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Photovoltaics	  

•  Organic	  dyes	  

•  Small	  molecules	  

•  Quantum	  dots	  

•  HyLEDs,	  OLEDs	  

Windows	  of	  the	  EPFL's	  ConvenCon	  Center	  

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

•  Quantum	  dots	  

•  Up-‐conversion	  nanoparCcles	  

•  Embedded	  beads	  
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CollaboraCons	  

•  CysCc	  Fibrosis	  (Nuria	  Mir,	  Plataforma	  Besitos	  Salados)	  

•  Schizophrenia	  (Dr.	  Elisabet	  Vilella,	  IISPV,	  Spain)	  

•  Down	  syndrome	  (Dr.	  Mara	  Diersen,	  CRG,	  Spain)	  

•  Immunology	  &	  heart-‐related	  diseases	  (Dr.	  Mihaela	  

Delcea,	  ZIK	  HIKE,	  Germany)	  

•  MulCplex	  screening	  by	  Flow	  cytometry	  (Ikerlan,	  Bilbao,	  

Spain)	  

Prof.	  Emilio	  Palomares	  Group	  -‐	  Laboratory	  for	  nanoelectronics	  
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Quantum	  dots	  (QDs)	  
•  OpCcally	  and	  electrically	  acCve	  semiconductor	  inorganic	  nanocrystals	  

•  Narrow	  and	  tunable	  emission	  spectrum	  (size-‐dependent)	  

•  A	  single	  light	  source	  can	  excite	  QDs	  of	  many	  colors	  

•  Higher	  brightness	  (20	  x)	  

•  Higher	  photostability	  (100	  x	  more)	  
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CysCc	  fibrosis	  (CF)	  is	  the	  most	  life	  threatening	  recessive	  geneCc	  condiCon	  affecCng	  
Caucasian	  children	  

Quantum	  dots	  (QDs)	  for	  cysCc	  fibrosis	  (CF)	  diagnosis	  
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CysCc	  Fibrosis(CF)	  

•  No	  cure	  so	  far	  
•  Early	  detecCon	  of	  homozygous	  
•  Improved	  life	  quality	  	  
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CysCc	  Fibrosis:	  available	  diagnosis	  methods	  

Method	   Descrip1on	   Pros	   Cons	  

Sweat	  test	   Measurement	  of	  
chloride	  concentraCon	  
in	  sweat	  

-‐	  cheap	  
-‐	  easy	  to	  implement	  
-‐	  fast	  

-‐  High	  number	  of	  false	  posiCves	  
-‐  unpleasant	  for	  newborns	  

Immunoassays	  
(Neonatal	  IRT	  
assay	  DELFIA®,	  
PerkinElmer)	  

QuanCficaCon	  of	  
trypsinogen	  in	  blood	  by	  
fluorescence	  assays	  

-‐  Reliable	  
-‐  Easy	  to	  implement	  

-‐  High	  number	  of	  false	  posiCves	  
-‐  Invasive	  
-‐  Time	  consuming	  

GeneCc	  analysis	   GeneCc	  sequencing	   DeterminaCon	  of	  
paCent	  phenotype,	  
accurate	  

-‐  Time	  consuming	  
-‐  invasive	  
-‐  Expensive	  



RaCometric	  sensor	  based	  on	  FRET	  (Förster	  Resonance	  Energy	  Transfer)	  
3	  color	  light-‐emifng	  QDs-‐embedded	  beads	  sensiCve	  to	  trypsin	  acCvity	  
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ICIQ	  CysCc	  Fibrosis	  diagnosis	  kit:	  principle	  

trypsin	  

FRET:	  donor	  QD540	  –	  acceptor	  TAMRA	  dye	  



3	  color	  light-‐emifng	  QDs-‐embedded	  beads	  sensiCve	  to	  trypsin	  acCvity	  	  
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ICIQ	  CysCc	  Fibrosis	  diagnosis	  kit:	  principle	  

!

25	  ug/L	  

!

350	  ug/L	  

Healthy	  160-‐340	  ug/L	  
CF	  heterozygoCc	  89-‐349	  ug/L	  
CF	  homozygoCc	  0-‐90	  ug/L	  	  
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ICIQ	  CysCc	  Fibrosis	  diagnosis	  kit:	  results	  
•  Analysis	  of	  11	  samples	  (human	  feces)	  

Treated	   values	   correspond	   to	   medicaCon	   taken	   by	   paCent	  
(ingesCon	  of	  proteolyCc	  enzymes):	  8-‐10	  capsules	  of	  Creon©	  25,000	  
or	  20	  capsules	  of	  Creon©	  10,000	  daily,	  respecCvely.	  

Subject Trypsin (µg/g) 
as-measured treated values 

A 171,98 ± 3,081 171,98 ± 3,081 
B 121,92 ± 1,504 121,92 ± 1,504 
C 129,19 ± 4,053 40,05 ± 1,256 
D 217,01 ± 8,341 217,01 ± 8,341 
E 188,04 ± 7,277 188,04 ± 7,277 
F 121,15 ± 4,694 10,9 ± 0,422 
G 168,58 ± 9,997 168,58 ±  9,997 
H 158,85 ± 7,767 158,85 ± 7,767 
I 111,89 ± 8,272 34,69 ± 2,564 
J 133,41 ± 3,043 133,41 ± 3,043 
K 128,93 ± 4,905 50,28 ± 1,913 

	  

CF	  raCometric	  sensor	  
4	  CF	  homozygous	  and	  7	  CF	  heterozygous	  subjects	  

