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Abstract 

In this study, two compounds presenting characteristics different from each other were produced from the 

reaction between hydrated Eu+3 sulfate and Ba+2 diphenylamine-4-sulfonate using, respectively, aqueous 

solution for producing the Eu+3(C12H10NSO3)3.7H2O (A) compound and water/ethyl alcohol (7:1) 

solution for the Eu+3(C12H10NSO3)3.5H2O (B) production.The presence of alcohol molecules in the 

solution will interfere in the structural arrangement of anionic surfactant DAS- (diphenylamine-4-sulfonate) 

around the metal ions Eu3 allowing differentiation in the stoichiometric formulas, morphology, and thermal 

properties of these compounds and their derivatives. Thus, when treating both compounds under oxidizing 

atmosphere, we found different temperatures of the water loss and conversion of the intermediate pair 

oxydisulfate [Eu2O(SO4)2]/dioxysulfate [(Eu2O2SO4)]. However, the effect of water/surfactant/alcohol 

interactions in the metal ion structural arrangement becomes still more evident under reducing 

atmosphere. After this thermal treatment, significant changes were observed in the morphological 

characteristics and physical properties of the (Eu2O2S oxysulfide) in compound B with respect to 

compound A. 
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1. Introdução 
 

Metal sulfonates participate in a wide 
range of applications in the field of ionic 
exchange, electrochemistry, catalysis 
activity in organic reactions, in the 
construction of polymers building 
blocks, and the pillared/layered 
structures [1–4]. The decomposition of 
metal ‘‘d’’ sulfonates generally gives 
oxides as final products while the 
decomposition of the lanthanide 
sulfonates (less of Ce3+) sulfides and 
oxysulfates derives from their thermal 
and chemical stabilities. Due to these 
characteristics, they were very widely 
used in areas such as semiconductors, 
doping of phosphorescent materials, 
radiation detectors, X-ray-computed 
tomography, and in the oxygen storage 
[1, 5–12]. The versatile range of 
applications shown by these 
compounds originates from the intrinsic 
capacity of the sulfonate anion to 
occupy various coordination positions 
around the Eu3+ ion in particular ways. 
This is why, depending on the type of 
metal ion, the surfactant molecule can 
act as mono, bi, or tridentate ligand, 

allowing the three oxygen atoms 
bonded to the central sulfur atom to 
interact with up to six metal cores [1, 4, 
13, 14]. Apparently, this set of 
interaction opportunities appears due to 
the different degrees of negative charge 
polarization near oxygen atoms of the 
sulfonate group strongly induced by the 
ion charge of metal [1, 4, 14, 15]. 
Combining the metal ion-induced 
polarization, the electronic 
displacement, and the steric hindrance 
of organic groups, the actuation of a 
sulfonate group can vary from an 
electron sharing ligand to a site with 
redox characteristics [13, 15–17]. The 
final result of this interaction will confer 
specific properties to each molecule 
containing different types of sulfonates. 
The thermal decomposition of these 
compounds can appear in the form of 
oxides, sulfates, sulfides, oxysulfides, 
and oxysulfates [1, 5, 9, 13–15]. 
In this work, the storage of oxygen in 
the conversion of R2O2S/R2O2SO4 
obtained by thermal decomposition of 
sulfonate rare earth in air dynamic 
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atmosphere and reduce of H2/Ar:N2 is 
showed with the intention of verification 
in what temperature  of thermal 
decomposition in that both samples are 
formed. 
 
2 - Experimental procedure 
 
The sulfonate materials were obtained 
by reaction of sulfonate of Barium 

Ba(DAS)2H2O with hydrates sulfate of 

europium Eu2(SO4)38H2O, in the 
aqueous solution and ethanol/aqueous 
solution (1:7), this materials were 
characterization by elementar analysis, 
TG/DTG curves of the obtained and 
interconversion and XRD powder 
patterns. 
 
