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Two phenomena, the hypersensitive pseudo- 
quadrupole transition in the electronic spectra of 
the ultraviolet and visible (W-Vis) region, and the 
induced chemical shift of lanthanide shift reagents 
(LSR) in nuclear magnetic resonance (NMR) studies, 
are well known in the chemistry and physics of 
the lanthanides. 

As early as the 1930s Selwood [l] and Van Vleck 
[2] observed a sensitivity of the optical absorption 
spectra for the lanthanide ions to their environment. 
These highly sensitive absorption bands, referred 
to as hypersensitive, were later assigned to transitions 
within the forbitals of the lanthanides. For these 
hypersensitive transitions, the selection rules on J, 
the total angular momentum, are the same as those 
for quadrupole radiation: lU1 <2; IA/51 < 2; 
1 AS1 = 0. Hence, these transitions are appropriately 
referred to as hypersensitive pseudoquadrupole tran- 
sitions. 

The mechanism for the hypersensitive 4f + 4f 
transitions is considered to be dipolar in nature. 
Theories that have been proposed for these tran- 
sitions range from oscillations in the electric dipole 
moment (the inhomogeneous dielectric theory of 
Jorgensen and Judd [3]) to dipoles induced by 
ligand polarization (the dynamic coupling theory 
of Mason et al. [4]), as well as to the mixing of 4f” 
with Gm-‘4f n+r states (the covalency theory of 
Henrie et al. [5]). 

Induced NMR chemical shifts originate from 
the effect of the lanthanide ions on the electron- 
charge distribution of the ligand. These shifts have 
been attributed to the hyperfine interaction be- 
tween the electron spin of the central paramagnetic 
lanthanide ion and the nuclei of the ligands in the 
complex. These shifts are usually quite large and 
can be related to two independent mechanisms 
of hyperfine interaction, the contact and dipolar 
shift contributions [6,7]. 

Both phenomena, the hypersensitive pseudo- 
quadrupole transition in W-Vis spectroscopic 
studies and the carbon-13 (I%), oxygen-17 (“0) 
and proton (‘H) chemical shifts induced by LSR 

(bare ions and complexes) in NMR studies, are 
related to the interactions between lanthanide ions 
and the ligands. A link between these two phenom- 
ena has not been established since interdisciplinal 
work has not been reported. This is the first study 
directed towards ascertaining a correlation between 
hypersensitive pseudoquadrupole transitions and 
LSR-induced chemical shifts. 

Experimental 

Stock solutions of Nd3+, CHaCOOD, CHaClCOOD 
and CH2BrCOOD were prepared under dry nitrogen 
in a glove bag. Acidity was regulated by the addition 
of deuterochloric acid. Solutions for study by W- 
Vis spectroscopy were prepared with constant neo- 
dymium ion concentration, while those for NMR 
studies were prepared with constant ligand con- 
centration. 

W-Vis absorbance data were collected on an 
IBM 9430 spectrophotometer from 9000 to 2000 A 
using 1.0~cm quartz cells and a corresponding 
lanthanum blank. The data were analyzed on a 
VMS/VAX computer system where the concentra- 
tions were confirmed using molar absorptivity values 
[8] for 16 transitions with a least-squares fitting 
routine. The spectral data were then deconvoluted 
by employing an algorithm by Maquardt [9] in 
order to calculate the oscillator strengths. The transi- 
tion intensity parameters (R,, a4 and !&) were 
determined using the assignments of Judd [lo] and 
Carnal1 et al. [ 111. 

NMR data for the nuclei ‘H, 13C and “0 were 
obtained on an FX90Q model in the Fourier- 
transform mode at 300 f 3 K using observation 
frequencies of 89.55, 22.49 and 12.11 MHz, respec- 
tively. Acetone was used as an external reference 
for all three nuclei. The data sets were analyzed 
after being transferred to a computer where base- 
line corrections and deconvolution of spectra were 
performed. 

