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1. [bookmark: _Toc223343756]Methods: description of the simulation and fitting algorithms
1.1. [bookmark: _Toc223343757]Simulation of experiments under pulsed irradiation:
Our kinetic simulation consists in a C-language code, which numerically calculates the evolution of [S0], [S1], [T1], [Q], [Q+] according to the following differential equations:
			(S1)
			(S2)
				(S3)
Where all the kinetic constants are defined in the main text (equations 4-5, Figure 1). The simulation for pulsed-irradiation experiment did not include cage escape, as it does not affect the outcome of a lifetime measurement, but only the evaluation of the accumulated Q+ and PS-, which was not the purpose of this treatment.
The timestep of the simulation is set at 1 ps in order to obtain precise datasets. 
A “simulated decay” is defined as a kinetic trace generated with the aforementioned simulation of either [S0], [S1], [T1], given a certain set of kinetic constants and a certain initial concentration of the quencher ([Q]) (input parameters).
A “simulated quenching experiment” is defined as a set of simulated decays that have the same set of kinetic constants but differ for the initial [Q]. 
1.2. Fitting of the simulated quenching experiment 
All [S1] simulated decays were fitted with a biexponential decaying function with the following general formula:
					(S8)
All [T1] simulated decays were fitted with a biexponential function with the following general formula:
					(S9)
Therefore, A1, A2, B, τ1, τ2 are output values that can be compared to the pre-exponential factors and τp and τd lifetimes predicted by the exact solutions based on the input parameters used for the simulated decay under analysis (eq 11-13). All the analysed decays show excellent agreement between the output values and the values calulcated by equations 11-13.
τ1 and τ2 were subsequently analysed as commonly done for quenching experiments with Stern Volmer analysis. Analysis of τ1 yielded the evaluation of kqp:
	
	(S10)

	
	(S11)


Where  indicates the prompt lifetime obtained by the fitting of the simulated S1 decay with [Q] = 0M,  indicates the prompt lifetime obtained by the fitting of the simulated S1 decay with different quencher concentrations,  is the slope of the resulting line and  represents the quenching constant that is commonly evalutated in Stern-Volmer experiments on the prompt lifetime of TADF photocatalysts.
Analysis of τ2 yields the evaluation of kqd:
	
	(S12)

	
	(S13)


Where  indicates the delayed lifetime obtained by the fitting of the simulated S1 decay with [Q] = 0M,  indicates the delayed lifetime obtained by the fitting of the simulated S1 decay with different quencher concentrations,  is the slope of the resulting line and  represents the quenching constant that is commonly evalutated in Stern-Volmer experiments on the delayed lifetime of TADF photocatalysts.
The values of kqp and kqd obtained for a selected manifold of simulated quenching experiments are collected in Table S1 and commented in section 11.
In addition to that, τ1 and τ2 were used to perform a quenching analysis based on the new treatment presented in this article, by substituting kp and kd in equations 18-21 with the following values:
	
	(S14)

	
	(S15)

	
	(S16)

	
	(S17)


With  and  in equations 18-20 indicating  and   obtained for [Q] = 0 M. Equation 18 and equation 19 express, respectively, a linear and quadratic relationship between the left term and the quencher concentration, such that the two expressions can be rewritten as follows:
	
	(S18)

	
	(S19)


Therefore, the left terms of equations S18 and S19 can be calculated for each decay of a quenching experiment, and the set of values obtained can be later fitted according to equations S18-S19 to obtain msum, adiff, bdiff. 
If bdiff>0, kqS>kqT, and the following formulas can be applied to derive kqS and kqT:
	
	(20)

	
	(21)


On the other hand, If bdiff<0, kqS<kqT, and the following formulas can be applied to derive kqS and kqT:
	
	(S20)

	
	(S21)


The values of kqp and kqd obtained for a selected manifold of simulated quenching experiments are collected in Table S1 and commented in section 11.
The full mathematical derivation of equations 18-21 is reported in section 3 of this document. 
1.3. Simulation of experiments under continuous irradiation:
To account for continuous irradiation, we added the excitation term (eq. 24) in the differential equation of S1, as T1 cannot be directly populated by light irradiation. Therefore, the kinetic simulator for continuous irradiation is based on the following differential equations:
	
	(28)

	
	(29)

	
	(30)


Where all the kinetic constants and other parameters are defined in the main text (equations 4-5, 24, Figure 1). The timestep of the simulation is set at 1 ns in order to obtain precise datasets. A “simulated photoreaction trace” is defined as a kinetic trace generated with the aforementioned simulation of either one of the components of the system (S0, S1, T1, Q, Q+, A, B), given a certain set of kinetic constants and a certain initial concentration of the quencher (input parameters). The “end of the photoreaction is always intended as the instant at which the substrate is 99% consumed ([A]t = 0.01[A]0)
2. [bookmark: _Toc223343758]Mathematical derivations of equations in the main text
2.1. [bookmark: _Toc223343759]Derivation of equations 18-21
As explained in the main text, for chromophores showing TADF the Stern-Volmer treatment is not strictly valid. This statement can be fully understood by applying Stern-Volmer treatment to the prompt and delayed lifetimes as expressed in equation 13:
	
	(S22)

	
	(S23)


Equations S22 and S23 show that the left term in both cases is not linearly related to [Q], as the Stern-Volmer treatment requires. This aspect reflects the kinetic coupling between S1 and T1: τp and τd depend on all the kinetic constants of the system, and therefore they cannot be linked to either one of the excited states independently. This aspect forbids the independent treatment of τp and τd, and requires instead a coupled approach. We derived therefore equations 18-19 as follows:
	
	(S24)

	
	(S25)

	
	(18)

	
	

	
	(S26)

	
	(S27)

	


	(19)


Where the green marks highlight the equivalent terms that can be simplified. Equation 18 and 19 express a linear and quadratic relationship between the left term and the concentration of the quencher [Q]. Therefore, we can rewrite them as follows:
	
	(18bis)

	
	(19bis)


Where msum, adiff and bdiff are defined as follows:
	
	(S28)

	
	(S29)

	
	(S30)


According to their definition, msum and adiff are always positive, while bdiff can be either positive (if kqS>kqT) or negative (if kqS<kqT).[footnoteRef:1] Therefore, its sign already gives an indication about the values of the microscopic quenching constants. [1:  We assume that the relationship kS,0+kisc > kT,0+krisc always holds, meaning that in the unquenched system S1 is always longer lived than T1.] 

The values of msum, adiff and bdiff can be obtained experimentally as described in SI section 1.2. At the same time, they are related to the microscopic kinetic constants of the system, and therefore they offer a way to obtain kqS and kqT, according to the following system of equations:
	
	(S31)


Which has the following solutions if bdiff>0:
	
	(20)

	
	(21)


And the following analogous solutions if bdiff<0:
	
	(S32)

	
	(S33)


In system S31 adiff is employed rather than bdiff because the same treatment with bdiff requires the knowledge of kS,0, kisc, kT,0 and krisc, which are not always known. on the other hand, equations 20-21 and S20-S21 show that kqS and kqT can be derived from observables that can be directly measured (kp, kd), analogously to Stern-Volmer treatment.
2.2. [bookmark: _Toc223343760]When SV formulas are valid for TADF chromofores (derivation of conditions 22 and 23)
Substituting the prompt lifetime as expressed in equation 17 in the Stern-Volmer equation, we obtain equations S22-S23:
	
	(S22)

	
	(S23)


Equations S22 and S23 can be approximated to a linear relationship in two cases:
	1. 
	
	(22)

	
	Under this condition, equation S22 can be easily simplified:

	
	

	(S34)

	
	Equation S34 is analogous to the Stern-Volmer treatment for non-TADF systems, and a similar expression can be derived for the delayed lifetime as well.

	
	

	2. 
	
	(23)

	
	Under this condition, the kisckrisc term under the radical is negligible, and equations S22-S23 can be simplified to equations S35-S36:

	
	

	(S35)

	
	

	(S36)

	
	Also in this case, a linear relationship analogous to Stern-Volmer equation is derived. It should be noted, nevertheless, that in this case the intercept of a simil-Stern-Volmer plot would not be 1, but instead kS,0+kisc (analysis on τp, eq. S35) or kT,0+krisc (analysis on τd, eq. S36)


2.3. [bookmark: _Toc223343761]Derivation of [S1], [T1] at the steady state without a quencher (equations 25-26)
The differential equations describing a chromophore with the state diagram depicted in Figure 1 under continuous irradiation and without a quencher in solution are the following:
	
	
	(S37)

	
	
	(S38)


Due to the high rate of the decaying pathways, the system rapidly reaches a steady state, in which the concentration of S1 and T1 do not change over time because the rate of ground state excitation equals the rate of excited state decay. The equations that describe this condition can be derived from the solution of the following system:
	
	
	(S39)


Where Iabs (defined in eq. 24) can be considered constant, under the approximation [S0]t=[S0]0, which remains valid for values of photon fluxes commonly used in photochemical reactions (10-6-10-7 photons per second1).
System S35 can be solved analytically:
	
	
	(S40)

	
	
	(S41)

	
	
	(S42)

	
	
	(S43)

	
	
