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Photochemical Steady State 
With the Light On – For Rapid Deactivation, a Photochemical Process Reaches a Steady-State: 
 
    A* →→ B 
 
d[B]

dt   =  kR [A*] 
 

Ja  =  jA* [A] 
 

ΦB = 
d[B]/dt

Ja
 

              
d[A*]

dt   =  jA* [A] – kf [A*] – kISC [A*] – knr [A*] – kR [A*] 
              

[A*] = 
jA*[A]

kf + kISC + knr + kR
 

              

d[B]
dt   =  kR [A*] = 

kR jA* [A]
kf + kISC + knr + kR

 
              

ΦB = 
d[B]/dt

Ja
 = 

kR

kf + kISC + knr + kR
 

              
 

Fluorescence Quantum Yield -- Stern-Volmer Quenching: 
 

Jf = kf [A*]  Φf = Jf/Ja = 
kf

kf + kISC + knr + kR
 

              

   kq 

A* + Q →→ B   kR = kq[Q] 
              
 

Φf = Jf/Ja = 
kf

kf + kISC + knr + kq[Q]  Φo = 
kf

kf + kISC + knr
 

              

Φo/Φf =  
kf + kISC + knr + kq[Q]

kf + kISC + knr
  = 1 + 

kq[Q]
kf + kISC + knr

 

              

With the Light Off: First-Order Competitive Processes Deactivate the Excited State:  
d[A*]

dt   =  – kf [A*] – kISC [A*] – knr [A*] – kR [A*] 
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f
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) t 

              

1
τ = kf + kISC+ knr + kR =  

1
τf
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 + 

1
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1
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Jf = kf [A*] = kf [A*]o e–(k
f
+ k

ISC
+ knr

 + kR 
) t = kf [A*]o e–t/τ 
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