Discussion 

The calculated parameters &, !& and (ns with 
their root-mean-squares (RMS) for the neodymium 
complexes are given in Table 1, along with the 
oscillator strengths and molar absorptivities for 
the hypersensitive transitions 41,,, + ‘G,,,, 4G,,2 

(the *G,,, transition showing the largest increase 
in its molar absorptivity). The employed model 
[5] suggests that the !&, parameters (X= 2, 4, 6) 
are implicitly influenced by the ligand field and 
that !& is strongly affected by the polarization and 
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TABLE 1. Judd-Ofelt Parameters a, Oscillator Strengths Mb and Molar Absorptivities (E) Calculated from Spectroscopic Data 
for M(Lig)a (where M = Nd*; Lip = CH$XOD, CHzClCOOD and CHzBrCOOD) in Solution 

Ligand E f c2 a4 %i RMS 

CH$OOD ‘G,,z 3.882 5.463 

4Gs/z 4.114 2.022 

0.9(5) 0.6(3) 14(3) 11.1 

CH$lCOOD ‘Gw 3.964 5.586 

4G~/z 4.191 2.069 

2.0(2) 0.4(2) 14(3) 12.3 

CHzBrCOOD ‘G~,z 4.217 5.953 
4G5/2 4.478 2.173 

4.9(8) 0.3(2) 12(3) 13.5 

aParameters reported as ah X 10zo (A = 2,4, 6). bOscillator strength X 106. 

TABLE 2. NMR Shift Data and Coordination Numbers (CN) for Nd* Complexes of Acetic Acid, Chloroacetic Acid and Bromo- 

acetic Acid 

Nucleus Ligand CN va Al+ 

(Hz) WI 

‘H 

1% (Y 

t3c- 

‘70 solv 

t’o- 

CH3COOD 

CH2ClCOOD 

CHzBrCOOD 

CH3COOD 

CH2ClCOOD 

CH2BrCOOD 

CH3COOD 

CH&YlCOOD 

CHzBrCOOD 

CH3COODC 

CH2ClCOODC 

CH2BrCOOD’ 

CH3COODd 

3.0(9) 

3.8(9) 

3.8(9) 

4.0(9) 

4.0(9) 

3.8(9) 

4.0(9) 

3.5(9) 

3.6(9) 

5.0(9) 
4.8(9) 

4.9(9) 

-387.8(l) 

400.5(3) 

491.5(3) 

347.8(l) 

966.2(3) 

658.1(3) 

3868.5(5) 

3945.1(6) 

3903.9(6) 

334.6(6) 

547.6(4) 

414.4(6) 

a) 3086(l) 

b) 3117(l) 

-611.6(3) 

-29.8(2) 

4.5(6) 

-805.3(3) 

31.6(7) 

lOS(9) 

- 148.7(4) 

31.6(6) 
- 2.5(5) 

368.5(g) 

558.8(8) 

429.1(8) 

CH2ClCOODd a) 3044(l) 

b) 3127(l) 

‘Values in addition to observation frequency (v) of the indicated nuclei. bE.requency values are expressed as difference between 

Nd* and La* complexes (Au). ‘Shift data for solvent peak for the indicated complex. dData of carboxylate group for stock 

solution of indicated ligand. 

the basicity of the ligands. The parameter a2 is 
observed to increase in the order CH,COOD < CH2- 
ClCOOD < CH2BrCOOD for the same coordination 
number. This order is in agreement with the polar- 
izability of the ligand. The ‘H frequency shift values 
(Av) in Table 2 follow this same order. However, 
the 13C Au values are reversed with respect to chloro- 
and bromoacetic acid. The remaining coordination 
sights around the metal ion are occupied by solvent 
molecules, as indicated by the I70 NMR data. 

. these two fields of research, which have been 
treated as independent of one another until now, 
can provide information about the interaction be- 
tween the lanthanide ion and its ligands. This study 
will be extended to other members of the lanthanide 
series in order to obtain the hyperfine coupling 
constants which are related to covalent bonding 
effects of complexed ligands. A thorough analysis 
of factors related to polarizability and covalency 
will allow for a better understanding of these 
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interactions and clarify the origin of hypersensitivity, 
the objective of an on-going project. 
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