	(S44)

	
	
	(25)
(26)

	
	
	


2.4. [bookmark: _Toc223343762]Derivation of Q evolution in time (equation 36)
Equations S37-S38 can be easily adapted to include a quencher in the system, obtaining equations 28-30:
	
	
	(28)

	
	
	(29)

	
	
	(30)


As mentioned in the main text, in the steady state treatment we included cage escape efficiencies, which are generally different for S1 (ηceS) and T1 (ηceT).
As exemplified by Figure 7, the system under analysis is characterized by a strong time-scale separation, and therefore we can consider the quencher concentration to be constant in the time scale of the decaying pathways of both S1 and T1. Under this conditions, equations 24-25 derived in SI section 2.3 can be easily adapted to include the concentration of the quencher, considering kqS[Q] and kqT[Q] additive terms to kS,0 and kT,0, respectively:
	
	(34)

	
	(35)


Equations 34-35 are validated in all the simulated reactions considered in this work: by substituting the numerically calculated [Q] in expressions 34 and 35, the evolution of [S1] and [T1] can be correctly predicted, as exemplified in Figure S1. 
[image: ]
Figure S1: Comparison of the evolution of T1 (top) and S1 (bottom) calculated numerically with the simulator under continuous irradiation (solid line) and with the analytical expressions 34-35. The data are generated with the following input parameters: I0=1.10-6 s-1; [Q]0 = 10 mM; [A]0 = 1 mM; [PS]0 = 1 mM; kS,0=4.00.108 s-1; kT,0= 5.00.104 s-1; kisc= 2.00.108 s-1; krisc=  5.00.104  s-1; kqS = 5.00.109 s-1M-1; kqT= 5.00.108 s-1M-1; ηceS = 0.15; ηceT = 0.4 (photoreaction 2).
Once obtained the relations linking [S1] and [T1] to [Q], the evolution of [Q] in time can be calculated by substituting eq. 34-35 in the differential equation dictating the evolution of [Q] (eq.30):
	


	(S45)


Equation S45 can be rewritten as follows:
	
	(S46)


Where D([Q]) is the denominator:
	
	(S47)


Then we can rearrange eq. S46 as follows:
	
	(S48)


To be able to integrate the right part of equation S48, it has to be decomposed in adding terms:
	
	(S49)

	We can then take the least common multiple of the denominators:
	

	
	(S50)

	And substitute the extended form of D[Q]:
	

	
	(S51)

	We can group the 0th, 1st and 2nd order terms in [Q] in the right term of the equation:

	


	(S51) right term

	Then we can equate the coefficient of the left and right term in eq. S51:
	

	
	(S52)

	

	(S53)

	

	(S54)


Therefore, the final decomposed expression equivalent to equation S51 is:
	
	(S55)


Therefore, the final expression to be integrated is the following:
	
	(S56)

	Which results in the following transcendental solution:
	

	
	(S57)


Which is equivalent to eq. 36 in the main text, by substituting the coefficients with the parameters α, β, γ as defined by eq. 37-40:
	
	(36)

	
	(37)

	
	(38)

	


	(39)

	
	(40)


2.5. [bookmark: _Toc223343763]Derivation of ΦB in mechanism a (equation 41) and its stationary points 
To calculate ΦB, we can apply equation 36 to compute the necessary time to end the reaction. To do so, we need to define a condition to consider the reaction finished. We choose to consider the reaction finished when 99% of the substrate (A) is converted into product (B). Since we consider a 1:1 stoichiometric ratio in reactions 31-32, meaning that 1 molecule of formed product requires 1 molecule of consumed Q, we can consider the following condition as the end of the photoreaction:
	
	(S58)


According to equation S58, we can calculate the necessary time to end the reaction as follows:
	


	(S59)


Therefore, by applying the definition of photoreaction quantum yield, we obtain equation 41:
	
	(41)


To identify the quencher concentration that maximise equation 41, we need to evaluate its derivative in [Q]0. To do so, we can simplify equation 41 as follows:
	
	(S60)


With: 
	
	(S61)


Then the derivative can be calculated as follows:
	
	(S62)


Therefore, to have a stationary point, equation S63 must be verified:
	
	(S63)

	
	

	
	


Although equation S63 can, in principle, be solved analytically using the quadratic formula, the resulting expression is very complicated and difficult to work with, so we preferred to determine the maximum numerically for simplicity and practical usability. To this purpose, we developed a numerical calculator in python for calculating ΦB for different values of [Q]0 employed in a certain range (Jupiter notebook 2_Finding-the-optimal-Q0-for-a-photoreaction.ipynb). The python script needs as input the kinetic constants, the cage escape efficiencies and the range of [Q]0 that should be analysed. It will then yield a ΦB curve as a function of [Q]0, indicating what are the optimal conditions to obtain a high photoreaction quantum yield. 
Although a closed-form solution is not found, a useful information can be extracted by equation S63. According to their definitions (eq. 38-39), α is always positive while β can be both positive and negative. The terms that α and β multiply to in equation S63 are always positive[footnoteRef:2]. Therefore, S63 can only have a solution if β<0: [2: Assuming [Q]0>0.99[A]0, which is necessary to be able to reach the end of the photoreaction.] 

	
	(S64)

	
	


Under the assumption kS,0+kisc>kT,0+krisc, which is always true for commonly employed TADF chromophores, condition S64 is equivalent to condition 42:
	

	(S65)

	
	(42)


A detailed explanation of condition 42 and its physical interpretation is given in the main text.
3. [bookmark: _Toc223343764]Additional data
3.1. [bookmark: _Toc223343765]Comparison of simulated data under continuous irradiation and prediction by eq. 36
Equation 36 can predict the evolution of the quencher concentration during a photoreaction, which determines the concentration of all other species in the system. At the same time, the kinetic simulation under continuous irradiation can compute the same quantities numerically. In this section we compare the results obtained for [Q], [S1] and [T1] with the two methods (method 1: analytical calculation with equations 36, 34, 35; method 2: numerical calculation with the kinetic simulation described in SI section 1.3) for 5 different sets of input parameters (kinetic constants, cage escape efficiencies, initial concentrations) to validate the analytical solutions proposed in this article.
Table S1: Collection of the input parameters used for the selected photoreactions. In all experiments, I0 = 10-6 photons.s-1.
	
	kS,0 a
	kisc a
	kT,0 a
	krisc a
	kqSb
	kqTb
	ηceS
	ηceT
	[Q]0c
	[A]0 c
	[S0]0 c

	1
	4.108
	2.108
	5.104
	5.104
	5.109
	5.108
	0.05
	0.40
	10
	1
	1

	2
	4.108
	2.108
	5.104
	5.104
	5.109
	5.108
	0.15
	0.40
	10
	1
	1

	3
	4.109
	2.109
	5.104
	5.104
	5.109
	5.108
	0.05
	0.40
	10
	1
	1

	4
	4.108
	2.108
	5.106
	5.106
	5.109
	5.108
	0.05
	0.40
	10
	1
	1

	5
	4.108
	2.108
	5.104
	5.104
	5.108
	5.109
	0.05
	0.40
	10
	1
	1


aexpressed in s-1
bexpressed in M-1s-1
cexpressed in M
[image: ]
Figure S2: Comparison of the evolution of Q (left), T1 (right top) and S1 (right bottom) calculated numerically with the simulator under continuous irradiation (dotted black lines) and with the analytical expressions 34-36 (red solid lines) for photoreaction 1. The input parameters can be found in Table S1.
[image: ]
Figure S3: Comparison of the evolution of Q (left), T1 (right top) and S1 (right bottom) calculated numerically with the simulator under continuous irradiation (dotted black lines) and with the analytical expressions 34-36 (red solid lines) for photoreaction 2. The input parameters can be found in Table S1.
[image: ]
Figure S4: Comparison of the evolution of Q (left), T1 (right top) and S1 (right bottom) calculated numerically with the simulator under continuous irradiation (dotted black lines) and with the analytical expressions 34-36 (red solid lines) for photoreaction 3. The input parameters can be found in Table S1.
[image: ]
Figure S5: Comparison of the evolution of Q (left), T1 (right top) and S1 (right bottom) calculated numerically with the simulator under continuous irradiation (dotted black lines) and with the analytical expressions 34-36 (red solid lines) for photoreaction 4. The input parameters can be found in Table S1.
[image: ]
Figure S6: Comparison of the evolution of Q (left), T1 (right top) and S1 (right bottom) calculated numerically with the simulator under continuous irradiation (dotted black lines) and with the analytical expressions 34-36 (red solid lines) for photoreaction 5. The input parameters can be found in Table S1.
3.2. [bookmark: _Toc223343766]Proof that most of the time B can be considered constant during reaction in mechanism a
In mechanism a, the quencher of the excited state is the sacrificial donor and not the substrate. Therefore, in this case the consumption of the quencher depends on the ratio [A]0/[Q]0: if an excess of [Q]0 is employed, the concentration of the quencher will not sensitively change during reaction, therefore the quenching efficiency and consequently the photoreaction quantum yield can be considered fairly constant (all lines but the yellow one in Figure S7). On the other hand, when similar concentrations of substrate and quencher are employed, the evolution of the reaction determines a substantial decrease in the quencher concentration, therefore affecting the photoreaction quantum yield (yellow lines in Figure S7). The evolution of the photoreaction quantum yield in mechanism a can be predicted by equation 36, and the Jupiter notebook 3_Modelling-the-evolution-of-a-photoreaction.ipynb provided in the supporting information is able to predict it for specific experimental set ups once the input parameters are given.
[image: ]
Figure S7: Evolution of ΦB along normalised time (t*=Δt/Δtfin, with Δtfin is defined as the time corresponding to [A]t = 0.01[A]0) during a photoreaction employing different starting concentration of the quencher. Input parameters of photoreaction 1-2 were employed: I0=1.10-6 s-1; [A]0 =1 mM;  kS,0=4.00.108 s-1; kT,0= 5.00.104 s-1; kisc= 2.00.108 s-1; krisc=  5.00.104  s-1; kqS = 5.00.109 s-1M-1; kqT= 5.00.108 s-1M-1. The left plots refer to ηceS = 0.15; ηceT = 0.4 (photoreaction 2), which does not verify condition 42, while right plots refer to ηceS = 0.05; ηceT= 0.4 (photoreaction 1), which verify condition 42.
3.3. [bookmark: _Toc223343767]Mechanism b: dependence of B on the substrate concentration
The same procedure to calculate ΦB employed in SI section 2.5 can be extended to mechanism a. The only difference in the latter case is that the quencher is now the substrate, which actually simplifies the treatment. Under these conditions, the end of the photoreaction is reached when [Q]t=[A]t=0.01[A]0. Therefore, the formula for ΦB prediction is slightly different:
	
