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Il più sofisticato organo di senso



“To suppose that the eye, with all its 
inimitable contrivances for adjusting the 
focus to different distances, for 
admitting different amounts of light, 
and for the correction of spherical and 
chromatic aberration, could have been 
formed by natural selection, seems, I 
freely confess, absurd in the highest 
possible degree.”

Charles Darwin 
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The Retina
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Evolution Strategy

George Wald

Nobel Prize in 
Physiology or Medicine 

1967

Octopus

Great salad

The Blind Spot

1 m
m

blood vessel-free



Distribuzione spaziale dei fotorecettori

2.3 micron
10 micron
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A broad field of view
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How the brain perceives the world



I fotorecettori rispondono alla luce



Peacock Mantis 





Third among the global causes of visual 
impairment with a blindness prevalence of 
8,7%. 

The World Health Organization assesses 
that 50 million persons suffer from AMD 
symptoms and 14 million persons are blind 
or severely visually impaired because of 
AMD. 

It is the primary cause of visual deficiency 
in industrialized countries. 
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Age-related macular degeneration (AMD) 



Retinitis Pigmentosa

Early Symptoms:
Decreased night vision, loss of 
peripheral (side) vision

Late Symptoms:
Vision loss, blindness

Inherited disease

1 in 3-4000 people
1,5 M people worldwide
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Organic Semiconductors 
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Poly 3 hexhyl Thiophene Rods and Cones

Spectral Response

S n
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P3HT NANOPARTICLES

P3HT nanoparticles

S n

Chem. Soc. Rev., 2018  10.1039/C7CS00860K

1 µm

10 µm
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F. Benfenati

Maurizio Mete 
Grazia Pertile Grazia Pertile
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Nanoparticles in retina

Microinjection

OCT Retina reattachment

No washout over time

P3HT-NPs

Wide retina coverage

P3HT-NPs

Nature Nanotechnology 15 (8), 698-708 (2020)
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Pre

Post

30 DPI

240 DPI

Rescue of pupillary reflex in RCS rats 
subretinally microinjected with in P3HT-NPs 

Nature Nanotechnology 15 (8), 698-708 (2020)



Light-Dark Test (5 lux)

Rescue of visually driven behavior in RCS rats subretinally microinjected with in P3HT-NPs

Nature Nanotechnology 15, 698 (2020)

Motivation | Prosthesis | Photophysics | Mechanism 

Time Spent in the DarkEscape Latency



Light-evoked metabolic activation of V1 is rescued in 
dystrophic RCS rats injected with P3HT nanoparticles

240 DPI
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How to measure visual acuity ?
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Visual AcuityNature Nanotech 15 (8), 698-708 (2020)
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P3HT in contact with electrolyte
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Liquid+light

Cexp=180 nF

d <  15 nm

Cg = 17,8 nF
(Mott-Schottky) 

Nature Photonics 7, 400 (2013), J. Phys. Chem. C 118, 6291(2014)



Surface Polarization Drives Photoinduced Charge Separation at the 
P3HT / Water Interface

ACS Energy Lett. , 2016, 1 (2), pp 454–463 

P. Salvatori, E. Mosconi, M. Saba, A. Mattoni, H. Li, J-L. Brédas, F. De Angelis
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Nanoparticle Absorption

Aggregates ~24% 

Exciton bandwidth W=33 meV

I. Bargigia et al. ChemBioChem 2018, 19, 1 – 6
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30 DPI 240 DPI
P3HT NPs do not promote photoreceptor 
survival in dystrophic retinas

50 μm
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Experimentum crucis

Nature Nanotechnology 15 (8), 698-708 (2020)



10 W/cm2

Office (500 Lux)  ~ 25 mW/cm2

Sun Light 104-105 lux
TV studio   103 lux
Office 500 lux
Moonlight 1 lux

ILLUMINANCE [lux=lm/m2]
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Photo-excitation mechanisms

CAPACITIVE FARADAIC

THERMAL CHEMICAL

𝑖𝑖𝑚𝑚 = 10 𝜇𝜇𝜇𝜇

𝐽𝐽𝑚𝑚 = 1
𝑘𝑘𝜇𝜇
𝑐𝑐𝑐𝑐2

𝑄𝑄𝑚𝑚 = 10
𝜇𝜇𝜇𝜇
𝑐𝑐𝑐𝑐2

𝑄𝑄𝑚𝑚 = 1
𝜇𝜇𝜇𝜇
𝑐𝑐𝑐𝑐2

A A-

𝐼𝐼 = 1
W
𝑐𝑐𝑐𝑐2
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𝑧𝑧 = 𝑡𝑡𝑡𝑡𝑡𝑡 × y ≈ 𝑡𝑡 × y ≅ 1,22 𝜆𝜆
2p y = 7 � 10−4 𝑐𝑐𝑐𝑐

a=π z2

I (corneal) = 20 lux= 20 lm/m2

λ=555 nm
2p=0.1 cm (pupil diameter)

Pupil reflex

𝑃𝑃 = 𝐼𝐼 × 𝜋𝜋𝑝𝑝2

𝐼𝐼𝑅𝑅 =
𝑃𝑃
𝜋𝜋𝑧𝑧2

= 𝐼𝐼
𝑝𝑝2

𝑧𝑧2
≈ 15

𝑐𝑐W
𝑐𝑐𝑐𝑐2 ≪ 1

W
𝑐𝑐𝑐𝑐2

y=1 cm
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∆𝑇𝑇 =
𝐼𝐼0𝜋𝜋𝑅𝑅𝑁𝑁𝑁𝑁2

4𝜋𝜋𝑘𝑘𝑟𝑟
𝐼𝐼0: light intensity (1 mW/cm2)
𝑅𝑅𝑛𝑛𝑛𝑛: Nanoparticle radius (175 nm)
𝑘𝑘: thermal conductivity of water (0.6 W/mK)
𝑟𝑟: distance from nanoparticle centre

𝑟𝑟
Nanoparticle heating:

At the particle surface: ∆𝑇𝑇~10_7 K

In VIVO thermal effect can be ruled out
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Photo-excitation mechanisms

CAPACITIVE FARADAIC

THERMAL CHEMICAL

𝑖𝑖𝑚𝑚 = 10 𝜇𝜇𝜇𝜇

𝐽𝐽𝑚𝑚 = 1
𝑘𝑘𝜇𝜇
𝑐𝑐𝑐𝑐2

𝑄𝑄𝑚𝑚 = 10
𝜇𝜇𝜇𝜇
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Future 
Perspectives

Transferring to human 
experimentation

Cure degenerative 
blindness

Future perspectives
in brain stimulation

Transformational potential:
Novel approach for neuronal stimulation and for the 
cure of retina and brain diseases 
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