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Abstrakt: Prace se zabyva podrobnym popisem nékterych metod analyzy dvou- a
tiiindexovych datovych poli pochdzejicich z (¢asové rozlisenych) méteni laserem indukované
fluorscencni spektroskopie (TRLFS) (postacujicim pro snadnou konstrukci programu danou
metodu vykonavajiciho). V praktické ¢asti je pak nejkomplexnéjsi a nejrobustnéjsi z nich —
FACRSV validovana na uméle vygenerovanych datech a nasledné jsou viechny v teoretické
casti uvedené metody aplikovany na experimentdlné ziskand data pochdzejici z méfeni
nékolika TRLFS kinetickych sérif série roztokd pro systém UO,*" - SO, - ClO4 - Na* - H;0*
(iontova sila | = 0,3, pH = 2, c(U(VI)) = 10° M) lisicich se celkovou moléarni koncentraci
S(VI). Ziskané¢ parametry systému/jeho TRLFS spekter (speciacni konstanty fi, /[,
fluorescen¢ni doby Ziovota, fluorescen¢ni spektra jednotlivych fluorescenéné aktivnich a
nezanedbateln& se v roztocich vyskytujicich species — UO,%*, U0,S04 a U05(S04),%) jsou
analyzovany pro kazdou metodu zvlast' a nasledné srovnany v kapitole ,,Shrnuti* navzajem
pro rtizné metody.

Metody spojuje pouziti faktorové analyzy. V ptipadé dvouindexovych datovych poli
»vInova délka-cas* a ,,vlnova délka - koncentrace S(VI1)“ se jedna o singuléarni rozklad matice,
V ptipadé tiiindexového datového pole ,,vinova délka — ¢as — koncentrace S(VI)* o rozklad
znamy jako ,,Paralelni faktorova analyza“ (PARAFAC-3, nebo s ptedipravou dat normalizaci
— NPARAFAC-3). Ziskané elementy matic popisujicich zavislost zastoupeni spekter
jednotlivych komponent signalu (v piipadé SVD oznacovanych jako subspektra) na
zbyvajicich indexech (Cas a/nebo koncentrace S(VI)) jsou nasledné fitovany pomoci metody
Maximalni vérohodnosti (,,Maximum Likelihood*) na vhodny matematicky model pribéhu
signalu.

V piipad¢é dvouindexovych datovych poli (tj. datovych matic) ,,vInova délka-cas* se
jedna o metodu ,,Faktorové analyzy ¢asovych fad“ (FACR, [1] [4]-[6]) a jako vhodny model
¢asového pribéhu v tomto piipade uvazuji monoexponencialni pokles pro kazdou slozku.

V piipadé dvouindexovych datovych poli ,,vinova délka- koncentrace S(VI)* se jedna
o metodu ,,Faktorové analyzy spojené se specia¢nim vypoétem* (FASV) [1], [4], [6], jako
vhodny model prib&hu signalu uvazuji zjednoduseny speciatni model komplexace UO,**
ionty SO42.

Kone¢né, v ptipadé ttiindexovych poli ,,vlnova délka — ¢as — koncentrace S(VI)“
existuje vice alternativ jak spektra analyzovat — FASV ,.dlouhych sloupcti*, FACRSV —
Faktorové analyza asovych fad spojend se speciatnim vypoctem a (N)PARAFAC-3.
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Abstract:  Presented thesis is concerned with the description of several methods for the
analysis of two- and there-way data arrays from the TRLFS measurements (sufficiently
detailed for a straightforward computer implementation). In the experimental part, the most
complex and robust one — ,, The factor analysis of the time series coupled with the speciation
model“ (FACRSV) is validated on the simulated spectra. Also, all methods are then applied
on the experimental data from the TRLFS kinetic series of the solution series for the system
UO,** - SO, - ClO4 - Na* - H30" (ionic strength | = 0,3, pH = 2, c(U(VI)) = 10° M) with
various S(VI) molar concentration. Obtained parameters of the system and its TRLFS spectra
(speciation constants f, f, fluorescence life-times, fluorescence spectra of the different
fluorescence active and nonnegligibly present species - UO,%*, UO,SO, a UO5(SO4),>) are
analyzed for every method and then compared across the methods.

All presented methods are based on the factor analysis. In the case of two-way
data arrays ,,wave length-time* and ,,wave length - S(V1) concentration* , the method leads to
the singular value decomposition, in the case of the three-way data array ,,wave length — time
— S(VI) concentration®, the method leads to the Parallel factor analysis (PARAFAC-3, with
preprocessing by normalization — NPARAFAC-3). Obtained loadings, which describes the
dependence of the signal components (in the case of the SVD called ,,subspectra“ and having
orthonormal property) on the time and/or concentration indices, are then fitted by the
Maximum-Likelihood method on a suitable mathematic model of the signal.

In the case of the two-way data arrays ,,wave length-time*, the method led us to the
»Factor analysis of the time series* method (FACR) [1], [4]-[6] which uses for each specie the
monoexponential decay as a suitable model of the time dependence of fluorescence intensity.

In the case of the two-way data arrays “wave length-S(VI) concentration”, the method

led us to the “Factor analysis coupled with speciation model” (FASV) [1], [4], [6] as a
suitable model of signal dependence, the most simplified speciation model of the
complexation of UO,*" by SO,* was used.
Finally, in the case of the three-way data arrays “wave length — time — concentration S(V1)”
there are several methods how spectra can be analysed - “Factor analysis of time-resolved
spectra coupled with speciation model” (FASVD), “Factor analysis of time series coupled
with speciation model” (FACRSV) and Parallel factor analysis (PARAFAC-3 or
NPARAFAC-3).

Key words: TRLFS, sulfate- complexes of uranyl(2+), nonlinear regression, y?, factor
analysis, Maximume-likelihood method, principal component analysis, SVD decomposition,

Parallel factor analysis (PARAFAC), speciation calculations, chemometry, SIT equation
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