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Abstract - Polydendate N-bearing ligands such as bistriazinylpyridines (BTPs) are interesting extractants 
for actinide(III)/lanthanide(III) separation. A description of europium complexation in 1-octanol solutions 
was undertaken to enhance the knowledge of the extraction mechanisms. The first solvation shell for 
europium(III) nitrate, chloride, and perchlorate with different amounts of water was determined by Time-
Resolved Laser-Induced Fluorescence (TRLIF) spectroscopy. Europium nitrate complexation by iPr-BTP 
was then studied by TRLIF and microcalorimetry; similar stability constants related to the formation of 
Eu(BTP)2

 3+and Eu(BTP)3
3+ were obtained by both techniques (log β2 = 9.0 ± 0.3  and log β3 =13.8 ± 0.2). 

The presence of water in the octanol diluent has an influence on solvation of europium and also on the 
[Eu(BTP)2

 3+]/ [Eu(BTP)3
3+] ratio. 

 
  

 
 

INTRODUCTION 
The separation of minor actinides such as 
americium is one of the options investigated to 
manage high-level liquid nuclear waste. The 
trivalent actinides must be cleanly separated 
from the trivalent lanthanide fission products. 
Among numerous polynitrogen polycyclic 
ligands tested to extract actinides selectively 
from acidic solutions [1], BTP molecules (2,6-
bis(5,6-dialkyl-1,2,4-triazin-3-yl)-pyridine: 
Figure 1) have been found interesting because 
Am(III)/Ln(III) separation could be performed 
from a highly acidic medium (0.5–2 M nitric 
acid) through a solvating mechanism [2].   
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Fig. 1. 2,6-bis-(5,6-di-alkyl-1,2,4-triazin-3-yl)-
pyridine. 
 
Different stoichiometries have been published 
for Ln(or An)-(BTP)x complexes in solution 
depending on the experimental conditions; the 
major Eu(III) compounds have 1:1 (Me-BTP) or 
1:1 and 1:2 (nPr-BTP) stoichiometry in 
methanol-water mixtures[3,4]. In octanol-
TPH(30/70%vol), the stoichiometry was 1:3 and 
1:1 for nPr-BTP[5,6]. With iPr-BTP the 1:3 
complex has been identified in methanol-
water[3,4] and octanol.[7] The equilibria in the 
organic phase and the interactions at the 

molecular scale must be identified to enhance the 
knowledge of the extraction efficiency of such 
ligands. This study focuses on the complexation 
of Eu(III) nitrate by iPr-BTP in n-octan-1-ol, a 
diluent selected for some process trials: after a 
spectroscopic investigation of Eu(III) salts 
(perchlorate, chloride, and nitrate) in (n-octan-1-
ol)-water mixtures, complexation by iPr-BTP 
was investigated by TRLIF and 
microcalorimetry. 
 
EXPERIMENTAL 
 
Sample Preparation 

Alcohol solutions were prepared by 
dissolving suitable salts in n-octan-1-ol (Merck 
Extrapur > 99%); the simplified name ‘octanol’ 
will be used in the following discussion. The 
water content varied from 2 10-3 to 2 mol.L-1. 
Europium precursors based on three counterions 
were Eu(NO3)3.6H2O (Alfa Aesar 99.99%), 
anhydrous EuCl3 (Aldrich) and an aqueous 
solution of Eu(ClO4)3 (Aldrich 50 wt%). The 
water content was measured by Karl Fisher 
coulometry and Eu by ICP-AES. The ligand iPr-
BTP was synthesized in our laboratory and 
dissolved in alcohol to obtain a 0.01 mol.L-1 
stock solution. 

 
Time-Resolved Fluorescence Spectroscopy 

All fluorescence measurements were 
performed at 298 K using a narrow-band Nd-Yag 
OPO Fx1 laser (Continuum, USA) as the 
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excitation source. A wavelength of 526 nm 
(7F0

5D1 transition) was selected for excitation. 
Fluorescence was observed at right angles by an 
alignment of 9 Si/Si optical fibers illuminating 
the entrance slit of a flat field spectrometer (320i, 
Princeton Instruments, USA) equipped with a 
pulsed intensified CCD camera (Imax, 1024 × 
256 pixels, Princeton Instruments, USA). The 
time delay and time gate for spectral 
fluorescence shape measurements were set to 
100µs and 40µs, respectively. The lifetime 
measurement was performed from a sequence of 
25 successive time-delayed spectra using suitable 
experimental parameters to scan as the 
fluorescence declined (normally the low-noise 
transition 5D0

7F2 was selected). 
 

Microcalorimetry 
Microcalorimetric measurements were 

performed at 25°C using an LKB-2277 Thermal 
Activity Monitor (TAM) microcalorimeter 
system from Thermometric. The cation in the 
octanol-water phase was introduced in the 
calorimeter using a 4 mL glass cell, and the 
ligand solution was added into the cell through 
fine gold tubing. The volume of titrant was 
injected with a programmable motor-driven 
Thermometric Lund pump equipped with a 250 
µL Hamilton syringe. The heat flows were 
detected by thermopiles. The results were 
presented as thermograms, which are plots of the 
measured power versus time. Related heat and 
stability constants were calculated with Digitam 
Software (Thermometric). 
 
