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1. UV-vis spectra of Ru catalysts and fluorescence spectra of substrates 
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Figure S1. Red dashed/dotted and black dashed lines are the UV-vis spectra of Ru-1 and Ru-2, respectively. 
Colored solid lines are the fluorescence spectra of the dye-conjugated substrates in PhMe (blue), CH2Cl2 (pink), 
n-hexane (green), PhMe/ CH2Cl2 = 2:1 (navy), PhMe/ CH2Cl2 = 1:1 (violet).   

 

 

2. Fitting analysis of FRET data1 

Reaction scheme 

We assumed the substrate-catalyst association and dissociation steps have the following reaction schemes. 

substrate + catalyst substrate:catalyst
k

k-1  

Rate equations 

We set up the rate equations as follows: 

𝑑𝑑[𝐬𝐬𝐬𝐬𝐬𝐬𝐬𝐬𝐬𝐬𝐬𝐬𝐬𝐬𝐬𝐬𝐬𝐬]
𝑑𝑑𝑑𝑑

=  −𝑘𝑘[𝐬𝐬𝐬𝐬𝐬𝐬𝐬𝐬𝐬𝐬𝐬𝐬𝐬𝐬𝐬𝐬𝐬𝐬][𝐜𝐜𝐜𝐜𝐜𝐜𝐜𝐜𝐜𝐜𝐜𝐜𝐜𝐜𝐜𝐜] +  𝑘𝑘−1[𝐬𝐬𝐬𝐬𝐬𝐬𝐬𝐬𝐬𝐬𝐬𝐬𝐬𝐬𝐬𝐬𝐬𝐬: 𝐜𝐜𝐜𝐜𝐜𝐜𝐜𝐜𝐜𝐜𝐜𝐜𝐜𝐜𝐜𝐜] 

𝑑𝑑[𝐬𝐬𝐬𝐬𝐬𝐬𝐬𝐬𝐬𝐬𝐬𝐬𝐬𝐬𝐬𝐬𝐬𝐬: 𝐜𝐜𝐜𝐜𝐜𝐜𝐜𝐜𝐜𝐜𝐜𝐜𝐜𝐜𝐜𝐜]
𝑑𝑑𝑑𝑑

=  𝑘𝑘[𝐬𝐬𝐬𝐬𝐬𝐬𝐬𝐬𝐬𝐬𝐬𝐬𝐬𝐬𝐬𝐬𝐬𝐬][𝐜𝐜𝐜𝐜𝐜𝐜𝐜𝐜𝐜𝐜𝐜𝐜𝐜𝐜𝐜𝐜]−  𝑘𝑘−1[𝐬𝐬𝐬𝐬𝐬𝐬𝐬𝐬𝐬𝐬𝐬𝐬𝐬𝐬𝐬𝐬𝐬𝐬: 𝐜𝐜𝐜𝐜𝐜𝐜𝐜𝐜𝐜𝐜𝐜𝐜𝐜𝐜𝐜𝐜] 

𝑑𝑑[𝐜𝐜𝐜𝐜𝐜𝐜𝐜𝐜𝐜𝐜𝐜𝐜𝐜𝐜𝐜𝐜]
𝑑𝑑𝑑𝑑

=  −𝑘𝑘[𝐬𝐬𝐬𝐬𝐬𝐬𝐬𝐬𝐬𝐬𝐬𝐬𝐬𝐬𝐬𝐬𝐬𝐬][𝐜𝐜𝐜𝐜𝐜𝐜𝐜𝐜𝐜𝐜𝐜𝐜𝐜𝐜𝐭𝐭] + 𝑘𝑘−1[𝐬𝐬𝐬𝐬𝐬𝐬𝐬𝐬𝐬𝐬𝐬𝐬𝐬𝐬𝐬𝐬𝐬𝐬: 𝐜𝐜𝐜𝐜𝐜𝐜𝐜𝐜𝐜𝐜𝐜𝐜𝐜𝐜𝐜𝐜] 
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Although these equations have an analytical solution, numerical approximation has been employed for 

convenience. Δt is 0.01 minute. 

Δ[𝐬𝐬𝐬𝐬𝐬𝐬𝐬𝐬𝐬𝐬𝐬𝐬𝐬𝐬𝐬𝐬𝐬𝐬]
Δ𝑡𝑡

=  −𝑘𝑘[𝐬𝐬𝐬𝐬𝐬𝐬𝐬𝐬𝐬𝐬𝐬𝐬𝐬𝐬𝐬𝐬𝐬𝐬][𝐜𝐜𝐜𝐜𝐜𝐜𝐜𝐜𝐜𝐜𝐜𝐜𝐜𝐜𝐜𝐜] +  𝑘𝑘−1[𝐬𝐬𝐬𝐬𝐬𝐬𝐬𝐬𝐬𝐬𝐬𝐬𝐬𝐬𝐬𝐬𝐬𝐬: 𝐜𝐜𝐜𝐜𝐜𝐜𝐜𝐜𝐜𝐜𝐜𝐜𝐜𝐜𝐜𝐜] 

