
This article was downloaded by: [University of Haifa Library]
On: 17 August 2012, At: 19:36
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

Molecular Arrangement in
Peptide Self-Assembled
Monolayer on Metallic Surface
Takako Iizuka-sakano a , Katsuhiko Fujita a b ,
Takashi Isoshima a c , Tatsuo Wada a c & Hiroyuki
Sasabe a c
a Frontier Research Program (FRP), The Institute
of Physical and Chemical Research (RIKEN), 2-1
Hirosawa, Wako, Saitama, 351-0198, Japan
b Department of Applied Science for Electronics and
Materials, Graduate School of Engineering Sciences,
Kyushu University, Kasuga, Fukuoka, 816-8580,
Japan
c Core Research for Evolutional Science and
Technology (CREST), Japan Science and Technology
Co. (JST), 2-1 Hirosawa, Wako, Saitama, 351-0198,
Japan

Version of record first published: 24 Sep 2006

To cite this article: Takako Iizuka-sakano, Katsuhiko Fujita, Takashi Isoshima, Tatsuo
Wada & Hiroyuki Sasabe (1999): Molecular Arrangement in Peptide Self-Assembled
Monolayer on Metallic Surface, Molecular Crystals and Liquid Crystals Science and
Technology. Section A. Molecular Crystals and Liquid Crystals, 327:1, 107-110

http://www.tandfonline.com/loi/gmcl19


To link to this article:  http://dx.doi.org/10.1080/10587259908026791

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.

D
ow

nl
oa

de
d 

by
 [

U
ni

ve
rs

ity
 o

f 
H

ai
fa

 L
ib

ra
ry

] 
at

 1
9:

36
 1

7 
A

ug
us

t 2
01

2 

http://dx.doi.org/10.1080/10587259908026791
http://www.tandfonline.com/page/terms-and-conditions
http://www.tandfonline.com/page/terms-and-conditions


Mol. Crysr. Liq. Cqvt.. 1999, Vol. 327. pp. 107-1 10 
Repnnts available directly from the publisher 
Photocopying permitted by license only 

8 1999 OPA (Overseas Publishers Association) N.V. 
Published by license under the 

Gordon and Brcach Science Publishers imprint. 
Printed in Malaysia 

Molecular Arrangement in Peptide 
Self- Assembled Monolayer 

on Metallic Surface 

TAKAKO IIZUKA-SAKANO~, KATSUHIKO FUJITA~.~, 
TAKASHI ISOSHIMAa*C, TATSUO WADAaic and 

HIROYUKI SASABEaVC 

aFrontier Research Program (FRP), The Institute of Physical and Chemical 
Research (RIKEN), 2-1 Hirosawa, Wako, Saitama 351-01 98, Japan, bDepartment 
of Applied Science for Electronics and Materials, Graduate School of Engineering 
Sciences, Kyushu University, Kasuga, Fukuoka 8168580, Japan; and 'Core 
Research for Evolutional Science and Technology (CREST), Japan Science and 

Technology Co. (JST), 2-1 Hirosawa, Wako, Saitama 351-0198, Japan 

(Received August 27, 1998; In final form September 15, 1998) 

We numerically investigate the molecular arrangement and orientation in the self-assembled 
peptide monolayer adsorbed on metal surface in terms of intermolecular dipole-dipole inter- 
action. Based on a model considering the distribution of dipoles in a molecule, we obtain sta- 
ble and meta-stable orientations in two crystalline molecular arrangements. 

Keywords: self-assembled monolayer; dipole-dipole interaction; molecular arrangement; 
molecular orientation 

INTRODUCTION 

Investigation of molecular arrangement, especially in a self-assembled mono- 
layer (SAM)[l], is important in the technology for functional organic thin 
films in terms of design and control of their structure. Organosulfer helical 
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are k r b e d  QR d d  surface to form a They possess molecu- 
lar dipole moments of 55 DI31 which are in opposite sense to each other 
on the gold surface. It is thought that such large dipole moments pro- 
vide significant dipole-dipole interactions playing an important role in the 
molecular arrangement. Experimentally, it is reported that a monolayer of 
equimolar mixture of these peptides shows larger thickness than that com- 
posed of one peptide, probably because antiparallel arrangement of these 
dipoles results in a stable high-density In this paper, we nu- 
merically discuss molecular arrangement of the self-assembled monolayer 
with a model considering the distribution of dipoles in a molecule. 

