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Organic Nonlinear Optical
(NLO) Polymers 4.
Thermally Stable

NLO Polymers Monomers: Polymers:

Michael E. Wright and Edward G. Toplikar 2a, D = H 3a, D = H
21b, Da OMe 31b, D =OMe

Department of Chemistry and Biochemistry 2c, D - NM.% 3c, D = NM%

Utah State University, Logan Utah 84322-0300 These donor groups were chosen to discern how they effected
Introduction the thermal and optical properties of the polymers.

The monomers were homopolymerized by use of a
Ni/Za couple*. This procedure afforded polymers of low to

The development of polymeric materials for moderate molecular weight. Polymerization of monomer 2&
applications in nonlinear optical (NLO) devices continues to afforded oligiomeric products along with significant amounts
be an area of ongoing researc.' The key for sucesa in the of insoluble materials. We suspect this insoluble material is
implementation of these materials is retention in alignment higher molecular weight polymer. Polymerization of
of the NLO-phores for long periods of time and at elevated nomer 21 afforded only oligiomeric products (M. 1800).
temperatures. Guest-hest and side-chain systems suffer in Monomer 2c, which contains the best NLO-phore, afforded
that, in many cases, they fail to retain this alignment over the highest molecular weight polymer (M. = 6000). This
very long periods of tine. Guest-host systems rely on polymer is solublein chlorinated organic solvents. All
hydrogen bonding or electrostatic interactions and these polyerts soluble in chloria edgac s ol s
forces prove too weak and alignment is lost rapidly.' Side- attempts to increase the molecular weight by various
chain, or pendant, systems offer the advantage of having the methods, including additov of more catalyst, have so farNLO-phore covalently linked to the polymer matrix.' Thi proven ineffective.

NLO-hor coalenly inkd tothepolmer atrx! hisThe DSC scan for polymer 3c is shown below. This
helps to restrict some modes of relaxation, however, most The T, an aor 2le 3C i
polymer backbones for side-chain systems are those which
possess poor thermal properties (polystyrene and PMMA).
These poor thermal properties result in relaxations in the
matrix which are still too rapid for practical device
applications. Main-chain systems suffer firom an altogether Temperature vs Heat Flow
different problem' In many cases, main-chain systems have
not exhibited the local mobility necessary to acheive 1

alignment of the polymer chains. One noteable exception is
Dalton's random polymerization of an NLO-phore with adiisocyanate.' Therefore, there exists a need for a polymer

which can overcome some of the thermal properties that
typical side-chain matrices suffer from, in additon to
providing sufficient local mobility to allow for alignment of e
the polymer chains.

Our approach seeks to incorporate a NLO-phore into a -
thermally stable backbone.' In this case, we have chosen o
poly(p-phenylene)?A as our polymer backbone. These ,.-
pendant systems should afford polymers which offer the ease
of alignment that side-chain systems possess along with the
advantage of excellent thermal properties.

Results and Discussion 
wooe0-

We have prepared a series of p-dichlorophenylene
monomers containing a variety of donor groups.
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Experimental Section

The TGA scan for 3c is below. The scan shows about a 5% (2-.(.Z-[,DichiorophnyllSOIC..CiCPh (Wa). 'H NMR
weight loss up to about 280 OC. At peratures above 280 (CDCI 2) 6 8.344d. J- 2.5 Hz, I H, H-2), 7.92 (d, J= 8.7 Hz. 2
"C, we see decomposition of the NLO-pboa.e H, H-8), 7.65 (d. J= 8.6 Hz, 2 I, H-9), 7.51 (m. 4 HE H-6, H.

14, H-15), 7.38 (m. 3 H. H-S. H-16).

4-1.2-1,4-DichhwPhenyL ISO• C, 2 J•C 4-
methozyphenyl) (2b). 'H NMR (CDCI,) 5 8.33 (d, J= 2.6
Hz, I H, H-2), 7.90 (d, J= 8.7 Hz, 2 H, H-9), 7.61(d, J= 8.7

Temperature vs % Wt Hz, 2 H. H-8). 7.48 (i. 3 H. H-6 and H-14), 7.36 (d, J= 8.5
Hz, 1 H, H-5), 6.88 (d, J= 9.0 Hz, 2 H, H-15).

110 2-[1,4-DichloropAwmyISOCH 4C.4-dimahylamino-
phenyL] (2c). 1H NMR (CDCI,) 8 8.34 (d, J= 2.6 Hz,& 1H H-
2), 7.89 (d, J= 8.6 Hz, 2 H, H-8), 7.60 (d, J= 8.6 Hz, 2 H. H-

IUs 9), 7.49 (dd, J= 2.6 Hz, Ji= 8.6 Hz, H-6), 7.39 (m, 3 H, H-5
and H-14), 6.66 (d, 2 H, 1-15), 3.01 (a, 6 H. CE,).
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