
This article was downloaded by: [University of California, San Diego]
On: 15 August 2012, At: 23:25
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

In situ Observation of Deep UV
Patterning in Polymer LB Films by
Surface Plasmon Spectroscopy
Masaya Mitsuishi a , Tiesheng Li a & Tokuji Miyashita a
a Institute for Chemical Reaction Science, Tohoku University,
Katahira 2-1-1 Aoba-ku, Sendai, 980-8577, Japan

Version of record first published: 24 Sep 2006

To cite this article: Masaya Mitsuishi, Tiesheng Li & Tokuji Miyashita (2001): In situ
Observation of Deep UV Patterning in Polymer LB Films by Surface Plasmon Spectroscopy,
Molecular Crystals and Liquid Crystals Science and Technology. Section A. Molecular Crystals
and Liquid Crystals, 370:1, 269-272

To link to this article:  http://dx.doi.org/10.1080/10587250108030086

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

http://www.tandfonline.com/loi/gmcl19
http://dx.doi.org/10.1080/10587250108030086
http://www.tandfonline.com/page/terms-and-conditions
http://www.tandfonline.com/page/terms-and-conditions


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 
C

al
if

or
ni

a,
 S

an
 D

ie
go

] 
at

 2
3:

25
 1

5 
A

ug
us

t 2
01

2 



Mol. C,i.iI. atid Ly. (-1.1 i,. 2001. Vol. 370. pp 269.272 < 2001 Tdylor 2nd Francis, Inc. 

In situ Observation of Deep UV Patterning 
in Polymer LB Films by Surface Plasmon 

Spectroscopy 

MASAYA MITSUISHI, TIESHENG LI and 
TOKUJI MJYASHITA* 

Institute fo r  Chemical Reaction Sc ieizce. Tohoku L nzwrsit). , 
Kiitahira 2-1-1 I Aoha-ku, Seiidui 980-8577, Japan 

The paper describes in situ observation of the photopattern formation in poly- 
mer Langmuir-Blodgett (LB) film by surface plasmon spectroscopy. The co- 
polymers (p(DDNtBVPC)) of N-dodecylacrylamide (DDA) which is known to 
form a stable monolayer with a photo-degradable monomer, terl-butyl-4- 
vinylphenyl carbonate (tBVPC), form a stable monolayer and LB film. When 
the copolymer LB films were irradiated by deep UV light in air, the photode- 
composition took place, consequently the thickness in the LB film was gradu- 
ally decreased. On the other hand, there were no significant changes in the thick- 
ness with the irradiation at the argon atmosphere. It was found that the molecu- 
lar oxygen plays a decisive role in yielding the positive-tone pattern in the 
p(DDNtBVPC) LB films. 

Ikya~& polymer; LB film; pattern; surface plasmon 

1. INTRODUCTION 

Recently light optical techniques based on surface plasmon resonance have been 
intensively exploited in wide variety of scientific fields. In particular, specific 
adsorption processes, for instance, between streptavidin and biotin, and between 
alkylthiol derivative and gold substrates have been paid much attention [l]. 
However, the technique has been rarely utilized for the investigation of desorp- 
tion processes observed in photolithography [2]. 

*Author to whom correspondence should be addressed. 
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A series of polymer Langmuir-Blodgett (LB)  films based on N -  
alkylacrylamide form highly oriented and condensed monolayer assemblies [ 3  1. 
We havc found that positive-tone patterns could be yielded with deep UV irra- 
diation toward polymer LB films which consist of N-dodecylacrylamidc (DDA) 
and a photodecomposable group, tert-butyl-4-vinylphenyl carbonate (rBVPC) 
as a comonomer [4]. In the current article, the formation of the positive-tone 
pattern is investigated in the polymer LB film by surface plasmon spectroscopy. 
The transient thickness during the irradiation could be precisely determined by 
analyzing the in situ data as a function of irradiation time. 

2. EXPERIMENTAL 

The synthesis of p(DDA/tBVPC) (Figure 1) has been published elsewhere [4]. 
The copolymer in which the content of tBVPC group was 53 5% was utilized. 

A silver layer was thermally evaporated on glass substrates in vacuum, and 
then the p(DDNtBVPC53) LB films with 40 layers were deposited on the sub- 
strate. They were coupled with a BK-7 prism through index matching oil. 

Angle-dependent reflectvities, i.e., surface plasmon curves were obtained by 
monitoring the reflected light intensity from the coupler as a function of inci- 
dent angle. To observe the photopattern formation, a deep UV lamp (USHIO) 
was utilized. The sample was irradiated by the light of 20 mW/cm2 in air a1 
room temperature. It took cu. 1 min to obtain the angle-dependent reflectivitics 
with a range of 20". 

FIGURE 1 Chemical structure of p(DDA/tBVPC) D
ow

nl
oa

de
d 

by
 [

U
ni

ve
rs

ity
 o

f 
C

al
if

or
ni

a,
 S

an
 D

ie
go

] 
at

 2
3:

25
 1

5 
A

ug
us

t 2
01

2 



PATTERNING IN POLYMEK LH FILMS 27 I 

3. RESULTS AND DISCUSSION 

From the surface plasmon curves of p(DDNtBVPC.53) LB films as a function 
of deposited layers, we could determine the refractive index and the thickness 
of p(DDNtBVPC53) LB films; 1.508 and 1.3 - 1.4 nm per monolayer. 

Figure 2 shows the time course of the angle-dependent reflectivities during 
deep UV irradiation. As the time proceeds, the resonance peak shifts toward 
smaller angles. Althogh it takes about 12 h to complete the photodecomposi- 
tion, the LB film could be photodecomposed by deep UV irradiation under air 
condition. 

From the comparison of the experimental data with the theoretical curve, the 
transient thickness of thc LB film could be precisely determined as shown in 
Figure 3, where we assumed constant refractive index. As shown in Figure 3, 
the thickness gradually decreases at the beginning, then the rates increases over 
60 min. On the other hand, the irradiation on the sample under the argon atmo- 

40 45 50 55 
angle of incidence (deg) 

FIGURE 2 Surface plasmon curves of p(DDNtBVPC53) with 40 layers as a 
function of irradiation time: (from right) 0, 65, 95, 135, 195, 255,315,405, 
and 765 min. D

ow
nl

oa
de

d 
by

 [
U

ni
ve

rs
ity

 o
f 

C
al

if
or

ni
a,

 S
an

 D
ie

go
] 

at
 2

3:
25

 1
5 

A
ug

us
t 2

01
2 



I 0 
0 

0.o-l- 8 
I " ' ' I ' " ' I " " I ' 1  " I ' ' 1 '  I " ' ' 

0 50 100 150 200 250 300 350 
time (min) 

FIGURE 3 Time course of the thickness during deep UV irradiation: (open 
circle) in air and (closed circle) in argon atmosphere. 

sphere results in no significant change in the thickness. This is different from 
the result published by Riihe and coworkers [2 ] .  In this case, the existence of 
the molecular oxygen is prominent for the positive pattern formation. 

In conclution. we demonstrate that the in situ observation yielded by surface 
plasmon measurement provides us with detailed understanding of 
photopatterning in polymer LB films. The optimization of the mechanism and 
the experiments are now in progress. 
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