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Abstract 

A change of the oxidation state of rare earths 
upon their mass fragmentation in acet lacetonate 

E complexes has been proved. Gem and Gd’ acac com- 
plexes preserved the original oxidation state whereas 
the complexes with Smm, Eum and Ybm changed 
their oxidation state (III + II). In both cases different 
fragmentation pathways have been detected. 

Introduction 

The rare earth cations occur mostly in an oxida- 
tion state of III, sometimes of II or IV. In acetyl- 
acetonate (acac) complexes they exist solely as tri- 
positive ions. Many of the above complexes have been 
examined using mass spectrometry [l-7], especially 
with acac derivatives such as trifluoroacetylacetone 
[3], hexafluoroacetylacetone [4], thenoyltrifluoro- 

acetone [5], benzoyltrifluoroacetone [6] or pivaloyl- 
trifluoroacetone [7]. 

During mass fragmentation of acac complexes, a 
number of metal cations may preserve the original 
oxidation state or change it [8,9]. This has a direct 
influence on the fragmentation process. 

In the course of our investigation on yttrium, 
lanthanum and lanthanide (except promethium) acac 
complexes, three types of mass fragmentation have 
been observed: (i) fragmentation with preservation 
of the original oxidation state of the rare earth, 
(ii) fragmentation during which the central cation of 
the complex changed its valency (III + II), and 
(iii) mixed fragmentation in which both above pro- 
cesses occurred simultaneously. 

Experimental 

Low resolution mass spectra were recorded on a 
double focussing mass spectrometer JMS D-100 made 
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Scheme 1. Fragmentation pathways observed in Ln111(acac)3 complexes. 
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by Jeol. High resolution data were obtained on the 
same instrument using a resolving power of 8000 and 
peak matching technique. Elemental compositions of 
the discussed ions were determined with error less 
than 5 ppm in relation to perfluorokerosene-H. 
Metastable ions were recorded on a JMS D-100 mass 
spectrometer equipped with an MS MT-01 metastable 
ion detector using accelerating voltage within the 
range of 1500-3000 V. 

Compounds were introduced by direct insertion 
probe in electron impact conditions (75 eV, 300 PA), 
with an accelerating voltage of 3000 V, a source tem- 
perature of 200 “C and an inlet temperature of 
40-230 “C. 

Synthesis of the Complexes 
The trihydrate rare earth acetylacetonates, 

Ln(acac)s*3HsO, were prepared according to the 
literature [lo] and recrystallized from ethanol. 
Elemental analyses were performed for checking the 
purity of complexes; the results were in good agree- 
ment with expected formulae within 0.4%. 

Results and Discussion 

Mass spectra of investigated compounds are sum- 
marized in Table 1. 

The possibility of change of an oxidation state 
differentiated the individual rare earths and one of 
the above mentioned types of electron impact 
induced fragmentation (i-iii) could be ascribed to the 
complexes with acetylacetone. The differentiation of 
fragmentation has been observed after the first loss of 
acetylacetonate radical, leading to the Ln(acac)z 
cation, which is the most abundant ion in all the 
recorded mass spectra. Further decompositions of the 
above ion have been based on a preservation or a 
change of primary oxidation state of Ln [8,9], as 
shown in Scheme 1. 

A double elimination of neutral particles from the 
Lnrn(acac)~l+ ion, dienone and Hz0 (= elimination of 
Hacac in two stages), has been observed for the 
Cd acac), complex, whereas a loss of acac. from 
Ln’ acac), I+. , t in agreement with the ‘even electron 
rule’ [ 111, was performed especially in the case of 
Eu(acac)3. The loss of the acetylacetonate radical 
depended upon direct cleavage of the metal-ligand 
bond, whereas a two stage elimination of the acetyl- 
acetone molecule proceeded through a double 
rearrangement. The first elimination of dienone was 
based on McLafferty’s rearrangement [ 11, whereas 
for the second one the following scheme has been 
proposed 
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Scheme 1. Fragmentation pathways observed in Ln”‘(acac)a 

complexes. 

The ions LnmC5H6C12]+ and Lnnacacl+ formed as 
a result of both the above types of fragmentation 
differed in the oxidation state of the rare earths, the 
structure and their elemental compositions. Relative 
intensities of both types of ion in relation to the 
central atom of the complex are presented in Fig. 1. 

The results of our investigation on the differentia- 
tion of fragmentation patterns in rare earth-acac 
complexes are in good agreement with relative values 
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Fig. 1. Relative abundances of the ions Ln”‘CsHeOa]+ and 
LnIIacac]+ present in electron impact induced fragmenta- 

tion of Ln(acac)a complexes. 

of the third ionization potentials of the rare earths 
already published [ 121. 

In conclusion we can ascertain that during mass 
fragmentation Gem and Gdm acac complexes always 
preserve the original oxidation state; complexes with 
Sm”, Eum and Ybm undergo a fragmentation with 
simultaneous change of their oxidation state (III -+ 
II), whereas in all the remaining acetylacetonates 
studied, both types of fragmentation may occur 
simultaneously. 
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