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Supporting Information 

Influence of direct chlorophyll/tetrapyrolle two-photon excitation on the parameter 

ΦCoupling
Car	S1-Chl

 

Remember that the parameter ΦCoupling
Car	S1-Chl	describing energy transfer between optically 

forbidden Car states and Chlorophyll/Tetrapyrroles is calculated from  
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Here, ΦChl-Fl
 is the fluorescence quantum yield of the corresponding chlorophyll or 

tetrapyrrole. For both types of excitation, TPE and OPE, only the chlorophyll/tetrapyrrole 
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fluorescence is observed. Therefore, additional direct chlorophyll TPE excitation would have 

been to be considered by  

 ���� =	������� (4) 
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Here, Φdirect
Chl	TPE is the amount of direct chlorophyll two-photon excitation for a distinct 

wavelength in comparison to direct carotenoid two-photon excitation. From eq. 6 it is 

obvious, that this factor only leads to a constant offset when comparing two different values 

of ΦCoupling
Car	S1-Chl

. For example, when there was initially 50 % direct chlorophyll two-photon 

excitation and 0% carotenoid to chlorophyll energy transfer then the initially observed value 

of  
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will increase to  
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for a rise of carotenoid to chlorophyll energy transfer to 50 % and to 
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for a rise of carotenoid to chlorophyll energy transfer to 100 %.  

 

Without any direct chlorophyll two-photon excitation the following three values 

 ����

���� = ������ !"
�#$	%&���� = 0.0  



 

 S3

 ����

���� = ������ !"
�#$	%&���� = 0.5  

 ����

���� = ������ !"
�#$	%&���� = 1.0  

would be observed experimentally. 

Thus, any direct chlorophyll or tetrapyrrole two-photon excitation will only lead to a 

constant offset when comparing different samples or changing carotenoid to 

chlorophyll/tetrapyrrole energy transfer efficiencies under otherwise identical conditions. (see 

also supplementary Figure S1) 

 

 

Figure S1. Direct chlorophyll two-photon excitation only leads to a constant offset in 

ΦCoupling
Car	S1-Chl

 but does not alter the general observation that increasing or decreasing 

ΦCoupling
Car	S1-Chl

reflects increasing or decreasing Car to Chl energy transfer, respectively. 


