  . 

For the nitro esters. L,, is the length of an anti-parallel associated pair (similar to the 
one proposed for the cyanobiphenyls) and L , ,  the (unassociated) molecular length. N is 
estimated for the previously studied nitro-esters. 

I n  contrast, the weaker dipole of fluorinated Schiff bases cannot stabilize such pair- 
wise associations at  one atmosphere resulting in a commensurate smectic A phases: 
d - L, ; N -0. A pressure induced nematic phase is observed i n  the decyloxy member 
of this series, as it was for the nitro-esters, and indicates that pressure stimulates pair 
production (N>O) and thus incommensurability which in turn stabilizes the nematic 
phase but at the expense of the smectic A phase. This is consistent with the recent Lan- 
dau theory of the nematic smectic A transition in which the nematic and smectic A 

order parameters are coupled. D
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94 P. E. CLADIS. D. GUILLON, P. FINN, W. B. DANIELS and A. C. GRIFFIN 

INCOMMENSURATE SMECTIC A PHASE 

Recently we studied(') the liquid crystal transitions of the nitro-ested2) 

where n was 8, 10 and 12. In particular, these compounds exhibited smectic A 
phases for which the layer spacing, d, is not commensurate with the molecular 
length, JL, . ( '*~)  For exampl:, for n = 10, the mole!ular length measured from a 
scaled model is, L, - 28A. In contrast d - 32A and a n  anti-parallel associ- 
ated as shown in Fig. l c  measures Lp - 42.4A or 10A in excess of d. 
The large discrepancy between Lp and d was used as an argument against the 
occurrence of the kind of associations represented in Fig. l ( b )  and a more com- 
plicated one was proposed which gave a length on the order of the observed d. 
Here we show that such complicated associations are unnecessary since an x-ray 
diffraction experiment on intercalated smectic A layers composed of molecules of 
different l e n g t h ~ ( ~ 9 ~ )  observes (unless exceptional circumstances pertain) the 
average length, d, which for N anti-parallel pairs and M single molecules is 

(1) d = ( N  Lp + M L , ) / ( N  + M )  . 

Fig. 

(C) (d 1 
1 .  Schematic for (a) single nitro-esters, (b) overlapped pair, (c) completely intercalated smectic 
A layers and (d) intercalated layers composed of some single (a) and some overlapped (b) 
pairs. The zero temperature electron densities for schemes (c) and (d) show that the ampli- 
tude (i .e.  modulus of the S, order parameter) is smaller for (d) than (c). 
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INCOMMENSURATE SMECTIC A PHASE 95 

n 

8 

10 

12 

I f  T is the total number of molecules, T = 2N + M ,  then 

N I T  = (d  - L,)/(Lp - 2L, + d )  . 

d ( A )  L , ( h  LJ'4 :. NIT 

29 25.5 36.8 .24 

32 28.5 42.5 .20 

34 30.5 45.5 .19 

Measuring d and estimating L,,  Lp from molecular models or from the solid 
phase diffraction, leads to an estimate for N/T. 

In Table I ,  we do this for the previously studied nitro-esters.(') 
Table 1. Re-interpretation of the nitro-ester data. T is the 

total number of molecules. The maximum value for N/T = .5 

Conclusion: Pairs stabilize the nematic phase, non-pairs the smectic A phase. 

COMMENSURATE SMECTIC A PHASE 

Why should a commensurate layering in compounds composed of a very polar 
aromatic stem and a single methyIene chain favor the smectic A phase? 

In Fig. lc ,  a commensurate smectic A phase is shown for just such 
molecules. Here we immerse the aliphatic chains from one layer into the ali- 
phatic chains of neighboring layers while simultaneously overlapping the 
aromatic cores in the antiparallel arrangement. The difference in this layering 
compared to one formed exclusively from overlapped pairs is that alkyl chains 
fi l l  space better than benzene rings so that the in-plane packing for the aromatic 
stems is looser for Fig. Ic than it is for the pairwise associated unit in Fig. Ib. 
Consequently, the electrostatic fields associated with the dipoles do not cancel 
as completely as in the closer packed arrangement. The molecular ensemble is 
quite polar, however, its ultimate stability depends upon the strength of the 

Table I shows that a small decrease in N/T from .24 for n = 8 to 0.20 for 
n = 10, correlates with the eclipse of the nematic phase at one atmosphere in 
the n = 10 member. In the next section we argue that increasing pressure 
stimulates pair production and incommensurability thus stabilizing the nematic 
phase at elevated pressures at the expense of the smectic A phase. 

