EXCITED STATE LIFETIME MEASUREMENTS

TIME CORRELATED SINGLE PHOTON COUNTING
(TCSPC)



EXCITED STATE DEACTIVATION
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All these processes are uni-molecular with a first-order rate constant k



Excited state deactivation kinetics

The “reactant” is an excited state: e.g. A*

In the case of a single process with rate constatn k:

[ d[A*]/dt = -k [A*] ]

\ v After integration:

A k)

This means that if the excited state A* is formed immediately (pulsed excitation) with
a starting concetration [A*],this decays exponentially during time



Excited state deactivation kinetics

In the case of more parallel deactivation processes

K, " dia *] /dt = -k, [A g

K, \ \ N d[A*],/dt = -k, [A*]
2

e )

dIA*1/dt = -(k, + k+ ....) [A*] = -5 k.[A*]

[[A*]=[A*]0 exp (- 2ik; t) ] [ I(t)= d[AX] . /dt = k., [A*],exp (- Sk t)]

The system deactivates with the same exponential kinetics with an overall first-
order rate constant K=2k;



What is excited state lifetime

The value of time at which the concentration [A*],becomes [A*] /e
[A*] Is defined as lifetime (1) of the excited state A*

Hence when t=r1

[A*]=[A%],/e=[A%], exp (-Kt)

[A*]y/e
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Exciteation pulse: excited state is Excited state lifetime

formed at concetration [A¥],



Excited state deactivation kinetics
(case of two emitting species)

-

d[A*],/dt = -k, , [A¥]
d[A*],/dt = -k, , [A¥]

~

d[B*],/dt = -k, ; [B*]
d[B*],/dt = -k, 5 [B*]

dl/dt=-ad[A*]/dt - pd[B*]/dt

dIA*]/dt = (ky , + Ky o ....) [A*] = -5k, , [A¥]

d[B*|/dt = (k, g+ k; g+ ....) [B¥] = -2 k; 5 [B¥]

di/dt=a [A*], exp (- t/t,) + B[B*], exp ((- t/7p)

The decay is bi-exponential




TIME CORRELATED SINGLE PHOTON COUNTING
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Pulsed lamp based system
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TIME-CORRELATED SINGLE-PHOTON COUNTING
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M2 = emission monochromator
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Dstop = stop detector
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MCA = multichannel analyzer
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CFD: CONSTANT FRACTION DISCRIMINATOR
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TIME CORRELATED SINGLE PHOTON COUNTING

The excitation source is selected considering the absorption properties .

Soruces LASER DIODE: 405 nm
LED: 280 nm

The controller frequency is adjusted so that the distance between two
pulses is much greater (at least 10 times) than the life time

Frequenza (MHz) |40 20 10 5 2.5

At 25 50 100 200 400

The frequency indicates the number of pulses per second so the distance
between two successive pulses is:

At = 1000(ns)/f(MHz)
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