Δ[𝐬𝐬𝐬𝐬𝐬𝐬𝐬𝐬𝐬𝐬𝐬𝐬𝐬𝐬𝐬𝐬𝐬𝐬: 𝐜𝐜𝐜𝐜𝐜𝐜𝐜𝐜𝐜𝐜𝐜𝐜𝐜𝐜𝐜𝐜]
Δ𝑡𝑡

=  𝑘𝑘[𝐬𝐬𝐬𝐬𝐬𝐬𝐬𝐬𝐬𝐬𝐬𝐬𝐬𝐬𝐬𝐬𝐬𝐬][𝐜𝐜𝐜𝐜𝐜𝐜𝐜𝐜𝐜𝐜𝐜𝐜𝐜𝐜𝐜𝐜]−  𝑘𝑘−1[𝐬𝐬𝐬𝐬𝐬𝐬𝐬𝐬𝐬𝐬𝐬𝐬𝐬𝐬𝐬𝐬𝐬𝐬: 𝐜𝐜𝐜𝐜𝐜𝐜𝐜𝐜𝐜𝐜𝐜𝐜𝐜𝐜𝐜𝐜] 

Δ[𝐜𝐜𝐜𝐜𝐜𝐜𝐜𝐜𝐜𝐜𝐜𝐜𝐜𝐜𝐜𝐜]
Δ𝑡𝑡

=  −𝑘𝑘[𝐬𝐬𝐬𝐬𝐬𝐬𝐬𝐬𝐬𝐬𝐬𝐬𝐬𝐬𝐬𝐬𝐬𝐬][𝐜𝐜𝐜𝐜𝐜𝐜𝐜𝐜𝐜𝐜𝐜𝐜𝐜𝐜𝐜𝐜] +  𝑘𝑘−1[𝐬𝐬𝐬𝐬𝐬𝐬𝐬𝐬𝐬𝐬𝐬𝐬𝐬𝐬𝐬𝐬𝐬𝐬: 𝐜𝐜𝐜𝐜𝐜𝐜𝐜𝐜𝐜𝐜𝐜𝐜𝐜𝐜𝐜𝐜] 

Concentrations of each species at a certain time, t + Δt, are, 
 

[𝐬𝐬𝐬𝐬𝐬𝐬𝐬𝐬𝐬𝐬𝐬𝐬𝐬𝐬𝐬𝐬𝐬𝐬]𝑡𝑡+Δ𝑡𝑡 =  [𝐬𝐬𝐬𝐬𝐬𝐬𝐬𝐬𝐬𝐬𝐬𝐬𝐬𝐬𝐬𝐬𝐬𝐬]𝑡𝑡 + (−𝑘𝑘[𝐬𝐬𝐬𝐬𝐬𝐬𝐬𝐬𝐬𝐬𝐬𝐬𝐬𝐬𝐬𝐬𝐬𝐬]𝑡𝑡[𝐜𝐜𝐜𝐜𝐜𝐜𝐜𝐜𝐜𝐜𝐜𝐜𝐜𝐜𝐜𝐜]𝑡𝑡 +  𝑘𝑘−1[𝐬𝐬𝐬𝐬𝐬𝐬𝐬𝐬𝐬𝐬𝐬𝐬𝐬𝐬𝐬𝐬𝐬𝐬: 𝐜𝐜𝐜𝐜𝐜𝐜𝐜𝐜𝐜𝐜𝐜𝐜𝐜𝐜𝐜𝐜]𝑡𝑡)Δ𝑡𝑡 

[𝐬𝐬𝐬𝐬𝐬𝐬𝐬𝐬𝐬𝐬𝐬𝐬𝐬𝐬𝐬𝐬𝐬𝐬: 𝐜𝐜𝐜𝐜𝐜𝐜𝐜𝐜𝐜𝐜𝐜𝐜𝐜𝐜𝐜𝐜]𝑡𝑡+Δ𝑡𝑡  
=  [𝐬𝐬𝐬𝐬𝐬𝐬𝐬𝐬𝐬𝐬𝐬𝐬𝐬𝐬𝐬𝐬𝐬𝐬: 𝐜𝐜𝐜𝐜𝐜𝐜𝐜𝐜𝐜𝐜𝐜𝐜𝐜𝐜𝐜𝐜]𝑡𝑡 + (𝑘𝑘[𝐬𝐬𝐬𝐬𝐬𝐬𝐬𝐬𝐬𝐬𝐬𝐬𝐬𝐬𝐬𝐬𝐬𝐬]𝑡𝑡[𝐜𝐜𝐜𝐜𝐜𝐜𝐜𝐜𝐜𝐜𝐜𝐜𝐜𝐜𝐜𝐜]𝑡𝑡 −  𝑘𝑘−1[𝐬𝐬𝐬𝐬𝐬𝐬𝐬𝐬𝐬𝐬𝐬𝐬𝐬𝐬𝐬𝐬𝐬𝐬: 𝐜𝐜𝐜𝐜𝐜𝐜𝐜𝐜𝐜𝐜𝐜𝐜𝐜𝐜𝐜𝐜]𝑡𝑡)Δ𝑡𝑡 