3 Results and discussion 
 
The elementar analysis reveals the 
stoichiometry for both samples obtained 
by aqueous solution rote (compound A, 

Eu(DAS)37H2O) and ethanol/aqueous 

solution (compound B, Eu(DAS)35H2O) 
can be represented by, compound A 

[Eu(C12H10NSO3)37H2O] (MM = 
1022.88 g/mol) (%Cexp = 42.27, %Ccalcd 
= 42.62; %Hexp = 4.30, %Hcalcd = 4.25; 
%Nexp = 4.11, %Ncalcd = 4.15, and 
%Euexp = 14.87, %Eucalcd = 14.61) and 

compound B [Eu(C12H10NSO3)35H2O] 
(MM = 985. 96 g mol-1) (%Cexp = 43.81, 
%Ccalcd = 43.02; %Hexp = 4.06, %Hcalcd = 
4.03; %Nexp = 4.26, %Ncalcd = 4.45, and 
%Euexp = 15.41, %Eucalcd = 15.61) was 
defined by combining elemental 
analysis data and TG/DTG (A and B) 
curves under dynamic air atmosphere 
and a reduce mixture of (H2 10%; Ar 

90% /N2 100%) (both at 10° Cmin-1) 
(Fig. 1a, b). 
Thermal decomposition of compound A 
(diphenyl-4-aminesulfonate of Eu3+ 
heptahydrated) (Fig. 1a) has a total of 
five stages. In the simulation shown in 
Table 1, dehydration (Dm = 12.06 %) at 
temperature interval of 30–170° C is 
suggested as the first step. The 
anhydrous compound will decompose 
in the following four stages (170–1000° 

C). A more significant loss (m = 34.94 
%) is attributed to interval 515–650° C, 
which also indicates the formation of an 
intermediate nonstoichiometry within  
Eu2O1.5(SO4)1.5 [18–20]. Curve 
stabilization occurs at 800° C. The last 

loss (m = 1.93 %) occurs in the 800 
and 1000° C intervals and leaves the 
residue (dioxysulfate) Eu2O2SO4, the 
XRD of which, is shown in Fig. 2a [20]. 
Decomposition of compound B (Fig. 1b) 
is also simulated in five consecutive 
stages (Table 2). The first of these 
losses (Dm = 5.13 %) was attributed to 
the dehydration of the compound at the 
30–170° C  interval. However, different 
from the previous process (A), water 
loss still persists at the interval between 
170 and 350° C. After significant mass 

losses (m = 23.99 % and Dm = 29.61 
%, respectively) in the third (350–504° 
C) and fourth (504–732° C) stages, the 
intermediate Eu3+ oxydisulfate 
[Eu2O(SO4)2] will be produced, which is 
finally converted in the fifth stage (732–
1000° C) into dioxysulfate (Eu2O2SO4) 

with m = 4.06 % as it is shown by the 
XRD of the final product that is 
presented in Fig. 2b [20]. 

 

 
 

Figure 1 - TG/DTG curves of Eu(DAS)37H2O (a) and Eu(DAS)35H2O (b) obtained about air atmosphere 

dynamic with rate 10° Cmin
-1

 to 1000° C and flow 50 mLmin
-1

. 
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Both compounds Eu2O2SO4 obtained 
after thermal decomposition of 
compound A and B, were submitted at 
reduce atmosphere of (H2 10%:Ar 
90%/N2 100%) about heating, and from 
this were obtained the dioxisulfide of 
Eu3+ Eu2O2S.  

After at obtain of dioxisulfide, both 
compounds A and B dioxisulfide were 
submitted at the heating and were 
obtained the dioxisulfate Eu2O2SO4 in 
different temperature showed in the 
figure 2. 

 

 
Figure 2 - Storage and loss of oxygen in the conversion and interconversion of Eu2O2S/Eu2O2SO4 under 
dynamic air atmosphere  and R2O2SO4/R2O2S in reduce atmosphere of (H2:Ar/N2). 
 

