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Executive Summary of Achievements:

The nonlinear optics of sublimated films of 2-dimensional conjugated planar molecules has
been investigated by third harmonic generation. Two were planar phthalocyanines, metal-free and
copper substituted, and the third was an asymmetric (non-planar) phthalocyanine (subphthalocyanine),
employed as a precursor in the synthesis of certain phtalocyanines. A very rich spectrum has been
observed in each case and the analysis is currently underway. In the future this work will be expanded
to include other materials.

Detailed Research Achievements:

The third harmonic spectrum of three phthalocyanines (Pc) was measured over the spectral
range 900 ~ 2000 nm. The material in sublimated film form was supplied by Professor D. Fernando
Agullo Lopez of the "Instituto Universitario de Cienca de Materiales "Nicolas Cabrera" of the
Universidad Autonoma de Madrid. Investigated were PcH,, PcCu and asymmetric subPc.

The results for the planar molecules are shown in Figs. 1-6. The total phase changes are
shown in Figs. 3 and 4. They are amongst the largest that we have observed in any of our previous
studies. This indicates that there are at least three, and poss1b1y four strong resonances contributing.
The complicated structure obtained for the magnitude ]x (3 )| also indicated a minimum of three
contributing resonances. The two strongest are due to the Q- and B-bands, as expected. Therefore
there is at least one contributing two photon state, whose resonance is located between the two one
photon bands. Based on the phase changes, for PcH,), there could be at least a pair of two photon
states located around 650 and 800 nm. However, there is no strong evidence for these states in the
magnitude of x( (3w). There are peaks in the THG spectrum of PcCu which correspond to these
general locations. Therefore the number of "essential states", 4-5, is clearly larger than for linear
polyenes and conjugated polymers. The detailed analysis should prove interesting!

The THG spectrum of the asymmetric phthalocyanine is also dominated by the Q-band (now
shifted to 580 nm) and the B-band. Again there is evidence for a two photon state around 600 nm.

A disappointing feature is that the magnitude of x( ) is much less than for the polyenes (B-
carotene) and linear conjugated polymers (poly4-BCMU and polythiophene) that we have studied
previously. The magnitudes were measured relative to glass. However it is noteworthy that
phthalocyanines with much larger NLO coefficients have been reported and are worth investigating,
for example VOPc and Sc(Pc),. Also note that substituting the so-called free phtalocyanine PcH,

1,

4

|

raiad
i

£
R
f W




with Cu does not enhance the third order response. However, going to an asymmetric structure,
whith a smaller molecular volume, gives a factor of S enhancement.
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Fig. 1 The modulus |x(3)(3 w)| for hydrogen phthalocyanine relative to fused silica.
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Fig. 2 The modulus Ix(3)(3 w)| for copper phthalocyanine relative to fused silica.
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Fig. 3 The phase of x(3)(3 ) for hydrogen phthalocyanine (O), measured relative to the fused silica
substrates.

500.00 ;
TN 1
$ 400.00 ] ﬂzz
%
o Fex
o
: T
B.300.00 J E
x = 5
S, 3 i
L 3
O 200.00 1
L ¥ £
< 3
I 100.00 1 £ E
(AR 7
*xxk% PcCu
0.00 | T T T | SUS IS NN TR [N RN (N N NN NN N AN SN R | T 1 11U 11
800 " 1200 1600 2000

EXCITATION WAVELENGTH (nm)

Fig. 4 The phase of x(3)(3 w) for, copper phthalocyanine (*), measured relative to the fused silica
substrates.
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Fig. 5 The modulus |x(3)(3 )| for the asymmetric phthalocyanine relative to fused silica.
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Fig. 6 The phase of x(3)_(3 w) for the asymmetric phthalocyanine, measured relative to the fused
silica substrates.




