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The problem

index of refraction of complex fluids
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Index of refraction in
continuum electrodynamics



Electrodynamics of continuous media
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Average power

Plane waves

S = %Re(é x H *) = %Re[(<l§>+ 5@) x(<ﬁ>+ 5H)*J = <§> +><
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one neglects the power carried by
the diffuse field




Average induced current
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Tradition ~
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Linear materials

Isotropic and homogeneous “on the average”
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Local optics

F)

a, <A

ek > 0,m) = ¢(w)

g(w)=¢&(w)+1&"(w)

dissipation

Index of refraction

N(w) = \/g(a))/ &,

=n'(w)+in"(w)

long-wavelength limit (k — 0)

p(k = 0,0) = y(o)

(o) = 1

(5uuo)

“continuum”



How about inhomogeneous materials?

Can one extend the continuum approach?



colloids

EXAMPLES

dispersed phase / homogeneous phase

“ordered” colloids

colloidal particles / matrix



Optical properties

gold colloids
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Effective-medium approach
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Reflection & refraction

unrestricted measurement

critical-angle
refractometry
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Big colloidal particles

turbidity
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Effective medium
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Is there an effective medium?
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If there is one, it should be .... for the coherent beam

If there is one, the theory should be... incomplete



Energy conservation
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Effective index of refraction

first attempts

van de Hulst dilute limit

Light scattering by small
particles (1957)
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Scattering matrix
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Effective index of refraction
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Comparison with experiment

critical-angle refractometer

A Garcia-Valenzuela, RG Barrera, R (9 )
C. Sanchez-Pérez, A. Reyes-Coronado,
E Méndez, Optics Express, 13, 6723 (2005)
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5. Conclusion

We have studied the reflection of light at the interface
between a transparent medium, and a sample material which
may be optically absorbing or scattering, where the light
is incident upon the sample from within the transparent
medium.  This is the configuration of most critical-
angle refractometers, where the transparent medium is an
optical prism of accurately known refractive index. The
interpretation of the critical angle and the Brewster angle
is shown to be complicated by the presence of absorption
or heterogeneity in the sample, when the refractometer
will generally read an apparent refractive index which is
erroneous.

For a non-absorbing but heterogeneous sample a
theoretical prediction of the measurement error in
critical-angle or Brewster-angle refractometry is presently
unavailable. Critical-angle results for suspensions show
the effect of heterogeneity length scale through the effect
of particle size. Good critical-angle measurements are
possible even at high concentrations (50% vol)  if
the particle diameter is less than about half the optical
wavelength, and also at any concentration for particles
much larger than the wavelength if the refractive index
increment is negliglble. For intermediate particle diameters
the angle dependence of reflectance may deviate grossly
from that predicted by Fresnel’'s equations, with features
which make definition of the critical angle and refractive
index measurements impossible. Sufficient study has not
been given to the effects of heterogeneity length scale
and concentration to enable measurement criteria to be
established for Brewster-angle refractometry.

Why?
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Our result lp

IN TURBID COLLOIDAL SYSTEMS AN EFFECTIVE MEDIUM
EXISTS, BUT IT IS NONLOCAL

E ot (k’ a)) Fresnel’s equations are not valid

:ueff (k ] 0))

magnetic response

Nonlocal nature of the electrodynamic response of
colloidal systems
Rubén G. Barrera, Alejandro Reyes-Coronado & Augusto Garcia-

Valenzuela
Physical Review B 75, 184202 (2007)
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Electromagnetic modes
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Approximations 1 )

Local (long wavelength)

K = k\/geﬁk—>0a) Ko/ Eet (@)

OR NONLOCAL

N (@) = &(w)

Light-cone approximation (LCA)

k' (@) = \/56ﬁ (K, @)
1

Ny (0) = /& (Ko, @) = 1+iyS(0)

van de Hulst has a non-local ancestry
LCA is close to the exact... Thus it is restricted



How to measure the effective refractive index?

Critical-angle refractometry

e Reflectance from a medium with a non-local response



Reflectance
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Reflectance of a half-space with an effective non-local response
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Although there are attempts...there is still not a reliable solution to the
reflectance problem...

...but there will be one soon...



Practical problems

Surface sensitive

Probability interface
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An alternative experimental set up to measure
the effective refractive index
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Non-local refraction IF
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Experimental setup for refraction and extinction measurements IF
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1.2 ml H,0O incial

Latex particles in solution
f=1.2%
Diameter: 0.31 um
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Particle sizing
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Effective-medium & multiple-scattering lF .
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CONCLUSIONS

We have provided arguments for the use of refraction as a secure
way for the experimental determination of the effective index of
refraction in turbid colloids.
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multiple-scattering theory Effective-medium approach
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Half-space
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Effective medium
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Comparison with experiment

critical-angle refractometer

A Garcia-Valenzuela, RG Barrera, R (9 )
C. Sanchez-Pérez, A. Reyes-Coronado,
E Méndez, Optics Express, 13, 6723 (2005)



Comparison with experiment
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critical-angle refractometer

Divergent beam

Linear
array of
detectors

Sample

A Garcia-Valenzuela, RG Barrera,
C. Sanchez-Pérez, A. Reyes-Coronado,
E Méndez, Optics Express, 13, 6723 (2005)
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Comparison with experiment lF |

Internal reflection
configuration

great sensitivity
assume to beunrestricted
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Coherent scattering model
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A Garcia-Valenzuela, RG Barrera, R (9 )
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E Méndez, Optics Express, 13, 6723 (2005)
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