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SI-1: Scheme of propagation of the exciting and analyzing beams, used for calculation of T 

value from spectroscopic data. 

 

The number of exciting photons in the cylindrical volume element 𝑑𝑉𝑟 is 

𝑑𝑛𝑒𝑥(𝑟, 𝑧) = 𝐺𝐹(𝑟, 𝑧)𝑑𝑉𝑟 

where 𝑑𝑉𝑟 is equal to 

𝑑𝑉𝑟 = 4𝜋𝑙𝑟𝑑𝑟 

Here r is the cylinder radius, dr is its thickness and 2l is its height, were l is the 

radius of the analyzing beam. 

𝐺𝐹(𝑟, 𝑧) is the spatial distribution of laser pulse intensity, which, taking into 

account the cylindrical symmetry of the pulse, is  

𝐺𝐹(𝑟, 𝑧) = 𝐶 × 𝑒𝑥𝑝 (−
𝑟2

2𝜁2
) 



The C value is determined from normalization by the volume 

𝐶 ∫ 𝑑𝜃 ∫ 𝑒𝑥𝑝 (−
𝑟2

2𝜁2
) 𝑟𝑑𝑟 ∫ 𝑑𝑧

𝑙

−𝑙

= 1

𝑟0

0

2𝜋

0

 

And 

𝐶 =
1

4𝜋𝑙𝜁2 [1 − 𝑒𝑥𝑝 (−
𝑟2

2𝜁2)]
 

Finally 

𝑑𝑛𝑒𝑥 =
𝑛𝑒𝑥0

4𝜋𝑙𝜁2 [1 − 𝑒𝑥𝑝 (−
𝑟0

2

2𝜁2)]

𝑒𝑥𝑝 (−
𝑟2

2𝜁2
) × 4𝜋𝑙𝑟𝑑𝑟 

or 

𝑑𝑛𝑒𝑥 =
𝑛𝑒𝑥0

𝜁2 [1 − 𝑒𝑥𝑝 (−
𝑟0

2

2𝜁2)]

𝑒𝑥𝑝 (−
𝑟2

2𝜁2
) × 𝑟𝑑𝑟 

 

The number of absorbed photons in accordance with the Lambert-Beer law is: 

𝑑𝑛𝑎𝑏𝑠 = 𝑑𝑛𝑒𝑥(𝑟, 𝑧)[1 − 𝑒𝑥𝑝(−𝜎01𝑁02𝑙)] 

where 𝜎01 is a cross section of the S0→S1 transition at the excitation wavelength, 𝑁0 is a 

number of PS molecules per a volume unit, and  

𝑑𝑛𝑎𝑏𝑠 =
𝑛𝑒𝑥0[1 − 𝑒𝑥𝑝(−𝜎01𝑁02𝑙)]

𝜁2 [1 − 𝑒𝑥𝑝 (−
𝑟0

2

2𝜁2)]

𝑒𝑥𝑝 (−
𝑟2

2𝜁2
) 𝑟𝑑𝑟 

When the radius of the analyzing beam l<<r0, the problem can be considered as 

a one-dimensional one, and the elementary absorbance can be written as: 

𝑑𝐴 = 𝜎𝑆𝑁𝑆𝑑𝑟 + 𝜎𝑇𝑁𝑇𝑑𝑟 

where 𝜎𝑆 and 𝜎𝑇 are cross sections of S0→S1 and T1→T2 transitions at the analyzing 

wavelength and 𝑁𝑆 =
𝑑𝑛𝑆

𝑑𝑉𝑟
 and 𝑁𝑇 =

𝑑𝑛𝑇

𝑑𝑉𝑟
 are numbers of the PS molecules in the S1 and 

T1 states per the volume unit, respectively. 