The Eu2O2SO4 (A) reduction carried out 
now at 950° C produces a product of 
84.42 % (MM = 364.63 g mol-1) (15.58 
% loss). This value can be considered 
closest to that expected for Eu2O2S 
(85.18 % and MM = 367.92 g mol-1). 
XRD (Fig. 3a) indicates Eu2O2S as a 
predominant phase, still occurring with 
low intensity peaks referring to oxide. 
This can indicate that below this 
temperature (Fig. 3a at 950° C), the 
Eu2O2S (A) can be constituted as single 
phase [21]. The previous procedure 
was adopted for the Eu2O2SO4/Eu2O2S 
(B) reduction under a reducing 
atmosphere (Fig. 2b). XRD (Fig. 3b) of 
the residue at 1050° C also indicated 
the presence of Eu2O2S [22]. We  also 
observed peaks referring to Eu2O3. To 
delimit the ranges that are typical of 
Eu2O2S phase, other experiments were 
carried out at 920 and 1150° C. The 
loss in reduction up to 920° C (8.92 %) 
produced a 91.08 % residue, and the 
XRD diffraction pattern (Fig. 3b) 
indicated Eu2O2SO4, Eu2O2S, and 
Eu2O3 [20, 22]. Finally, in the reduction 
at 1150° C, mass loss of 14.92 % of 
Eu2O2SO4 left an 85.08 % residue (MM 
= 367.5 g mol-1). In this case, XRD (Fig. 
3b at 1050° C) can be attributed to 
compound Eu2O2S (14.82 and 85.18 % 
product (MM = 367.9 g mol-1) as single 
phase [21, 22]. The oxysulfides 

(Eu2O2S) obtained from A and B were 
weakly susceptible to storage oxygen to 
Eu2O2SO4 under air at intervals 600–
825° C (A) and 595–780° C (B) [21]. 
However, some details attracted our 
attention. Both Eu2O2SO4 (A and B) 
were initially reduced at intervals of 770 
and 880° C and 765 and 905° C, 
respectively. XRD of these residues at 
several temperatures (Fig. 3a, b) clearly 
indicate that the Eu2O2S (B) phase 
predominates at 1150° C (Fig. 3b), 
whereas Eu2O2S (A) can exist below 
950° C (Fig. 3a). Then, the reason why 
reoxidation under air of the A residue is 
more probable is identified. The 880–
950° C interval would be characterized 
by predominance of the reduced 
species Eu2O2S (A). Accordingly, 
Eu2O2S (B) product was in the 
temperature range (765–905° C) also 
containing oxidized species such as 
Eu2O2SO4 and Eu2O3 (Fig. 3b at 920° 
C). Thus, as indicated by Figs. 2b and 
3b, at 780° C, part of Eu2O2S (B) is 
already stored oxygen. The (B) 
spectrum is well defined because it was 
obtained at a temperature (1150° C) in 
which Eu2O2S is constituted as a single 
phase (Fig. 3b). The band broadening 
of Eu2O2S (A) XRD peaks at 1150° C 
can be explained by the presence of 
Eu2O3 and Eu2O2S (Fig. 3a). 
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Figure 3 - XRD of Eu2O2SO4/Eu2O2S (Precursor A) conversion: (a) 950, (b) 1050 and (c) 1150° C and 
Eu2O2SO4/Eu2O2S (Precursor B) conversion: (a) 920, (b) 1050 and (c) 1150° C. 
 
4 Conclusion 

 

In the presence of ethyl alcohol is 
remarkable not only in stoichiometric, 
but also on the temperature of 
conversion and interconversion. The 
ethyl alcohol present of precursor B and 
absent the precursor A showed 
different degree hydration, the 
precursor A have 7 H2O 
[Eu(DAS)3 7H2O)] and the precursor 
B have 5 H2O [Eu(DAS)3 5H2O)] and 
their  products Eu2O2S, Eu2O2SO4 
are obtained in different temperatures. 
The reduction of Eu2O2S from 
precursor A start at 800° C whereas 
what the precursor B start at 680° C, 
however at conversion in EuO2SO4 
from the precursor B start at 820 °C 
whereas what the conversion this 
compound from the precursor A start in 
780° C.  
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