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The biggest challenge… 
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The biggest challenge… 



What occurs when light strikes on a material? 

1839	
  (	
  19	
  years	
  old)	
  

Photoeletric	
  Effect	
  

First photoelectrochemical cell with silver chloride in acidic media and illuminated while 
connected to Pt electrodes  



What occurs when light strikes on a material? 

Physics	
  Nobel	
  Prize	
  1921	
  

Photoeletric	
  Effect	
  

Light can interact with matter and transfer its Energy as discrete wave packets 
(photons) 



What is a semiconductor?  
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What is a semiconductor?  
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What is a semiconductor?  



What is a semiconductor?  

Physics	
  Nobel	
  Prize	
  1956	
  

Shockley	
   Bardeen	
   Bra"ain	
  

Basic electronic device that was the open door to integrated electronic circuits. 

The	
  P-­‐N	
  juncXon	
  



What is a semiconductor?  

FIRST  SOLAR CELL. 

The	
  P-­‐N	
  juncXon	
  

Pearson,	
  Chapin	
  and	
  Fuller	
  

1954-­‐First	
  PracXcal	
  Solar	
  Cell	
  	
  with	
  efficiency	
  of	
  6%	
  



What is a semiconductor?  



What is a semiconductor?  

Heeger	
   MacDiarmid	
   Shirakawa	
  

Chemistry	
  Nobel	
  Prize	
  2000	
  

"for the discovery and development of conductive polymers".	
  

New game, new rules, 
new science 



What is a semiconductor?  

Heeger	
   MacDiarmid	
   Shirakawa	
  

Chemistry	
  Nobel	
  Prize	
  2000	
  

Polaron	
  



What is a semiconductor?  





Solar Power. 



Third generation PV. Powering the World with Solar Energy 

DSSC	
  
OPV	
  

Perovskites	
  
Low-­‐Cost	
  
Efficient	
  
Durable	
  



Dye	
  SensiXzed	
  Solar	
  Cells	
  (	
  DSSC)	
  	
  

O’Regan	
  &	
  Grätzel	
  

A	
  low-­‐cost,	
  high-­‐efficiency	
  solar	
  cell	
  based	
  on	
  dye-­‐sensi)zed	
  colloidal	
  TiO2	
  films	
  
B	
  O’Regan,	
  M	
  Grätzel	
  
Nature	
  353	
  (6346),	
  737-­‐740	
  
	
  

Over	
  28.000	
  citaXons!!!!!	
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  Solar	
  Cells	
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  DSSC)	
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Dye	
  SensiXzed	
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  Cells	
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Background on Porphyrins for DSSC 
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Background on Porphyrins for DSSC 

Hsieh,	
  C.-­‐P.;	
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  H.-­‐P.;	
  Chiu,	
  C.-­‐L.;	
  Lee,	
  C.-­‐W.;	
  Chuang,	
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Dye Voc (V) Jsc 
(mA/cm2) 

FF (%) η (%) 

LCVC01 0.65 7.69 75.40 3.84  

LCVC02 0.70  20.00 74.41 10.41  

LCVC03 0.58 5.81 74.42 2.55  

20

10

0

-10

-20

P
ho

to
cu

rr
en

t (
m

A
/c

m
2 )

0.80.60.40.20.0
Voltage (V)

(a)

 LCVC01
 LCVC02
 LCVC03
 Dark
 Dark
 Dark

Photovoltaic	
  parameters	
  of	
  LCVC01,	
  LCVC02	
  
and	
  LCVC03	
  

N N

NN

OC8H17C8H17O

OC8H17C8H17O

ZnN

C6H13

C6H13

NSN

COOH

N N

NN

OC8H17C8H17O

OC8H17C8H17O

ZnN

C6H13

C6H13

NSN
S COOH

N N

NN

OC8H17C8H17O

OC8H17C8H17O

ZnN

C6H13

C6H13

NSN
O COOH

DSSC at ICIQ_Group Prof. Palomares 



1.6x1018

1.4

1.2

1.0

0.8

0.6

0.4

0.2

e- de
ns

ity
 (e

- /c
m

3 )

0.60.40.2
Voltage (V)

 LCVC01
 LCVC02
 LCVC03

(a)

2

3

4

5
6
7
8
9

0.01

2

τ 
(s

)

1016 1017 1018 1019

e
-
density (e

-
/cm

3
)

LCVC01 
LCVC02 
LCVC03 

(b)

CE	
   TPV	
  

N N

NN

OC8H17C8H17O

OC8H17C8H17O

ZnN

C6H13

C6H13

NSN

COOH N N

NN

OC8H17C8H17O

OC8H17C8H17O

ZnN

C6H13

C6H13

NSN
S COOH

N N

NN

OC8H17C8H17O

OC8H17C8H17O

ZnN

C6H13

C6H13

NSN
O COOH

DSSC at ICIQ_Group Prof. Palomares 



Windows	
  of	
  the	
  EPFL's	
  Conven)on	
  Center	
  

The	
   EPFL's	
   Conven)on	
   Center	
   (Lausanne,	
   Switzerland)	
   has	
   300	
   m2	
   of	
   dye-­‐sensi)zed	
   solar	
   cells	
   integrated	
   to	
   its	
  
façade	
  and	
  it	
  represents	
  the	
  first	
  applica)on	
  of	
  such	
  technology	
  to	
  a	
  public	
  building.	
  The	
  EPFL's	
  Conven)on	
  center	
  
will	
  open	
  on	
  April	
  2014.	
  

