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OUTLINE I

Introduction

Materials for organic solar cells and photodetectors
Organosilicon nanostructured luminophores (ONL)
Plastic scintillators with ONL

Organosilicon wavelength shifters (Si-WLS)



Functional materials for Organic Electronics and Photonics @ ISPM RAS
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New materials for polymer BHJ solar cells and photodetectors
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Organic Photovoltaic Cells l
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Organic Photovoltaic Cells I
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Typical electrical characteristics of photovoltaic cells
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Advantages of organic electronics

The production of plastic chips tomorrow

Light weight

Continuous printing methods for low cost polymerelectronics
» by roll to roll printing

Flexibility
Large area

Transparent

Low-Cost
“let’s print electronics like a newspaper”

— No vacuum processing

— No lithography (printing)

— Low-cost substrates (plastic, paper, even cloth...)

— Direct integration on package (lower insertion costs)



Organic Semiconducting materials
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Absorbance, a.u.

UV- Vis absorption spectra Thin films absorption spectra
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Preparation of test devices for organic photovoltaic cells
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Organosilicon derivatives of a,a’-dialkyloligothiophenes
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PCE=0.3%

J. Roncali, et. al.,
s J Mater. Chem., 2006,
16, 3040
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Absorbtion Intensity (arbitrary units)

Tetrakis(ter-, quater- and quinquethiophene)silanes
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Current, mA/cm?
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Response, mV

Photodetectors based on Si(4T-Hex), / [70]PCBM BHJ l
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Solar light spectra and absorption spectra of the mostly used materials
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Intensity, a.u.

Low band gap copolymers I \
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Low band gap copolymers I
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Intensity, a.u.
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Low band gap copolymers I
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Low band gap copolymers I
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I-V characteristics and IPCE spectra of low band gap copolymers
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Photodetectors based on P11/[60]PCBM blend I
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Organosilicon nanostructures luminophores

and “molecular antennae” effect
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The first organosilicon “molecular antennas” I
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Absorption and luminescence spectra of dendrimer D23 and model stars
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Absorption spectra of dendrimer D23 consists of a absorption bands of its 2T and 3T
components, but its luminescence spectra coincides with those of 3T fragments 57
independently of excitation wavelength



Highly luminescent oligoarylsilane “molecular antennas” I
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Polystyrene nanoscintillators I
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Plastic scintillators with the efficiency exceeding those of anthracene crystals! 7
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scintillation efficiency
relative to anthracene crystals

Polystyrene nanoscintillators

Optical spectra

Excitation spectra of 5 H,C
1.50 . CH,
= Absorption spectra of 5 O CH, e
Luminescence spectra of 5 (exc. at 265 nm) ¢ Q
1.25 -l uminescence spectra of 5 (exc. at 334 nm) O Q
1.00 HC O Q CH,
O
0.75 Hs§ O () / O cH,
O H21C1O C10H21
0.50
_ ()t 5 « Q)
0.25 H,C CH
3
—_— o
0.00 Qlum = 85+/-5%

250 300 350 400 450 500 550

wavelength, nm E — 98 .|./_2 0/o

transfer
140

120-: §/§
100-_ §/
N

40- ,C
20-_'.‘

0 _F T T T T T T T T T T
0 1 2 3 4 5

Concentration of nanoluminophore 5, wt %
32



Intensity, a.u.

absorption spectra
luminescence spectra

Q. = 95+/-3% (328 HMm)
Q. = 77+/-3% (457 Hm)
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Fig 1. Emission spectrum of LXe (1), absorption spectrum of p-terphenyl (2), absorption spectrum of
new WLS (3), emission spectrum of p-terphenyl (4), emission spectrum of new WLS (5), photon
detection efficiency (PDE) of the CPTA “blue-sensitive” photodiode (6), right axis.

Nuclear Instruments and Methods in Physics Research A (in press),
doi:10.1016/j.nima.2011.12.036.



Conclusions l

 Soluble oligothiophenesilane multipods are promising materials for organic
BHJ solar cells and photodetectors with the response time of 20 - 30 ns .
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* Silicon atoms brake the conjugation between the adjacent luminophores that
allows creation of organosilicon nanostuctured luminophores, which can be used in
highly efficient and fast plastic scintillators and wavelength shifters.

hv
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« Light output of the “plastic nanoscintillators” can exceed those of the standard
BC408 more then 1,6 times and even exceed the efficiency of anthracene crystals.

hv hv
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