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IntroductionIntroduction

The are very few experiments which uses the thermal lens effect to measure

the Soret coefficient, and they only permit the qualitative understanding of

the Soret effect. In this work we present an accurate thermal lens model that

allows a qualitative and quantitative description of the Soret effect.



Soret effect

IntroductionIntroduction

The r component of the mass flux of the reference chemical compound in a binary
mixture can be expressed as:

TccDcDJ Tr ∇−−∇−= )1( 00ρρ

The first term is the Fick´s law of diffussion, with c the mass fraction of the reference
compound and d the molecular diffusion coeficient, the second term describes the Soret
effect (or thermodiffusion effect), proportional to temperature gradient, with DT 
thermodiffusion coefficient. Since the effect does not exist in pure fluids one usually
writes c0(1-c0) factor of DT. Thus the second term describes mass separation due to a 
temperature gradient, whereas the first describes homogenization by normal diffusion.

The two terms are thus of opposite sign, and when they are of equal intensity, we are in 
steady-state conditions Jr=0 implying
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1. H. Tyrell, Diffusion and Heat Flow in Liquids (Butterworths, London, 1961).

D
DS T

T =



ThermalThermal andand concentrationconcentration lenseslenses
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Temperature distributionTemperature distribution
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1. Caslaw et al.,  Conduction of head in solids, 2 ed. (Clarendon Press, Oxford, 1959)
2. Dennemeyer et al., Introduction to diff. partial equations (McGraw-Hill, N. York, 1968),  p. 294.
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Refractive index gradient and induced phase shiftRefractive index gradient and induced phase shift

2. Marcano et al., J. Opt. Soc. Am. B 19, 119 (2002)
3. Giglio et al., Phys. Rev. Lett. 38, 26 (1977).
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The phase difference                 is due to no uniform increase of the temperature:( )tr,ΔΦ

The refraction index is temperature and concentration dependent:
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But the concentration change can be given as
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1. H. Cabrera, E. Sira, K.Rahn, and M. García-Sucre, Appl. Phys. Lett., 94, 051103 (2009).
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2. Marcano et al., J. Opt. Soc. Am. B 19, 119 (2002).

1. H. Cabrera, E. Sira, K.Rahn, and M. García-Sucre, Appl. Phys. Lett., 94, 051103 (2009).



Thermal lens induces additional phase in the probe field:
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1. H. Cabrera, E. Sira, K.Rahn, and M. García-Sucre, Appl. Phys. Lett., 94, 051103 (2009).
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Thermal lens signal
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Following the same lines of Ref.1
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1. Marcano et al., J. Opt. Soc. Am. B 19, 119 (2002).

2. H. Cabrera, E. Sira, K.Rahn, and M. García-Sucre, Appl. Phys. Lett., 94, 051103 (2009).
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1 . A. Marcano, and H. Cabrera, J. Opt. Soc. Am. B, 23, 1408 (2006).
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2. H. Cabrera, E. Sira, K.Rahn, and M. García-Sucre, Appl. Phys. Lett., 94, 051103 (2009).



Experimental setup

TheThe samplesample consistsconsists ofof cobaltcobalt nitrate as a nitrate as a solutesolute disolved in disolved in ethanolethanol//waterwater
solventsolvent. A . A cobaltcobalt nitrate nitrate waswas chosenchosen beacusebeacuse itit doesdoes notnot changeschanges thethe thermothermo--
opticaloptical propertiesproperties ofof thethe solventsolvent, , itit isis notnot fluorescentfluorescent, , andand thethe absorptionabsorption at at thethe
probeprobe wavelengthwavelength isis lowerlower thanthan thethe absorptionabsorption at at thethe excitationexcitation wavelengthwavelength. . 
TheThe abs. abs. waswas measuredmeasured withwith anan OceanOcean OpticsOptics spectrometerspectrometer..
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1. H. Cabrera, E. Sira, K.Rahn, and M. García-Sucre, Appl. Phys. Lett., 94, 051103 (2009).
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Calculation of the Soret coefficient
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1. H. Cabrera, E. Sira, K.Rahn, and M. García-Sucre, Appl. Phys. Lett., 94, 051103 (2009).
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ConclusionsConclusions

•• A A generalizedgeneralized thermalthermal lens lens modelmodel, , includingincluding thethe SoretSoret effecteffect, , havehave
beenbeen developeddeveloped..

•• TheThe modelmodel allowsallows thethe precise precise determinationdetermination ofof thethe SoretSoret coefficientcoefficient..

•• GoodGood agreementagreement waswas achievedachieved betweenbetween thethe experimental experimental resultsresults
andand thethe existingexisting data in data in thethe literatureliterature..

•• TheThe massmass--diffusiondiffusion coefficientcoefficient waswas alsoalso determineddetermined..

•• OurOur resultsresults alsoalso suggestsuggest a a failurefailure ofof thethe simulationsimulation procedureprocedure, , aroundaround
equimolarequimolar concentrationsconcentrations, , forfor acetoneacetone//waterwater mixtures.mixtures.
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