	(S66)


Analogously to mechanism a, a [A]0 value that maximises ΦB can only be found if condition 42 is satisfied. Figure S4 shows the relationship between ΦB and [A]0 in the same conditions employed for Figure 8 in the main text, but switching from mechanism a to mechanism b. The trend of ΦB is very similar, although the optimal [A]0 value changes due to the different condition corresponding to the end of photoreaction.
[image: ]
Figure S8: Dependence of photoreaction quantum yield on initial concentration of the quencher in photoreaction 1-2, mechanism b (I0=1.10-6 s-1; [A]0 =1 mM;  kS,0=4.00.108 s-1; kT,0= 5.00.104 s-1; kisc= 2.00.108 s-1; krisc=  5.00.104  s-1; kqS = 5.00.109 s-1M-1; kqT= 5.00.108 s-1M-1). The solid lines are obtained with equation S66. The scatter points are obtained by numerical integration of the evolution of [B] in time through the kinetic simulator and calculation of the photoreaction quantum yield at the time corresponding to [B] = 0.99[A]0. The red plots refer to ηceS = 0.15; ηceT = 0.4, which does not verify condition 42, while black plots refer to ηceS = 0.05; ηceT= 0.4, which verify condition 42.

3.4 [bookmark: _Toc223343768]   Collection of simulated quenching experiments (pulsed irradiation) and relative fitting parameters
	Table S2: Summary of the simulated quenching experiments performed in this work. The color of the lateral border identifies the type of the system according to the classification given in Figure 4 (green: uncoupled system; yellow: weakly coupled system; orange: coupled system)

	
	Input parameters
	Output parameters

	
	
	Fitting parameters
obtained from T1 and S1 decay
	Obtained with Stern-Volmer
	Obtained with eq. 18-21

	
	kS,0 a
	kisc a
	kT,0 a
	krisc a
	kqS b
	kqTb
	[Q] / M
	A1 / M
	τ 1 / s
	A2 / M
	τ 2 / s
	kqpb
	kqdb
	kqSb
	kqTb

	
	
	
	
	
	
	
	0
	1.00E-05
	9.09E-09
	4.17E-10
	1.83E-06
	
	
	
	

	
	
	
	
	
	
	
	2.00E-02
	1.00E-05
	8.33E-09
	4.17E-10
	9.48E-08
	
	
	
	

	1
	1.00E+08
	1.00E+07
	5.00E+04
	5.00E+05
	5.00E+08
	5.00E+08
	4.00E-02
	1.00E-05
	7.69E-09
	4.17E-10
	4.87E-08
	5.00E+08
	5.00E+08
	
	

	
	
	
	
	
	
	
	6.00E-02
	1.00E-05
	7.14E-09
	4.17E-10
	3.27E-08
	
	
	
	

	
	
	
	
	
	
	
	8.00E-02
	1.00E-05
	6.67E-09
	4.17E-10
	2.47E-08
	
	
	
	

	
	
	
	
	
	
	
	0
	1.00E-05
	9.09E-09
	4.17E-10
	1.83E-06
	
	
	
	

	
	
	
	
	
	
	
	2.00E-02
	1.00E-05
	9.08E-09
	5.04E-10
	9.48E-08
	
	
	
	

	2
	1.00E+08
	1.00E+07
	5.00E+04
	5.00E+05
	5.00E+06
	5.00E+08
	4.00E-02
	1.00E-05
	9.07E-09
	6.22E-10
	4.87E-08
	5.03E+06
	5.00E+08
	5.07e+06
	5.00e+08

	
	
	
	
	
	
	
	6.00E-02
	1.00E-05
	9.07E-09
	7.86E-10
	3.27E-08
	
	
	
	

	
	
	
	
	
	
	
	8.00E-02
	1.00E-05
	9.06E-09
	1.02E-09
	2.47E-08
	
	
	
	

	
	
	
	
	
	
	
	0
	1.00E-05
	9.09E-09
	4.17E-10
	1.83E-06
	
	
	
	

	
	
	
	
	
	
	
	2.00E-02
	1.00E-05
	9.07E-09
	5.03E-10
	9.48E-08
	
	
	
	

	3
	1.00E+08
	1.00E+07
	5.00E+04
	5.00E+05
	1.00E+07
	5.00E+08
	4.00E-02
	1.00E-05
	9.06E-09
	6.19E-10
	4.87E-08
	1.00E+07
	5.00E+08
	1.01e+07
	5.00e+08

	
	
	
	
	
	
	
	6.00E-02
	1.00E-05
	9.04E-09
	7.80E-10
	3.27E-08
	
	
	
	

	
	
	
	
	
	
	
	8.00E-02
	1.00E-05
	9.02E-09
	1.01E-09
	2.47E-08
	
	
	
	

	
	
	
	
	
	
	
	0
	1.00E-05
	9.09E-09
	4.17E-10
	1.83E-06
	
	
	
	

	
	
	
	
	
	
	
	2.00E-02
	1.00E-05
	9.01E-09
	4.95E-10
	9.48E-08
	
	
	
	

	4
	1.00E+08
	1.00E+07
	5.00E+04
	5.00E+05
	5.00E+07
	5.00E+08
	4.00E-02
	1.00E-05
	8.93E-09
	5.98E-10
	4.87E-08
	5.00E+07
	5.00E+08
	5.01e+07
	5.00e+08

	
	
	
	
	
	
	
	6.00E-02
	1.00E-05
	8.85E-09
	7.35E-10
	3.27E-08
	
	
	
	

	
	
	
	
	
	
	
	8.00E-02
	1.00E-05
	8.77E-09
	9.27E-10
	2.47E-08
	
	
	
	

	
	
	
	
	
	
	
	0
	1.00E-05
	9.09E-09
	4.17E-10
	1.83E-06
	
	
	
	

	
	
	
	
	
	
	
	2.00E-02
	1.00E-05
	8.93E-09
	4.86E-10
	9.48E-08
	
	
	
	

	5
	1.00E+08
	1.00E+07
	5.00E+04
	5.00E+05
	1.00E+08
	5.00E+08
	4.00E-02
	1.00E-05
	8.77E-09
	5.72E-10
	4.87E-08
	1.00E+08
	5.00E+08
	1.00e+08
	5.00e+08

	
	
	
	
	
	
	
	6.00E-02
	1.00E-05
	8.62E-09
	6.85E-10
	3.27E-08
	
	
	
	

	
	
	
	
	
	
	
	8.00E-02
	1.00E-05
	8.47E-09
	8.33E-10
	2.47E-08
	
	
	
	

	
	
	
	
	
	
	
	0
	1.00E-05
	9.09E-09
	4.17E-10
	1.83E-06
	
	
	
	

	
	
	
	
	
	
	
	2.00E-02
	1.00E-05
	8.33E-09
	3.51E-10
	1.55E-06
	
	
	
	

	6
	1.00E+08
	1.00E+07
	5.00E+04
	5.00E+05
	5.00E+08
	5.00E+06
	4.00E-02
	1.00E-05
	7.69E-09
	2.99E-10
	1.34E-06
	5.00E+08
	5.02E+06
	5.00e+08
	4.98e+06

	
	
	
	
	
	
	
	6.00E-02
	1.00E-05
	7.14E-09
	2.58E-10
	1.18E-06
	
	
	
	

	
	
	
	
	
	
	
	8.00E-02
	1.00E-05
	6.67E-09
	2.25E-10
	1.06E-06
	
	
	
	

	
	
	
	
	
	
	
	0
	1.00E-05
	9.09E-09
	4.17E-10
	1.83E-06
	
	
	
