
Monatshefte f/Jr Chemie 122, 653 - 659 (1991) Monatshefte tiir Chemie 
Chemical Monthly 
© Springer-Verlag 1991 
Printed in Austria 
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Summary. The magnetic moments for lanthanide 3-nitro and 4-nitrobenzoates were determined at 
298 K and those for 3,4-dinitrobenzoates of rare earth elements over the temperature range 7 7 -  296 K. 
The complexes of 3,4-dinitrobenzoates of rare earths were found to obey the Curie-Weiss law. The 
values of ~t calculated for all complexes (except that for europium 3,4-dinitrobenzoates) are close to 
those obtained for Ln 3+ ions by Hund and Van Vleck. The results reveal that irrespective of the 
kind of ligands (3-nitro, 4-nitro or 3,4-dinitrobenzoates) no influence of their field on lanthanide ions 
occurs. 

Keywords. Magnetic moments of lanthanide nitrobenzoates; Magnetic susceptibilities of 3-, 4-nitro- 
and 3,4-dinitrobenzoates of rare earth elements; Magnetic moments of rare earth element nitroben- 
zoates; Magnetic moments of nitrocomplexes. 

Magnetische Momente von Lanthaniden-3-nitro-, -4-nitro- und -3,4-dinitrobenzoaten 

Zusammenfassung. Die magnetischen Momente von Lanthaniden-3-nitro und -4-nitrobenzoaten wur- 
den bei 298 K untersucht, die von -3,4-dinitrobenzoaten im Temperaturbereich yon 77 -  296 K. Die 
Komplexe entsprechen der Curie-Weiss-Regel. Die fiir alle Komplexe gefundenen g-Werte (ausge- 
nommen das 3,4-Dinitrobenzoat von Eu) sind sehr nahe den yon Hund und Van Vleck erhaltenen. 
Es wurde also kein EinfluB des Ligandenfeldes auf die Lanthanid-Ionen festgestellt. 

Introduction 

In  ou r  p rev ious  pape r s  E 1 -  6] we have  p resen ted  the m a n n e r  o f  the p r e p a r a t i o n  
o f  3- a n d  4 -n i t r obenzoa t e s  and  3 ,4 -d in i t robenzoa tes  o f  ra re  ea r th  e lements ,  thei r  
quan t i t a t i ve  c o m p o s i t i o n ,  I R  a n d  X - r a y  spect ra ,  t h e r m a l  stabili t ies a n d  solubil i t ies 
in wa t e r  a t  298 K.  

The  a i m  o f  the p resen t  p a p e r  was to inves t iga te  the m a g n e t i c  p rope r t i e s  o f  3-, 
4 -n i t r obenzoa t e s  a n d  3 ,4 -d in i t robenzoa te s  o f  ra re  ea r th  e lements ,  which  have  no t  
been  m e a s u r e d  so far,  a n d  to t ry  to give an  i n t e rp r e t a t i on  o f  the o b t a i n e d  results.  

Experimental 

Magnetic susceptibilities of polycrystalline samples of 3-, 4-nitrobenzoates and 3,4-dinitrobenzoates 
of rare earth elements were measured by the Gouy method using a sensitive Gahn RM-2 electronic 
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balance. Measurements were made at a magnetic field strength of 9.9 kOe. The calibrant employed 
was CoHg(SCN)4 for which the magnetic susceptibility was taken 16.44.10 -6 (cm 3 g - l )  [7]. The 
correction for diamagnetism of the constituent atoms was calculated by use of Pascal's constants 
[8]. The magnetism of the samples was found to be field independent. The temperature-independent 
paramagnetism of rare earth ions was assumed to be zero. The magnetic moments were calculated 
from the equations: 

g = 2.83 (ZM" 7) 1/2, (1) 

g = 2.83 [(X~t(T - 0)]  1/2. (2) 

The obtained results are given in Tables 1 - 3 and Figs. 1 and 2. 

