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Abstrakt:  Komplexy uranylu(2+) se siranovymi ionty (jmenovits UO,SO4, UO(SO4)” a
UO5(SO4)5*) jsou studovany pro jejich mozny vznik pfi vyluhovéni radioaktivniho odpadu
podzemnimi vodami. Vyrazna fluorescencni aktivita t€chto komplexti pteduréuje metodu TRLFS
(Casove rozlisSend laserem indukované fluorescencni spektroskopie) k pouziti pro studium
speciace uranu(VI) ve vodném roztoku siranovych iontd. Prace se zabyvéa vyvojem a testovanim
metodik analyzy ¢asové rozliSenych TRLFS spekter série roztokt UO,*" - H,0 — SO4* - NaClOy
o riznych hodnotach celkové koncentrace SO4* (10° M az 0.4 M) pii konstantni iontové sile I =
1, pH = 2, teplotach t = 20 a t = 25°C a celkové koncentraci uranu 10° M. Prvni z pouzitych
metod je rozklad spekter ve vinové délce do linedrni kombinace spekter Cistych slozek ziskanych
heuristickou volbou vhodného roztoku a zpozdéni. Hlavnim nedostatkem této metody je
neptesnost pii volbé spekter Cistych slozek a jeji nestabilita vzhledem k vysoké podobnosti
spekter vSech tii komplexti v domén¢ vinové délky. Proto byla dale testovana metoda “faktorova
analyza Casovych tfad” (Ta probihala ve dvou krocich: 1. SVD dekompozice datové matice, jejiz
sloupce jsou spektra pevné zvoleného roztoku pro dana zpozdéni. 2. Prolozeni casové zavislosti
elementil matice Vj linearni kombinaci exponencidl a zjisténi dob Zzivota, spekter i
fluorescenc¢nich intenzit Cistych slozek dle “Véty o faktorové analyze casovych fad”, kterou jsem
zde odvodil). Faktorovd dimenze souboru vSech spekter (pro vSechny roztoky a vSechna
zpozdéni) byla zjisténa 8. Tato hodnota pievysuje pocet oekavanych komplexii a 1ze vysvétlit
teoretickou studii [3], ktera naznaduje isomerii komplexti UO,SO4 a UO2(SO4),> (isomery se lisi
dentatnosti siranového ligandu). Zjisténé hodnoty spektroskopickych konstant (fluorescencni
doby Zivota a polohy (a Sitky) peaki spekter Cistych slozek) jsou v kvalitativnim souladu s udaji
znamymi z literatury. Hodnoty koncentraci a komplexacnich charakteristik jsou stanoveny
s pomérné velkou chybou, piesto se zdd vyvinuta metodika (zejména pouziti faktorové analyzy)
vhodnou pro pfipadnou dalsi analyzu spektroskopickych dat (napiiklad pro studium teplotni
zavislosti fluorescencnich dob zivota, nebo zavislosti komplexa¢nich konstant na iontové sile).
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Abstract: Uranyl-sulfate complexes (namely UO,SO4, UO,(SO4),> a UO(SO4);") are an
subejct to study for their appearance in radioactive-waste leach (by subterrestrial water). Strong
fluorescence activity of these complexes predetermine TRLFS method (Time-Resolved
Fluorescence Spectroscopy) to be used for a study speciation of uranium(VI) in aqueous solution
of sulfate ions. This work deals with development and testing methodics for the analysis of the
time-resolved TRLFS spektra of a set of solutions UO,*" - H,O — SO4* - NaClO, for various
sulfate overall concentrations SO~ (10> M to 0.4 M) with the constant ion strength I = 1, pH =
2, temperatures t = 20 and t = 25°C and the constant uranium(VI) overall concentration equal to
10 M. First method, which was used, is a wavelength-decomposition of measured spectra. Every
measured spectrum (for time t = 180 ns) was fitted by a linear combination of the ,,template*
spectra. ,,Template* spectra were obtained by a heuristic choice of desirable solution and time-
delay. Main imperfections of this method lie in the choice of “templates” and in instability, when
similar spectra occur in the same solution (this is exactly the case of the uranium(IV) sulfates).
Another tested method is the “Principal Component Analysis of the time series” (which was run
in two steps: 1. SVD-decomposition of the data matrix built from the spectra of the definitely
chosen solution for various time-delay. 2. Fitting time dependent matrix elements Vj; by a linear
combination of exponentials and calculation of the fluorescence lifetimes, spectra and
fluorescence intensities of the solution components. This can be done by a theorem, which I
derived.) Factor dimension of the set of all measured spectra (all possible time-delays and sulfate
overall concentrations) is 8. This value exceeds the suspected number of complexes and can be
explained by the theoretical study [3], which views an existence of UO,SO, and UO5(SO4),>
isomers (dentate-isomers). The observed values of the spectroscopic constants (fluorescence life-
times, maxima wavelengths and FWHM of the peaks of the pure component spectra) are in a
qualitative agree with values known from the literature. The values of the species concentrations
and complexation constants were obtained with a relatively big discrepancy, nevertheless,
developed methodics seem (especially when the Principal Component Analysis occur) to be
suitable for a potentially different spectral data analysis (for example for the study of the
temperature dependence of fluorescence lifetimes or the ionic strength dependence of the
complexation constants for uranyl(VI) sulfates).
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