
This article was downloaded by: [University of Haifa Library]
On: 20 August 2012, At: 10:52
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 Science
and Technology. Section A.
Molecular Crystals and Liquid
Crystals
Publication details, including instructions for
authors and subscription information:
http://www.tandfonline.com/loi/gmcl19

A Mössbauer Temperature
Study of 1,1′-diacetylferrocene
in the Liquid Crystal, N-(P-
hexyloxybenzylidene)-P-
toluidine
Robert P. Marande a & Nathan Viswanathan b
a Department of Mathematics, Physics and Computer
Science, Philadelphia College of Pharmacy and
Science, Philadelphia, PA, 19104-4495
b Chemistry Department, Penn State Fayette,
Uniontown, PA, 15401-0519

Version of record first published: 04 Oct 2006

To cite this article: Robert P. Marande & Nathan Viswanathan (1998): A Mössbauer
Temperature Study of 1,1′-diacetylferrocene in the Liquid Crystal, N-(P-
hexyloxybenzylidene)-P-toluidine, Molecular Crystals and Liquid Crystals Science and
Technology. Section A. Molecular Crystals and Liquid Crystals, 312:1, 247-252

To link to this article:  http://dx.doi.org/10.1080/10587259808042444

PLEASE SCROLL DOWN FOR ARTICLE

http://www.tandfonline.com/loi/gmcl19
http://dx.doi.org/10.1080/10587259808042444


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
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
 [

U
ni

ve
rs

ity
 o

f 
H

ai
fa

 L
ib

ra
ry

] 
at

 1
0:

52
 2

0 
A

ug
us

t 2
01

2 

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


Mol. Cryst. Liq. Cryst., 1998, Vol. 312, pp. 247-252 
Reprints available directly from the publisher 
Photocopying permitted by license only 

0 1998 OPA (Overseas Publishers Association) 
Amsterdam B.V. Published under license 

under the Gordon and Breach Science 
Publishers imprint. 

Printed in India. 

A Mossbauer Temperature Study 
of 1,l’-diacetylferrocene in the Liquid 
Crystal, N -( P- hexyloxybenzyl idene) 
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The Fe-57 Mossbauer Effect was used to study a solution (0.2% by Weight) of l , l ‘ -  
diacetylferrocene (DAF) in the liquid crystalline material p-n-hexyloxy-benzylidene-p-toluidine 
(HBT). The DAF contained enriched Fe-57. The Mossbauer Effect parameters were determined 
for the temperature range 100-300K in the crystalline solid phase and 100-200 K in the cold 
smectic B phase of HBT. Here “cold” means the smectic glass and the supercoded smectic 
phase. The Ln recoil-free intensity (f) vs Tdata exhibited linear Debye behavior for the solid 
phase over the entire temperature range. The low temperature (T < 190) portion of the cold 
smectic Inf YS T data also exhibited Debye behavior, and the smectic glass gave a Mossbauer- 
Debye temperature (elc) about 30 K lower than the crystalline phase. The smectic glass-super 
cooled smectic transition was determined to be T, = 190 K from the deviation of the Inf vs T 
data from linear behavior. Above T,, the deviation from linear Debye behavior followed a 
(T-T,)* dependence. The smectic E glass yielded an order parameter of S = 0.06 for DAF 
molecules at 100 K. Rotational and transitional diffusion were not observed for the cold smectic 
B phase. 

Keywords: Mossbauer Effect; liquid crystal; diacetylferrocene 

1. INTRODUCTION 

Mossbauer studies were performed on a 0.2% (by weight) solution of 1,l’- 
diacetylferrocene (DAF) in N-(P-hexyloxybenzylidene) -P- toluidine (HBT). 

*Corresponding author. 
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248 R. P. MARANDE AND N. VISWANATHAN 

The DAF contained enriched Fe-57. The measurements spanned the 
temperature range of 100-300K for the crystalline solid phase of HBT 
and 100- 190 K for the cold liquid crystal. The cold liquid crystal in this case 
refers to the crystal B1 liquid crystalline glass. The lowest temperature cold 
liquid crystalline phase of HBT is the crystal smectic B phase. The molecules 
are in a layered structure in which the molecules are perpendicular to the 
smectic layers and have hexagonal packing. The HBT liquid crystalline 
material has the following transitions [ 1, 21: 

The Mossbauer Effect Spectrometer, the sample preparation and 
alignment, and the data analysis are discussed in the following sections. 

2. EXPERIMENTAL 

A standard constant acceleration spectrometer was used which is identical 
to and described in reference [3]. Starting from '7Fe enriched elemental iron 
1 , 1'-diacetylferrocene was prepared following the procedure in reference [4]. 
The DAF in HBT was enriched with Fe-57. A complete discussion of the 
sample preparation and the aligned glass is given in reference [5] under 
the experimental section. The Mossbauer Effect spectra were fitted with 
Lorentzian line shapes using an IBM 3090 computer. 

