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The circular dichroism and absorption spectra of Pr(III), Nd(III), Sm(III), Dy(III), Ho(III), 
 Er(III) and Tm(III) complexes with some natural amino acids and L-EDDS have been measured 
 at room temperature. The "circular dichroism-sensitive bands" have been observed on the 
 J-bands where magnetic dipole transitions are allowed to some extent. The experimental results 
 are in accordance with the theory proposed previously. The theory can be applied at least for 
 lanthanide(III) complexes.

In previous papers,1,2) we reported the circular 
dichroism (CD) and absorption spectra of f-f tran-
sitions of 1-PDTA (propylenediaminetetraacetic 
acid) complexes of Pr(III), Nd(III), Sm(III),

Ho(III), Dy(III) and Er(III) in aqueous solutions, 
and compared the relative intensities of CD and 
absorption bands. In most of the J-bands, CD 
intensities were found to be parallel to the corre-
sponding absorption intensities. However, some 
CD bands were observed to be exceptionally strong 
in comparison to the corresponding absorption 
bands. Those J-bands were named "CD-sensitive 
bands". The CD intensity of the "CD-sensitive

1) S. Kida, T. Isobe and S. Misumi, This Bulletin, 
39, 2786 (1966). 

 2) S. Misumi, S. Kida and T. Isobe, Spectrochim. 
Acta, 24A, 291 (1968).
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bands" was well elucidated on the basis of Condon's 
theory3) i.e., the CD intensity is proportional to the 
imaginary part of the scalar product of the magnetic 
and the electric dipole moments associated with 
the electronic transitions. 

CD and absorption spectra of Pr(III), Nd(III), 
Sm(III), Dy(III), Ho(III), Er(III) and Tm(III) 
complexes of six natural amino acids and L-EDDS 
(ethylenediaminedisuccinic acid) have been meas-
ured. The relative intensities of CD and absorp-
tion bands with regard to the calculated oscillator 
strengths of magnetic dipole transitions of the 
J-bands have been discussed in order to verify the 
general validity of the theory which was previously 
proposed for the elucidation of the "CD-sensitive 
bands". 

Experimental 

Materials. The natural amino acids, L-alanine, 
L-serine, L-threonine, L-aspartic acid, L-arginine and 
L-lysine were commercial products and were of GR

grade. L-Ethyeenediaminedisuccinic acid (EDDS) was 
prepared by Neal's method4) from 1,2-dibromoethane 
and L-aspartic acid. 

Found: C, 32.95; H, 6.80; N, 7.42%. Calcd for 
C10H24N2O12: C, 32.97; H, 6.59; N, 7.69%. 
Lanthanide perchlorate was obtained by dissolving 
commercial lanthanide oxide of 99.9% purity. The 
concentration of lanthanide(III) ions were determined 
by means of volumemetric EDTA titration. 

Measurements. Absorption and CD spectra were 
measured by a JASCO-ORD/UV-5 optical rotatory 
dispersion recorder with a CD attachment. 

The solutions used for the measurements were prepared 
by dissolving lanthanide(III) perchlorate and the ligand 
in water in about 1: 5 mole-ratio (except for EDDS 
complexes where metal to ligand ratio is 1: 1), and were 
made alkaline with aqueous ammonia. 

 Results and Discussion 

CD and absorption spectra of 51 complexes were 
measured. A few examples of these results are 
shown in Fig. 1. As was observed in PDTA

Fig.1. Examples of CD and absorption spectra of lanthanide(III)complexes in aqueous solutions

(1cm cell)

 (1)CD spectrum;(2)absorption spectrum

(a)Pr-L-serine complex(1:5), pH=9.6,26℃

(b)Sm-L-lysine complex(1:10), pH=9,9,26℃

(c)Dy-EDDS complex(1:1.5), pH=9.0,26℃

(d)Er-L-alanine complex(1:6), pH=8.5,26℃

3) E. U. Condon, Rev. Mod. Phys., 9, 432 (1937). 4) T.A. Neal and N. T. Rose, Inorg. Chem., 7, 2405

(1968).
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complexes,2) a group of sharp CD bands was ob-
served in the region of each absorption region. 

The intensities of CD bands are parallel to those 
of corresponding absorption bands in most of the 

J-bands. However, as expected, unusually strong 
CD bands in comparison to the absorption bands 
were observed in the regions where the "CD-sensi-
tive bands" were observed in the PDTA complexes. 

In order to make clear the relation between the 
CD intensity and the magnetic dipole transition, 
we have calculated the oscillator strength, P, of 
magnetic dipole transition of J-bands by means of 
Pasternack's method5) using eigen vectors of the 
secular equations for the intermediate coupling 
scheme.6-9)

The results are summarized in Table 1, where

α(=(εl εr)/ε)was used as a parameter for repre-

renting relative intensities of CD and absorption

bands. As seen in Table 1, when P=O, α remains

only in the order of 10-5-10-4. However, when

P exceeds the value ～10-7, α becomes the order

of 10-4-10-3, and the"CD-sensitive bands"were

observed distinctly. Agreement between theory and

experiment is satisfactory as is seen from Table 1.

Thus we may conclude that our theory for the
"CD -sensitive bands"is on the whole valid . How-

ever, one exception was the band at 660 mμ in the

spectra of some Tm(III)complexes, where a shows

alarge value (100-200×10-4)for P=0. This

can not be explained at present.

5) S. Pasternack, Asirophys. J., 92, 129 (1940). 
6) B. G. Wybourne, J. Chem. Phys., 36, 2301 (1962). 
7) S. Hufner, Z. Plays., 164, 456 (1961).

 8) B. G. Wybourne, J. Chem. Phys., 34, 279 (1961). 
9) W. F. Krupke and J. B. Gruber, Phys. Rev., 139, 

2008 (1965).


