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A copolymer of pyridine-2,5-diyl and indigo-6,6’-diyl has been
prepared by dehalogenation polycondensation using Ni(0) complex. The
copolymer forms a good film, and the film shows the three-photon resonant
third-order nonlinear susceptibility x(3) of about 10" esu at absorption of
poly(pyridine-2,5-diyl) unit.

Nonlinear optical properties of n-conjugated polymers and colorants are subject of
recent interest, and a number of papers have been published on the nonlinear optical
properties of the materials. ) However, nonlinear optical properties of n-conjugated polymers
containing color center have not been reported. We now report optical third harmonic
generation, THG, from poly(pyridine-2,5-diyl) PPy containing a color center, indigo unit.

Dehalogenation polycondensation of 2,5-dibromopyridine with Ni(0) complex Ni(0)L, (a
mixture of bis(1,5-cyclooctadiene)nickel(0) and 2,2’-bipyridyl)2) in the presence of 0.25 molar
ratio of 6,6’-dibromoindigo gives a deep green copolymer in 90% yield after work up in a

manner similar to that previously reported;z)
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The IR and UV-visible spectra of the copolymer are reasonable for its structure. The
U V-visible spectrum shows two absorption bands at 370 nm (absorption due to the PPy or
oligo(pyridine-2,5-diyl) unit)?) and 645 nm (absorption due to indigo unit) in formic acid in an
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absorbance ratio of about 10:1. The A, , yvalue of 370 nm essentially agrees with the A, 4
value of PPy (373 nm),2) whereas the absorption band of indigo (615 nm)3) is somewhat
shifted to longer wavelength by attachment of the PPy or oligo(pyridine-2,5-diyl) unit. The
ratio (a:b in Eq. 1) between the pyridine-2,5-diyl unit and indigo-6,6’-diyl unit estimated from
the relative absorbance ratio (10:1) and molecular absorption coefficients of the pyridine unit
in PPy (e = 20000)2 and indigo (e = 9400)3) roughly agrees with the feeding ratio of the two
monomers: (a:b)agtimated = 10/20000:1/9400 = 4.7:1. The copolymer has molecular weight of
14000 as determined by light scattering method,?
Casting the formic acid solution
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of the copolymer on a Pyrex glass plate 1,

and removal of formic acid under 3L o

vacuum give a film with good optical 410711
and mechanical properties. Figure 1

shows UV-visible absorption spectrum ¢ L T__.. 1s >
and x(3) profile of the copolymer film 5 (b) 5
with thickness of 0.25 um. The x@ & 5 o s
value is enhanced up to 10-11 esu by a .| o © ° 1 @
three-photon resonance at the <1 =
absorption region of PPy, and is more (@) 110712
than 10-12 esu even in the nonresonant 0 ‘ : , ,

region of PPy. Both values are 300 400 50 (;VaveGloe(I)uqch?n?l

comparable to those of n-conjugated ) . .
Fig. 1. (a) UV-visible absorption spectrum (-)

and (b) x(3) profile of the copolymer
film (0).

polymers with sufficiently long =-

conjugation system. The present
observation on THG as well as the
excellent dispersion of the color center in the polymer material, in contrast to difficulty to
disperse well colorants like indigo in polymer materials, is expected to give a new basis to
design polymer-based x(3) materials and control optical properties of the materials.
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