RESULTS AND DISCUSSION 
 
Europium Perchlorate, Chloride,and Nitrate 
in Mixed Octanol-Water Solutions 
 
The inner sphere interactions, i.e. is the relative 
strength towards the cation by all the solutes in 
solution (mainly counterions and water), must be 
identified to describe Eu(III) complexation in 
octanol phases. The macroscopic quantity of 
water in alcohol-based diluents is significant (for 
example [H2O]eq = 3 10-2 mol.L-1 in classical 
commercial octanol and up to 2 mol.L-1 after 
contact with an aqueous phase). Because of the 
strong interaction between lanthanides(III) and 
water, the presence of water molecules in the 
first shell must be considered, even for low 
macroscopic [H2O]/[octanol] ratios. Counterions 
can also be considered as competitive ligands 
and to address shortcomings in existing data in 
octanol, a detailed spectroscopic investigation of 

europium salts in mixed water-octanol solutions 
was undertaken. This preliminary study gives the 
fluorescence spectra and related lifetimes of 
europium salts (nitrate, chloride, and perchlorate) 
in mixed water-octanol solutions without any 
organic ligand. 
 

 
 
Figure 2. Fluorescence spectra of Eu(III) salts in 

mixed water-octanol solutions (water amount 
(a) 0.05 ± 0.01 mol L-1 (b) 1.9 ± 0.01 mol L-1) 

and lifetimes versus H2O content (c). 
 

Fluorescence spectra were recorded and the 
lifetimes of the related 5D0  7F2 transition 
(616 nm) were measured for different europium 
concentrations ranging from 5  10-5 to 
5 10-2 mol.L-1. The spectra of 10-3 mol.L-1 

europium are shown in Figure 2 for two extreme 
water contents (0.05 mol L-1 and 1.9 mol L-1). 

Both spectral characteristics (mainly the 
I616/I592 ratio, an indicator of changes in the 
ligand field due to the hypersensitive 5D0  7F2 
transition) and the lifetime (measured from the 
luminescence decay curve and directly related to 
the number of water molecules in the inner 
sphere of europium) are useful to obtain 
information on the environment of the europium 
cation [8]. 

For a fixed Eu3+ concentration ([X-] = 
3[Eu3+], where X = ClO4, Cl, or NO3), we 
observe a significantly longer lifetime as the 
octanol/water molar ratio increases, as shown in 
Figure 2 for [Eu] = 10-3 mol L-1. The ligands in 
inner sphere are in rapid exchange and the 
proposed stoichiometry values (deduced from the 
ratio I616/I592, from the lifetime and the position 
of the transition at 597 nm) are averaged. 

In europium perchlorate solutions the 
counterion never enters the inner coordination 
sphere, as already described in aqueous or 
ethanol media [8]. In the range [H2O] > 0.3 
mol·L-1, τ = 110 ± 2 µs, which is characteristic of 
aquo europium (cation surrounded by 8 or 9 
water molecules). For lower water concentration 
competition occurs in the inner sphere between 
alcohol and water molecules. The data related to 
the europium surrounded by 9 octanol molecules 
were estimated by extrapolating the 
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kobs (= 1/τ) = f(H2O) curve, therefore for 
presumed Eu(octanol)9

3+, τ = 215 µs and 
I616/I592 = 1.2. The lifetime value is consistent 
with published values in ethanol and propan-1-ol 
[9]. The forbidden 5D0  7F0 transition (579 nm) 
appears for the most alcohol-rich solutions, 
indicating a loss of symmetry around europium 
due to the presence of octanol molecules. 

In europium chloride solutions, the lifetime 
is larger than in perchlorate solutions when the 
alcohol/water ratio exeeds 30. The position of 
the 5D0  7F0 transition (579,1nm) and EXAFS 
analysis indicate that one chloride ion is present 
in the inner sphere at low water concentrations 
(< 1 mol L-1); the competition between water and 
octanol is comparable to those described in 
perchlorate solutions when the water 
concentration is below 0.3 mol L-1. 

For a europium nitrate system, preliminary 
experiments with addition of large amount of 
nitrate ([NO3]/[Eu] up to 500) in a perchlorate 
solution led to a decrease of kobs and a shift of the 
5D0  7F0 transition towards 579,7nm, related to 
Eu(NO3)3 [9,10]. Detailed analysis indicates the 
presence of nitrate ions in the inner sphere over 
the entire range of water content (from 10-3 to 
2 mol L-1), as mentioned in ethanol[9]. When the 
water content is below 0.3 mol L-1, the europium 
is surrounded by three bidentate nitrate, octanol, 
and H2O molecules. Then from 0.35 mol L-1 to 
1.5 mol L-1, octanol is absent and nitrate is 
gradually replaced by water in the inner sphere, 
in accordance with the position of the 5D0  7F0 
transition [10].  

