
This article was downloaded by: [Tomsk State University of Control Systems and
Radio]
On: 18 February 2013, At: 14:50
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

Nonlinear Optical Epoxy Polymers
with Polar Tolan Chromophores
R. Twieg a , M. Ebert a , D. Jungbauer a , M. Lux a , B. Reck
a , J. Swalen a , I. Teraoka a , C. G. Willson a , D. Y. Yoon a &
R. Zentel a
a IBM Research Division Almaden Research Center, 650 Harry
Road, San Jose, California, 95120-6099, USA
Version of record first published: 04 Oct 2006.

To cite this article: R. Twieg , M. Ebert , D. Jungbauer , M. Lux , B. Reck , J. Swalen , I.
Teraoka , C. G. Willson , D. Y. Yoon & R. Zentel (1992): Nonlinear Optical Epoxy Polymers with
Polar Tolan Chromophores, Molecular Crystals and Liquid Crystals Science and Technology.
Section A. Molecular Crystals and Liquid Crystals, 217:1, 19-24

To link to this article:  http://dx.doi.org/10.1080/10587259208046870

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/10.1080/10587259208046870
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
 [

T
om

sk
 S

ta
te

 U
ni

ve
rs

ity
 o

f 
C

on
tr

ol
 S

ys
te

m
s 

an
d 

R
ad

io
] 

at
 1

4:
50

 1
8 

Fe
br

ua
ry

 2
01

3 



Mol. Cryst. Liq. Cryst. 1992, Vol. 217, pp. 19-24 
Reprints available directly from the publisher 
Photocopying permitted by license only 
0 1992 Gordon and Breach Science Publishers S.A 
Printed in the United States of America 

Nonlinear Optical Epoxy Polymers with Polar Tolan Chromophores 
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I. Teraoka, C. G. Willson, D. Y. Yoon, R. Zentel 
IBM Research Division Almaden Research Center 
650 Harry Road 
San Jose, California 95120-6099 USA 

Abstract 
A variety of optically nonlinear tolan chromophores and epoxy based 
polymers containing them have been prepared and studied. The 
molecular hyperpolarizabilities of the dye chromophores have been 
measured by the EFISH technique while the polymers containing them 
have been examined by calorimetry, X-ray diffraction, dielectric 
spectroscopy as well as the appropriate linear and nonlinear optical 
techniques. Novel liquid crystalline behavior has been encountered 
in some of these monomers and polymers. 

INTRODUCTION 

Poled polymers appear to be particularly well suited for implementation in 
waveguide integrated optoelectronic devices. Yet, practical realization of 
this application still requires significant enhancement in understanding of 
many basic issues in both the physics and materials science areas. Since 
the first demonstration of creation of bulk polar order leading to second 
order optical nonlinearity in polymer thin films by electric field poling' 
numerous chromophore and polymer combinations have been 
examined.*s3 These combinations may be classified by the following 
criteria: type of chromophore, covalent bonding relationship between 
chromophore and polymer, secondary noncovalent interactions (liquid 
crystallinity, hydrogen bonding, etc.) and molecular weight and bonding 
changes during processing. A simple summary of this complex endeavor 
is as follows: identify a processible, nonlossy polymeric media with large 
and permanent bulk optical nonlinearity. 

RESULTS 

Much of our preliminary study of NLO polymers has involved either linear 
main chain or thermally crosslinking epoxy systems4 This class of 
polymers was a chemically convenient starting point and the linear 
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0 H-z-TMS, Cu/Pd 
@ KF, MeOH/THF I 
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$. 
0 

3 R=Me YO, 
I ~ N R ,  4 R=H ,o, J 8 CICH1CH-CH2 

5 R=CHZ-CH-CH2 2 KOH I 
A, 6 R=Me 

8 R=CH2-CH-CH2 3 @ KOH 
7 R=H ,o, Q) CICHzCH-CHZ 

A=a,NO,; b,S02CH3; c,SO,(CFJ,F ( n = l  A6.12)  

Figure la. Synthesis scheme for tolan monomers 
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Figure 1 b. Synthesis scheme for tolan polymers 
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NLO EPOXY POLYMERS WITH POLAR TOLAN CHROMOPHORES [289]/21 

systems have proved to be of some practical value and additionally can 
be further modified to provide novel photochemically crosslinked 
 system^.^ Here we will focus only on a subset of epoxy polymers which 
contain the polar tolan chromophore appended as side groups to a linear 
(noncrosslinked) main chain. 

The tolan monomer synthesis, outlined in Fig. la ,  is straightforward and 
relies on the flexibility and compatibility of the acetylene coupling reaction 
with a wide range of functional groups. The donor end of the tolan is an 
iodoaniline derivative 3-5 while the acceptor end is a derivative of 
bromobenzene bearing different electron withdrawing groups (la, NO,; 
I b ,  S02CH3: I c ,  SO,(CF,),F with n = 2,6,12). The free aniline amino group 
can be converted to a bisepoxy form at either the iodoaniline 4 --+ 5 stage 
o r  preferentially at the tolan 7 + 8 stage. In the case of the fluorinated 
sulfones the immediate bromobenzene precursors I c  are not commercially 
available and must be prepared by SET alkylation of the sulfide 9 and 
oxidized. The different lengths n = 2,6,12 of fluorocarbon tail were 
prepared to see if there is any influence on the ultimate polymer 
properties, particularly on the stability of the poled order. The 
4-amino-4’-perfluorododecylsulfone tolan monomer 7c (n = 12) is itself 
liquid crystalline K 190 SA 199 I which is surprising in that mesogens with 
either free amines and/or sufones are quite uncommon. 

