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The paper deals with some special kinds oZ measurement technique use- 
Zul Zor the determination oZ molecular parameters in higher excited energy 
states. This technique was developed Zor special purposes oZ spectroscopy 
but is very convenient to solve many other problems connected with ultra- 
fast phenomena in physics and technology. 

The selective population of higher excited electron states is of com- 

mon interest in photochemistry, photophysics as well as photobiology. This 

definite population makes applicable the great variety of new reaction cour~ 

ses of molecules to new material properties and chemical process courses. 

A very impressive work in this connection was published by V. S. Letok,hov 

and coworkers L'l~: In different excited states (T1, TK, Sn) the same mole- 

cole of maleic acid undergoes difZerent reaction courses to different pro- 

ducts (isomerization, dimerization, reaction with water, Zorming a satura- 

ted oxyacid). 

To use excited levels some problems must be solved: To define the level 

the molecule was excited to; to define the condition Zor the eZZective popu- 

lation of a given energy level; to determine the parameters Zor the energy 

transfer within the molecule. To analyse this situation one needs: i) an 

extensive knowledge of the energy level diagram for the given molecule in- 

cluding all excitation and desactivation channels, ii) the matbematical 

treatment oZ the light-matter-interaction under the given condition. 

To solve this problem we improved existing ideas creating a new method 

to overcome the difficulty cennec~ed with the mani~old of involved levels 

at the light absorption in the case oZ organic molecules. Furthermore, we 

installed a numeric program to combine the theoretical results with mea- 

sured data. Finally, we developed new experimental apparatus to get the 

needed information about systems under investigation with high accuracy and 

high time resolution ~2~. 

A physicomathematical program package was developed based on the mea- 

surement of nonlinear absorption of nonlinear emission oZ light �91 

This program is the basis fora quantitative spectroscopy oZ excited states 

of organic molecules, e specially oZ molecules withll~-electron systems. Tbis 

package contains: i) The creation of a start model Zor the molecular term 

scheme, which comes close to the real level scheme. This Zirst part inclu- 

des also the measured data ~3~. ii) The second part turns the implicit 
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information about the molecule parameters into e• data, e. g. the 

mŸ number and the structure of the level scheme being involved as well 

as limits for the unknown parameters of the ener9y transfer like cross sec- 

tion, relaxation time and population density. This partis like a set of in- 

formation hased on ananalytical treatment of the tate equations for phonons 

and population density of the molecular levels ~4~. iii) This knowledge is 

the basis for the numeric calculation with a definite number of levels anda 

limited range o~ parameter values. 

This codo (RISA) calculates the expected measurement data and compares them 

with the e• data. A procedure for minimization fits the curros. 

Uith the optimized parameters the population density of all levels involved 

will be calculated asa function ol incoming intensity and t~me ~5~. 

~leasurement of the nonlinear absorption behaviour of organie molecules 

is carried out with the set-up TRANS-1. This equipment is a microcomputer 

based nonlinear absorption spectrometer for quantitative spectroscopy of ex- 

cited molecular states ~�91 It's main characteristics aro given in Table I. 

Table I 

Trans-l: Microcomputer based nonlinear absorption spectrometer 

Determinat~on of the nonlinear absorption behaviour of liquid samples, 

samples, dye solution, biological ob}ects, semiconductors 

Techniqual parameters 

Excitation: 337 nm; (400 ... 800) nm; ~~~ O�91 nm 

Photon flux: (lO 21 ... 1027 ) photons cm -2 s -I 

Pulso duration: 0,6 os; 2,5 ns 

Dynamic rango: 6 orders of magnitude 

Modo of operation: 2 channel energy measurement 

Accuracy of transmission measurement: better than 1% 
I , 

solid 

At the beginning of  our work the system for signal processing was the bo• 

car integrator 8CI-280, product of CSI, Ac. Sc. GOR. Now we developed the 

nev~ system HFA-I05, a microprocessor contro]ledsignal analyzer. The main 

characteristics aro givon in Table II. 