3. RESULTS AND DISCUSSION 

Figures 1 and 2 show the plots of logarithm of the recoil-free intensity (f) 
versus temperature (T). The three experimental situations presented are as 
follows: The crystalline solid, and the cold liquid crystal oriented at 0" and 
90". The crystal data are shown in Figure 1 and show a linear temperature 
dependence for the entire temperature range (100- 300 K) and is in accord 
with the expectations of the Debye model of a solid [6]. In the high 
temperature limit, the result of the Debye model is: 

-3E;T 
MC2k& ' Inf = 
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A MOSSBAUER TEMPERATURE STUDY OF I,I'-DAF 249 

FIGURE 1 In (area) versus temperature for the crystal phase of 0.2% DAF in HBT. 
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FIGURE 2 
0.2% DAF in HBT. 

In (area) versus temperature for the 0" and 90" orientations of the glass phase of 

where E-, = 14.4 keV the energy of the gamma ray, T is the temperature at 
which the data is collected, M is the mass of the vibrating unit (for DAF 
MC2 = 2 . 5 1 5 ~ 1 0 ~  keV), Kb is Boltzmann's constant and 0, is the 
Mossbauer-Debye temperature. To determine the Mossbauer-Debye 
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250 R. P. MARANDE AND N. VISWANATHAN 

temperature for the host (81,) (either the liquid crystalline solid or the 
smectic B glass) the following must be used [5 ] :  

where Mprobe/Mlc is the ratio of the DAF mass to the mass of the HBT host 
molecule. Figure 2 Shows the Inf versus T data for the cold smectic B glass 
phase. Again there is linear behavior as described by Eq. (1) for the 
temperature range of 100- 190K. For T > 190K there is a deviation from 
linear behavior attributed to additional relaxation experienced by DAF 
molecules as the system enters the supercooled liquid state. 

Table I lists the Debye temperatures observed from the plot of lnf versus 
T data. The Orc for each glass orientation is less than the 81, obtained from 
the crystalline phase. The expectation that the glass phase is less rigid than 
the crystal is, therefore, confirmed. 

The aligned smectic-B phase consists of an ordered stack of molecular 
layers in which the long molecular axes are distributed about the planar 
normal [7]. The 0" orientation has the y ray along the planar normal for 
HBT and the 90" orientation corresponds to the y ray being directed within 
the layers. This anisotropy accounts for the anisotropic Debye temperature. 
The glass transition temperature is taken to be the temperature where the lnf 
vs T plot starts to deviate from Debye-like behavior. This non-Debye 
behavior is associated with an increase in the number of vibrational 
relaxations which result from the increase in free volume and configura- 
tional entropy at this temperature. Tg was determined by fitting the lnf vs T 
data to the following equation: 

I n f = a T + b ( T -  Tg)2+c (3) 

where a, b and c are constants that were determined from the linear portion 
of the curve. Ruby, Zabransky and Flinn first proposed the (T-Tg)2 

TABLE I Comparison of elc for DAF in HBT 

Phase Debye Temperature 

el 0, 
Crystal 69.1 71.4 
Orientation 90" 
Glass 41 43.1 
Orientation 0" 
Glass 38.8 39.8 
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dependence for isotropic glasses [lo, 111. They attributed this dependence to 
a shift of the Debye-like vibrational modes to lower energy at the glass 
transition; that is one can think of the lattice as “softening” at Tg. To obtain 
the glass phase, the DAF-liquid-crystal system was cooled at a rate of 
-20 K/min. At this rate crystallization was avoided and any ordering of the 
DAF molecules by HBT molecules was preserved. 

The 7r and a transition probabilities depend on the orientation angle 8 and 
if there is any orientational alignment, one will see an asymmetric 
absorption. The area ratio in this case is independent of temperature and 
exhibits an angular dependence as shown in Figure 31 The theoretical 
expression for the angular dependence of (AnlAa) for DAF and a small 
intramolecular contribution is: 

AT 8-(3cos28-1)s  
Aa 8 + ( 3 ~ 0 s ~  8 - 1)s -((el = (4) 

where S is the orientational order parameter [4]. The solid line in Figure 3 is 
the best fit of Eq. 3 to the data. The resulting order parameter for DAF in 
HBT is S=O.O6 at l00K. This order parameter is similar to other 
measurements using DAF as a solute molecule [3, 6, 7, 8, 91. The order 
parameter that we have measured is independent of temperature. V. G. 
Bhide, M. C. Kandpal and Subkas Chandra [2] have reported an order 

FIGURE 3 
were all recorded at 100 K. 

Plot of the area ratio versus Orientation angle for 0.2% DAF in HBT. The data 
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252 R. P. MARANDE AND N. VISWANATHAN 

parameter for the glassy phase that is temperature dependent for 8% by 
weight DAF in HBT. This could happen if the 8% sample was not a true 
solution but rather a suspension. 

CONCLUSIONS 

The Mossbauer Effect data of DAF in the cold smectic solution HBT 
provides a detailed picture of the smectic B glass. The glassy phase has a 
lower Mossbauer Debye temperature than the crystalline phase showing 
that the glassy phase is less rigid. We have found the order parameter S to be 
temperature independent and its small value indicates that the DAF 
molecules remain disordered and reside in the tail region of the liquid 
crystalline material. Further, the anistropic Mossbauer-Debye temperature 
shows that the 90" orientation is more rigid than the 0" orientation. 
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