The nonlinear properties of representative to Ian c h romo p ho res have 
been examined by EFISH on model compounds as found in Table The 
measurements are made in dioxane with a 1.06 prn fundamental. The 
dimethylamino donor as found in 6 is comparable to the dialkylamine 
donor in the polymerized epoxy form 11 or  12. The different acceptors 
influence the ground state dipole moment, absorption maxima, 
hyperpolarizability ( P o  obtained by the two-level model) in an 
unexceptional way. 

TABLE 1. Properties of Model Tolan NLO Chromophores 

# A P g  1. m P P O  

(D) (nm) (XI 0- 3oesu) (XI 0- 3oesu) 

6a S02CH3 7.5 358 40 19 
6b SO,CF3 8.4 388 86 35 
6~ NO, 7.1 402 102 38 

The preparation of some of the polymers studied are found in Fig. 1 b 
and some of the physical properties are collected in Table 2. Most 
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22/[290] R. TWIEG ET AL. 

materials are of the "copolymer" variety 11 prepared simply by melt 
condensation polymerization at 15OOC of a 1:l mixture of the appropriate 
aminotolan 7 and Bis-A-diglycidyl ether 10 partners. In a few cases the 
more highly concentrated "homopolymer" analog 12 has also been 
prepared which requires prior synthesis of the tolan bisepoxide 8 . The 
glass transitions determined on samples directly from the melt 
condensation are remarkably independent of the identity of the sulfone 
substituent. However, there may be some influence on these values by the 
differences and dispersivity of molecular weight particularly due to the 
influence of low molecular weight plasticizers. The absorption properties 
determined on thin films are quite interesting. The methylsulfone 11 b has 
a charge transfer 1, = 366 nm and the perfluoroethylsulfone I l c  (n=2) 
has the anticipated lower energy transition at A,,, = 386 nm. This 
difference of 20 nm is comparable to that of 30 nm found for the two related 
monomers 6a and 6b in dioxane solution (Table 1). Remarkably, the 
charge transfer band A, for the thin film samples of longer 
perfluoralkylsulfones shifts to higher energy and becomes more broad. 
This may be due to some change in anisotropy of the film or a "solvent" 
effect in which the charge transfer band is responding to the increasingly 
less polar environment resulting from increases in the fluorocarbon 
content. In gddition, the perfluorododecyl sulfone copolymer I l c  (n = 12) 
also shows mesogenic behavior above its glass transition g 126 S, 182 1.  

TABLE 2. Properties of Tolan Chromophore Bis-A Copolymers 

I l b  I l c ( n = 2 )  I l c ( n = 6 )  I l c (n=12)  

rex'n time (hr) 22 hr 17 hr 16 hr 4 hr 
Mw (GPC) 27,600 31,900 66,300 18,900 
MN (GPC) 14,400 15,000 20,600 13,500 
TP ("C) 128 127 128 126 
I.,,, (nm) 366 386 372 36 1 

One motivation to examine these sulfones is due to their enhanced 
transparency relative to the nitro substituted polymers. This is most 
dramatic when one compares the nitro- I l a ,  methylsulfone- I l b  and 
pentafluoroethylsulfone- I l c  substituted polymers (Fig. 2). The ,Irnax for the 
sulfones is not only at higher energy but also the cutoff is much sharper 
than that of the nitro compound. Studies on electric field poling and 
nonlinear measurements on both the copolymer and homopolymers have 
been done and some detailed results on the nitrotolan I l a  are described 
e l~ewhere .~  A related and more recent example is the methylsulfonyltolan 
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NLO EPOXY POLYMERS WITH POLAR TOLAN CHROMOPHORES [291]/23 

analog I l b  which has been corona poled as in Fig. 3 to give a maximum 
nonlinear coefficient of d33 = 15 pm/V. 

The poling behavior of the homopolymer materials 12 is especially 
interesting in that higher nonlinearities and stabilities are anticipated due 
to the high density of large aspect ratio chromophores. In the case of the 
nitrotolan homopolymer 12a turbidity due to liquid crystallinity prevents 
the analysis of the nonlinear properties of the poled films. A related 
system in which some crosslinking has been introduced nonetheless 
possessed a large birefringence which remained near constant even for 
days at 100°C indicating a high degree of stability.' The analogous 
rnethylsulfonyltolan 12b is not liquid crystalline but now the glass 
transition temperature (-180OC) is so high that some difficulty in attaining 
effective poling were encountered. Nonetheless, a dS3 21 30 pm/V has 
been obtained for this material. 

CONCLUSIONS 

The tolan based chromophore combined with linear epoxy polymer 
backbone provides an interesting set of NLO polymers. The polymer 
morphology and NLO behavior is strongly dependent on both the exact 
type of acceptor group and the constitution (homopolymer or copolymer), 
of the main chain. 
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FIGURE 2. Thin film absorption spectra comparing sulfone and nitro 
substituted epoxy polymers. 
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FIGURE 3. In situ corona poling of the polymer I l b ;  temperature ramp 
to 130’ at 11000 sec then cooled to  ambient and field off at 12000 sec 
accompanied by an intensity decay due to surface charge effects. 
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