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Thorium(IV), Uranium@I) and Cerium(III) complexes with some biden- 
rate and tridentate Sehiff bases--derived from salieylaldehyde have been 
prepared. The effect of the molecular structure of the Schiff base molecule on 
its tendency towards complex formation has been studied. The structures of 
the complexes have been investigated by elemental analysis, molar ratio and 
continuous variation speetrophotometric methods, infrared spectra and 
eonduetometrie titrations; the apparent formation constants have been 
determined as well. 

Thorium (I V)-, Utah( V I )- und Ce*" (II!)-Komplexe mit zwei- und dreiz(ihnigen 
Schiff-Ba,sen 

Es wurden Thorium(IV)-, Uran(VI)- und Cer(III)-Komplexe einiger zwei- 
und dreizghniger Schiff-Basen (hergeleitet vom Salicylaldehyd) dargestellt, um 
den Einflul~ der Molekiilstruktur der Schiff-Base auf das Komplexierungsver- 
mSgen zu studieren. Die Struktur der Komplexe wurde mittels Elementarana- 
lyse, elektronenspektrometrischer Methoden, IR-Spektrometrie und Leitfi~hig 
keitsmessungen untersueht. Die Komplexbi]dungskonstanten wurden gleieh- 
falls bestimmt. 

Introduction 

Schiff bases derived from salieylaldehyde are well known as 
polydentate ligands 1, 2 coordinating in diprot, onated or neutral forms. 
Several papers on the uranium(VI) complexes of monobasie biden- 
rate a-6 as well as bibasic tridentate v-9 Schif/bases have been reported. 
On the other hand very scanty references are available regarding the 
Thorium(IV)10--and no work was published on Ce(III) complexes with 
Schiff bases. In  the present paper we report the preparation, properties 

t Deceased December 1977. 
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and  s t ruc tures  of U(VI),  Th(IV) and  Ce(III)  complexes with some bi- 
and  t r i -den ta t e  monobas ic  Schiff bases. 

The following l igands have been used for the p repa ra t ion  of the 
complexes. 

1 : X ' = - O H  

2: X:H 3 

Experimental 
Materials 

The chemicals used in this investigation were of reagent grade. Salicylal- 
dehyde was distilled before use. 

The Schiff bases were prepared by refluxing the amine with salicylaldehyde 
in 1 : 1 molar ratio in an alcoholic medium. The Schiffbases thus separated were 
filtered and recrystallized from ethanol. 

Preparation of the Complexes 

The different metal complexes were prepared by treating the Schiff base 
dissolved in the least amount of ethanol with the appropriate amount of the 
�9 metal' salt [UO2(NQ)2 ' 6 H20, Th(NOa)4" 5 H2(), CeCla �9 7 H20] in molar ratios 
1 : 1 and 1:2. The reaction mixture was refluxed for about 0.5 1 h. The solution 

Table 1. Elemental analysis of the Sehiff base complexes 

%c %:x 
Compound Formula Found Calc. Found Calc. 

1 Th(IV) Th(CzaHgN02)2 47.20 47.56 4.40 4.26 
1 UOe(II) UO2(CmHgNO2)2 44.58 44.45 3.92 4.03 
1 Ce(III) H[Ce(CmHgN02)~] 54.80 55.22 5.08 4.96 
2 Th(IV) [Th(ClaHllN02)~] (NOa)4 34.05 34.40 9.15 9.30 
2 U02(II) UO2(ClaHloNOe)2 45.13 44.96 4.10 4.00 
3 Th(IV) [Th(CITHlaN02)] (NOa)4 41.50 41.99 8.75 8.62 
3 U02(II) [UO2(C17HlaNO)] (N03)~ 31.60 31.83 6.45 6.55 

[UO2(C17Hl~NO)2 (NO,)2 45.35 45.49 6.38 6.31 

was then reduced to a small volume on a water bath and left to cool whereby 
the complexes Separated as fine crystals. The solids were filtered off, washed 
with ethanol, dried and preserved in a desiccator over silica gel. The solid 
complexes obtained were analysed for their carbon and nitrogen contents. The 
results of elemental analysis are recorded in Table 1. I t  is worthy to mention 
that several attempts have been made to isolate the solid Ce(III) complex with 
ligands 2 and 3 but without success. 
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Preparation of Solutions 

10 2 M solutions of the ligands were prepared by dissolving the accurately 
weighed amount of each reagent in the appropriate volume of ethanol. 0.01 M 
solutions of each of U(VI), Th(IV) and Ce(III) were obtained by dissolving the 
A. R. UQ(NOa)~ �9 6 H20, Th(N03)4' 5 HzO, CeC13 ' 7 HeO, resp., in pure absolute 
ethanol. These solutions were standardized using the recommended pro- 
cedures 11. Solutions of low molarity were prepared by accurate dilution of the 
stock solutions by pure absolute ethanol. 