A comparison of the data shown in Table I with that found in the 408 
(butyloxybenzilidene-octylaniline) and 80CB (octyloxybiphenyl) mixtures,(5) 
shows that at one atmosphere, the pure nitro-esters have about half the number 
of pairs as pure 80CB. In  the mixtures, the nematic phase disappeared when 
N I T  - 0.22 which is compatible with the results in Table 1. 
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96 

attractive forces between the aromatic segments: when strong, as it would be 
for the nitro esters, a small fluctuation in the in-plane packing enhances pair- 
wise associations and the onset of incommensurability ( I d ) ;  when weak, as it is 
for the fluorine compounds shown in Fig. 2, then a commensurate smectic A 
phase like l c  has a greater possibility of being stable to  these fluctuations. 
However, applying pressure to configuration lc forces a closer packing of the 
aromatic cores thereby stimulating pair formation (1 b) and an incommensurate 
smectic A phase ( I d )  where there are both pairs and single molecules. In this 
scheme ( I d ) ,  there is a loss in the distinction between the aromatic part of the 
layers and the aliphatic part, noted in lc, which is physically equivalent to 
weakening the smectic A order parameter even though the orientational order 
is enhanced. This ends in the induction of the nematic phase under pressure at 
the expense of the smectic A phase. These ideas have been phrased in terms 
of a Landau theory in which the nematic and smectic A order parameters are  
coupled.(') 

Fig. 2 shows the pressure temperature phase diagram for the n = 10 and 
n = 6 members of the fluorinated alkoxy Schiff base. Table I1 summarizes the 
relevant parameters. 

P. E. CLADIS, D. GUILLON, P. FINN, W. B. DANIELS and A. C. GRIFFIN 

Table 11. Slopes and zero pressure intercepts from Fig. 2. 

rransition dT/dP ("C/kbar) 

:::, ; 
Cryst 

Melt 

n = 6  

Transition 

~~ 

dT/dP ('C/kbar) 

25.6 

19.6 

22.9 

18.1 

65.8 

65.4 

55.5 

70.3 

TO("C) 
62.9 

62.3 

57.9 

65.2 
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INCOMMENSURATE SMECTIC A PHASE 97 

c,H,+,o-@cH= N@F 

3 -  

2 -  

1 

L 

9 

"C 

Fig. 2 Pressure-temperature phase diagram for the fluorinated alkoxy Schiff base. The cross- 
hatched area is the nematic phase, N. The smectic phases are smectic A ( A )  and smectic 
B(B). The X's in the top diagram indicate crystallization. D
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98 P. E. CLADIS, D. GUILLON, P. FINN, W. B.  DANIELS and A. C. GRIFFIN 

For the n = 10 member, a t  one atmosphere, the sequence of transitions is: 

6%7-"c Under pressure, a smectic A-nematic- 

* isotropic triple point is observed at  

&c -3°C p = 0.34-0.44 kbar and t = 12.3 "C. The 

extrapolated zero pressure nematic-isotropic 

transition temperature (Table 11) is less than the one atm. smectic A-isotropic 

transition temperature - as it was also observed to be for the nitro-esters. This 

is predicted by the previously mentioned Landau theory.(') 

A measurement of the layer spacing gave 23A for the solid phase and 27A 

for the  monotropic smectic A phase which is about the length of the fully 

extended molecule. At  one atmosphere the smectic A phase is commensurate 

(Fig. Ic). Stimulating the onset of incommensurability by forcing a closer 

packing of the aromatic stems with increasing pressure thereby increasing pair 

production, weakens the smectic A order parameter, enhances the nematic 

order and sets the stage for the observed pressure induced nematic phase (Fig. 

2) .  

The pressure-induced nematic-smectic A transition is accompanied by 

exceptional turbulence. Once one of the phases is established, the extreme 

chaos observed in the transition region clears. A reasonable interpretation is 

demixing between the commensurate and incommensurate regions; the com- 

mensurate S, is not miscible with the incommensurate one. When the pres- 

sure exceeds 2.6 kbar and the temperature, 105"C, the  solid phase is more 
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INCOMMENSURATE SMECTIC A PHASE 9 9  

stable and the mesophases are difficult to nucleate. 

For the n = 6 member of this series, the nematic-smectic A-smectic B triple 

point is 1.5 kbar and 92°C. The reduced pairing of these compounds, compared 

to the cyanobiphenyls, is consistent(5) with the existence of the smectic A phase 

for n = 6 of these compounds whereas only the nematic is observed in the 

equivalent cyanobiphenyl, 60CB, cyanohexyloxy biphenyl. 
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