
NOTES 

if 6,.v (C=O) is known. A linear relationship is 
observed between 6,.v (C=O) and these values. 

Thus the work presented on pyrazolone com­
plexes shows that the coordination number of 
Zr(IV) in all these complexes is expected to be five 
or seven depending on the nature of the anion. 
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THE absorption spectra of lanthanide ions have 
been a subject of several investigations1- 7 • The 
comparative study of the bonding in o-phenan-

throlinetris (trifl.uoroacetate) complexes of lantha­
nide ions has not been reported so far. Conse­
quently it was thought worthwhile to carry out the 
present investigation. 

Taking the free ion as standard, the ligands 
other than fluoride cause a slight red shift of the 
bands 8 • It has been generally agreed that the nature 
of red shift may be conveniently used as a measure 
of metal-ligand covalent binding. The red shift or 
nephelauxetic effect8 according to Jc#>rgensen occurs 

----- ---- ------- ---------------
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due to change in the interelectronic repulsion (Slater­
Condon or Racah) parameters. The effect may be 
visualized to be due to an expansion of the wave 
functions which results from interactions between 
the metal cations and neighbouring anions. 

The nephelauxetic ratio fJ is defined as 8 

F: 
fJ=-

pr 
k 

(1) 

where the Fi and F~ are the Slater-Condon para­

meters for the complex and the free-ion respectively 
and are given by 

l""""rk 
Fk=-0 S S :+1. R 9 (r1)R9 (rg)dr1 dr 9 ... (2) 

k o o r> 
In eq. (2) Dk are the denominators given by Condon 
and Shortley 0 , R is the 4f radial wave function, rc 
and r,. denote the radii of the nearer and distant 
electron from the nucleus respectively. 

The nephelauxetic ratio is also defined as10 

(3) 

where v: and v1 are energies (in cm-1) of the transi­
tions in complex and free ion respectively. 

The values of fJ is calculated using eq. (3) and 
taking into account as many transitions as possible. 
The mean fJ value, /3, can be used to compute a new 
parameter of bonding10 6 (in percent) which is 
given as 

6= c iP) X 100 (4) 

Depending upon the ligands the value of 8 may 
either be positive, indicating covalent bonding, or 
negative, indicating ionic bonding. Although the 
absolute values of 6 are of less importance, they 
can be used in assessing the relative covalent 
character of the complexes. 

The present communication reports the values 
of nephelauxetic ratio and bonding parameter for 
o-phenanthrolinetris (trifl.uoroacetate) (OPTF) or 
Pr8 +, Nd 8 +, Sm 8 +, HoB+ and Er 8 + ions. The 
lanthanide complexes under study were prepared1 1 
and analysed in our laboratory. Absorption 
measurements of the complexes in ethanol, were 
carried out on Carl-Zeiss VSU-2 Spectrophotometer. 
The energies of the bands and computed values of 
nephelauxetic ratio and 6 have been collected in 
Table 1. 

It is clear from Table I that the covalency 
decreases from Pr 8 + OPTF to Ers+ OPTF. This 
observation can be explained with the fa('t that due 
to lanthanide contraction ionic radii of lanthanons 
decrease with the increase in atomic number resulting 
in the increase in electron density of the central metal 
ion. Ligand o-phenanthroline used in the present 
study has high electronegativity and vacant 71'-mole­
cular orbitals. On complexation such molecular 
orbitals overlap with filled orbitals of cation resulting 
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TABI.J:l1-TBJ:l EN.RRGY (IN em-•) OF THJ:l BANDS AND 00MPUTJ:lD VAX.UllS OF NJtPBKX.AUXETIC RATIO AND 
BONDING PARAMKTKRS OF LANTHANON 00MPX.EXJCS OP o-PBENONTHROX.INKTRIS (TRIPX.UOROACKTATJt) (OPTF) 