Results and Discussion 

The magnetic susceptibilities of lanthanide 3-nitro- and 4-nitrobenzoates were de- 
termined at 298 K whereas those for 3,4-dinitrobenzoates over the temperature 
range 77 -  296 K. The values of Weiss constants, t9, determined for each complex 
of 3,4-dinitrobenzoates (Tables 2 and 3) were found to be of both sign. For most 
of the 3,4-dinitrobenzoates of rare earth elements they show negative values whereas 
for gadolinum and erbium 3,4-dinitrobenzoates positive values were found. A 
positive value of® may be caused by ferromagnetic spin interactions while a negative 
one may probably arise from antiferromagnetic spin interactions or a crystal field 
splitting of the paramagnetic spin states [ 9 -  12]. 

The relatively small absolute value of 19 for 3,4-dinitrobenzoates of G d -  Tm 
are in the range 2 - 7  K, while the greater ones for cerium, praseodymium, neo- 
dymium, samarium, and ytterbium are ranging from 25 K to 83 K. Only for eu- 
ropium 3,4-dinitrobenzoate a very high value of 724 K was observed (Table 2). 

From the literature it follows that weak interaction between atoms or ions 
causes small values of 19. In the complexes of 3,4-dinitrobenzoates the paramagnetic 
central ions remain practically unaffected by the diamagnetic ligands coordinated 
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Fig. 1. The dependence between ZM and T for 3,4-dinitrobenzoates of Ce, Pr, Nd, Sm, and Eu 
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Fig. 2. The relationship of  ;~M and Z~¢- 1 versus T for erbium 3,4-dinitrobenzoates 

around them and the f electrons causing their paramagnetism are well separated 
from outside influences. The higher value of ® may suggest the interaction of the 
crystal field of ligands with the central ion. The values of g determined for all 
complexes (except that for europium 3,4-dinitrobenzoate) are close to those cal- 
culated for L n  3 + ions by Hund and Van Vleck (Tables 1 - 3), which is connected 
with the electron configuration of lanthanide ions. In rare earth ions 4 f electrons 
are in an inner shell characterized by a radius ~ - ~  -~ 0.35 ~ [13]. This value is 
very small in comparison with the radius of the 5 s 2 5 p6 closed shell (,-~ 1 ,~) and 
the distance between rare earth ions, which is in fact about 10 times larger. So the 
4 f electrons interact only weakly with the electrons of the surrounding atoms. Then 
the intra-atomic interactions are much stronger than the inter-atomic ones and the 
width of the 4 f band is entirely negligible because the overlap between different 
4 f wave functions is extremely small. 

The f electrons of the lanthanide ions are almost unaffected by the chemical 
environment and the energy levels are the same as in the free ions due to the very 
effective shielding by the overlying 5 s 2 5 p6 shell. For most of the lanthanide ions 
the ground state is separated by many hundreds of cm-1 from the next higher 
lying state. Thus the magnetic properties can be taken as those of the ground state 
alone, making lanthanide ions in a compound act in the same way as the free ion 
as far as the f electrons are concerned. The energy levels of a free rare earth ion 
are only slightly modified when it is placed in a crystal. 

The complexes of 3,4-dinitrobenzoates of rare earth elements obey the Curie- 
Weiss law. A plot of the inverse of the magnetic susceptibility, ~M determined for 
all compounds yields a straight line. In Figs. 1 and 2 the relationships between ZM 
and T for 3,4-dinitrobenzoates of Ce, Pr, Nd, Sm, and Eu and also )¢M (and)¢M- 1) 
and T for 3,4-dinitrobenzoates of Er are presented. Taking into account the obtained 
results it is possible to conclude that in the complexes of 3-, 4-nitrobenzoates and 
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3,4-dinitrobenzoates of rare earth elements (with the exception of 3,4-dinitroben- 
zoate of europium), irrespective of the kind of ligands, no influence of their field 
on the lanthanide ions occurs. The higher value of  ta for europium 3,4-dinitroben- 
zoate compared to that given by Hund, on one hand, may suggest the interaction 
of  the ligand field with the central ion or, on the other hand, may probably be 
connected with the multiplet splitting in the case of the europium ion. The first 
excited J state is sufficiently close in energy to the ground state (and in the case 
o f  E u  3 + even the second and third excited state as well), to be appreciably populated 
at room temperature [-14- 19]. Since these excited states have higher J values than 
the ground state, the actual magnetic moment is higher than those calculated by 
the use of the value of J for the ground state. With the exceptions of samarium 
and europium the multiplet widths of lanthanides are very wide compared to kT 
at room temperature, while those for Sm and Eu are comparable to kT [14, 17]. 
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