	

	
	
	
	
	
	
	
	2.00E-02
	1.00E-05
	8.33E-09
	3.52E-10
	1.34E-06
	
	
	
	

	7
	1.00E+08
	1.00E+07
	5.00E+04
	5.00E+05
	5.00E+08
	1.00E+07
	4.00E-02
	1.00E-05
	7.69E-09
	3.00E-10
	1.06E-06
	5.00E+08
	1.00E+07
	5.00e+08
	9.99e+06

	
	
	
	
	
	
	
	6.00E-02
	1.00E-05
	7.14E-09
	2.59E-10
	8.72E-07
	
	
	
	

	
	
	
	
	
	
	
	8.00E-02
	1.00E-05
	6.67E-09
	2.26E-10
	7.43E-07
	
	
	
	

	Table S2 continued

	
	Input parameters
	Output parameters

	
	
	Fitting parameters
obtained from T1 and S1 decay
	Obtained with Stern-Volmer
	Obtained with eq. 18-21

	
	kS,0 a
	kisc a
	kT,0 a
	krisc a
	kqS b
	kqTb
	[Q] / M
	A1 / M
	τ 1 / s
	A2 / M
	τ 2 / s
	kqpb
	kqdb
	kqSb
	kqTb

	
	
	
	
	
	
	
	0
	1.00E-05
	9.09E-09
	4.17E-10
	1.83E-06
	
	
	
	

	
	
	
	
	
	
	
	2.00E-02
	1.00E-05
	8.33E-09
	3.56E-10
	6.47E-07
	
	
	
	

	8
	1.00E+08
	1.00E+07
	5.00E+04
	5.00E+05
	5.00E+08
	5.00E+07
	4.00E-02
	1.00E-05
	7.69E-09
	3.08E-10
	3.93E-07
	5.00E+08
	5.00E+07
	5.00e+08
	5.00e+07

	
	
	
	
	
	
	
	6.00E-02
	1.00E-05
	7.14E-09
	2.69E-10
	2.82E-07
	
	
	
	

	
	
	
	
	
	
	
	8.00E-02
	1.00E-05
	6.67E-09
	2.36E-10
	2.20E-07
	
	
	
	

	
	
	
	
	
	
	
	0
	1.00E-05
	9.09E-09
	4.17E-10
	1.83E-06
	
	
	
	

	
	
	
	
	
	
	
	2.00E-02
	1.00E-05
	8.33E-09
	3.62E-10
	3.93E-07
	
	
	
	

	9
	1.00E+08
	1.00E+07
	5.00E+04
	5.00E+05
	5.00E+08
	1.00E+08
	4.00E-02
	1.00E-05
	7.69E-09
	3.18E-10
	2.20E-07
	5.00E+08
	1.00E+08
	5.00e+08
	1.00e+08

	
	
	
	
	
	
	
	6.00E-02
	1.00E-05
	7.14E-09
	2.81E-10
	1.53E-07
	
	
	
	

	
	
	
	
	
	
	
	8.00E-02
	1.00E-05
	6.67E-09
	2.50E-10
	1.17E-07
	
	
	
	

	
	
	
	
	
	
	
	0
	1.00E-05
	9.09E-09
	4.17E-10
	1.83E-06
	
	
	
	

	
	
	
	
	
	
	
	1.00E-02
	1.00E-05
	8.33E-09
	5.05E-10
	4.87E-08
	
	
	
	

	10
	1.00E+08
	1.00E+07
	5.00E+04
	5.00E+05
	5.00E+08
	1.00E+09
	2.00E-02
	1.00E-05
	7.69E-09
	6.25E-10
	2.47E-08
	5.00E+08
	1.00E+09
	5.00e+08
	1.00e+09

	
	
	
	
	
	
	
	3.00E-02
	1.00E-05
	7.14E-09
	7.92E-10
	1.65E-08
	
	
	
	

	
	
	
	
	
	
	
	4.00E-02
	1.00E-05
	6.67E-09
	1.04E-09
	1.24E-08
	
	
	
	

	
	
	
	
	
	
	
	0
	1.00E-05
	3.33E-09
	1.11E-09
	1.94E-06
	
	
	
	

	
	
	
	
	
	
	
	2.00E-02
	1.00E-05
	3.23E-09
	1.11E-09
	9.51E-08
	
	
	
	

	11
	1.00E+08
	2.00E+08
	5.00E+04
	5.00E+05
	5.00E+08
	5.00E+08
	4.00E-02
	1.00E-05
	3.12E-09
	1.11E-09
	4.87E-08
	5.00E+08
	5.00E+08
	-
	-

	
	
	
	
	
	
	
	6.00E-02
	1.00E-05
	3.03E-09
	1.11E-09
	3.28E-08
	
	
	
	

	
	
	
	
	
	
	
	8.00E-02
	1.00E-05
	2.94E-09
	1.11E-09
	2.47E-08
	
	
	
	

	
	
	
	
	
	
	
	0
	1.00E-05
	3.33E-09
	1.11E-09
	1.94E-06
	
	
	
	

	
	
	
	
	
	
	
	2.00E-02
	1.00E-05
	3.23E-09
	1.19E-09
	4.87E-08
	
	
	
	

	12
	1.00E+08
	2.00E+08
	5.00E+04
	5.00E+05
	5.00E+08
	1.00E+09
	4.00E-02
	1.00E-05
	3.12E-09
	1.28E-09
	2.47E-08
	5.00E+08
	1.00E+09
	5.04e+08
	9.96e+08

	
	
	
	
	
	
	
	6.00E-02
	1.00E-05
	3.03E-09
	1.38E-09
	1.65E-08
	
	
	
	

	
	
	
	
	
	
	
	8.00E-02
	1.00E-05
	2.94E-09
	1.48E-09
	1.24E-08
	
	
	
	

	
	
	
	
	
	
	
	0
	1.00E-05
	3.33E-09
	1.11E-09
	1.94E-06
	
	
	
	

	
	
	
	
	
	
	
	1.00E-02
	1.00E-05
	3.23E-09
	2.28E-09
	9.95E-09
	
	
	
	

	13
	1.00E+08
	2.00E+08
	5.00E+04
	5.00E+05
	5.00E+08
	5.00E+09
	2.00E-02
	9.99E-06
	3.12E-09
	6.99E-09
	4.99E-09
	5.07e+08
	4.99e+09
	5.02e+08
	5.00e+09

	
	
	
	
	
	
	
	4.00E-02
	9.89E-06
	3.03E-09
	1.11E-07
	3.33E-09
	
	
	
	

	
	
	
	
	
	
	
	6.00E-02
	2.71E-08
	2.50E-09
	9.97E-06
	2.94E-09
	
	
	
	

	
	
	
	
	
	
	
	0
	1.00E-05
	3.33E-09
	1.11E-09
	1.94E-06
	
	
	
	

	
	
	
	
	
	
	
	2.00E-02
	1.00E-05
	3.12E-09
	1.04E-09
	9.51E-08
	
	
	
	

	14
	1.00E+08
	2.00E+08
	5.00E+04
	5.00E+05
	1.00E+09
	5.00E+08
	4.00E-02
	1.00E-05
	2.94E-09
	9.80E-10
	4.87E-08
	1.00E+09
	5.00E+08
	9.97e+08
	5.03e+08

	
	
	
	
	
	
	
	6.00E-02
	1.00E-05
	2.78E-09
	9.21E-10
	3.28E-08
	
	
	
	

	
	
	
	
	
	
	
	8.00E-02
	1.00E-05
	2.63E-09
	8.68E-10
	2.47E-08
	
	
	
	

	
	
	
	
	
	
	
	0
	1.00E-05
	3.33E-09
	1.11E-09
	1.94E-06
	
	
	
	

	
	
	
	
	
	
	
	2.00E-02
	1.00E-05
	2.50E-09
	6.59E-10
	9.50E-08
	
	
	
	

	15
	1.00E+08
	2.00E+08
	5.00E+04
	5.00E+05
	5.00E+09
	5.00E+08
	4.00E-02
	1.00E-05
	2.00E-09
	4.35E-10
	4.87E-08
	5.00E+09
	5.00E+08
	5.00e+09
	5.00e+08

	
	
	
	
	
	
	
	6.00E-02
	1.00E-05
	1.67E-09
	3.08E-10
	3.28E-08
	
	
	
	

	
	
	
	
	
	
	
	8.00E-02
	1.00E-05
	1.43E-09
	2.30E-10
	2.47E-08
	
	
	
	

	Table S2 continued

	
	Input parameters
	Output parameters

	
	
	Fitting parameters
obtained from T1 and S1 decay
	Obtained with Stern-Volmer
	Obtained with eq. 18-21

	
	kS,0 a
	kisc a
	kT,0 a
	krisc a
	kqS b
	kqTb
	[Q] / M
	A1 / M
	τ 1 / s
	A2 / M
	τ 2 / s
	kqpb
	kqdb
	kqSb
	kqTb

	
	
	
	
	
	
	
	0
	9.99E-06
	3.33E-09
	1.15E-08
	1.94E-07
	
	
	
	

	
	
	
	
	
	
