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Abstract 

Absorption spectroscopy studies of the hydrated 
and anhydrous Nd3+ perchlorates in CHaOH with 
different concentrations of N-donor ligands 2,2’- 
dipyridine (Dipy) and 1 ,lO-phenanthroline (Phe) are 
presented in this paper. Solid complexes of neo- 
dymium perchlorate with Dipy and Phe were also 
isolated. 

Analysis of the intensities of f-f transitions 
expressed in terms of oscillator strengths and Judd- 
Ofelt parameters rx indicate that the electron spec- 
troscopy method can be successfully applied to the 
investigation of Ln3+ ion coordination processes in 
nonaqueous solvents with N-donor ligands. 

It was proved that Dipy is a significantly weaker 
ligand than Phe for Nd3+ ion. Most stable species 
of Nd3+-Phe complexes which exist in solution are 
species with 2 and 4 Phe molecules. 

Introduction 

In our recent papers [l, 21 we investigated sys- 
tematically spectral properties of the lanthanide 
polyaminoacid complexes (with NTA and EDTA) 
where a very weak Ln-N bond exists. Looking for 
a stronger Ln-N interaction, in the present paper, 
we have investigated spectral properties of the Nd3+- 
Dipy and Nd3+-Phe complexes, particularly the 
influence of the stronger Ln-N bond on the spectral 
intensities of f-f transitions in solution and in the 
solid phase. 

IR spectral measurements provide evidence that in 
these complexes N-donor ligands are coordinated in 
the first coordination sphere of the lanthanide ion 
[3-61. It has been stated that for mixed chloride- 
N-donor lanthanide complexes 2,2’-Dipy is a stronger 
ligand for the heavy lanthanide ions, whereas l,lO- 
Phe is stronger for the lighter ones [4]. Not many 
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crystal structure data are available for these com- 
plexes. A mixed La(N03)3(Dipy), crystal was investi- 
gated by Karaghouly and Wood [7] and Tb(Dipy),- 
(N03)3 by Sinha and Moss [8]. 

The coordination polyhedron has coordination 
number 10 and average bond distances are 2.66 and 
2.60 A for La-N and La-O; 2.50 and 2.47 A for 
Tb-N and Tb-0 respectively. The La-N bond 
distance is distinctly shorter than the bond distance 
in the EDTA lanthanum complex [9], rather close to 
that of the Pr(NTA)a*H20 crystal with coordination 
number 9 [lo]. 

Electronic spectroscopy data for these complexes 
both in solution and in the solid phase are far from 
being complete. Sinha [l l] measured spectra of 
NdCla and NdC13.6H,0 with Dipy and Phe in alcohol 
and water solvents. The author found some nephelo- 
auxetic effects [12] in reflection spectra of mixed 
Nd3’-chloride dipyridine complexes in the solid 
phase and calculated rA parameters for solutions. 
However, it is rather difficult to obtain precise infor- 
mation, both about the fitting procedure of these 
parameters and the role played by the Cl ion and 
molecules of ligand and solvent present in the first 
coordination sphere of lanthanide ion as well as their 
influence on the nepheloauxetic effect. 

With both Dipy and Phe ligands lanthanide ions 
form mixed complexes only. In order to consider the 
influence of 2,2’-Dipy and 1 ,lO-Phe ligands it is 
necessary to analyse the role which is played by other 
ligands (anions and/or solvent molecules) in the 
mixed first coordination sphere of lanthanide ions. 
The spectral properties of solution spectra of 
Nd(C104), in alcoholic solvents are relatively well 
known [13], so we decided to use CH,OH as solvent 
for the investigation of the solution spectra of Nd3+- 
Dipy and Phe complexes. 

Experimental 

Nd(ClOA)a was prepared from Nd,03 99.9% 
(Koch-Light) by the method given by Forsbeg and 
Moeller [14]. Anhydrous Nd(ClO,), was prepared by 
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slow heating of hydrated neodymium perchlorate 
under vacuum (1 mm Hg) for at least 120 h as sug- 
gested by Thomson [I 51. All the salts used were fully 
analysed; 1 ,lO-phenanthroline was dehydrated under 
vacuum (1 mm Hg) for at least one week. All an- 
hydrous reagents were checked for water contamina- 
tion by the IR method. Such samples, where no O-H 
stretching bands were observed, were used for the 
spectral measurements. Alcohols used as solvents of 
anhydrous salts were dried using molecular sieves 
(A-4). Nd(Dipy),(ClO,),.xH,O was crystallized from 
a 100% methanol solution of hydrated neodymium 
perchlorate with excess of the Dipy ligand; the same 
method was applied for preparation of Nd3’ complex 
with Phe. The resulting complex contains 4 phen- 
anthroline molecules - Nd(Phe)4(C104)3. All com- 
plexes were fully analysed. 

