
This article was downloaded by: [Tomsk State University of Control Systems and Radio]
On: 18 February 2013, At: 12:28
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

Scaling Property of Polymer Liquid
Crystal Langmuir Monolayers
Y.-M. Zhu a , Z.-H. Lu a & Y. Wei a
a Laboratory of Molecular and Bimolecular Electronics, Southeast
University, Nanjing, 210096, China
Version of record first published: 23 Sep 2006.

To cite this article: Y.-M. Zhu , Z.-H. Lu & Y. Wei (1994): Scaling Property of Polymer Liquid
Crystal Langmuir Monolayers, Molecular Crystals and Liquid Crystals Science and Technology.
Section A. Molecular Crystals and Liquid Crystals, 257:1, 49-52

To link to this article:  http://dx.doi.org/10.1080/10587259408033762

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

http://www.tandfonline.com/loi/gmcl19
http://dx.doi.org/10.1080/10587259408033762
http://www.tandfonline.com/page/terms-and-conditions
http://www.tandfonline.com/page/terms-and-conditions


Mol. Cryst. Liq. Cryst., 1994, Vol. 257, pp. 49-52 
Reprints available directly from the publisher 
Photocopying permitted by license only 

0 1994 OPA (Overseas Publishers Association) 
Amsterdam BV. Published under license by 
Gordon and Breach Science Publishers SA. 

Printed in the United States of America 

Scaling Property of Polymer Liquid Crystal 
Langmuir Monolayers 
Y.-M. ZHU, Z.-H. LU and Y. WE1 
Laboratory of Molecular and Biornolecular Electronics, Southeast Univeffiity, Nanjing 21 0096 China 

(Received October 15, 1993; infinalform December 16, 1993) 

Different kinds of polymers may show different scaling properties at the air-water interface. In this paper the 
scaling behavior of Langmuir monolayers of a polymer liquid crystal with side chains has been checked by 
the measurement of surface pressure-molecular area isotherm. The scaling power relating surface pressure 
and surface area is 6.7, which gives the exponent v = 0.59. The latter reflects the polymerization index 
dependence of the radius of gyration of two-dimensional polymer chains. The overlap degree of polymer coils 
in a dense state has also been discussed. 

Keywords: Polymer liquid crystal, Langmuir monolayer, scaling property 

The surface pressure has been extensively studied to understand the polymer behavior 
at an interface such as the air-water interface. Recently the scaling concept [l] has been 
successfully applied to describe the isotherms of polymer films [2-41. In terms of 
scaling theory, for instance, the radius of gyration for an isolated chain ( R  f) can be 
written as R - aN" where N is the polymerization index, a the monomer size and 
u a critical exponent. For good solvents, u = 3/(d + 2), which is known as Flory's 
formula, where d is the spatial dimensionality. For poor solvents, u stays close to 0.5, 
independent of d. For the case of polymers in an interface, furthermore, the osmotic 
compressibility (surface pressure) can also be expressed in terms of scaling theory as 
a function of polymer concentration c: x - cy, where y is directly related to u by 
y = 2u/(2u - 1) [2], or equivalently II - A-Y, where A is the area occupied by one 
molecule at the interface. Thus, by measuring surface pressure-molecular area iso- 
therms, the exponent u can be determined. Furthermore, based on the above results, the 
overlap degree of polymer coils in a semidilute solvent and/or in a dense state can be 
evaluated. 

In this paper we will study the scaling property of a polymer liquid crystal (PLC) 
Langmuir monolayer at the air-water interface. The overlap degree of polymer coils at 
the air-water interface will also be discussed. 