	
	2.00E-02
	9.99E-06
	3.22E-09
	1.15E-08
	6.60E-08
	
	
	
	

	16
	1.00E+08
	2.00E+08
	5.00E+05
	5.00E+06
	5.00E+08
	5.00E+08
	4.00E-02
	9.99E-06
	3.12E-09
	1.15E-08
	3.97E-08
	5.00E+08
	5.00E+08
	-
	-

	
	
	
	
	
	
	
	6.00E-02
	9.99E-06
	3.03E-09
	1.15E-08
	2.84E-08
	
	
	
	

	
	
	
	
	
	
	
	8.00E-02
	9.99E-06
	2.94E-09
	1.15E-08
	2.21E-08
	
	
	
	

	
	
	
	
	
	
	
	0
	9.99E-06
	3.33E-09
	1.15E-08
	1.94E-07
	
	
	
	

	
	
	
	
	
	
	
	2.00E-02
	9.99E-06
	3.22E-09
	1.23E-08
	3.98E-08
	
	
	
	

	17
	1.00E+08
	2.00E+08
	5.00E+05
	5.00E+06
	5.00E+08
	1.00E+09
	4.00E-02
	9.99E-06
	3.12E-09
	1.32E-08
	2.22E-08
	5.01E+08
	9.99E+08
	5.03e+08
	9.97e+08

	
	
	
	
	
	
	
	6.00E-02
	9.99E-06
	3.03E-09
	1.42E-08
	1.54E-08
	
	
	
	

	
	
	
	
	
	
	
	8.00E-02
	9.98E-06
	2.94E-09
	1.54E-08
	1.17E-08
	
	
	
	

	
	
	
	
	
	
	
	0
	9.99E-06
	3.33E-09
	1.15E-08
	1.94E-07
	
	
	
	

	
	
	
	
	
	
	
	2.00E-02
	9.98E-06
	3.22E-09
	2.37E-08
	9.52E-09
	
	
	
	

	18
	1.00E+08
	2.00E+08
	5.00E+05
	5.00E+06
	5.00E+08
	5.00E+09
	4.00E-02
	9.93E-06
	3.12E-09
	7.46E-08
	4.89E-09
	1.18E+09
	4.32E+09
	5.01e+08
	5.00e+09

	
	
	
	
	
	
	
	6.00E-02
	8.87E-06
	3.00E-09
	1.13E-06
	3.31E-09
	
	
	
	

	
	
	
	
	
	
	
	8.00E-02
	2.18E-07
	2.46E-09
	9.78E-06
	2.95E-09
	
	
	
	

	
	
	
	
	
	
	
	0
	9.99E-06
	3.33E-09
	1.15E-08
	1.94E-07
	
	
	
	

	
	
	
	
	
	
	
	2.00E-02
	9.99E-06
	3.12E-09
	1.08E-08
	6.59E-08
	
	
	
	

	19
	1.00E+08
	2.00E+08
	5.00E+05
	5.00E+06
	1.00E+09
	5.00E+08
	4.00E-02
	9.99E-06
	2.94E-09
	1.01E-08
	3.97E-08
	1.00+08
	5.00E+08
	9.99e+08
	5.02e+08

	
	
	
	
	
	
	
	6.00E-02
	9.99E-06
	2.78E-09
	9.47E-09
	2.84E-08
	
	
	
	

	
	
	
	
	
	
	
	8.00E-02
	9.99E-06
	2.63E-09
	8.91E-09
	2.21E-08
	
	
	
	

	
	
	
	
	
	
	
	0
	9.99E-06
	3.33E-09
	1.15E-08
	1.94E-07
	
	
	
	

	
	
	
	
	
	
	
	2.00E-02
	9.99E-06
	2.50E-09
	6.75E-09
	6.56E-08
	
	
	
	

	20
	1.00E+08
	2.00E+08
	5.00E+05
	5.00E+06
	5.00E+09
	5.00E+08
	4.00E-02
	1.00E-05
	2.00E-09
	4.44E-09
	3.95E-08
	5.00E+09
	5.02E+08
	5.00e+09
	4.99e+08

	
	
	
	
	
	
	
	6.00E-02
	1.00E-05
	1.67E-09
	3.14E-09
	2.83E-08
	
	
	
	

	
	
	
	
	
	
	
	8.00E-02
	1.00E-05
	1.43E-09
	2.33E-09
	2.21E-08
	
	
	
	

	
	
	
	
	
	
	
	0
	1.00E-05
	9.09E-09
	1.66E-09
	3.55E-06
	
	
	
	

	
	
	
	
	
	
	
	2.00E-02
	1.00E-05
	8.33E-09
	1.66E-09
	9.73E-08
	
	
	
	

	21
	1.00E+08
	1.00E+07
	2.00E+05
	1.00E+05
	5.00E+08
	5.00E+08
	4.00E-02
	1.00E-05
	7.69E-09
	1.66E-09
	4.93E-08
	5.00E+08
	5.00E+08
	-
	-

	
	
	
	
	
	
	
	6.00E-02
	1.00E-05
	7.14E-09
	1.66E-09
	3.30E-08
	
	
	
	

	
	
	
	
	
	
	
	8.00E-02
	1.00E-05
	6.67E-09
	1.66E-09
	2.48E-08
	
	
	
	

	
	
	
	
	
	
	
	0
	1.00E-05
	9.09E-09
	1.66E-09
	3.55E-06
	
	
	
	

	
	
	
	
	
	
	
	2.00E-02
	1.00E-05
	8.33E-09
	2.01E-09
	4.93E-08
	
	
	
	

	22
	1.00E+08
	1.00E+07
	2.00E+05
	1.00E+05
	5.00E+08
	1.00E+09
	4.00E-02
	1.00E-05
	7.69E-09
	2.48E-09
	2.48E-08
	5.00E+08
	1.00E+09
	5.00e+08
	1.00e+09

	
	
	
	
	
	
	
	6.00E-02
	1.00E-05
	7.14E-09
	3.15E-09
	1.66E-08
	
	
	
	

	
	
	
	
	
	
	
	8.00E-02
	1.00E-05
	6.67E-09
	4.11E-09
	1.25E-08
	
	
	
	

	
	
	
	
	
	
	
	0
	1.00E-05
	9.09E-09
	1.66E-09
	3.55E-06
	
	
	
	

	
	
	
	
	
	
	
	2.00E-02
	9.95E-06
	8.33E-09
	5.08E-08
	9.98E-09
	
	
	
	

	23
	1.00E+08
	1.00E+07
	2.00E+05
	1.00E+05
	5.00E+08
	5.00E+09
	4.00E-02
	4.04E-09
	4.99E-09
	1.00E-05
	7.69E-09
	3.80E+09
	1.70E+09
	5.00e+08
	5.00e+09

	
	
	
	
	
	
	
	6.00E-02
	7.78E-10
	3.33E-09
	1.00E-05
	7.14E-09
	
	
	
	

	
	
	
	
	
	
	
	8.00E-02
	3.19E-10
	2.50E-09
	1.00E-05
	6.67E-09
	
	
	
	

	Table S2 continued

	
	Input parameters
	Output parameters

	
	
	Fitting parameters
obtained from T1 and S1 decay
	Obtained with Stern-Volmer
	Obtained with eq. 18-21

	
	kS,0 a
	kisc a
	kT,0 a
	krisc a
	kqS b
	kqTb
	[Q] / M
	A1 / M
	τ 1 / s
	A2 / M
	τ 2 / s
	kqpb
	kqdb
	kqSb
	kqTb

	
	
	
	
	
	
	
	0
	1.00E-05
	9.09E-09
	1.66E-09
	3.55E-06
	
	
	
	

	
	
	
	
	
	
	
	2.00E-02
	1.00E-05
	7.69E-09
	1.40E-09
	9.72E-08
	
	
	
	

	24
	1.00E+08
	1.00E+07
	2.00E+05
	1.00E+05
	1.00E+09
	5.00E+08
	4.00E-02
	1.00E-05
	6.67E-09
	1.19E-09
	4.93E-08
	1.00E+09
	5.00E+08
	1.00e+09
	5.00e+08

	
	
	
	
	
	
	
	6.00E-02
	1.00E-05
	5.88E-09
	1.02E-09
	3.30E-08
	
	
	
	

	
	
	
	
	
	
	
	8.00E-02
	1.00E-05
	5.26E-09
	8.92E-10
	2.48E-08
	
	
	
	

	
	
	
	
	
	
	
	0
	1.00E-05
	9.09E-09
	1.66E-09
	3.55E-06
	
	
	
	

	
	
	
	
	
	
	
	2.00E-02
	1.00E-05
	4.76E-09
	5.01E-10
	9.72E-08
	
	
	
	

	25
	1.00E+08
	1.00E+07
	2.00E+05
	1.00E+05
	5.00E+09
	5.00E+08
	4.00E-02
	1.00E-05
	3.23E-09
	2.38E-10
	4.93E-08
	5.00E+09
	5.00E+08
	5.00e+09
	4.99e+08

	
	
	
	
	
	
	
	6.00E-02
	1.00E-05
	2.44E-09
	1.39E-10
	3.30E-08
	
	
	
	

	
	
	
	
	
	
