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Energy’s Tricky Tradeoffs

The world’s “energy problem” is in fact a slew of technological and sociological
challenges involving the use of the land, water, and air we share

Total power available (terawatts)

I've got sunshine, plenty of sunshine ...
Sooner or later, humanity must move away from
fossil fuels, finite resources that produce planet-
warming greenhouse gases. At first blush, Earth
appears to have power to spare. The total power
from sunlight striking the ground is a whopping
101,000 terawatts, and experts estimate that we
could capture enough of that to exceed by a wide
margin the 15 terawatts of power that the world's
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Harvesting Solar Energy
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Solar Harvesting Complexes
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Solar Harvesting Complexes
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How long is long-lived?
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In photosynthesis, the first charge

separation occurs in 3 ps!




How long is long-lived?

distance for light to travel (m)
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Transient Absorption (TrA) Spectroscopy
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Molecules are excited by a pump laser at a specific wavelength

A broadband (white-light) laser overlaps the pump at the sample to
measure absorbance at different time delays

Change in absorbance data is collected




FsTrA Spectroscopy system in The Photon Factory
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Tunable pump laser: 300-3000 nm
Supercontinuum probe: 430-1500 nm
Delay stage time range: up to 4 ns

Detection cameras
Andor iDus CCD 1024 x 127 active pixels
Andor InGaAs 512 x 1 active pixels







FsTrA Data Analysis
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I School of Chemical sciences
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Transient absorption spectroscopy is a pump probe technique that Technolosy

Qev= provides details of how excited molecules’ absorbance changes just after IO MacDisrmid Instituts

D evenes being excited. In the Photon Factory, a pump pulse 150 fs in duration can .

3 totices be tuned to different single wavelengths to excite the molecules into their soft modelllng
[ ¥1ed Sciance excited state. Then a probe pulse that contains a full spectrum of colour is

used to take a snapshot of the absorbance of the molecules at set time
intervals after their excitation. The probe can then be delayed relative to
the pump and the decay in the excited molecules can be observed.

Hard modelling

http://www.photonfactory.auckland.ac.nz/uoa/home/photon-factory/pytra Jake Martin
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Solar Harvesting Complexes

charge separated state
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Solar Harvesting Complexes
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Fo-ZnP-Cep (M=Zn)
Fo-HaP -Ceo (M=Hyp)

Lifetime of charge separated
state of up to 16 ps

Triad
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Experiment parameters:

Sample OD=0.8 @ A,

Pump power =1 pJ/pulse

Pump wavelength = porphyrin Soret peak (427nm, 433nm)
Probe =950 — 1120 nm

1.4
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Dyad 427 nm

|

€— Triad 433 nm

Absorbance
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ypothesis: charge separated state lives

triad than in dyad

C,, lifetime

toluene I—I 600 * 3 ps I f

Grimm B, et al. (2011) Chemical Science 2(8):1530-1537.

cyclohexane I—— 440 £ 2 ps

toluene I—I 1180 + 18 ps I

cyclohexane Ii 1220 + 11 ps
Consistent with our hypothesis !

(Y
But...the molecule degraded in the beam ’




Is it electron transfer?
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It’s the ligation, not the electron transfer

C,, lifetime

toluene I—I 600 3 ps

cyclohexane Ii 440 + 2 ps

toluene I—I 1660 * 20 ps I

cyclohexane Ii 2420 + 10 ps

This complex degraded too!
the coordination of pyridine moiety to Zn bis-

porphyrin results in the lifetime changes




Lifetime Measurements Summary

/I toluene
%I cyclohexane
o toluene
cyclohexane
7
72_/’I toluene
1 cyclohexane
y - 206x 107(s, Vo AVy, )
RCC

C,, lifetime

600 + 3 ps 830 cm'!

440 £ 2 ps 860 cm!

| 1660 + 20 ps |

2420 =10 ps

| 1180 + 18 ps I 770 cm!

1220 £ 11 ps 724 cm!

V = electronic coupling (in cm™)

emax = extension coefficient of CT band (in mol-tem™)

n,., = frequency of CT band (in cm™)

Dn,,,, = full width at half height (in cm™)

R, = porphyrin centre to fullerene centre distance = 6.25 A



Correlation between C,, lifetime and V
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rate of electron transfer k;; (1/tau)

V = electronic coupling (in cm™)

v 2.06x107(¢
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cC

V = electronic coupling (in cm™)

emax = €xtension coefficient of CT band (in mol-lem?)

N, = frequency of CT band (in cm™)

Dn,,,,, = full width at half height (in cm™)

R, = porphyrin centre to fullerene centre distance =6.25 A

» Approximation from charge transfer bands

Marcus theory of
electron transfer

Acceptor

~ (AG’; + 1)
43k, T

V = electronic coupling (in cm™)
kg = Boltzmann constant

h =Planck constant

T = absolute temperature

AG? = free energy change

A =reorganization energy




Waveiangt (rem)

> Test the electronic coupling constant idea
further
> Measure P+ decay in UV-VIS
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w Covalently linked ¢ ¢4

oL 0 triads

i

D%D

Dyad, covalently ..
llnked triad & tetrad

Longer lifetime
measurements (ns-ms)

Julie L.H. Kho, Optics Communications,
Volume 294, 1 May 2013, Pages 250-254.
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Absorbance

Corrected CT Spectra
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Viax = frequency of CT band (in cm™t)

Av,. = full width at half height (in cm-?)

R.. = porphyrin centre to fullerene cntre distance = 6.25 A
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Solvent
toluene

cyclohexane

toluene

cyclohexane

I(F (CGO) K’ll K’12

17,950 63,063 9,502

1,815,106 (52,068 8,500
I(11 I(12 I(’F (CGO)
23,650 = 4,400 25,000
106,398 13,591 188,149

KF (C70)
214,500

4,317,136

K’ (Co)
289,500

23,094,794

K’11 K’12
82,250 8,400
148,733 15,085



PyTrA Analysis Package

Dispersion correction

Singular value decomposition
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