PaCent	  genotype	  determinaCon	  
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ICIQ	  CysCc	  Fibrosis	  diagnosis	  kit:	  summary	  

EP	  patent	  applicaCon	  field	  on	  25/06/2013	  
	  

•  Accuracy	  and	  precision	  of	  quan1ta1ve	  analysis	  

•  Genotype	  determina1on	  

•  Time	  of	  response	  (10	  min)	  

•  Portable	  method	  (applicable	  at	  point-‐of-‐care)	  

•  Non-‐invasive	  method	  

•  Concept	  can	  be	  used	  to	  quanCfy	  other	  relevant	  biomolecules	  

•  Ease	  of	  implementaCon	  

•  Cost-‐effecCve	  
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ICIQ	  CysCc	  Fibrosis	  diagnosis	  kit:	  development	  plan	  

Phase	  1	  

Phase	  2	  

Phase	  3	  

Phase	  4	  

Phase	  5	  

Laboratory	  scale:	  
	  
-‐  Small	  scale	  
-‐  Controlled	  

condiCons	  of	  
analysis	  

-‐  Reduced	  number	  
of	  samples	  

Method	  validaCon:	  
	  
-‐  MulCvariable	  

analysis	  
-‐  Several	  QD	  batches	  
-‐  SystemaCc	   analysis	  

procedure	  
-‐  CalibraCon	  
-‐  Stability	  tests	  
-‐  Large	   number	   of	  

samples	  

Prototyping:	  
	  
-‐  Development	  of	  a	  

prototype	  
-‐  S o p w a r e	  

development	  	  
-‐  Life	  cycle	  analysis	  
-‐  Comparison	   with	  

previous	  results	  
-‐  S t a C s C c a l	  

validaCon	  

Technology	  transfer:	  
	  
-‐  MarkeCng	  plan	  
-‐  License	  
-‐  Spin-‐off	  
-‐  Funding	  
-‐  Regulatory	  issues	  

Product	  exploitaCon	  
	  

-‐  Regulatory	  
-‐  Manufacturing	  
-‐  Sales	  	  
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Team	  
	  

Nanoelectronics	  Group	  
Prof.	  Emilio	  Palomares	  
Dr.	  Georgiana	  Stoica	  

Alba	  Matas	  Adams	  (PhD	  student)	  
	  

CSOL	  CatalyCc	  SoluCons	  
Dr.	  Fernando	  Bravo	  (Unit	  Manager)	  

Dr.	  Iván	  Castelló	  Serrano	  	  
	  

Industrial	  Property	  
Dr.	  Frederic	  Ratel	  (Unit	  Manager)	  

Associació	  FQ	  besitos	  salados	  CF	  
Cys2c	  Fibrosis	  Quís2ca	  Mucoviscidose	  

Quantum	  dots	  (QDs)	  for	  cysCc	  fibrosis	  (CF)	  diagnosis	  
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__INNOVADORES
DE EL MUNDO DE CATALUNYA

Los familiares de los pacientes de enferme-
dades minoritarias han empezado a movili-
zarse para impulsar investigaciones que lo-
gren mejorar la calidad o la esperanza de vi-
da de sus hijos y hermanos. Conscientes de 
que desde Cataluña se hace investigación 
puntera pero que a menudo faltan fondos –y 
más en medio de la crisis y los recortes ac-
tuales–, son los miembros de las asociaciones 

quienes insisten y empujan a los investigado-
res a no desfallecer en el intento de curar o 
ayudar a sus familiares. En Cataluña existen 
dos casos de cómo los familiares de enfer-
mos por fibrosis quística y ataxia de Frie-
dreich se han unido al Institut Català d’Inves-

tigació Química de Tarragona (ICIQ) y al Ins-
titut de Recerca Biomèdica de Barcelona 
(IRB) para tirar adelante investigaciones que 
podrían tener alcance mundial. La lucha por 
la enfermedad ya no es sólo diaria y domés-
tica. Los familiares de enfermos por estas do-

lencias que no tienen cura se convierten aho-
ra en los mecenas de enfermedades que ni si-
quiera conocían antes de sufrirlas en prime-
ra persona. Ciencia y sociedad estrechan ca-
da vez más lazos con recaudaciones de 
fondos o incluso con la cesión de muestras 
de los propios pacientes para permitir que los 
investigadores puedan llevar a cabo su ya no 
tan solitaria misión.                                                   PÁGINA 3

>PERSONAJES ÚNICOS   
Carlos Fernández Guerra

> Óscar Ferrero 

Una industria   
en expansión 

PÁGINA 2

Alianzas estratégicas con los pacientes    
>Ciencia / Asociaciones de afectados por enfermedades minoritarias recaudan fondos y suman 
esfuerzos con centros de investigación para conseguir avanzar en su tratamiento o detección

El Carlos Latre innovador 
lanza una ‘app’ para famosos 

PÁGINA 4

> Javier López Tazón 

Cuando los  
sabios hablan 

PÁGINA 8

Mint Labs inventa el   
‘Google Maps del cerebro’ 

PÁGINA 5

Bitcoin no será la única 
moneda virtual de la red  

PÁGINA 7

Investigadores que 
quieren crear un 
‘kit’ para detectar 
la fibrosis quística, 
en sus laboratorios 
del ICIQ. / J. ANTONIO

«Con las redes 
sociales la Policía 
se comunica de 
forma más 
reactiva»              PÁGINA 8
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