	
	8.00E-02
	1.00E-05
	1.96E-09
	9.07E-11
	2.48E-08
	
	
	
	

	
	
	
	
	
	
	
	0
	9.98E-06
	9.08E-09
	1.74E-08
	3.55E-07
	
	
	
	

	
	
	
	
	
	
	
	2.00E-02
	9.98E-06
	8.32E-09
	1.74E-08
	7.80E-08
	
	
	
	

	26
	1.00E+08
	1.00E+07
	2.00E+06
	1.00E+06
	5.00E+08
	5.00E+08
	4.00E-02
	9.98E-06
	7.68E-09
	1.74E-08
	4.38E-08
	5.00E+08
	5.00E+08
	-
	-

	
	
	
	
	
	
	
	6.00E-02
	9.98E-06
	7.13E-09
	1.74E-08
	3.05E-08
	
	
	
	

	
	
	
	
	
	
	
	8.00E-02
	9.98E-06
	6.66E-09
	1.74E-08
	2.34E-08
	
	
	
	

	
	
	
	
	
	
	
	0
	9.98E-06
	9.08E-09
	1.74E-08
	3.55E-07
	
	
	
	

	
	
	
	
	
	
	
	2.00E-02
	9.98E-06
	8.32E-09
	2.11E-08
	4.39E-08
	
	
	
	

	27
	1.00E+08
	1.00E+07
	2.00E+06
	1.00E+06
	5.00E+08
	1.00E+09
	4.00E-02
	9.97E-06
	7.68E-09
	2.62E-08
	2.34E-08
	5.01E+08
	9.99E+08
	5.00e+08
	1.00e+09

	
	
	
	
	
	
	
	6.00E-02
	9.97E-06
	7.13E-09
	3.34E-08
	1.59E-08
	
	
	
	

	
	
	
	
	
	
	
	8.00E-02
	9.96E-06
	6.65E-09
	4.40E-08
	1.21E-08
	
	
	
	

	
	
	
	
	
	
	
	0
	9.98E-06
	9.08E-09
	1.74E-08
	3.55E-07
	
	
	
	

	
	
	
	
	
	
	
	2.00E-02
	9.42E-06
	8.26E-09
	5.75E-07
	9.81E-09
	
	
	
	

	28
	1.00E+08
	1.00E+07
	2.00E+06
	1.00E+06
	5.00E+08
	5.00E+09
	4.00E-02
	3.71E-08
	4.92E-09
	9.96E-06
	7.71E-09
	3.84E+09
	1.66E+09
	5.00e+08
	5.00e+09

	
	
	
	
	
	
	
	6.00E-02
	7.51E-09
	3.30E-09
	9.99E-06
	7.15E-09
	
	
	
	

	
	
	
	
	
	
	
	8.00E-02
	3.12E-09
	2.48E-09
	1.00E-05
	6.67E-09
	
	
	
	

	
	
	
	
	
	
	
	0
	9.98E-06
	9.08E-09
	1.74E-08
	3.55E-07
	
	
	
	

	
	
	
	
	
	
	
	2.00E-02
	9.99E-06
	7.68E-09
	1.45E-08
	7.79E-08
	
	
	
	

	29
	1.00E+08
	1.00E+07
	2.00E+06
	1.00E+06
	1.00E+09
	5.00E+08
	4.00E-02
	9.99E-06
	6.66E-09
	1.24E-08
	4.38E-08
	9.99E+08
	5.01E+08
	1.00e+09
	5.00e+08

	
	
	
	
	
	
	
	6.00E-02
	9.99E-06
	5.88E-09
	1.06E-08
	3.04E-08
	
	
	
	

	
	
	
	
	
	
	
	8.00E-02
	9.99E-06
	5.26E-09
	9.23E-09
	2.33E-08
	
	
	
	

	
	
	
	
	
	
	
	0
	9.98E-06
	9.08E-09
	1.74E-08
	3.55E-07
	
	
	
	

	
	
	
	
	
	
	
	1.00E-02
	9.99E-06
	6.24E-09
	8.63E-09
	1.27E-07
	
	
	
	

	30
	1.00E+08
	1.00E+07
	2.00E+06
	1.00E+06
	5.00E+09
	5.00E+08
	2.00E-02
	9.99E-06
	4.76E-09
	5.15E-09
	7.75E-08
	5.00E+09
	5.02E+08
	5.00e+09
	4.99e+08

	
	
	
	
	
	
	
	3.00E-02
	1.00E-05
	3.84E-09
	3.41E-09
	5.58E-08
	
	
	
	

	
	
	
	
	
	
	
	4.00E-02
	1.00E-05
	3.23E-09
	2.43E-09
	4.36E-08
	
	
	
	

	
	
	
	
	
	
	
	0
	1.00E-05
	3.33E-09
	4.45E-09
	6.00E-06
	
	
	
	

	
	
	
	
	
	
	
	2.00E-02
	1.00E-05
	3.22E-09
	4.45E-09
	9.84E-08
	
	
	
	

	31
	1.00E+08
	2.00E+08
	2.00E+05
	1.00E+05
	5.00E+08
	5.00E+08
	4.00E-02
	1.00E-05
	3.12E-09
	4.45E-09
	4.96E-08
	5.00E+08
	5.00E+08
	-
	-

	
	
	
	
	
	
	
	6.00E-02
	1.00E-05
	3.03E-09
	4.45E-09
	3.31E-08
	
	
	
	

	
	
	
	
	
	
	
	8.00E-02
	1.00E-05
	2.94E-09
	4.45E-09
	2.49E-08
	
	
	
	

	Table S2 continued

	
	Input parameters
	Output parameters

	
	
	Fitting parameters
obtained from T1 and S1 decay
	Obtained with Stern-Volmer
	Obtained with eq. 18-21

	
	kS,0 a
	kisc a
	kT,0 a
	krisc a
	kqS b
	kqTb
	[Q] / M
	A1 / M
	τ 1 / s
	A2 / M
	τ 2 / s
	kqpb
	kqdb
	kqSb
	kqTb

	
	
	
	
	
	
	
	0
	1.00E-05
	3.33E-09
	4.45E-09
	6.00E-06
	
	
	
	

	
	
	
	
	
	
	
	2.00E-02
	1.00E-05
	3.22E-09
	4.76E-09
	4.96E-08
	
	
	
	

	32
	1.00E+08
	2.00E+08
	2.00E+05
	1.00E+05
	5.00E+08
	1.00E+09
	4.00E-02
	9.99E-06
	3.12E-09
	5.11E-09
	2.49E-08
	5.00E+08
	1.00E+09
	5.04e+08
	9.96e+08

	
	
	
	
	
	
	
	6.00E-02
	9.99E-06
	3.03E-09
	5.49E-09
	1.66E-08
	
	
	
	

	
	
	
	
	
	
	
	8.00E-02
	9.99E-06
	2.94E-09
	5.92E-09
	1.25E-08
	
	
	
	

	
	
	
	
	
	
	
	0
	1.00E-05
	3.33E-09
	4.45E-09
	6.00E-06
	
	
	
	

	
	
	
	
	
	
	
	1.00E-02
	9.99E-06
	3.28E-09
	6.15E-09
	1.99E-08
	
	
	
	

	33
	1.00E+08
	2.00E+08
	2.00E+05
	1.00E+05
	5.00E+08
	5.00E+09
	2.00E-02
	9.99E-06
	3.22E-09
	9.07E-09
	9.99E-09
	5.06e+08
	4.99e+09
	5.04e+08
	5.00e+09

	
	
	
	
	
	
	
	3.00E-02
	9.99E-06
	3.17E-09
	1.47E-08
	6.66E-09
	
	
	
	

	
	
	
	
	
	
	
	4.00E-02
	9.97E-06
	3.12E-09
	2.77E-08
	5.00E-09
	
	
	
	

	
	
	
	
	
	
	
	0
	1.00E-05
	3.33E-09
	4.45E-09
	6.00E-06
	
	
	
	

	
	
	
	
	
	
	
	2.00E-02
	1.00E-05
	3.12E-09
	4.17E-09
	9.83E-08
	
	
	
	

	34
	1.00E+08
	2.00E+08
	2.00E+05
	1.00E+05
	1.00E+09
	5.00E+08
	4.00E-02
	1.00E-05
	2.94E-09
	3.91E-09
	4.96E-08
	1.00E+09
	5.00E+08
	9.97e+08
	5.03e+08

	
	
	
	
	
	
	
	6.00E-02
	1.00E-05
	2.78E-09
	3.68E-09
	3.31E-08
	
	
	
	

	
	
	
	
	
	
	
	8.00E-02
	1.00E-05
	2.63E-09
	3.46E-09
	2.49E-08
	
	
	
	

	
	
	
	
	
	
	
	0
	1.00E-05
	3.33E-09
	4.45E-09
	6.00E-06
	
	
	
	

	
	
	
	
	
	
	
	2.00E-02
	1.00E-05
	2.50E-09
	2.63E-09
	9.81E-08
	
	
	
	

