
Nonlinear Optical (NLO) Properties of Organometallic Molecules and Polymers 

Yujian You Literature Seminar October 8, 1992 

The study of nonlinear optical (NLO) properties concerns the interaction of intense 
electromagnetic fields with materials to produce modified fields that are different from the 
input fields in tem1s of phase, frequency, or amplitude. This talk will focus on recent studies 
of the ability of organometallic molecules and polymers to affect the frequency of the input 
field. One interesting feature of NLO materials is that they can convert an input optical wave 
into an output wave of doubled or tripled input wave frequency. This process is known as 
Second-Harmonic Generation (SHG) or Third-Harmonic Generation (THO) [1]. 

Upon exposure to intense electric fields, materials can be polarized, and the induced 
polarization can be described in tenns of an expansion series, both at the molecular level and 
the bulk material level. The expansion coefficients at the molecular level (a, ~. y) are known 
as the polarizability, and the second- and the third-order nonlinearities, while at the bulk 
level, the coefficients ex<o, x(2), x<3)) are the first-, second-, and third-order susceptibilities. 

Since SHG was first observed in single-crystal quartz by Franken and co-workers [2] 
in 1961, the search for materials that have large NLO coefficients has been carried out due to 
their applications in the areas of telecommunication, optical computing and storage, optical 
switches and waveguides, optical amplifiers, and image processing. Although thorough 
study during the past decades has shown that organic conjugated systems can provide much 
larger NLO coefficients [3] than typical inorganic compounds, inorganic compounds (such as 
LiNb03) are preferred for practical applications due to their superior mechanical and physical 
properties [41. In recent years, organometallic molecules and polymers have come under 
scrutiny in the search for new NLO materials I 3, 5-13]. 

A simple theoretical model calculation shows that the second-order nonlinearity, ~. of 
a molecule is mainly detennined by intramolecular charge-transfer processes, such that: 

~lot"" ~CT 

where 6µex is the difference of dipole moments between the ground and excited states , W is 
the energy gap, f is the oscillator strength of the transition, and hv is the fundamental energy. 
This equation indicates that large dipole moment changes between the ground and excited 
states, high oscillator strengths, and low energy gaps will give large ~values. 

Systematic studies of the metallocene derivatives (C5X5)M(C5H4)-(CH=CH)n-p­
Csli4 Y (M =Fe, Ru) [5-7] and pyridine tungsten carbonyl complexes W(CO)s(NCsli4-4-X) 
[5] show that the presence of intense low energy charge-transfer absorptions, strong push-pull 
effects, the right choice of the metal centers, proper molecular configurations, and large 
ground state/excited state overlaps all favor large ~values. Extended Hiickel molecular or­
bital calculations have been canied out for the metallocene derivatives in order to better un­
derstand these effects r 6]. 
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Due to the vector nature of the molecular second-order nonlinearity ~. a non-cen­
trosymmetric space group is required to obtain bulk materials that have non-zero x_<2) values. 
A study of the packing diagrams of the salts of ferrocene derivatives (E)-(T\-C5H5)Fe(T\­
C5f4CH=CH( 4-C5fl4N-l-CH3)+X· shows that the proper alignment of the dipolar molecules 
in the solid state is also necessary to obtain a large x<2) value (8,9]. The importance of effi­
cient conjugation is illustrated by the one-dimensional [N:=W(OR)3]n polymer [10]. 

For third-order NLO properties (Y/X{3)), study of Pt poly-yne complexes [11] indicates 
that for low levels of conjugation, extending the conjugation length will increase the y value 
dramatically, while at high levels of conjugation, this increase is not that dramatic; and that 
the molecular configuration, as well as the nature of the substituents present in the molecules, 
can also affect the yvalues. Studies of the Group 3 metal bis(phthalocyanine) compounds 
MPc2 demonstrate that the y/x{3)values are dependent on the choice of the metal M [12]. All 
these factors are also exhibited by the Group 4 metallocene halide and acetylide complexes 
Cp2MX2 [13]. 

Overall, organometallic compounds provide opponunities for developing new NLO 
materials. Future work on new metal-containing and more efficiently conjugated systems 
should provide better understanding of the relationship between nonlinear optical properties 
and the molecular design. Furthermore, applying the understanding of the origin of NLO 
properties of typical inorganic compounds to organometallic systems will provide another 
approach to new NLO materials. 
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