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Molecules with nonlinear optical (NLO) properties have been extensively investi
gated due to their potential applications for high-speed optical communication and high 
density data storage [l-5]. Porphyrins have traditionally provided a versatile synthetic base 
from which to design molecules with specific physical and chemical properties. Their large 
extended x-system and structural stability makes them exceptional candidates for the study of 
their NLO properties. Previous work has shown that porphyrins can be successfully tailored 
to exhibit substantial molecular second order NLO response as given by~. the first molecu
lar hyperpolarizability coefficient [6]. The goal of this project was talce these molecules with 
high Ji values and assemble them into a material with a high second order NLO response as 
given by x<2), the second order nonlinear optical susceptibility, and consequently investigate 
the feasibility of porphyrins assemblies as a x<2) material for device applications. 

Three classes of porphyrins were chosen for this study and were based on two factors: 
dipole strength of the donor-acceptor pair and the number of ea8·µy polarizable electrons. 
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Cl~ I explores the effects of the number of donor-acceptor groups [Porphyrins studied: 
H2(an3P), H2(cis-a2n2P), H2(a3nP), H2<a.4P) where a= 4-aminophenyl, 4-(N-octadecyla
mido)phenyl, or 4-(N-octadccylamino)phenyl; n = 4-nitrophenyl; P = 5,10,15,20 substituted 
porphyrin]. Class II examines the effect of varying the strength of cis-substituted donor-ac
ceptor pairs [Porphyrins studied: H2(cis-a2n2P) and H2(cis-h2PY2P) where h = 4-
hydroxyphenyl or 4-methoxyphenyl and py = 4-pyridyl or 4-(N-octadecyl)pyridiniumyl]. 
CJ~ m looks at the effects of co facial porphyrins [where (A) is the acceptor ring, tetra( 4-
pyridyl)porphyrinate(2-) or tetra ( 4-(N-octadecyl)pyridiniumyl)porphyri-nate(2-) and (D) is 
the donor ring, tetra(4-methoxy) phenylporphyrinate(2-)]. 

In order to create a molecular assembly for a high x<2) material, the molecules must 
be in a noncentrosymmetric arrangement. Otherwise, the seoond order NLO response 
generated from one molecule will be cancelled by another molecule which has inverse 
symmetry to the first molecule in the assembly. Also, since x<2) is a tensor, the exact 
orientation of the molecules in the media must be ascertained to assess its viability as a 
material for optical devices [7]. 

The first task was to determine which alignment technique would best give a noncen
trosynunetric arragement of molecules. Of all the possible alignment techniques available 
(growth of noncentrosymmetric crystals, poled polymers, and Langmuir-Blodgett films), the 
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Langmuir-Blodgett (LB) technique has proven to orient molecules with the largest degree of 
chromophore alignment and chromophore density [8]. 

In order adapt our NLO porphyrins for use in the LB technique, the molecules must 
act as surfactants (9] (i.e. it must possess both strongly hydrophobic as well as strongly hy
clrophillic groups). As a result, hydrophobic chains {cholesterol and long n-alkyl chains) 
were attached to the porphyrin peripheries. [Porphyrins studied: 1-AMD [H2(an3P)], c2-
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a = 4-octadecylamidophenyl; am = 4-octadecylaminophenyl; c = 4-{2-
cholestecyloxy)ethoxyphenyl; p = 4-pyridyl; Py= 4-{N-octadecyl)pyridiniumyl; and Me= 4-
methoxyphenyl]. Porphyrin films were successfully engineered and were characterized by 
their pressure-area isotherms and UV-visible linear dichroism (LD). The isotherm data 
provided a measure of the chromophore density in the film. LD was used to detennine the 
orientation of the porphyrin planes with respect of the surface. 
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Class I (X 10~esu) (X tcr'esu 

1-AMD 80. 32° 45° 40. < DL 

c2-AMD 110. 31° 45" 130. 2.6 

3-AMD 150. 30° 45° 90. <DL 

4-AMD 225. 36° 45° -- --

Class II 
c2-AMD 110. 31° 45" 130. 2.6 

c2-AMNE 110. 33° 45° 120. 2.4 

c2-CHOL 100. .. 35" 45° ' ·50; <OL 

c2-PYR 140. 33° 45° 100. <DL 

Class Ill 
[C~"(T(rt-C18)PyP)(TMeP)(l4 270. 33° 45° 40. < DL 

(:!:10) (:!:5) (:!:6) (:!: 30%) (:!: 30%) 

All NLO n.eau111menll wani ralarenoed to qullltL The detactlon lrnt (DL) GI 1908 nm wu 1.9 x 10-11 .. u. 

Based on these measurements, the porphyrin films possess Coov symmetry with the 
highest axis of rotation being normal to the film. This is evident from the measured az
imuthal angle, cp. In addition, all the porphyrin planes adopt a tilt angle, e, of about 33° with 
respect to the surface. The fact that all the porphyrins adopt the same orientation in LB films 
suggest that the interporphyrin 1t-1t interactions dominate the porphyrin alignment. This is 
confirmed by shifts in the UV-visible spectra of the porphyrin films [10]. 

The x<2) response of the films was measured by the efficiency with which the fre
quency of the incident radiation can be converted into its second harmonic signal as refer
enced to a standard {a-quartz) [ 11]. Initial measurements taken with incident radiation of 
A=1064 nm showed that the porphyrin films exhibit substantial x(2) response. However, 
when the incident radiation was changed to A= 1906 nm, the x<2>-responses decreased by 
greater than one order of magnitude. The cause of this decrease can be attributable to a reso
nance-enhancement of the x<2) response@ 1064 nm. 
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Finally. comparing the x_(2) response of these porphyrin films with other inorganic and 
organic x_(2) materials illustrates one limitation with porphyrin NLO materials. Although on 
a per molecule basis NLO porphyrins exhibit very high f3 values (molecular) when compared 
to other organic I inorganic compounds. because of their size. the porphyrin LB film 
assemblies behave as average x_lZ) materials [12]. On the other hand, the high thermal and 
chemical stability of porphyrin still potentially offer comparative advantages over polyene
based organic NLO materials. 
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