In first conclusion, the fluorescence 
spectroscopic study in octanol-water phases 
indicates the average stoichiometry of 
complexes: Eu(NO3)3(octanol)2(H2O) in 99% 
octanol (water content 2 × 10-3 mol·L-1) and 
Eu(NO3)(H2O)7 after equilibrium with aqueous 
phases, that is for water content of 2 mol L-1. 

 
Complexation with iPr-BTP Molecule 

Eu(III) nitrate complexation by iPr-BTP in 
octanol was studied for [BTP]/[Eu(III)] ratios of 
0 to 8 with a water concentration of 3 10-2 mol 
L-1 and 2 mol.L-1. The evolution of the 
fluorescence spectra of Eu(III) resulting from 
5D0  7F2 and 5D0  7F1 transitions in the 
presence of increasing BTP is shown in Figure 3. 
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Figure 3:  Fluorescence spectra of Eu(III) as a 
function of ligand-to-metal concentration ratios 
between 570 and 640 nm 
 

Some changes are observed: a small shift of 
the 5D0  7F2 fluorescence peak (from 615 to 
616.5 nm), a distinct splitting of the 5D0  7F1 
transition, similar to observations by Denecke in 
a TPH-n-octanol mixture [6], and also the 
disappearance of the 5D0  7F0 transition for 
high [BTP]/[Eu] ratios, which is an indication of 
higher symmetry around europium. The 
fluorescence spectra for high BTP concentration 
are similar to Eu(iPr-BTP)3 obtained in 
methanol-water medium for [BTP]/[Eu] > 3 [4]. 
The high lifetime value (2500 µs) confirms the 
absence of water molecule in the inner sphere of 
europium.  

 
 
 
 
 
 
 
 
 
 
 

 
 
 
Figure 4:  Ratio of intensity I5D0

  7F1
/ I5D0

  7F2
 

as a function of ligand-to-metal concentration 
ratios for two concentrations of H2O (0.03 and 2 
mol L-1) 
 

Analysis of both I592/I616 ratio curves and 
lifetime versus of [BTP]/[Eu] allows the 
determination of two stability constants β2 and  
β3 related to the equilibrium (1) and (2):  
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The determination of the constant β2 was not 
easy because the related species Eu(BTP)2

3+ 

appears only in a narrow concentration range and 
this explains the absence in most previous 
studies. The following values were obtained: Log 
β2 = 9.0 ± 0.3  and log β3 13.8 ± 0.2.  The life 
time of the species Eu(BTP)2

3+  was about 1500 
µs suggesting the absence of water molecules in 
the first sphere; the presence of nitrate is highly 
probable. 

With nPr-BTP in TPH/Octanol, the presence 
of EuBTP3+ and Eu(BTP)3

3+ was proposed.[6] 
In presence of significant water content, the 

only complex detected is Eu(BTP)3
3+ with a 

similar stability constant log β3 13.5 ± 0.5, which 
is comparable with the published value obtained 
in methanol-water: log β’13 = 14.2 ± 0.6 [4]. 

 
Complexation in octanol was also studied by 

microcalorimetry at different water 
concentrations. The thermogram in the case of 3 
10-2 mol L-1 is shown in Figure 5.  

 
 
 
 
 
 
 
 
 
 
Figure 5: Heats of reaction related to the 

addition of  8×15µL of BTP 5.8.10-2 mol.L-1-
octanol  in 3.20 mL of Eu(III) 4.8.10-3 mol.L-1-

octanol - T = 25.0000 ± 0.0002°C 

The results could be correctly fitted by the 
presence of the two above-mentioned 
equilibriums and the related enthalpy variation 
obtained was ∆H3 = -105 ± 5 kJ/mol. For the 
formation of Eu(BTP)2

3+ the related ∆H2 was 
lower (between -30 and + 30 kJ/mol). The 
difference with the value obtained in methanol-
water by classical variation with temperature was 
significant (∆Hcomp = −29 ± 3 kJ·mol-1)[4] and 
could be due to a difference in the solvation of 
‘free’ europium: Eu(NO3)3(octanol)x(H2O)y and 
Eu(H2O)9, respectively.  

 
 

 
 CONCLUSION 

 
This detailed study of the fluorescence 

properties of europium nitrate, chloride, and 
perchlorate in octanol-water solutions showed 
that europium solvation is highly dependent on 
the macroscopic water quantity. For 
Eu(III)/nitrate system and [H2O] < 0.3 mol L-1, 
three nitrate and octanol molecules are present in 
the inner sphere of europium. The complexation 
of europium nitrate by iPr-BTP was investigated 
by TRLIF and microcalorimetry, and comparable 
stability constants related to the formation of 
Eu(BTP)2

3+ and Eu(BTP)3
3+ were obtained. The 

relative concentration of each compound is 
influenced by the presence of water and 
investigations are in progress in our laboratory to 
explore this area. 

 This study highlights the importance of 
cation solvation on complexation studies in 
diluents such as octanol. 
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