MODEL 

In Peptides I and 11, 16 amide groups predomi- 

(= 55 D/16) placed at the position of amides, as Am,& I 

nantly contribute to the molecular dipole. The 
amide groups are placed periodically on the he- 
lix of 25.7 8, long 141, while the intermolecular 
separation is 9.98 8, l21. In order to  take the 
distribution of dipoles into account, we employ 
the multiple dipole model in which we approxi- 
mate the molecular dipole to 16 dipoles of 3.4 D 

shown in Figure 1. This model is more plausible 
than the single dipole model in which molecu- 
lar dipole is approximated to single point one at 
the center of gravity, because in the latter model 
there is a Dossibilitv to overestimate the inter- 

....................... 1 .................. 9.3 t 

FIGURE 1 

25.7 I 

molecular dipole-dipole interaction and to  un- 
derestimate electrostatic potential of a molecule 
from the metal. 

Of Peptide 'I 

In the calculation, we neglect the dispersion force and employ a hard 
core potential in order to avoid overlap between molecules. We include 
dipole-dipole interaction between molecules separated by less than the cut- 
off distance of 9.98Ax16. We introduce an electrostatic potential by the 
rdetal as a dipole-dipole interaction between the dipoles and their images. 
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MOLECULAR ARRANGEMENT IN PEPTIDE SAM 
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FIGURE 2 
tals. 2) Definition of tilt angle. 

1) Two molecular arrangements for equimolar crys- 

We suppose here that this SAM is a crystal with hexagonal two- 
dimensional lattice. There are two kinds of molecular arrangement in this 
SAM as shown in Figure 2. In this figure, I and I1 stands for peptide I and 
11, respectively. We assume that all molecules have the same tilt angle 
represented by ( I9 ,cp)  in spherical polar coordinates as shown in Figure 
2-2). Rotation of the molecules around the molecular longitudinal axis is 
represented by the angle 4 from the +z-axis to  the amide group which is 
the nearest to the binding site for adsorption (Amide 1). For example, in 
Figure 2-1) B all of the Amide 1 is on the +z-axis and 41 = ~$2 = 0 

RESULTS AND DISCUSSION 

First, we calculate (19, 'p) dependence of the energy per one molecule. In 
molecular arrangement A and at dl = q52 = 0, the minimum energy is 
obtained at (0,cp) = (24.4",30"). 6' = 24.4" is the maximum tilt without 
molecular overlapping at cp = 30", 90" and 150'. 

Next, we calculate the minimum energy and the tilt angle for it at 
various rotation angles #(= 41 = 42) *. Figure 3 shows the obtained 
minimum energy as a function of 4 in molecular arrangements A and B. 
In the arrangement A, the minimum energy is obtained at tilts of (0, 'p) = 
(24.4", 30') in 0 < 4 < 60" and (24.4", 90') in 60" < 4 which are shown by 
arrows in Figure 3-1). The minimum energy becomes lowest at 4 N 30" 
and 90°, and we can see 90" is more stable orientation in this arrangement. 

'We have verified that the system energy becomes the lowest when 6, = & in both 
arrangements by preliminary numerical experiments. 
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4 dependence of minimum energy per one molecule FIGURE 3 
in molecular arrangements A and 3. 

In molecular arrangement B, the minimum energy is obtained at (0, cp) = 
(24.4',30°) in 0 < 4 < 60°, (24.4O,9Oo) in 60" < 4 < 120" and (24.4", 150') 
in 120" < 4 < 180" as shown in Figure 3-2). The minimum energy becomes 
the lowest a t  4 N 30",90' and 150°, and the most stable orientation is at 
4 = 150". 

Comparing these two arrangements, we can see that the orientation 
(d,B, cp) = (go', 24.4', 90") in the arrangement A is the most stable. Thick- 
ness of the monolayer at this orientation is about 24 A, consistent with 
experimental results. 
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