Physical M ea,~urement~ 

The electronic absorption spectra in the visible and ultraviolet regions were 
reeroded with a Unicam SP 800 speetrophotometer using 1 em matched glass 
stoppered silica cells. 

The infrared spectra of the ligands and their complexes were recorded on a 
Beckman infrared speetrophotometer as KBr disc. 

Conductivity measurements were carried out using a PYE conductance 
bridge at 25 ~ 

Results 

The absorption spectra of ligands 1, 2 and 3 and their solutions with 
the metal ions under investigation have been recorded. The Jr-spectra 
of the ligands and their complexes are summarized in Table 2. The 
stoiehiometry of the complexes was studied by applying the molar ratio 
and continuous variation method. The results proved that  ligand 1 and 
2 form complexes of the types 1 : 2 only (metal : ligand) whereas tigand 3 
forms complexes of the type l : l  and 1:2. Representative results are 
given in Figs. 2 and 3. The formation of 1:1 and 1:2 complexes is 
supported by the results of conduetometric titrations. The titration of 
25ml 10 ~M of the metal ion solutions with 10-~M of the ligand 
solution yields curves with one break at the molar ratio 1:2 in ease of 
ligands 1 and 2, and two breaks at molar ratios 1 : 1 and 1 : 2 in ease of 
]igand 3 (Fig. 4). 

Discussion 

Electronic Spectra 

The lack of resemblance between the spectra of ligand 1 and its 
mixtures with Th(IV), U Q ( I I )  and Ce(III) in 2:1 ratio (Fig. l) may be 
taken as an evidence for complex formation. Generally the longer 
wavelength band of the ligand which was assigned to a transition of 
intramolecular charge transfer type within the whole molecule 12 exhibit 
a red shift upon complexation. This red shift can be explained by an 
easier intramolecular charge transfer in the complex ]igand, hence the 
MX+---ligand bonding is more ionic in eompariaon to the H+--l igand 
bond. 

56 Monatshefte fiir Chemic, Vok 109/4 
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On the other hand complex tbrmation of U(VI) and Ce(III)  with 
ligands 2 and 3 is observed only at higher concentrations of these ligands 
relative to ligand 1(> 7.0" 10 aM in ease of ligand 2 and > 3" 10-aM 
in ease of ligand 3). This was concluded t)'om the appearance of 
absorption bands for the complexed solutions, the blank being a 
solution of the ligand of the same concentration as in the solution of the 
complexes. This behaviour can be explained by the fact tha t  Schi f f  
bases derived from salicylaldehyde form metal  complexes through the 
azomethine-N and the ortho OH, Thus the difI~rence in tendency of the 

o,5 \\ ' .. . . . . . .  "" " ' ' " ' .  

275 300 325 350 ~,00 450 
,tnm 

Fig. 1. Absorption spectra ofl "10 4JI solutions of ligand 1 plus Th(VI)-, U(VI)- 
and Ce(III)-solutions in 2: l  ratio, a Ligand 1; b Ligand 1 Th(VI); c Li- 

gand 1 U02(II); d Ligand 1 Ce(III) 

ligands under investigation towards complex formation can be 
expected to be due to the difference in the strength of the intra 
molecular hydrogen bond established in the ligand molecule. In  ligand 
1 the interaction between the two ortho OH groups or between each of 
them and the azomethine nitrogen will weaken the strength of the H- 
bond between the basic nitrogen a tom and the (aldehydie) OH group. 
This results in an increase of the tendency of this ligand towards 
complex formation. The absence of an absorption band at  
3,200-3,600cm 1 in the ir-spectrum of the free ligand 1 can be 
considered as a strong evidence for this behaviour. The high donor 
character of the p -OH group of the amine residue of the ligand 2 moiety  
or the greater  bulk of the naphthalene moiety of ligand ] will increase 
the charge density at  the C = N  group. ,  This leads to a stronger H- 
bonding between the nitrogen a tom and the o-OIt group a t tached to 
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the aldehyde moiety which reflects itself in a weak tendency of ligands 2 
and 3 towards complex formation. 