This apparatus was used to determine the relaxation tate constant k31 

from the S3-state to the Sl-state of chlorophyll-a in dioxane~~3~ Leupold, 

Thesis ~. 

Because of the complicated level structure of chlorophyll-a with the mani- 

fold of transitions ata given wavelength, the procedure is rather complex. 

Firstly, the nonlinear absorption measurement of chl-a in dioxane led to the 

result that there is a two-step absorption at 670 nm to a S -state followed 

by a nonradiative relaxation S x- ~ with a tate of 7.7• 
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Table II 

Boxcar-System HFA-105 - A microprocessor controlledsignal analyzer (x) 

Main Characteristics 

Recording of signals by sampling technique (improvement of SIIR; 150, ps 

time resolution; 4 signal channels; 2 decay units) 

Computer contro~ed, programmable(internal Z-80 microcomputer, incorpora- 

red oraphic display, manual, interface to printer and plotter) 

Extensive software for sional analysis 

(x) A joint pro3ect of CIOS and CSI os Ac. of Sci. of GOR 

Now the question arises what the Sx-state is and whether the two-step ab- 

sorption comes vŸ the Slo-State of is inte~rupted by @ Slv to Slo relaxa- 

tion. By variation of the @olvent aed the pulse duration of the i~xciting 

light ir becomes clear that there is no Slv to SIO relaxation at 670 nm. 

In the next step the method of the nonlinear double resonance was used. 

Two wavelengths(670 nm and 435 nm) aro interacting with t h e  sample and the 

results we get from the 670 nm interaction are used. Uith help of the non- 

linear program pa'ckage all onknowm parametecs aro determined and we get for 

the transition $3-S 1 the tate constant k31 = 1.6X lO 9 s -1, and T3l = 600 ps. 

This is a ruther unexpeeted value, hence up to now one believ~ that the re- 

laxation ~ime of higher excited electroe states is shorter than I00 ps, most- 

ly in the order of i ps. Therefos photechomistry from higher excited states 

was believed to be highly uneffective. 

The presented method gives us more lnsight in the processes, connected with 

higher excited energy states in complex molecules. Further work in this 

field is going on. 

References 

I . E. V. Khoroshilova, N. P. Kuzmina, V. S. Letok ho v, Yu. A. Hatveetz} 
Appl. Phys, B 31, 145, 1983. 

2 . This project was developed in the frame of the "Centre for Ultrafas% 
Phenomena in Physics" (Berlin/Jena, GDR). 
Part i) and ii) was carried out together with colleagues from the Carl- 
Weierstrass-Institute of Mathematics, Ac. of Sci. of the GDR/J. Ehlert, 
C. Keusch~ S. Oberl~nder. 

3 . O. Leupold, J. Ehlert, S. Oberl~nder, Lectures of the School "Laser- 
impulsfluorometrie" Berlin 1982, 1983, 1984. 
E. Klose, O. Leupold, H. Stiel~ Proceedings of the third Conference 
"Laser Application in atom, molecular and nuclear spectroscopy", 
Vilnius, USSR, 1984. 
O. Leupold Der Informationsgehalt der eichtlinearen Absorption und 
Emission organischer Holekª Thesis for Dissertation B, Berlin 1986. 

4 . S. Oberl~nder,~ Preprint P-Math-24/82, 1982. 
5 . J. Ehlert, R. Neitzke, D. Leupoldl Bescription of the ESER-Program 

PISA, Berlin, 1982. 

6 . O. Leupold, H. Stiel, E. Klose; Jenaer Rundschau, 30, 173, 1985. 
H. Stiel, U. Becker, Preprint ZOS-84/3, 1984. 
H. Stiel, Entwicklung eines nichtlinearen Absorptionsspektrometers und 
seine Anwendung zur Bestimmung ron photophysikalischen Parametern or- 
ganischer Farbstoffe. Thesis for Dissertation A, 8erlin 1986. 

Acta Physica Hungarica 61, 1987 