	35
	1.00E+08
	2.00E+08
	2.00E+05
	1.00E+05
	5.00E+09
	5.00E+08
	4.00E-02
	1.00E-05
	2.00E-09
	1.74E-09
	4.95E-08
	5.00E+09
	5.01E+08
	5.00e+09
	5.00e+08

	
	
	
	
	
	
	
	6.00E-02
	1.00E-05
	1.67E-09
	1.23E-09
	3.31E-08
	
	
	
	

	
	
	
	
	
	
	
	8.00E-02
	1.00E-05
	1.43E-09
	9.19E-10
	2.49E-08
	
	
	
	

	
	
	
	
	
	
	
	0
	9.53E-06
	3.18E-09
	4.72E-07
	6.28E-08
	
	
	
	

	
	
	
	
	
	
	
	2.00E-02
	9.53E-06
	3.09E-09
	4.72E-07
	3.86E-08
	
	
	
	

	36
	1.00E+08
	2.00E+08
	2.00E+07
	1.00E+07
	5.00E+08
	5.00E+08
	4.00E-02
	9.53E-06
	2.99E-09
	4.72E-07
	2.78E-08
	5.00E+08
	5.00E+08
	-
	-

	
	
	
	
	
	
	
	6.00E-02
	9.53E-06
	2.91E-09
	4.72E-07
	2.18E-08
	
	
	
	

	
	
	
	
	
	
	
	8.00E-02
	9.53E-06
	2.82E-09
	4.72E-07
	1.79E-08
	
	
	
	

	
	
	
	
	
	
	
	0
	9.53E-06
	3.18E-09
	4.72E-07
	6.28E-08
	
	
	
	

	
	
	
	
	
	
	
	2.00E-02
	9.50E-06
	3.08E-09
	5.04E-07
	2.82E-08
	
	
	
	

	37
	1.00E+08
	2.00E+08
	2.00E+07
	1.00E+07
	5.00E+08
	1.00E+09
	4.00E-02
	9.46E-06
	2.98E-09
	5.39E-07
	1.82E-08
	5.27E+08
	9.73E+08
	5.02e+08
	9.98e+08

	
	
	
	
	
	
	
	6.00E-02
	9.42E-06
	2.89E-09
	5.77E-07
	1.34E-08
	
	
	
	

	
	
	
	
	
	
	
	8.00E-02
	9.38E-06
	2.81E-09
	6.19E-07
	1.07E-08
	
	
	
	

	
	
	
	
	
	
	
	0
	9.53E-06
	3.18E-09
	4.72E-07
	6.28E-08
	
	
	
	

	
	
	
	
	
	
	
	2.00E-02
	9.09E-06
	3.03E-09
	9.09E-07
	9.09E-09
	
	
	
	

	38
	1.00E+08
	2.00E+08
	2.00E+07
	1.00E+07
	5.00E+08
	5.00E+09
	4.00E-02
	7.90E-06
	2.84E-09
	2.10E-06
	5.07E-09
	1.80E+09
	3.70E+09
	5.01e+08
	5.00e+09

	
	
	
	
	
	
	
	6.00E-02
	5.00E-06
	2.54E-09
	5.00E-06
	3.75E-09
	
	
	
	

	
	
	
	
	
	
	
	8.00E-02
	2.10E-06
	2.16E-09
	7.90E-06
	3.25E-09
	
	
	
	

	
	
	
	
	
	
	
	0
	9.53E-06
	3.18E-09
	4.72E-07
	6.28E-08
	
	
	
	

	
	
	
	
	
	
	
	2.00E-02
	9.56E-06
	3.00E-09
	4.43E-07
	3.79E-08
	
	
	
	

	39
	1.00E+08
	2.00E+08
	2.00E+07
	1.00E+07
	1.00E+09
	5.00E+08
	4.00E-02
	9.58E-06
	2.83E-09
	4.17E-07
	2.72E-08
	9.79E+08
	5.21E+08
	1.00e+09
	5.01e+08

	
	
	
	
	
	
	
	6.00E-02
	9.61E-06
	2.68E-09
	3.93E-07
	2.12E-08
	
	
	
	

	
	
	
	
	
	
	
	8.00E-02
	9.63E-06
	2.55E-09
	3.71E-07
	1.74E-08
	
	
	
	

	Table S2 continued

	
	Input parameters
	Output parameters

	
	
	Fitting parameters
obtained from T1 and S1 decay
	Obtained with Stern-Volmerc
	Obtained with eq. 18-21c

	
	kS,0 a
	kisc a
	kT,0 a
	krisc a
	kqS b
	kqTb
	[Q] / M
	A1 / M
	τ 1 / s
	A2 / M
	τ 2 / s
	kqpb
	kqdb
	kqSb
	kqTb

	
	
	
	
	
	
	
	0
	9.53E-06
	3.18E-09
	4.72E-07
	6.28E-08
	
	
	
	

	
	
	
	
	
	
	
	2.00E-02
	9.72E-06
	2.43E-09
	2.83E-07
	3.42E-08
	
	
	
	

	40
	1.00E+08
	2.00E+08
	2.00E+07
	1.00E+07
	5.00E+09
	5.00E+08
	4.00E-02
	9.81E-06
	1.97E-09
	1.87E-07
	2.42E-08
	4.91e+09
	5.95E+08
	5.00e+09
	4.99e+08

	
	
	
	
	
	
	
	6.00E-02
	9.87E-06
	1.65E-09
	1.32E-07
	1.90E-08
	
	
	
	

	
	
	
	
	
	
	
	8.00E-02
	9.90E-06
	1.42E-09
	9.78E-08
	1.57E-08
	
	
	
	


aExpressed in s-1
bExpressed in M-1s-1
cSee SI section 1.2 for more details on the workflow for obtaining kqp, kqd, kqS, kqT values.
Table S2 collects the results of a selected manifold of simulated quenching experiment performed as described in SI section 1.1. Under the Input parameters, all the kinetic constants and quenching concentration provided to the simulating program as detailed in SI section 1.2 are listed. Output parameters collect the values obtained by fitting the simulated decays and later by fitting the obtained lifetimes by Stern-Volmer analysis or by equations 18-21, as described in the SI section 1.2.
We selected this manifold of simulated experiments to exemplify the general rules summarised in Figure 4 of the main text:
· Experiments 1-10 reflect an uncoupled system, with kS,0≥10kisc and kT,0≥krisc, and the reported results show that, under all the conditions explored, the Stern-Volmer treatment remains well reliable for the evaluation of kqS and kqT, and we can safely state that in this case


· Experiments 11-30 represent a weakly coupled system, with either kS,0∽10kisc (exp. 11-20) or kT,0∽10krisc (exp. 21-30). Under this conditions, Stern-Volmer treatment is generally reliable, but some entries show significant deviation of kqp, kqd from the input kqS, kqT (exp. 18, 23, 28, highlighted in red in Table S1). All these experiments are characterized by kqT>kqS, as predicted in Figure 4 of the main text.
· Experiments 31-40 represent a coupled system, with both kS,0∽10kisc and kT,0∽10krisc. Under this conditions, Stern-Volmer treatment is well reliable only if τ 20>> τ 10 (exp. 31-35) or kqS=kqT (exp.36). The other entries (37-40) show significant deviation of kqp, kqd from the input kqS, kqT , especially when kqT>>kqS.
On the other hand, the values obtained by using equations 18-21 are always in good agreement with the input kqS and kqT, validating the treatment presented in this paper. The minor differences observed in the input kqS, kqT and the output kqS, kqT (such as in exp. 2, 12, 32, 33) are a result of a higher error propagation due to equation 19, which is parabolic instead of linear. For this reason, and because in real-case experiments the experimental error is certainly higher than in simulated ones, Stern-Volmer treatment should be preferred in all the cases which show little or no deviation between kqp, kqd and kqS, kqT.






4. 
5. [bookmark: _Toc223343769]Description of Jupiter notebooks
We provide the reader with 3 Jupiter notebooks, developed in python:
1. Stern-Volmer validity: allows to evaluate the deviation of the quenching constants measured on TADF chromophores with Stern-Volmer treatment. It requires all kinetic constants of the system and the concentration of quencher that the user intends to use in the quenching experiment. It calculates the prompt and delayed lifetimes based on eq. 13, and then applies either Stern-Volmer treatment or equations 18-21 to compare the results obtained by the two methods.
1. Finding the optimal Q0 for a photoreaction: Allows to evaluate the amount of quencher that maximizes the photoreaction quantum yield in a photoreaction following mechanism a, according to equation 41. The program requires all kinetic constants and cage escape efficiencies of the system, the initial concentrations of substrate and photosensitiser, the photon flux and the molar absorption coefficient of the sensitiser, a range of [Q]0 to be scanned, and the fraction of substrate consumption that should be considered “the end of the photoreaction”. It returns a plot indicating the dependency of ΦB on [Q]0 employed, together with the found optimal [Q]0 and the maximum photoreaction quantum yield. For these conditions, the program also predicts the evolution of the reaction in terms of evolution of concentration of the substrate and the product, and evolution of photoreaction quantum yield.
1. Modelling a photoreaction: Allows to predict the evolution of a photoreaction following either mechanism in terms of evolution of concentration of the substrate and the product and evolution of photoreaction quantum yield. Requires knowing the mechanism type (as depicted in fig. 6), the full set of kinetic constants and cage escape efficiencies, the initial concentrations of substrate, sacrificial donor and photosensitiser, the photon flux and the molar absorption coefficient of the sensitiser,  and the fraction of substrate consumption that should be considered “the end of the photoreaction”. 
The following pages report screenshots of the Jupiter notebooks opened in Visual Studio Code, with the basic instructions to compile and use them. The same Jupiter notebooks can also be uploaded in other ready-to-use development environments such as Google Colab.


