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» fourisoindole units bridged by four nitrogen
atoms that form an inner 16-membered ring

e 18 m-electrons aromaticity
e Central metal in a typical (2+) oxidation state

* (Can host 70 different metal ions in a square
planar environment
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* High chemical and thermal stability
* High molar extinction coefficients (¢ = 10° moltcm™ )
* Qband tunability + solubility enhancement by macrocycle functionalization
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*»*Strong interaction with the semiconductor

surface via chemical bonding. (carboxylic group)

+*Suitable HOMO and LUMO energies

s*Intense absorption in a wide solar spectrum range

“*Negligible aggregation on the TiO, surface

**Processability

s*Long-term exposure stability to natural sunlight
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N = 3.96% OH TBAO™ YO

YD2
N719 n=11%
J. Chem. Sci., 2009, 121, 75 \ n = 12% / Angew. Chem. Int. Ed. 2010, 49, 6646 —6649

JD2-0-C8

n=13%

Science. 2011, 334, 629-634

n=6.4%

Chem. Commun., 2014, 50, 1941
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M = Zn (gz3), Cu (gz230)

Zanotti et al. Dalton Trans. 2011, 40, 38

Our results /

gz231

Zanotti et al. Journal of Porphyrins and
Phthalocyanines, 2016

**Pushing groups are useful to: increase the solubility
Redshift the UV-vis spectrum
Diminish the molecular aggregation
s Copper forms very stable complexes with Pc rings
**Molar extinction coefficients of all the derivatives are very high (10°)
**Zinc derivative is greenish-blue, copper and free-base are blue (attractive for

Building Integrated Photovoltaics)

/
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dye loading
[mol cm™?]

g231 | 119 | 053 | 31 | 072 | 2 |07x107
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Normalized absorbance
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Zanotti et al. Journal of Porphyrins and Phthalocyanines, 2016
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Eist/sv)

E1/20x E1/2red
[V]vs SCE | [V]vs SCE [;’(]:‘és
gz3 687 692 0.75 - - 0.75 1.8 -1.05 -5.07 -2.99
gz230 685 - - -0.83 - - - - -5.07 -2.96
gz231 671-690 698 1.07 -1.10 2.17 1.07 1.79 -0.72 -5.10 -3.03
—— Prompt
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Zanotti et al. Dalton Trans. 2011, 40, 38

Zanotti et al. Journal of Porphyrins and Phthalocyanines, 2016
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ZnPcII/TiO2
10° ()

Is there some recombination with TiO,?

=2x10"
surf

d

At low surface density (obtained at M<10®) a lying binding S
geometry (height of ~¥1.4 nm as estimated by AFM), resulting

by the ZnPc aromatic ring-TiO, interaction, is achieved, as
emerges by the XPS measurements.
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AFM images of the Zn derivative modified TiO, surface at d ;= d=2%x10'2. The simultaneous

acquisition of morphologic (a) and phase (b) AFM images indicates that the phthalocyanine/ TiO,

sample is constituted prevalently by a monolayer of phthalocyanine molecules anchored on the
TiO, surface

Pellegrino G, Zanotti G et al. J. Phys. Chem. C, 2013
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Is there some nonradiative decay due to molecular aggregation?
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* Intense absorption in visible and near-IR.

* Increased stability compared to porphyrins.

* Substitutions on the free meso and [3-positions

Zanotti et al. RSC Advances 2016, 6, 5123
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n % Voc [V] Jsc [mA/cm?] FF CDCA [Mm]
PETBP 0.95 0.493 2.80 0.69 0
1.27 0.551 3.33 0.69 5
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DSSCs: conclusions

The investigated molecules show lower efficiencies than the
state of the art, even if they theoretically fulfil all the dye
requirements.

Side-studies on their transient photochemistry and on their
interaction with TiO, can explain these results.

A coadsorbent can be useful to increase the photovoltaic
performances, but each case has to be studied independently.

Multicomponent devices require a careful optimization of all
their single element. Changing one of them may require to
vary some of the others.
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Scientific Reports 5, Article number 14485 (2015)
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PEROVSKITES

MX,

* Synthesis is quite easy

* Absoption spectrum is very good (the material itself is
black)

® Qutstanding photovoltaic behaviour even in poorly
optimized devices

Perovskites

TCO Anode

(CH3)NH3I + Pb|2 9 (CH3)NH3PbI3 J. Fan, B. Jia, M. Gu, Photon Research, 2(2014)111-120
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OCH, OCH,

H,CO -@—(?(? OCH,4 S pi rO'O M ETA D
S Efficiencies up to 20%
HyCo<_H-N-_H~"_-N<")-ocH,
2 B

* High cost/multistep synthesis

* Low mobility and conductivity: needs doping to work at its
best

* Dopants have to be carefully chosen or the cell may be
negatively affected by their presence