A Robust Organic Dye for Dye Sensitized
Solar Cells Based on Iodine/Iodide
Electrolytes Combining High Efficiency
and Outstanding Stability
Damien Joly1, Laia Pellejà2, Stéphanie Narbey3, Frédéric Oswald3, Julien Chiron4, John N. Clifford2,

Emilio Palomares2,5 & Renaud Demadrille1

1INAC/SPrAM UMR 5819 (CEA-CNRS-U.J.F-Grenoble 1) 17 Rue des Martyrs, 38054 Grenoble Cedex 9, France, 2Institute of
Chemical Research of Catalonia (ICIQ). Avda. Paı̈sos Catalans, 16. Tarragona. E-43007. Spain, 3Solaronix SA, Rue de l’Ouriette
129, 1170 Aubonne, Switzerland, 4Kaı̈ronKem, 20 rueMarc Donadille, Technopôle Chateau Gombert, 13013Marseille, France,
5ICREA. Passeig Lluı́s Companys, 23. Barcelona. E-08010. Spain.

Among the new photovoltaic technologies, the Dye-Sensitized Solar Cell (DSC) is becoming a realistic
approach towards energy markets such as BIPV (Building Integrated PhotoVoltaics). In order to improve
the performances of DSCs and to increase their commercial attractiveness, cheap, colourful, stable and
highly efficient ruthenium-free dyes must be developed. Here we report the synthesis and complete
characterization of a new purely organic sensitizer (RK1) that can be prepared and synthetically upscaled
rapidly. Solar cells containing this orange dye show a power conversion efficiency of 10.2% under standard
conditions (AM 1.5G, 1000 Wm22) using iodine/iodide as the electrolyte redox shuttle in the electrolyte,
which is among the few examples of DSC using an organic dyes and iodine/iodide red/ox pair to overcome
the 10% efficiency barrier. We demonstrate that the combination of this dye with an ionic liquid electrolyte
allows the fabrication of solar cells that show power conversion efficiencies of up to 7.36% that are highly
stable with no measurable degradation of initial performances after 2200 h of light soaking at 656C under
standard irradiation conditions. RK1 achieves one of the best output power conversion efficiencies for a
solar cell based on the iodine/iodide electrolyte, combining high efficiency and outstanding stability.

D
ye Sensitized Solar Cells (DSCs) are attracting much attention because of their relatively high conversion
efficiencies, low cost production processes and short energy payback time1. In these devices, sunlight is
absorbed by photoactive molecules that are attached to the surface of a wide band gap semiconductor

oxide (typically TiO2 or ZnO) forming a dense monolayer. The system is completed using a hole transporting
material which is usually a liquid electrolyte containing the iodide/tri-iodide (I2/I32) red/ox couple2. The mole-
cules act as sensitizers and upon photo-excitation inject an electron into the conduction band of the metal oxide.
While the electrons are conducted through the nanostructured metal oxide to reach the external circuit, the
oxidized dye is regenerated by the red/ox couple, which is itself regenerated at the counter electrode3,4. The
complete description of the basic working principles of a DSC can be found elsewhere5,6.

Several different classes of materials are employed to fabricate a DSC, but the sensitizer is probably the key
element since it governs the photon harvesting and the creation of free charges after injection of electrons into the
nanostructured semi-conducting oxide. Moreover, the sensitizer structure has also been shown to control key
electron transfer processes at the TiO2/dye/electrolyte interface such as the recombination of TiO2 electrons with
electrolyte species or with dye cations themselves. For this reason many efforts have recently focused on the
development of new efficient sensitizers that could help improve device performance and allow for practical and
real use of this technology beyond the laboratory.

For many years, ruthenium based complexes were the ‘‘champion’’ dyes of DSCs and some of them were
distinguished by achieving more than 11% efficiency7. However, despite the fact that high power conversion efficien-
cies and relatively stable DSCs have been fabricated using ruthenium sensitizers, Ruthenium cannot be considered an
‘‘earth abundant material’’ and, thus, it is desirable to look for alternative dyes. Besides, even though some ruthenium
complexes show broad absorption spectra, they generally have modest molar extinction coefficients8,9 whichs limit
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Small	
  molecule	
  Organic	
  Solar	
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"for their discovery of fullerenes".	
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  support	
  the	
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  quality	
  narrow-­‐gap	
  acXve	
  layer	
  

To	
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  the	
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Organic solar cells 
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​𝑛↓id = ​​𝑞/𝑘𝑇  ​​𝑑  𝑉↓OC /​𝑑  l ​n ⁠( LI) 	
  

​𝑛↓dark = ​𝑄/𝑒𝑑𝐴 = ​​𝐶↓geo /𝑒𝑑𝐴 𝑉	
  

​𝐶↓geo =𝑒𝑑𝐴​𝑑   ​𝑛↓dark /𝑑  𝑉 	
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𝑛= ​𝑛↓0 ​𝑒↑𝛾𝑉oc 	
  

​𝜏↓△𝑛 = ​𝜏↓​Δ𝑛↓0  ​𝑒↑−𝛽𝑉oc 	
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​𝑑𝑛/𝑑𝑡 = ​−𝑘𝑛↑𝜙 	
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J = Jgen + JlossJloss = edn
τ n

Ryan	
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