Measurements and Calculations 
Spectral measurements were made on the Cary 14 

spectrophotometer at 293 K, at the available spectral 
range (1 I 000-30000 cm’). UV bands of the Nd3+ 
ion f-f transitions have not been used for the inten- 
sity calculations, because the basic lines of the ab- 
sorption bands were not well determined due to the 
strong absorption of ligands in this spectral region. 

Reflection spectra were measured on the Beckman 
UV 5240 spectrophotometer with a reflectance 
attachment. The samples of complexes were diluted 
by MgO which was also used as a standard. Experi- 
mental oscillator strength values of solution absorp- 
tion bands were obtained by the graphical integration 
of the area under the absorption curves after appro- 
priate correction of the base line. 7h parameter values 
were calculated from the experimental oscillator 
strength values applying the Judd-Ofelt equation in 
the modified form: 

where u is the wave number (in cm-‘), U(“) are the 
matrix elements of the unit tensor operator calcu- 
lated by Carnal1 et al. [16],fNtiJ,fN+j,are theinitial 
and final states of the particular electronic transition 
respectively, and J is the total quantum number. 

For the best assignments of particular electronic 
levels, the calculations were performed for the 
different sets of levels and the results with minimal 
mean square errors were considered: 

X:(M)2 “* 
s= - 

i 1 i-3 

where i is the number of available equations and aP 
is the difference between experimental oscillator 
strength value and calculated oscillator strength value 
for fitted 7h parameters. The absorption spectra of 
Nd3+-Dipy and Nd3+-Phe complexes in CH30H 
were measured for different M:L ratios (from 1 :O.S- 
1%). 

Results and Discussion 

The results of the Nd3’-Dipy system spectral 
measurements in methanol solutions for hydrated and 
anhydrous neodymium perchlorates are collected in 
Table I. For these systems only a small increase of 
f-f ‘hypersensitive’ transition intensity is observed in 
comparison with the spectra of Nd(C104)3 in pure 
methanol solvent. Slightly higher intensities are 
observed for anhydrous species. 

The results of corresponding measurements of the 
Nd3+-perchlorates with Phe are given in Tables II and 
III. In these systems, the distinct increase of f-f 
transition intensities is observed, both in comparison 
with the spectra of Nd(CIO,), in pure methanol 
solvent and with the Nd3+-Dipy system respectively. 
Similarly a slight increase of intensities is observed 
for anhydrous species. The most differences are 

TABLE Ia. The Oscillator Strength Values (P X 106) of f-f Transitions for Hydrated and Anhydrous Neodymium Perchlorates 
with Dipy in CH,OH 

Nd:Dipy 

Terms 

Nd(C104)3*6Hz0 (CNd3+ = 1.26 X IO-’ M) 

I:0 1:2 1:4 1:8 

Nd(C104)3 (cNd3’ = 2.50 X lo-* M) 

I:0 1:2 114 I:8 

*D5,2> ‘PI,* 0.41 0.40 0.38 0.39 0.38 0.40 0.40 0.39 
% (*D, *f“)3/2> II/Z> 
4%2, *K13,2. 4Gv2 ‘G9,*. 

*K15/2 1.87 2.01 1.92 1.97 1.70 1.77 1.74 1.77 
6.33 6.43 6.67 6.88 6.38 6.45 6.33 6.58 

4%2> ‘G,,zz 12.02 12.65 13.07 13.60 11.96 12.84 13.08 13.82 
4bz 0.59 0.65 0.6 1 0.6 1 
2s 4F:7,2 

0.63 0.60 0.6 1 0.60 
312. 8.38 8.42 8.47 8.61 

4F,~. “H,,, 
8.31 8.40 8.45 8.55 

9.09 8.56 8.67 8.65 8.42 8.57 8.50 8.47 
4f: 

3R 2.41 2.39 2.31 2.35 2.44 2.37 2.41 2.32 