Furthermore,  it was found that  Th(IV) does not form complexes 
easily with ligands 2 and 3 at room temperature even on using higher 
concentrations of these liga.nds. This is presumably due to the weak 

Table 2. Sos'm infrared flrequencies (in cm i) of the Schiff base,s and their complexes 

Complexes Complexes 
Ligand 1 Th(IV) U02(II) Ce(III) Ligand 2 Th(IV) U02(II) 

3400 
--- 3400 - -  3320 3220 3200 

3010 3070 3045 3050 3060 3000 3000 
2540 - -  - -  2560 - -  - -  
1605 1615 1612 1612 1618 1650 1608 
1290 1320 1305 1310 1288 1290 1290 

Complexes 
Ligand 3 Th(IV) UQ(II) Assignment 

1:t 1:2 

3400 3460w 3460 w 
3050 3080 3060 3030 
2620 - -  
1596 1620 1640 1632 
1284 1284 1290 1292 

OH-stretching 
aromatic CH and CH stretching 
intramoleeular H-bonded OH 
C = N stretching vibration 
phenolic C--O stretching 

tendency of both ligands 2 and 3 towards complex formation and the 
fgct tha t  in Th(IV) the energy of the 5 f  orbitals is not comparable with 
those of 6 d, 7 s and 7 p orbitals la. This will cause the inability of the 5 f  
orbitals to form hybrid orbitals which might have led to covalent bonds 
with appreciable strengths. This is in accordance with the results of 
mieroanalysis of Th(IV) solid complexes with ligands 2 and 3 (cf. Table 
1) as well as the it-spectra (Table 2), fi'om which it was proved that  the 
Iigand molecules and not its anions coordinate to the central thorium 
metal ion. 

i~frared Spectra 

In Table 2 frequencies and their assignments are listed. Some 
interesting features of the Jr-spectra should be emphasized : 

The broad band in the region 2,540 2,620 cm -1 appearing in the Jr- 

5 6  �9 
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spectra of the free ligands is a t t r ibuted to the intramolecular hydrogen 
bonded OH established between the aldehydic o-OH group and the 
basic nitrogen atom. This assignment is in line with that  made by other 
investigators 14-17. This broad band of the ligands disappears in the 
complexes leaving only a fine structure which is due mainly to the CH 
modes. 

The strong band found around 1,284 cm -1 in the ligands is assigned 
to the phenolic C--O stretching vibration is, 19. This is shifted towards 
higher frequency on complexation. The red shift observed of the 
phenolic C--O bond in going from a hydrogen bonded structure to a 
covalent metal bonded structure may be due to the higher mesomeric 
interaction in the complex, which is activated by the presence of the 
metal ion. This mesomeric interaction can be represented schemati- 
cally as follows. 

A comparison of the C = N  stretching vibration of the free Schiff  
base with that  found in the complexes shows a consistent shift towards 
higher frequency, suggesting coordination of the Schiff base through 
the nitrogen of the azomethine group. 

Structure of Complexe~s 

Our study reveals tha t  ligand 1 coordinates to Th(IV) and Ce(III) as 
tr identate ligand (L--)  but  with U02(II) as bidentate tigand ( H L ) .  
This was achieved from the following: 

(i) Mieroanalysis of the solid metal complexes (Table 1). 
(ii) The absence of an absorption band in the 3,200-3,600cm -1 

region in the infrared spectra of Th(IV) and Ce(III) complexes which is 
due either to the stretching frequency of the free or complexed OH 
group. This is an indication that  the oxygen atoms of the two OH 
groups must be coordinated to these central metal ions. On the other 
hand the appearance of a broad band at 3,400cm 1 in the infrared 
spectrum of the U02(II) complex (Table 2) may be ascribed to the 
stretching frequency of the free OH group at tached to the aniline 
residue of the ligand moiety. The broadening and weakening of this 
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band is due to the existence of an intramoleeular hydrogen bond 
between this Ott  group and the oxygen atom of the complexed uranyl 
ion. This can be represented as follows: 

"P"-o~ 

However, the inactivity of this OH group towards complex 
formation with U02(II)  has been reported previously also 20. 

Q6 �9 O.O 

c, 

ct 

b 

o z 0.6 

.o 
c~ 0 . 2  0.4 

O0 0.2 

o 

0.8 1.0 

0.5 t.0 I5  ZO 2.5 20 

EL ] / EUO~*] 

Fig. 2. Molar ratio method for UO2(II)-ligand complexes, a Ligand 1 (x = 
r + +  = 400nm [UO 2 ] = 5"10-421I); b Ligand 2 (x = 415ran [UO ++] = 

= 2.10 -a 11]); c Ligand 3 (), = 430 nm [UO + +1 = 1.5- 10 -a 21]) 

(iii) The increase in conductance upon titrating metal ion solutions 
by the ]igand is probably due to the liberation of hydrogen ions during 
complex formation. 

