fotosintesi (uphill catalysis)
H,O + CO, =1/n (CH,O),+ O, AH =470 kJ/mol
respirazione (downhill catalysis)

100 x 10° ton/y di (CH,0), da CO,
1 g di glucosio per m? di superficie fogliare all’ora
100 TW/y = 0.1% energia solare totale (10> TW)

solar energy
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photosynthesis

light reactions dark reactions
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/ organic
COZ molecules

respiration biomass

combustion food

fossil fuels

energy ()2



Separazione di carica fotoindotta
CO, —‘CH_O’

P = centro fotosintetico

hy (in 1 ps)

LH

Electron donor (H,O)



Processo fotosintetico nelle piante
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Direction of increasing encrgy of electron

Diagramma "a Z"

— Membrane bound iron sulfur proteins

"ﬂ INADP + 2H’
Ferredoxin '

.H Pheophytin [Tight | Ze Z'c’ MADP reductase

Plastoquinone =
» Cytochrome bef complex
Thig e > Plastocyanin
Prog, . ECtroy : @
Vigl iy ﬂ
”J'l: Idi.i wﬂ"ml' 1err dh]: T
”“U.'En!{u' ) "'”F i =

Photosystem |

H:0

¥ 2
| Oxygen evolving complex |é Arp

@ Photosystem 11

E 5 i
CSig OF An
ATp

NADPH = Nicotinamide Adenine Dinucleotide Phosphate



Pigmenti deputati al light harvesting

3

CH, C

o, carotene

clorofille

green yellow red
wavelength (nm)

chlorophyll a

Absorption spectra of various pigments from algae and plants (according to [11]): chlorophyll
a (— —), chlorophyil b (——), a-carotene (—-), phycocyanin (----), phycoerythrin (——--)



Sistemi antenna




Sistemi antenna




Trasferimento di energia (exciton transfer) a cascata
nel sistemi antenna

12 ps
N

530 nm
(2.34 eV) 578 nm
(2.14 eV) 640 nm
(1.94 eV) 660 nm
(1.88eV) 685 nm

(1.81 eV)

S, v v % Vv

phyco- phyco- allo-phyco- chloro-
erythrin cyanin cyanin phyll a

efficienza del 95%



Long range mechanism
No physical contact
Forster-type

v |
O 00

coulomb

Short-range mechanism
requires orbital overlap
Dexter-type




PS | | Sistemi antenna

Nature, 2011
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Two-fold
a8 PsbU

19 subunita proteiche, 2 feofitine, 36 clorofille, 11 carotenoidi, vari cofattori
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Cytoplasm

L ® S E——— ——

Mn,O.Ca
Cluster

2H,0 O,+4H* E°P680-*=+1.3++1.4V

Potenziale piu alto fra i sistemi
biologici



Electron transport cofactor

astochinone mobile =

bicarbonate trasportatore di elettroni
‘L / mobile (come plastochinolo)
93 94 Cyt b559

ChlZD2

Tyrz 7\ /~en TypE° P680-* =+1.3++1.4V
> /D1 H190 D2 H1s9
OEC
Active Branch Protective Branch
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Oxygen Evolving Complex (OEC)
Mn,CaO

Nature 2011
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Mn(lll), d4, alto spin — effetto Jahn-Teller
L W4
a ®
2.6 2.5
qu \/( Stato S,
Ca
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2.1 O1
MniD

05
2.3/%2-77
A2 Mn4A
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Nature 2015 Mn4—O5 pill corta di 0.2 A
X-ray free-electron laser (XFEL)



Ciclo di Kok 0 S clock

. Ml MnlV|  S=2 .
: [ 3 Numero dispari di elettroni

_e, H?

Spin intero = numero

n IV
[Mn 2] pari di elettroni

hv

S=%
( [Mannlv3] Numero dispari di elettroni
Spin intero = numero P
pari di elettroni  H*, e~ hv

OEC ossida fino a 1000 molecole di H,O per secondo!
TON = ca. 10°
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Ipotesi di formazione del legame O-O

nucleophilic attack terminal oxyl radical

Mn(V)=0 o Mn(l1V)=Q-

with bridging oxo

--~
-

oxo/oxyl radical coupling mechanism
In questo meccanismo I'ultimo elettrone viene
estratto da O, non da Mn



— nucleophilic attack
—— oxo/oxyl coupling
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Sistemi modello

Oym\ Reaction Freezing ' procyrgor

Science 2015
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Natural catalyst Artificial complex




