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The difference between fluorescence and phosphorescence

. No. Fluorescence Phosphorescence

1. These involve singlet to singlet  These involve triplet to singlet

transition. transition.
b' \. SU T‘ N So

2. This transition is allowed This transition is forbidden transition
transition

3. This transition is fast occurs in ~ This transition is slow
10% sec

4. Efficiencyis low Efficiency is more

5.

It is less selective and sensitive It is more selective and sensitive




The excited state lifetime

In the field of photochenustry. two important excited states are known: the singlet and the
triplet excited states. The lifetime of these states are designated tr and tr respectively.
However, there exists a term called the radiative hifetime, designated as o. The photophysical
processes that deactivated the first excited singlet state are:

Sothy = S Rate = |, Absorption

S = Sp + hvg Rate = kg[S;] Fluorescence

St —— Sp + heat Rate = kyc[S)] Internal conversion
Si — T Rate = kisc[S1] Intersystem crossing

The radiative lifetime, 7o, 1s a measure of the probability of emussion, which is related to the
probability of absorption. The radiative lifetime is represented by:

To=

L5
kF

lifetime 1f fluorescence was the only process deactivating the excited state, and it 1s the
reciprocal of the first order rate constant of fluorescence.




The lifetime of the excited state (S;) 1s the reciprocal of the furst order rate constant for decay.
1
ke +ky +ke
The triplet state (T;) formed can undergo further relaxation processes:

Tg =

Ty— Sy + hvp  Rate=kp[Ty] Phosphorescence (radiative)
T=S Rate = K'rsc[T)] Intersystem crossing (non-radiative)

Where kp 15 the rate constant for phosphorescence; and k'ISC 1s the rate constant for
mtersystem crossing from T state to Sg.

In all cases, the excited triplet state 15 longer lived than the smglet counterpart because of the
decay (raduative or non-radiative) of the Ty to the Sg state 15 forbidden.




Rate Constants for Excited State Deactivation

An alternative description of the quantum vield of a process emanating from an excited state
15 1n terms of the relationship between the rate constant for the specified process and the sum
of rate constants of all processes deactivating the excited state. For example. the quantum

yield of fluorescence (Pg) 15 grven as:

Tk tk ke
However. 1t 1s also known that 1, = :
ke +ky +kpg
Therefore. &_ =k. 1.
. K g
Therefore, 1t follows that =—=0,

ke tky thge 1,




If the lifetune of an excited state and the quantum vields of all processes deactivating 1t are
known., it 1s possible to calculate the rate constants for the deactivating processes.

The following equations give the expressions for rate constants for the mtrinsic processes
(fluorescence, F: mtemal conversion, IC and mtersystem crossing, ISC), which deactivate the
excited singlet state of a molecule:

k, = —F
(33
D

k — I1C
IC r




Duestion:

For naphthalene mn a glassy matnx at 77 K excited to the S; state, the quanmm wvield of
fluorescence 1s 0.20, the quantum vield of tnplet formation 1s 0.80, and the quantum yvield of
phosphorescence 1s 0.018.

a) Using the measured lifetime of fluorescence of 96 ns, determine the rate constant for
intersyvstem crossing from S to Ty.

b) From the measured phosphorescence hfetume of 2.6 s, deternmine the rate constant for
mtersystem crossing from Ty to Se.
Answer:

a) From the 5,; state.

Disc VL - LB =8.33%x10% s
Ty Ty o96x107®

13y Froimn the T state,

Prgc = <Dy - <PDp = O30 — 0018 = 0O 792

Dise _ 0.792
T 2.6

e Kise =

= 0. 305s"




