This article was downloaded by: [University of Haifa Library]

On: 16 August 2012, At: 12:47

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

Interaction between Insoluble
Polymer Monolayers and
Polyethylene Glycol in Aqueous
Subphase at Air / Water
Interface

Won-Ki Lee @, Hiroo Nakahara ° , Won-Jei Cho ? &
Chang-Sik Ha ®

& Department of Polymer Science and Engineering,
Pusan National University, Pusan, 609-735, Korea

b Department of Chemistry, Faculty of Science,
Saitama University, Urawa, 338, Japan

Version of record first published: 24 Sep 2006

To cite this article: Won-Ki Lee, Hiroo Nakahara, Won-Jei Cho & Chang-Sik Ha (2000):

Interaction between Insoluble Polymer Monolayers and Polyethylene Glycol in Aqueous
Subphase at Air / Water Interface, Molecular Crystals and Liquid Crystals Science and

Technology. Section A. Molecular Crystals and Liquid Crystals, 349:1, 243-246

To link to this article: http://dx.doi.org/10.1080/10587250008024910

PLEASE SCROLL DOWN FOR ARTICLE



http://www.tandfonline.com/loi/gmcl19
http://dx.doi.org/10.1080/10587250008024910

Downloaded by [University of HaifaLibrary] at 12:47 16 August 2012

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

Downloaded by [University of Haifa Library] at 12:47 16 August 2012

Mol. Cryst. Lig. Cryst., 2000, Vol. 349, pp. 243-246 © 2000 OPA (Overseas Publishers Association) N.V.
Reprints available directly from the publisher Published by license under the
Photocopying permitted by license only Gordon and Breach Science Publishers imprint.

Printed in Malaysia

Interaction between Insoluble Polymer
Monolayers and Polyethylene Glycol in Aqueous
Subphase at Air / Water Interface

WON-KI LEE?, HIROO NAKAHARA®, WON-JEI CHO® and
CHANG-SIK HA?

aDepartment of Polymer Science and Engineering, Pusan National University,
Pusan 609-735, Korea and bDepartmem of Chemistry, Faculty of Science,
Saitama University, Urawa 338, Japan

Blend polymer systems having miscibility in the bulk state, i.e. poly(methyl methacr-
ylate)(PMMA )/poly(ethylene glycol)(PEG) and poly(vinyl acetate)(PVAC)/PEG systems
were investigated at the air/water interface in terms of intermolecular and interfacial interac-
tions. Both water and PEG aqueous solution were used as subphases.

Keywords: miscibility; air/water interface; deviation behavior

INTRODUCTION

The miscibility in a binary polymer system at the air/water interface
can be investigated by two approaches, either following change in the
phase transition or plotting the mean area (A) at a constant surface
pressure(n) vs. the mole fraction of one component in the binary
mixture[1,2]. If the plots have a linear relationship, the mixed films can
be regarded as an ideal mixture or as a completely immiscible mixture
with a phase separation. It has been established by Kawaguchi and
Nishida that the deviation from the linear relation stems from the
contribution of intermolecular interaction between both substances[2].
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A negative deviation means that the mixtures are considered to be
stable and miscible, whereas a positive deviation indicates that the
mixtures are less stable than the components alone at the interface.

In this study, intermolecular and interfacial interaction in polymer
blend systems poly(methyl methacrylate) (PMMA)/ poly(ethylene
glycol) (PEG) and poly(viny! acetate) (PVAc)/PEG were investigated at
the air/water interface, in terms of the deviation from the additivity rule
in the plot of mean surface area vs. the composition of the mixture.
PEG aqueous solution was also used as a subphase instead of a pure
water.

EXPERIMENTAL

Monolayers were spread from the benzene solutions onto the distilled
water or the aqueous PEG(4.5 x 10° mol/CH,CH,0) solution as a
subphase. A LAUDA film balance was used for measuring n as a
function of A at 25+ 0.1°C through a compression rate of 0.6 cm?/sec.

