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THREE EXPERIMENTS ON TRANSIENT PHOTOCHEMISTRY USING A CW LASER 
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Institute for Inorganic and Physical Chemistry, University of Bern, 

Freiestrasse 3, CH-3000 Bern 9 (Switzerland) 

The main purpose of this work is the production of photochemical transients 
with an arbitrary but exactly defined light intensity forcing function L(t). 
Using a CW laser and electrooptical elements we try to find out under what 
conditions high power densities will lead to non linear response functions. 
UP 

1. 

2. 

tonouwe have carried out the following three experiments: 

L(t) is a step function 111. 
The principle of this method is very simple. Light of a CW laser is fo- 
cussed on the sample. By means of a Pookels cell it can be turned on or 
off very rapidly. Luminescence decay times as well as changes in the ab- 
sorption are measured with a fast photomultiplier. The signal is processed 
with a fast transient digitizer (Tektronix R 7912). Time resolution for 
luminescence measurements is limited by the rise time of the Pockels cell. 
The rise time of our set up is about 5 ns which gives a time resolution 
of 2 to 3 ns. 

L(t) = Lo-e 
iwt . (Luminescence decay time with intensity modulated light 

111, IhI, C2bl. 
A luminescent sample, stimulated with intensity modulated light of appro- 
priate frequency, will emit - linear response provided - intensity modu- 
lated light of the same frequency but with a phase shift $~a. By super- 
posing the reference light beam 

R(t) = Roe iwt 

ati the light emitted by the sample 

S(t) = Soei (be + 9s) 

on the photomultiplier cathode, we obtain 

B(t) = R(tJ + S(t) = 0 B ,i(wt++J 

The phase shift is given by 

9 = 
B= _ 5’ - R2 

arc cos O 
2ROSO 

0 = 4p) + $,(w) = w(At+ 

(2) 

(3) 

(c = light velocity; hR = optical path difference between 
reference beam and light beam = Ilreference - llsample; 
At = delay time caused by sample luminescence). 

Assuming a single exponential decay, the decay time T can be calculated 
by E31 
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T = $ tan rAt=w (6) 

The error of 'C will only be small if -5 < At-w < r/2. This condition can 
always be fulfilled by an appropriate choice of AR and W. As shown in 
Fig. 1, Bo, Ra, So are measured with a Spectrum Analyzer (Tektronix 7L13). 
The ratio between the measured signal and the background (coherent RP 
pick-up) is better than 40 dB. The advantage of an optical delay line is 
the possibility to check the absolute accuracy of the set-up via length 
measurement in a very short time, so that artefacts can easily be exclu- 
ded. Up to now we have obtained an accuracy of +50 ps with a modulation 
frequency of 40 MHz. With some refinements of the optics the time reso- 
lution may be improved by at least a factor of two to three. 

3. L(t) = constant. (Stationary absorption and emission measurements in a 
jet stream). 
By focussing the light of a commercial rare-gas laser, power densities 
of 105 Watt/cm' can easily be obtained. For this reason, high stationary 
concentrations of excited molecules can be produced, which makes it pos- 
sible to detect absorption changes (e.g. decrease of the So-S1 absorp- 
tion, appearance of Sl-S, or TI-Tn absorption) _ The angular dependence of 
the concentration N(9,t) of molecules in the ground state is in the 
simplest possible case given by 

To 

$N(e.t) = -Jp,t) + N(e,t)] f D v’ N(e,t) 

N(e,tl MO1 
=G’ No 

coefficient; 
= total concentration Mol/lt. D = diffusion 

T = decay time; V* = -&T& sine - ; 
Einstein ae 

Ja@rt) = It.sec*&T 

Jp,t) = PO(t) l 

X+VlT*COS20 

11,96-104-F-R E1-exp(-2,3.E*R-N(B,t))) 

P*(t) = light power (Watt) s A = wave length of the monochromatic 
laser light (nm); F = irradiated surface (cm2); J?. = thickness of 
the sample (cm); E = molar extinction coefficient (lt/(Mol*cm)). 

make (No/47T -N{e,t)) significantly different from zero for 8-0, 

(81 

J,(B,t) has to have the magnitude of l/r*No/4~_ This condition can only 
be fulfilled if F is very small, because a CW laser has a power PO(~) of 
only a few watts. To avoid thermal lensing, a fast flow system must be 
used for the sample solution_ For this reason, we emPlOY the Same jet 
stream as for our CW dye laser [4]. Some typical numbers are: 
T = 10-9 set, X = 500 nrn, $ = 0,03 cm, F = 4*10m6 cm2, No = 10e4 mol/lt, 
E = 5'104 It/ (Mol.cm). 
2,4'103*Po(t) l cos=e. 

ReSulting 1/1*N0/4r = 8.10' and J,t6t) = 

As an example we have measured in a jet streem the decrease of SD-SI- 
absorption of Rhcdamin B using 1 Watt of 5309 R radiation from a Kr+- 
laser. These experiments are now being extended and combined with the 
methods described in 1. and 2. 
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Figure 1: Experimental set up for luminescence decay time with intensity 
modulated light. 
F = filter, FO = fibre optics, PM = photomultiplier, S = sample, 
SE = shutter, SD1 and SD2 = shutter drivers (coupled), 
GP = glan prism, ECM = electrooptical modulator. 