Developing novel inexpensive HTMs is an attractive goal



Phthalocyanines as potential HTM for
perovskite solar cells
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PCE = 6,6% CuMePc
G. Sfyri et al. RSC PCE =5.2%
PCE =6.7% Advances 2015, 5, 69813 G. Sfyri et al.Applied Surface
e Science 360 (2016) 767-771
F. Javier Ramos et al. Dalton Trans., A
2015, 44, 10847-10851
H13Ce
3.7eV
N -400V
440V CH;NH,PbCI,
Sym-HTPcH CeHus
PCE=12,8% I
introducing a meso Al,O, buffer layer N W oo st

\_

H13Ce

P. Gao et al. Phys. Chem. Chem. Phys, DOI:
10.1039/c6cp03396b H,3Cs




ZnPc ZnTABP ZnTBP

ZnPc 0.680*
ZNnTABP 0,553
ZnTBP 0,629

* Leznoff and Lever, Phthalocyanines properties and application, vol 3,VCH 1993,
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Phthalocyanines as potential HTM for
perovskite solar cells
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ISMIN — CNR (Roma):
Optical characterization
(D. Caschera)

f

1 ;

(A. Alberti)

IMM — CNR (Catania):
Substrate characterization

ISM — CNR (Roma):
Theoretical modeling

ISM — CNR (Roma):

_ X-ray analysis
‘(ﬂhﬂ(;:mdfﬁ:::;m ﬁ N (P. Imperatori)

A

(A. Amore Bonapasta,

G. Mattioli)

\ 4

INO — CNR (Firenze):
Ultrafast spectroscopic measurements (A.
lagatti, P. Foggi)

\ 4

NANO — CNR (Lecce):
DSSC characterization
and testing (L. De Marco,
G. Gigli)

® Financial support : EFOR project (triennial national research project funded by Ministero dello Sviluppo Economico (MISE))
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=% 2. Long term stability of small-molecules solar cells based on (DBP):C70
planar mixed heterojuncion with (TPBI):C70 electron-filtering cathode
buffer layers
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In practical applications solar cells must achieve high efficiencies and long-term
reliability

Eg,: total energy produced by a photovoltaic device prior to failure
Tgo: time after which a cell has lost the 20% of its initial efficiency
P...(t)=solar irradiance

Testing photovoltaic devices under real-weather condition provides information
for the practical application of OPVs for the solar generation of electricity
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Berman, D. and Faiman, D. Solar Energy Materials and Solar Cells. 1997, 45, 401-412.
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Planar-mixed HJ DBP:C,, devices are among the most stable OPV cells to date,
with lifetimes of Tg,> 2500 hr measured under laboratory conditions.

a)3-1'2 o T b T v T v T v T r b)1.2 v T v T o T v. T v j' .
mW “wm b i uobﬂ P A, TP
a . i - e
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o) . N
@ 0.6} {z06} ]
3 =
% 04f {804t
€ 0.2} {1 o2t
g 1
00020 40 60 8o 100 120 "% 20 40 60 80 100 120
Time (Days) Time (Days)
P— C) 1.2 T T T T T ]d)1.2 "l' .."'; : l.'.' '.;'
s o e N B,
> 0.8} {ost . T r LT L
. . 2 o} :
Natural sunlight aging (Nov 15th < osf 12 06p
E L
2015- Feb 21" 2016) shows no 5 04 {E o4}
. . [ P
degradation after >100 days, until 0.2} {1702t
i o)) S —— ool s
the encapsulation broke. 0O 20 40 60 80 100 120 0 20 40 60 80 100 120

Time (Days) Time (Days)

Burlingame, Q.; Song, B.; Ciammaruchi, L.; Zanotti, G.; Hankett, J.; Chen, Z.; Eugene A. Katz, E. A.; Forrest, S. .
Adv. Energy Mater. 2016, 1601094
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(a) Outdoor (b) Indoor

pizza-iris

kaleidoscope

glazing

para londal

temparsture controller

Optical

dual axis 7
Solartracker

tharmoelectric
y platform

Katz, E. A.; Gordon, J. M.; Tassew, W.; Feuermann, D.
Photovoltaic Characterization of Concentrator Solar Cells By Localized Irradiation.
J. Appl. Phys. 2006, 100, 044514 (1-8).
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AGING WITH SOLAR CONCENTRATOR

i) 1 0 i . ¥ . . o g T 0’8_' —— fresh cell
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Almost no absorption changes after 5 h under 100-sun intensity

Burlingame, Q.; Song, B.; Ciammaruchi, L.; Zanotti, G.; Hankett, J.; Chen, Z.; Eugene A. Katz, E. A.; Forrest, S. .
Adv. Energy Mater. 2016, 1601094
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diurnal dependence of small-molecule planar-mixed HJ DBP:C,, OPV cells determined by
measuring their performance outdoors
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