Taking into account that 𝑁𝑆 + 𝑁𝑇 = 𝑁0 we obtain 

𝑑(∆𝐴) = 𝑑(𝐴 − 𝐴0) = (𝜎𝑇 − 𝜎𝑆)𝑁𝑇𝑑𝑟 = (𝜎𝑇 − 𝜎𝑆)
𝑑𝑛𝑇

4𝜋𝑙𝑟𝑑𝑟
𝑑𝑟 = (𝜎𝑇 − 𝜎𝑆)

𝑑𝑛𝑇

4𝜋𝑙𝑟
  

where 𝐴0 = ∫ 𝜎𝑆𝑁0𝑑𝑟
𝑟0

−𝑟0
 is the absorbance of the sample before the exciting pulse action. 

Using the definition of the triplet state quantum yield as 𝜑𝑇 =
𝑑𝑛𝑇

𝑑𝑛𝑎𝑏𝑠
, we obtain 

after integration 

Δ𝐴 = (𝜎𝑇 − 𝜎𝑆) ∫
𝑑𝑛𝑇

4𝜋𝑙𝑟
=

𝜑𝑇(𝜎𝑇 − 𝜎𝑆)

4𝜋𝑙

𝑟0

−𝑟0

∫
𝑑𝑛𝑎𝑏𝑠

𝑟

𝑟0

−𝑟0

 

Δ𝐴 =
𝜑𝑇(𝜎𝑇 − 𝜎𝑆)

4𝜋𝑙
×

[1 − 𝑒𝑥𝑝(−𝜎01𝑁0𝑙)]

𝜁2 [1 − 𝑒𝑥𝑝 (−
𝑟0

2

2𝜁2)]

× ∫ 𝑒𝑥𝑝 (−
𝑟2

2𝜁2
) 𝑑𝑟

𝑟0

−𝑟0

 

Δ𝐴 = 𝜑𝑇

𝑛𝑒𝑥0(𝜎𝑇 − 𝜎𝑆)

2𝜋𝑙
×

[1 − 𝑒𝑥𝑝(−𝜎01𝑁0𝑙)]

𝜁2 [1 − 𝑒𝑥𝑝 (−
𝑟0

2

2𝜁2)]

× ∫ 𝑒𝑥𝑝 (−
𝑟2

2𝜁2
) 𝑑𝑟

𝑟0

0

 

Δ𝐴 = 𝜑𝑇

𝑛𝑒𝑥0(𝜎𝑇 − 𝜎𝑆)

2𝜋𝑙
×

[1 − 𝑒𝑥𝑝(−𝜎01𝑁0𝑙)]

𝜁2 [1 − 𝑒𝑥𝑝 (−
𝑟0

2

2𝜁2)]

√
𝜋

2
𝜁 × 𝑒𝑟𝑓 (−

𝑟2

2𝜁2
) 

Δ𝐴 = 𝜑𝑇

𝑛𝑒𝑥0(𝜎𝑇 − 𝜎𝑆)

2√2𝜋𝑙𝜁
×

[1 − 𝑒𝑥𝑝(−𝜎01𝑁0𝑙)]

[1 − 𝑒𝑥𝑝 (−
𝑟0

2

2𝜁2)]

× 𝑒𝑟𝑓 (−
𝑟2

2𝜁2
) 

where 

erf(𝑥) =
2

√𝜋
∫ exp (−𝑡2)𝑑𝑡

𝑥2

0

=
1

√𝜋
∫ exp (−𝑡)

𝑑𝑡

√𝑡

𝑥2

0

 

is the error integral with the argument 𝑥 =
𝑟0

√2𝜁
. 

And as a result 

𝜑𝑇 =
2√2𝜋𝑙𝜁

𝑛𝑒𝑥0(𝜎𝑇 − 𝜎𝑆)
×

[1 − 𝑒𝑥𝑝 (−
𝑟0

2

2𝜁2)]

[1 − 𝑒𝑥𝑝(−𝜎01𝑁0𝑙)]𝑒𝑟𝑓 (
𝑟0

√2𝜁
)

× ∆𝐴 