RESULTS AND DISCUSSION

Figure 1 shows the n -A isotherms of the 50/50 mixtures of PMMA and
PVAc as well as the homopolymers spread on the distilled water(A) and
the aqueous PEG(B) and the mean surface areas are summarized in
Table 1 as a function of PMMA mole fraction at 5 and 10 mN/m, in
which different states of the monolayers with the molecular packing
and the orientation are considered. PMMA was formed to be relatively
condensed and compressible monolayers. In comparison to PMMA
monolayers, PVAc showed relatively larger molecular area at the same
surface pressure for both subphases, meaning that the PVAc was
formed to be relatively expanded monolayers, being spread on both the
distilled water and the aqueous PEG.

Table 1 exhibits that the surface area of the 50/50 PMMA/PVAc
mixture shows slightly negative deviation from the additive values of
the area for the homopolymer monolayers when they are spread on the
aqueous PEG, whereas the areas show almost additivity values when
they are spread on the distilled water, regardless of the surface
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pressures. The negative deviation behavior stems from the interfacial
and intermolecular interactions between either of or both the polymers,
PMMA or PVAc, with PEG in the subphase. More condensed state
behaviors in nt-A isotherms were observed when the aqueous PEG was
used for subphase rather than when the distilled water was applied for
subphase.

TABLE 1. The mean surface area as a function of PMMA mole
fraction for the mixtures of PMMA and PVAc. The data were taken

from Figure 1.
Surface Pressure Surface area( A “/repeating unit)
(mN/m) Subphase  “LVIMA Blend (50/50) PVAc
5 aqueous PEG 15.2 19.0(19.3)" 23.4
distilled water 16.3 22.7(22.65) 29.0
10 aqueous PEG 14.1 16.3(16.6) 19.1

distilled water 14.9 18.2(18.3) 21.7

® Numbers in the parenthesis indicate calculated values from the
additivity rule.

This fact may be ascribed to a more preferential intermolecular
interaction between hydrophilic part of the polymer monolayer at the
expanded state and PEG molecules in the subphase. It seems that
PMMA or PVAc molecules can be closely packed each other at the
air/aqueous PEG interface and form stable monolayers due to the
molecular interaction between PEG and PMMA and/or between PEG
and PVAc. The determination of miscibility for polymers in the
monolayers at the condensed state is much more accurate than those at
the expanded state.

Figure 2 schematically summarizes the condensed effect of n- A
isotherms obtained on the aqueous PEG(B) as compared with those on
the distilled water(A). In this figure, (a) shows simply the initial
spreading state. In the expanded state (b), the polymer conformation on
aqueous PEG is mainly affected by the interfacial and intermolecular
interactions. Then, the monolayer is more packed than that on the
distilled water and a shift to the lower pressures could be observed in
the n-A isotherms obtained on the aqueous PEG. If a component in
subphase has the interaction with each one in a mixture, it may be
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expected that this acts as a compatibilizer in a blend. Then, in the
condensed state (c), PEG in subphase can play as an interfacial agent
for the mixed monolayer and a simple overlap of the n-A isotherms
obtained on the aqueous PEG and on the distilled water can be
observed. In this case, however, if there exists a chemical binding of
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FIGURE 1. n-A isotherms for FIGURE 2. Schematic presentation
mixture of PMMA/PVAc(50/50 of the polymer monolayer on the
by mol) distilled water (A) and distilled water (A) and the aqueous
the aqueous PEG(B). PEG(B): (a) as-spread,

(b) expanded, (c) condensed.

PEG with monolayer in the condensed state, a noticeable shift to lower
pressures must be also observed in the n-A isotherm obtained on the
aqueous PEG, as in the expanded state (b). Since the result in Figure 1
exhibits no shift in the condensed states for n-A isotherms of both
PMMA and PVAc on the aqueous PEG as compared with the distilled
water, the PEG binding does not exist in this work.
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