Pr•+ ion Nd1 + ion Sml+ ion Hoa+ ion Era+ ion 
Levels Free& OPTF Levels In OPTF Levels in OPTF Levels in OPTF Levels in OPTF 

ion La.Ol~ La.OI: La.Ol~ LaOI~ 

'Dw 17885 16920 •F.,. 11488 11415 4 Fatw 18860 19230 •F. 15482 15728 "lull 1012!l 10286 
"Po 21890 20708 "Fat• 12466 12845 "G,,. 20010 19801 "F• 18554 19047 •r.,, 12846 12581 
•p, 29008 91276 "F,,. 14487 18969 "Iulo 90977 20964 •Fo 90614 19920 "Fotw 15183 15508 
"Pw 98161 29491 4 Folw 14799 14619 •r,.,w 91569 111551 'F• 91069 91141 •s.,,. 18300 18796 

WHuh 15935 16100 4 F 8 11 99199 92271 1 Ke 21351 21645 'Hut• 19011 19685 
4 Gato 17185 17211 4 G011 22850 22522 •Ge 92101 92935 •F,to 20494 20964 

19083 (1 P.4 P) 1 t 1 23784 24038 (1 G, 'G)1 23936 •G,,. 19020 24818 •Fat• 22182 22620 
4 G1 tw 19484 19569 •Lutw !U560 24818 •x, 26140 26881 "Foto 221114 22881 
•G.,, 210156 21052 ( 6 F,&F,1 G). 27969 27170 (1G,4 F, 24475 96510 

•H),,. 
4 Gu111 21426 21691 "Gutw 26877 27472 
wp,,. 93214 92030 "Got• 27819 27700 

1 Da11 98780 23310 wG,fw 27825 28409 

,9=0.9697 ,9=0.9945 ,9-1.0087 tJ-1.0111 ,9•1.0240 
6-8.1247 6=0.5580 6--0.8686 6--1.0978 6--2.8!188 

a. Reference 11. 
b Reference 4. 

into charge transfer from metal to ligand. This 
tendency of charge transfer increases with the 
increase in atomic number of lanthanons and is 
attributed to continuous decrease of covalency from 
Pr8 + OPTF to Er•+ OPTF in the present study. 
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SINCE dithiocarbamate can act as monovalent, 
mono or bidentate ligands, the complex forming 
ability of these sulphur donor ligands has invoked 
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. 
considerable attention. Dithiocarbamate complexes 
of transitional and non-transitional metal ions have 
been prepared by various workers1 -... The present 
communication reports the preparation and charac­
terisation of cadmium(II) complexes with these 
two title ligands and nitrogen donor heterocyclic 
bases, viz., pyridine, oe-picoline, P-picoline, isoqui­
noline and piperidine. 

Experimental 

All the chemicals used were of AnalaR grade. 
Sodium salts of the respective dithiocarbamic acids 
were prepared by standard procedure. Aqueous 
solutions of cadmium chloride and sodium salts of 
respective dithiocarbamic acids were reacted in 1 : 2 
ratio. White precipitate separated out immediately. 
It was filtered and dried in vacuo for 15 minutes. 

The ethanolic suspension of the above metal 
chelate was reacted with different nitrogen donor 
ligands in stoichiometric ratio and refluxed for 
2 hrs, when a clear solution was obtained. On 
cooling the solution, crystalline precipitate sepa­
rated out. It was filtered, washed with ethanol 
followed by ether and dried in vacuo. 

Metal in the complexes was estimated by EDTA 
method. Conductance was measured in M/1000 
acetone solution. Ir spectra were recorded in KBr 
phase on a Beckmann IR-12 spectrophotometer. 
Analytical, conductance and ir spectra data are 
recorded in Table I. 

Results and Discussion 

All the complexes reported in this investigation 
are of the composition [Cd(L/L') 1 B], where L= 
piperidyldithiocarbamate, L' = morpholyl dithiocar­
bamate and B is a heterocyclic base like pyridine, 
<-picoline, P-picoline and piperidine. These com­
pounds are white to brownish-white in colour, have 


