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Spherical ParticlesSpherical Particles

Ref: Ref: C. F.C. F.Bohren Bohren and D. R. Huffman, Absorption and D. R. Huffman, Absorption 
and Scattering of Light by Small Particles, and Scattering of Light by Small Particles, 

Wiley: New York, 1983Wiley: New York, 1983..
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NonNon--spherical Particlesspherical Particles

Ref: R. Ref: R. GansGans, Ann. Phys., 47 (1915) 270, Ann. Phys., 47 (1915) 270



Extinction Cross Section of Extinction Cross Section of 
NonNon--Spherical ParticlesSpherical Particles
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Gold 

Silver
Gold 

Silver

Input: Real and Imaginary Parts of the Dielectric Constants For Input: Real and Imaginary Parts of the Dielectric Constants For 
Gold and Silver as a Function of the Photon WavelengthGold and Silver as a Function of the Photon Wavelength 43704370

Ref: P. B. Johnson and R. W. Christy, Phys. Rev. B, 6 (1972) 4370
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Maxwell Garnett TheoryMaxwell Garnett Theory
NonNon--Dilute Colloidal SolutionsDilute Colloidal Solutions

Ref: J. C. Maxwell Garnett, Ref: J. C. Maxwell Garnett, PhilosPhilos. Trans. R. Soc. . Trans. R. Soc. 
London,203 (1904) 385. London,203 (1904) 385. 



Au Core

SiO2 Shell

(a)(a) (b)(b)

(a) Silica Coated Gold Particle; (b) Ideal Packing 
of Silica Coated Gold Particles in the Film to 
Form FCC Lattice with Volume Fraction 0.74.
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Discrete Dipole Discrete Dipole 
ApproximationApproximation

Ref: Ref: J. J. Goodman, B. T.J. J. Goodman, B. T. DraineDraine, and P. J., and P. J.
FlateauFlateau, Opt., Opt. LettLett. 16 (1991) 1198.. 16 (1991) 1198.
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UV Spectra of UV Spectra of 
MoleculesMolecules

Ref: Ref: Accelrys Accelrys VAMP TutorialVAMP Tutorial



Cinnamate Cinnamate MoleculeMolecule



Although self-consistent field calculations are adequate 
for the vast majority of ‘normal’ molecules, biradicals and 
excited states require a more sophisticated treatment. 

This is often achieved using configuration interaction 
methods (CI). In CI calculations, the molecular orbitals for 
the ground state are calculated and then used unchanged 
to construct a series of further electronic configurations 
(microstates) that are mixed to form new electronic states. 

CI calculations give not only the ground state, but also 
the excited states that result from mixing the microstates 
used. They can therefore be used for the calculation of 
UV/vis spectra, optimization of excited states, second 
order hyperpolarizabilities (sum-over-states method) etc. 

CI calculations are available only for RHF
wavefunctions. Any spin state (single, doublet, etc.) can 
be requested. 
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IR Spectra of IR Spectra of 
PolymersPolymers

Ref: A. Ref: A. Soldera Soldera and J.and J.--P. P. DognonDognon, , ““Optical Coefficients Optical Coefficients 
of Polymers  Versus Wavelength Calculated From of Polymers  Versus Wavelength Calculated From 
Classical Molecular SimulationsClassical Molecular Simulations””, ACS Division of , ACS Division of 
Polymeric Materials, Science and Engineering, 75 (1996) Polymeric Materials, Science and Engineering, 75 (1996) 
227227--228. 228. 
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Infra Red Absorption CoefficientInfra Red Absorption Coefficient
(Ramsay Function)
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PPolymer Colloidal olymer Colloidal 
Crystal Photonic Crystal Photonic 

BandgapBandgap StructureStructure

S.H.S.H. FoulgerFoulger, , D.W. Smith, Jr. and J.D.W. Smith, Jr. and J. BallatoBallato
Clemson University Clemson University 

A.L. Reynolds A.L. Reynolds –– ““TranslightTranslight”: A”: A Transfer Matrix CodeTransfer Matrix Code
http://www.elec.http://www.elec.glagla.ac..ac.ukuk/groups//groups/optoopto//photoniccrystphotoniccryst

alal//PhotonicsPhotonics//photonicsmainphotonicsmain..htm htm 



Polymerized State of the Above
n = 1.368

198.393PolystyrenePCCA

Water + Poly(ethylene glycol)
methacrylate (PEG-MA) +

Poly(ethylene glycol) 
dimethacrylate (PEG-DMA)

2,2-diethoxyacetophenone(DENP)
n = 1.367
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Water, n = 1.344185.293PolystyreneCCA
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Structural and Optical Parameters of Polymer 
Encapsulated FCC Crystalline Colloidal Arrays

Ref: S. H. Foulger, et. al., Langmuir, 17 (2001) 6023
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OneOne--DimensionalDimensional
Photonic Photonic BandgapBandgap

StructuresStructures

A.L. Reynolds A.L. Reynolds –– ““TranslightTranslight”: A”: A Transfer Matrix CodeTransfer Matrix Code
http://www.elec.http://www.elec.glagla.ac..ac.ukuk/groups//groups/optoopto//photoniccrystphotoniccryst

alal//PhotonicsPhotonics//photonicsmainphotonicsmain..htm htm 



Transfer Matrix MethodTransfer Matrix Method



OneOne--dimension Planar dimension Planar 
Periodic StructurePeriodic Structure
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(i) Two-layer Planar Structure
(ii) Periodic Two-layer Planar Structure

a b

N × d

Wave Vectors: kWave Vectors: k11, k, k22
Period: d = a + bPeriod: d = a + b

(i)

(ii)



Definition of the Problem

K1 K2

a b

kk11

a

z

x

y

Z
0

X

kk22kk11

φ= [φ1 (z<0), φ2 (0<z<b), φ3 (z>b)]

B1B1 B2B2

B: BoundaryB: Boundary



Maxwell Electromagnetic EquationsMaxwell Electromagnetic Equations

E – Electrical Field

( )HE ci ω=×∇ ( ) ( )ErH εω ci−=×∇

H – Magnetic Field

c – Light Speed

ω – Angular Frequency

ε(r) – Dielectric Constant



OneOne--Dimensional CaseDimensional Case
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Boundary ConditionsBoundary Conditions

At Boundary B1:
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At Boundary B2:
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Solution Form Solution Form -- Wave FunctionsWave Functions

H]E,[=φ

zikzik eBeA 11
1

−⋅+⋅=φ

zikzik eDeC 22
2

−⋅+⋅=φ

zikzik eGeF 11
3

−⋅+⋅=φ

E, H – Electrical, Magnetic Fields

k1, k2 – Wave Vector in Materials 1 and 2

A, C, F – Incident Waves Magnitude

B, D, G – Reflected Waves Magnitude



Wave VectorsWave Vectors

After Substitution of φ1 and φ2 into the 
Governing Equation one Obtains:
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Transfer MatrixTransfer Matrix
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Bloch TheoremBloch Theorem
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Band Structure CalculationBand Structure Calculation

0)exp()(det =⋅⋅− IdiKT ω

)][cos(1 dKFunc ⋅= −ω

)()cos( ωFuncdK =⋅

Func-1 – A Multi-valued 
Function



Transmission CoefficientTransmission Coefficient
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FCtrans =
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11 )(Re −= TalCtrans



Band Structure CalculationBand Structure Calculation
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Transmission SpectrumTransmission Spectrum
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