The molecular structure of PLC is shown in Figure 1. Its average molecular weight 
M = 3680, and m/n = 3.380. The PLC monolayer was spread with the use of a solvent of 
the polymer dissolved in chloroform (0.5 mg/ml) and delivered onto the water surface 
by a syringe. The subphase temperature was kept at 25( IfI 0.5)"C. Evaporation of the 
organic solvent left the PLC molecules uniformly distributed on the water surface. The 
surface pressure, the reduction of surface tension due to the presence of the monolayer, 
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FIGURE 1 Molecular structure of polymer liquid crystal. 

was measured throughout the experiment by a Wilhelmy balance (Face, Japan 
product) with an accuracy of better than O.ldyne/cm. The area per molecule was 
decreased by squeezing of the water surface area with a movable barrier. The 
compression ratio was kept at a relatively low value of 0.4 A2/sec. 

Figure 2 shows the measured surface pressure (z) as a function of the molecular area 
(A) for the PLC on the water surface. There are two evident kinks in the isotherm, 
implying that the monolayer undergoes phase transitions, which are accompanied by 
a change of molecular conformations. The kink at a higher surface pressure does not 
appear when the temperature of the subphase is lower than 20°C. Through the analysis 
of molecular conformations and the ratio of limiting areas in different phases, we have 
found that these transitions can be reasonably ascribed to the change of molecular 
conformations. We will discuss these transitions in detail elsewhere [6]. 

To understand the isotherm of PLC monolayer in terms of scaling theory, Figure 2 
was replotted in a log-log fashion of surface pressure versus molecular area, as shown 
in Figure 3. The slope of the isotherm gives the scaling exponent y which is 6.7, implying 
that the polymer at the air-water interface behaves nearly as in a 6 solvent [l, 2,4]. The 
scaling isotherm reasonably fits the experimental data up to the area per molecule of 
300 A’. This indicates that the isotherm is mainly dominated by the backbone of the 
polymer, particularly in the low surface pressure region. The siloxane backbone in the 
polymer studied here is in contact with the water surface. 
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FIGURE 2 Surface pressure vs. molecular area of polymer liquid crystal monolayer on the air-water 
interface at 25°C. 
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FIGURE 3 Log-log plot of surface pressure (n) vs. molecular area ( A )  of polymer liquid crystal monolayer. 
The slope of the solid line fitting the scalingisotherm at low surface pressure gives a value of 6.7. x is in units of 
dynes per centimeter, and A is in units of square angstroms per molecule. 

We note that the scaling isotherm is valid only at relatively low surface pressures. The 
deviation between the scaling isotherm and the real one in a high surface pressure 
region signals that, in this region, the role of the mesogens cannot be neglected. Other 
possibilities such as polydispersity may also contribute to this deviation. However, 
understanding all these factors is a difficult problem. 

We have also estimated the value of u according to y = 2u/(2u - 1) which is equal to 
0.59. Based on the exponent, the area of polymer coil can be roughly estimated as 
A ,  x nR: x nu2N2" x 475 A', at which the ideal gas isotherm changes to the scaling 
isotherm [2]. (We have taken N % 15 according to the molecular weight and the m/n 
ratio, a = 2.42 A. The choice of a value is referred to [S].) Thus, it is possible to evaluate 
the overlap degree when the monolayer is compressed tightly. The difference of the 
molecular area and the coil area can be ascribed to the overlap of polymer coils. For 
example, the molecular area at surface pressure of 14 dyne/cm is 215 A'. Compared to 
475 A2, one should say that in this case the polymer coils interpenetrate each other 
remarkably. Generally, the larger the difference is, the more strongly the polymer coils 
interpenetrate each other. 

In comparison, the measured u for the PLC monolayer is 0.59, rather than 0.75 as for 
good solvents or 0.5 as for poor solvents. This can be addressed by investigation of the 
chemical structure of the polymer in terms of the hydrophilic and hydrophobic balance 
as Kim et al. suggested [3]. This question could also be elucidated by using different 
kinds of polymer materials such as polymers with the same main chains but quite 
different side chains. 

To conclude, we have checked the scaling property of polymer liquid crystal 
Langmuir monolayers by measuring the surface pressure-molecular area isotherm. We 
have found that the overlap degree of polymer coils in a dense state can be roughly 
evaluated based on the difference of the coil area and the molecular area. 
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