[𝐜𝐜𝐜𝐜𝐜𝐜𝐜𝐜𝐜𝐜𝐜𝐜𝐜𝐜𝐜𝐜]𝑡𝑡+Δ𝑡𝑡 =  [𝐜𝐜𝐜𝐜𝐜𝐜𝐜𝐜𝐜𝐜𝐜𝐜𝐜𝐜𝐜𝐜]𝑡𝑡 + (−𝑘𝑘[𝐬𝐬𝐬𝐬𝐬𝐬𝐬𝐬𝐬𝐬𝐬𝐬𝐬𝐬𝐬𝐬𝐬𝐬]𝑡𝑡[𝐜𝐜𝐜𝐜𝐜𝐜𝐜𝐜𝐜𝐜𝐜𝐜𝐜𝐜𝐜𝐜]𝑡𝑡 + 𝑘𝑘−1[𝐬𝐬𝐬𝐬𝐬𝐬𝐬𝐬𝐬𝐬𝐬𝐬𝐬𝐬𝐬𝐬𝐬𝐬: 𝐜𝐜𝐜𝐜𝐜𝐜𝐜𝐜𝐜𝐜𝐜𝐜𝐜𝐜𝐜𝐜]𝑡𝑡)Δ𝑡𝑡 

 

Theoretical curves 

Theoretical fluorescence intensity, Itheory has been calculated by the following expressions: 

𝐼𝐼𝑡𝑡ℎ𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒 =  𝐴𝐴[𝐬𝐬𝐬𝐬𝐬𝐬𝐬𝐬𝐬𝐬𝐬𝐬𝐬𝐬𝐬𝐬𝐬𝐬] + 𝐵𝐵[𝐬𝐬𝐬𝐬𝐬𝐬𝐬𝐬𝐬𝐬𝐬𝐬𝐬𝐬𝐬𝐬: 𝐜𝐜𝐜𝐜𝐜𝐜𝐜𝐜𝐜𝐜𝐜𝐜𝐜𝐜𝐜𝐜] + 𝐶𝐶 

 

The values of A, B and C are assumed to be the same for all kinds of substrates because they have the same dye 

and other conditions such as amount of solvent or sample cell are exactly same. 

 

Fitting parameters 

The fitting parameters are defined as follows: 

 
Parameter Definition 

k Binding rate constant between substrate and catalyst 
k-1 Dissociation rate constant of substrate:catalyst 
A PL intensity of substrate per unit mole. 
B PL intensity of substrate:catalyst per unit mole. 
C Background PL intensity. 
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A and C values 

In order to reduce the number of parameters to be optimized together, the values of A and C were determined 

experimentally. If we measure fluorescence intensity at t=0, [substrate:catalyst] should be zero and above equations 

are reduced to: 

𝐼𝐼𝑡𝑡ℎ𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒,𝑡𝑡=0 =  𝐴𝐴[𝐬𝐬𝐬𝐬𝐬𝐬𝐬𝐬𝐬𝐬𝐬𝐬𝐬𝐬𝐬𝐬𝐬𝐬]𝑡𝑡=0 + 𝐶𝐶 

By plotting [substrate]t=0 vs. fluorescence intensity, A and C have been determined. 

 

Definition of χ2 

The definition of the χ2 is as follows: 

𝜒𝜒2 = � 𝜒𝜒𝑖𝑖2

𝐼𝐼=curve # 

 

𝜒𝜒𝑖𝑖2 = �(𝐼𝐼𝑒𝑒𝑒𝑒𝑒𝑒�𝑡𝑡𝑗𝑗, 𝑖𝑖� − 𝐼𝐼𝑡𝑡ℎ𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒�𝑡𝑡𝑗𝑗, 𝑖𝑖�)2
𝑗𝑗 

 

 

Least-squares fit 

The least-squares fit of the model against the experimental data was done using the minimization package MINUIT 

written at CERN.2 The quantity minimized is χ2. The errors of the fitted parameters have been calculated by 

MINUIT and they represent one standard deviation. In total 17 parameters (16 rate constants and B value) have 

been optimized with 8 experimental curves. Since each experimental curve contains many data points, the data-

to-parameter ration is sufficiently high enough. 

 

Gibbs free energy change 

The Gibbs free energy change was obtained using the following standard equations. 

∆𝐺𝐺 =  −𝑅𝑅𝑅𝑅ln𝐾𝐾 

𝐾𝐾 =  𝑘𝑘/𝑘𝑘−1 
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4. 1H and 13C NMR Spectra of ZZ-ene, ZE-ene, EE-ene and their intermediates 

ZZ-ene  
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EE-ene  
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ZE-ene 
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