Stern-Volmer validity:
[image: ]
Finding the optimal Q0 for a photoreaction 
[image: ]
Modelling-a-photoreaction:
[image: ]



6. [bookmark: _Toc223343770]References
1.	PR160L | Kessil LED. Kessil https://www.Kessil.com/products/science_PR160L.php.






image3.png
[Q]/ mM

kS0 /s Kigc /s K0 /s k

. 1
risc /S

Kgs/mist Kgp/mist Nces Neer

2108 4108 5104 5104

510° 5108 0.15 0.40

—Eq. 36 —Eq. 35 —4x107®
104 o L
- - -[Q] calculated with kin. sim. - = - T, computed with kin. sim. [ i
8 I 2x107®
F1x107®
6
Lo
[2.2x10°
ol ——Eq.34
- = -[S,] calculated with kin. sim. +2.0x107°
24 I 1.8x107°
I 1.6x107°
0 T T T T T T T T
0 10 20 30 40 5 60 70 80 90

t/s

t/s

Ww /b

nw/'s




image4.png
[Q]/ mM

kS0 /s k

isc/s" K051 Kisc/s'  Kgs/mist Kgp/mis? Nces Neer
2-10° 410° 5104 5104 510° 5108 0.05 0.40
104 ——Eq.36 —Eq.35 | ax10
- - -[Q] calculated with kin. sim. - - --[T,] calculated with kin. sim.
—
8 F2x107® 3
<
57 o
-+ -10
o Eq.34 2.0x10
- = -[S,] calculated with kin. sim. o
R F1.8x107™ =
2 X 3
<
0 T T T T
0 0 20 40 60 80

t/s

t/s




image5.png
[Q]/ mM

10

kS0 /5 [ K0/ Kisc/s'  Kgs/mist  Kgp/mis? Nces Neer
2108 4108 5108 5108 510° 5108 0.05 0.40
——Eq.36

- - -[Q] calculated with kin. sim.

—Eq. 35
= === [T,] calculated with kin. sim.

F3x107®

F2x10°®

—Eq. 34
- = -[S,] calculated with kin. sim.

+2.0x107°

F1.8x107°

200

t/s

400

600 0

600

Nw /L

w/'s

<




image6.png
[Q]/ mM

kS0 /s Kigc /s K0 /s Kisc/s'  Kgs/mist Kgp/mis? Neces Neer
2108 4108 5104 5104 5108 510° 0.05 0.40
| 4x10
10 4 —Eq. 36 —Eq.35 L 0
- - -[Q] calculated with kin. sim. = === [T,] calculated with kin. sim. P
8 I 2x107®
F1x107¢
6
o
+2.0x10°
ol —Eq.34 0«10
= = = [S,] calculated with kin. sim.
PR I 1.8x107°
0 T r T T r T
0 20 40 60 8 0 20 40 60 80
t/s t/s

Ww /b

nw/'s




image7.png
Nees Neer
0.15 0.40

0.15 —
a) g

0.124

0094 [Q], = 1mM
o |——[@Qp=5mm
——[Ql,=10mM
——[Qly=20mM
——[Q], =40 mM
0.03{—[Q], =60 mM
——[Q], =80 mM
——[Ql, = 100 mM

0.00 T T T T
0.2 0.4 0.6 0.8 1.0

t*

0.06 4

Nees Neer
0.05 0.40
0.12
0.10
0B1  [Q)y=1mMm
& o] [Qo=5mM
%1 —1ml,=10mm
——[Q], =20 mM
0049 ——[Q]y =40 mM
——[QJ, = 60 mM
0029 ——[qQ], =80 mM
—[QJ, = 100 mM
0.00 T T T T
02 04 0.6 0.8
¢

1.0




image8.png
Mechanism b

0.16
0.14
0.12 1

& 0.10
0.08 4

0.06

0.04

Nisc

=0.33

nceS/ NeeT
nceS/ NeeT =

B Nees/Meer =
®  Nges/Meer = 0.38 (simulated)

=0.13 (eq 45)

0.38 (eq 45)
0.13 (simulated)

20 40 60
[Al,/ mM

80

100




image9.png
1: Checking Stern-Volmer validi

Supporting code to Kinetic Models for TADF in Photocatalysis: From Time-Resolved Spectroscopy to Photoreactions under Continuous Irradiaticl (ma

General description of the script Description ofthe code

This code allows you to predict the outcome of a quenching experiment once the kinetic constants of the system are known, and a set offjuenc

Input parameters requested
The user is asked to provide kinetic constants and starting concentration of the quencher directly in the script, in code lines 9-19. After flat, tr

Working principle of the script

The script will first calculate the expected prompt and delayed lifetimes according to equation 13 in the main text. Subsequently, these data flre us:
together with the resulting k, and k4 (from Ster-Volmer analysis) and k,s and k,r (based on eq. 20-21). An evaluation of the errors givefiby St

Press the play button
to start compiling

Change the values
with the user-specific
parameters (kinetic
constants, initial
concentrations...

Scroll down to see the
results

Lifetimes calculated according to eq. 13:

SVpoint [Q/M  tp/s

/s

0.00  3.184e-09  6.2820-08

o
1 0.02  3.030e-09  9.091e-09
2 0.04  2.836e-09  5.066e-09
3 0.06  2.543e-09  3.74%e-09
4 0.08  2.162e-09  3.253¢-09

Stern-Volmer analysis:

kap calculated with SV is 1.80e+09, with an R? of 0.92 and an intercept of 0.95.
This deviates from the input value of kaS by 260.33%.
kad calculated with SV is 3.78e+09, with an R? of 0.98 and an intercept of 1.95.
This deviates from the input value of kaT by 26.03%.

SV plot obtained on prompt lifetimes SV plot obtained on delayed lifetimes

001 002 003 004 005 006 007 O 000 001 002 003 004 005 006 007 008
QI/m [QlI/m

Treatment with equations 18-21:

kgS, kaT calculated with eq. 20-21 are 5.80e+08 and 5.00e+09
This deviates from the input value of kqS by 0.00% and from the input value of kaT by 0.00%.

Plot based on eq. 18 Plot based on eq. 19

002 003 004 005 006 007 0.08 000 001 002 003 004 005 006 007 008
Qi/m /M





image10.png
3 8 Finding the optimal Q0 for a photoreactionipynt X

% Generste + Code + Markdown | © Run Al 2 Ciear Al Outputs | = Outine Descriptionofthecode

¥ 2: Calculating ¢ of a photoreaction as a function of [Q]“
Supporting code to Kinetic Models for TADF in Photocatalysis: From Time-Resolved Spectroscopy to Photoreactions under Continuous Ir]
General description of the script

This code allows you to predict the photoreaction quantum yield once the kinetic constants of the system are known. The photort
optiomal [Q)], is calculated as well, and for that condition the evolution of the reaction in terms of concentration of the components

Input parameters requested

The user is asked to provide kinetic constants, photon flu, starting concentration of the substrate and starting concentration

Working principle of the script

i Press the play button P00 values of [Q]o in the range given by the user. The [Q]o value that maxi
p! raph.
to start compiling

- 18 . Change the
5 values with the
-5 user-specific
oo parameters
(kinetic
Hoorm constants,
sy

concentrations

Q@_min = A0*1.01
0_nax = 1

Scroll down to see the

results

Accordingto eq.
38-40

Values of the parameters alpha, beta and gamma:
alpha = 1.052632¢-01
beta = -5.305263+00
gomma = 4.750000¢+16

Inters

o ot o | Checkof condition 42

Ratio of escape efficiencies: 0.1250

Optimalvalue of [Q], in the
range and corresponding ®g

The optimal value of [QJ0 in the range analysed ds: 0 = 0130897 ~-> ph(P) = 0 \nryus]

Values of [Q] and phi_B for the plot

e
oD ace @, values calculated according
G e to eq. 41 for different [Q], in the
e range given by the user.
B These are the data used for the
oteme  o.eesTio .

0103 0.0%05634 successive plot.
o e To copy these generated data,
S

click on scrollable element

e.9982

0.0620:
0.06202865

Output s truncated. View as a oropenina Adjust celloutput
0 Runtisekarning: invalid value encountered in divide
08 oot - 05)/ (t

@, depending on [0, (Eq. 41)

0100
0,095
0.0%0

0.085

< 0080

0075
0070

0,065

Evolution of species with optimised [QJo Evolution of ¢ with optimised [Qlo

— A(substrate)
8 (product)

800 1000 3 800





image11.png
Supporting code to Kinetic Models for TADF in Photocatalysis: From Time

Description of the code

General description of the script

This code allows you to predict the photoreaction evolution once the kinetic constants of the system are known. The evolution of the re]
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