Introduction to NLO properties of Organic Materials
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NLO property enables modification of 
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Why organic materials?

-exhibit large optical nonlinearity 

-amenable to optimization of their properties by rational modification their structures at the molecular or supramolecular levels.

1. Basic Concepts

1.1. Microscopic Description of the polarization
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       displacement of the electron density 
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For small field
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For  far from resonance, response is instantaneous. 

At optical frequency ~ mainly electronic contribution 

At low frequencies, vibrational and orientational mechanisms contribute to 
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For high 
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 is nonlinear function of 
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. For example, second order materials show
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Common approximation (Taylor series expansion)
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or

where 
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=the linear polarizability
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=the permanent dipole
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=the first hyper polarizability (second order polarizability)
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=the 2nd hyper polarizability (third order polarizability)

NLO effects becomes more important with increasing 
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Under normal conditions, 
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 EMBED Equation.3  [image: image27.wmf]3

E

g


2.2. Macroscopic Description of the Polarization

Analogous to the microscopic polarization, bulk polarization P is given by
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: the linear susceptibility of an ensemble of molecules
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: the 2nd & 3rd-order susceptibility, respectively

Relationship between 
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Assume no intermolecular interaction (coupling)


[image: image47.wmf])

i

(

c
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where N is the number of chromophores per unit volume, F the local field factor, and 
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 the orientational factor

Linear term
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Where D is the total electric field within the material and 4
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is the internal electric field (displacement) created by the induced polarization of charges.

Two bulk parameters
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The effect of light on the polarization of the medium
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Change of the propagation characteristics of light

Second Order Term
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SHG ; 1=2, 3=21

SFG ; 3 = 1 +2

DFG ; 3= 1 - 2

Optical parametric generation(OPG) 3= 1 +2

Pockels effect 1=0 (dc)

Note:  second order nonlinearity requires the lack of a center of symmetry

Second Harmonic Generation

SHG was reported in 1961 in quartz

Subsitute E = E0cost in the polarization equation.
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For efficient SHG


- the quality of material


- the largest 
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- the fundamental and the second harmonic light waves must propagate throughout the material in a synchronous manner, 

i.e., n() = n(2) : the phase matching condition

Parametric Processes
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optical parametric generation

3     1 +2

Which are intense?



By phase matching conditions



(orientation of the material, temp, external field ⇒ n

Pockels effects
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E2 → n → v changes


    ~ phase modulator


    ~ polarization state


    ~ intensity modulation

We use 

                rij  (i = 1,2,3, j = 1-6)

Third order term


- four wave mixing processes


- no symmetry restriction
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THG : three incident waves have the same frequency 
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Kerr effect
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- all optical signal processing

Degenerate Four-wave mixing


The associated process ;  + - → 
Two beams of light interacting in a 3rd order NLO material will create a refractive index grating. When a third beam is incident on this grating, a fourth beam (the phase conjugated) is diffracted from the grating. It is called four wave mixing.

⇒ phase conjugate optics

Special feature of the diffracted beam

Its path exactly retraces the path of one of the writing beams. As a result, a pair of diverging beams impinging on a phase-conjugate mirror will converge after reflection.

→ using a phase conjugate mirror, distorted optical wavefronts can be reconstructed using a phase conjugated mirror
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Electric Field Induced SHG (EFISH)



 + +0 → 2

the most common technique to evaluate 
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c.f. absorption in SHG, THG, even in DFWM
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: matter consists of e- and � EMBED Equation.3  ��� nucleus.


 Nucleus is much heavier than e-
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Static polarization


(optical rectification)
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Kerr effect





THG(3)





Fig6.1 (a) Plots of the electric field of an applied light wave and the induced polarization wave as a function of time, for a linear material; (b) diagram depicting the charge distribution and the polarization in the material as a function of time; (c)plot of the induced polarization as a function of the applied field. (From Ref. 11.)





Fig6.2 (a) Plots of the electric field of an applied light wave and the induced polarization wave as a function of time for a second-order nonlinear material; (b) diagram depicting the charge distribution and the polarization in the material as a function of time; (c) plots of the induced polarization as a function of the applied field, for both linear and nonlinear material. 

















Fig 6.3 Fourier analysis of a second-order polarization wave (see the text);the induced polarization is similar to the one depicted in Fig.6.2a.





Fig 6.3 Fourier analysis of a second-order polarization wave(see the text);the induced polarization is similar to the one depicted in Fig.6.2a.
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Fig 6.5 (a) A planar wave (b) passes through a distorting material that introduces an aberration and (c) the material interacts with a phase-conjugate mirror, creating the phase-conjugate image. (d) When the phase-conjugate wave passes through the distorting material on the reverse path, the original aberration is canceled, producing an undistorted image.(From Ref. 11.) 
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