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Improving tissue transparency enhances light delivery in photothermal 
therapies (PTT). Inspired by recent experiments [1], we modeled how index-
matching dyes, such as tartrazine (TZ), reduce scattering in tissue-like media. 
Our results support that matching the refractive index of the interstitial fluid 
to that of cells enhances light penetration. Simulations were performed using 
treams [2].

Abstract

Theoretical aspects
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• Voigt model : 
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In biological tissues : 𝜇𝑠 = 150 𝑐𝑚−1, 300 𝑐𝑚−1

𝜇𝑠 = 4 𝑐𝑚−1

𝜇𝑠 = 181 𝑐𝑚−1

Adding TZ 

1 μm SiO2 particle
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Absorption peak increases real refractive index

Index matching

Absorption peak provided by gold nanoparticles ?

VS

Gold Nps concentration  needed for index 
matching  = 1.34 × 1019 𝑚−3

Gold Nps concentration in PTT  : 1014 − 1016 𝑚−3

Maxwell Garnett + Kramers-Kronig Calculations

Conclusion

• It is possible to mimic the scattering of human tissues with semi-periodic simulations.

Outlook
Test other absorbers

Effect works as long  as absorption 
matches target range

Add unit cell disorder 
To mimic biological complexity

• Index matching remains effective even with a variation of the refractive index of 10 %.

𝜇𝑠 = 0. 12 𝑐𝑚−1

𝜇𝑠 = 242 𝑐𝑚−1

Adding TZ 

Index variation per silica particle

Biological constraints limit applicability 
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Scattering ↓ when refractive indices matched
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