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 The World’s Energy Crisis 
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 Fossil Fuels are Solar Energy 

Carboniferous 
(coal) 

Zooplankton and algae 
(oil) 

~300-400 million years! 
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 Harvesting Solar Energy 
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…In a Laser Lab! 
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Understanding Molecular Dynamics  
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 Solar Harvesting Complexes 
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 How long is long-lived? 

In photosynthesis, the first charge 

separation occurs in 3 ps! 

Time (s) 



1 fs = 10-15 s 

1 fs ~ 0.3  ‘light micrometers’ 

The size of a virus! http://www.nims.go.jp/ldynamics/en/How_short.html 

 How long is long-lived? 

http://www.nims.go.jp/ldynamics/en/How_short.html


 

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 
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 Transient Absorption (TrA) Spectroscopy 



 FsTrA Spectroscopy system in The Photon Factory 

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 Spectroscopy system in The Photon Factory 



 FsTrA Data Analysis 

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

PyTrA 1.0 features:  

• Data processing 

• Visualization 

• Soft modelling 

• Hard modelling 
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Understanding Molecular Dynamics  
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600 ps 

Decay profile of C60
 .- 



 Solar Harvesting Complexes 

Triad 
Lifetime of charge separated 

state of up to 16 μs 
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Triad 
Hypothesis: Triad should have a longer 
lifetime for the charge separated state 

 Solar Harvesting Complexes 

charge separated state 



Experiment parameters: 
 
Sample OD= 0.8 @ λmax 
Pump power = 1 μJ/pulse 
Pump wavelength = porphyrin Soret peak (427nm, 433nm) 
Probe = 950 – 1120 nm 

 FsTrA Results 



C60
.- lifetime 

Hypothesis: charge separated state lives longer in 
triad than in dyad 

Dyad 

toluene 600 ± 3 ps 

cyclohexane 440 ± 2 ps 

Triad 

toluene 1180 ± 18 ps 

cyclohexane 1220 ± 11 ps 
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Consistent with our hypothesis ! 

But…the molecule degraded in the beam 

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



 Is it electron transfer? 

tPy-Dyad Triad 

No secondary donor, should have 
same ET rate as the other dyad 
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C60
.- lifetime 

 It’s the ligation, not the electron transfer 

Dyad 
toluene 600 ± 3 ps 

cyclohexane 440 ± 2 ps 

toluene 1660 ± 20 ps 

cyclohexane 2420 ± 10 ps 

the coordination of pyridine moiety to Zn bis-
porphyrin results in the lifetime changes 

This complex degraded too! 

tPy-Dyad 



C60
.- lifetime 

 Lifetime Measurements Summary 

Dyad 
toluene 600 ± 3 ps 

cyclohexane 440 ± 2 ps 

Triad toluene 1180 ± 18 ps 

cyclohexane 1220 ± 11 ps 

toluene 1660 ± 20 ps 

cyclohexane 2420 ± 10 ps 

830 cm-1 

860 cm-1 

770 cm-1 

724 cm-1 
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 V = electronic coupling (in cm-1) 
emax = extension coefficient of CT band (in mol-1cm-1) 
nmax = frequency of CT band (in cm-1) 
Dnmax = full width at half height (in cm-1) 
Rcc = porphyrin centre to fullerene centre distance = 6.25 Å 

tPy-Dyad 



 Correlation between C60
.- lifetime and V 
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 V = electronic coupling (in cm-1) 
emax = extension coefficient of CT band (in mol-1cm-1) 
nmax = frequency of CT band (in cm-1) 
Dnmax = full width at half height (in cm-1) 
Rcc = porphyrin centre to fullerene centre distance = 6.25 Å 

 Approximation from charge transfer bands 

V = electronic coupling (in cm-1) 
kB = Boltzmann constant 
h = Planck constant 
T = absolute temperature 
∆G0  = free energy change  
λ = reorganization energy 

Marcus theory of 
electron transfer 

V = electronic coupling (in cm-1) 
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rate of electron transfer kET (1/tau) 

Donor Acceptor 

tPy-Dyad  



 What’s next? 

Set 1 

Set 2 

            

                           

Set 3 

Set 4 
Test the electronic coupling constant idea 

further 
Measure P+. decay in UV-VIS 

Covalently linked 
triads 

Dyad, covalently 
linked triad & tetrad 

Longer lifetime 
measurements (ns-ms) 

Nanosecond TrA Spectroscopy System 

Julie L.H. Kho, Optics Communications, 

Volume 294, 1 May 2013, Pages 250-254.  
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Where V = electronic coupling (in cm-1) 

 max = extension coefficient of CT band (in mol-1cm-1) 

 max = frequency of CT band (in cm-1) 

 max = full width at half height (in cm-1) 

 Rcc = porphyrin centre to fullerene cntre distance = 6.25 Å 

 

Corrected CT Spectra
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Solvent  KF (C60) K’11 K’12 KF (C70) K’11 K’12 

toluene 17,950 63,063  9,502 214,500 82,250 8,400 

cyclohexane 1,815,106 52,068 8,500 4,317,136 148,733 15,085 

K11 K12 K’F (C60) K’F (C70) 

toluene 23,650 4,400 25,000 289,500 

cyclohexane 106,398 13,591 188,149 23,094,794 

KF
K’11 K’12

K’F
K11 K12



 PyTrA Analysis Package 

Dispersion correction 

Visualization 

Singular value decomposition 

Markov Chain Monte Carlo 