I t  is worthy mentioning that. the tridentate character of this ligand 
in its reaction with vanadium(V) was previously indicated by Biradar 
and Kulkarni  m. 

With respect to ligand 2, it was concluded that  this lJgand 
coordinates to Th(IV) and UOa(]I) as a bidentate ligand to yield 
complexes of the type 2:1. In these complexes the ligands of type 
(HL-) are coordinated to U Q ( I I ) ,  where~s (H2L) is coordinated bo 
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Fig. 3. Cont inuous  va r ia t ion  m e t h o d  for UO2(II)- l igand complexes,  a L igand  1 
(X = 405 nm,  t o t a l  concen t r a t ion  = 2 �9 10 -4]1//) ; b L igand  2 (X = 420 nm,  

1 ' 1 0 - 3 M ;  c L i g a n d 3 ( X = 4 2 0 n m ,  2 .5 -10  aM)  
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Fig. 4. Conduc tomet r i e  t i t . rat ion of 10 -3 M U Q ( I I )  wi th  10 -2 M of: a Ligand 
1; b L i g a n d 2 ;  c L i g a n d 3  
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Th(IV) .  This  conclus ion was ga ined  f rom the  mic roana lys i s  of  the  solid 
complexes  (Table  1) a n d  the  a p p e a r a n c e  of a b a n d  a t  3,600cm -1 in the  
i r - s p e c t r u m  of Th( IV)  complex  (Table  2) which  can be asc r ibed  to  the  
c o o r d i n a t e d  O - - H .  

F i n a l l y  th is  i nves t i ga t i on  revea ls  t h a t  l igand  3 ac ts  w i th  Th( IV)  and  
UOs( I I )  as b i d e n t a t e  l igand,  where  the  l igand  molecules  (HL)  are  
c o o r d i n a t e d  to these  cen t ra l  m e t a l  ions. This  is conf i rmed  b y  the  

Table 3. Evaluation of the apparent formation con~tant (Kf)  jb~ ~ the 1:2 
(metal: ligand) complexe,v 

Method Th(l V) U()s(l I) (b(II  I) 

Complexes with liffand 1 

tool. ratio 1.1 �9 107 1.25 �9 i0 l~ 1.80 �9 10 l~ 
cont. vat. 1.0 ' 107 1.70" 10 l~ 2.70 �9 10 I~ 

Complexes with ligand 2 

tool. ratio - -  2.20 ' 109 1.40- 109 
(!ont. var. 2.80 " 109 0.95 �9 109 

Con~lexe,~ with ligand 3 

tool. ratio - -  1.00" lO s 1.70 - lO s 
cont. var. - -  0.95 �9 108 2.80 - 108 

e l emen ta l  ana lys i s  of  the  solid complexes  (el. Tab le  1) and  the  
a p p e a r a n c e  of  a weak  and  b r o a d  b a n d  in the  region 3,400 3,460 cm -1 in 
the  i t - spec t r a  of  t he  complexes  which  m a y  be asc r ibed  to  a b s o r p t i o n  by  
the  c o o r d i n a t e d  - - O H .  F u r t h e r m o r e ,  the  v e r y  l i t t le  change  in 
conduc t ance  u p o n  t i t r a t i n g  UOs( I I )  so lu t ion  wi th  th is  l igand  (Fig.  4) 
can be cons idered  as s t rong  ev idence  for the  fac t  t h a t  the  molecules  of 
the  l igand  and  no t  i ts  an ions  are  c o o r d i n a t e d  to  t he  cent ra l  m e t a l  ions. 

The Apparen t  Formation Con,~tant 

The  a p p a r e n t  f b r m a t i o n  cons t an t s  (K~) of the  complexes  fo rmed  in 
solut ion are  d e t e r m i n e d  fi 'om the  resul t s  of s p e c t r o p h o t o m e t r i c  
m e a s u r e m e n t  of m o l a r  r a t io  and  con t inuous  v a r i a t i o n  m e t h o d s  ss (Table  
3). The  K f  va lues  show t h a t  the  s t a b i l i t y  of  the  complexes  of the  same  
meta l  d e p e n d s  l a rge ly  on the  molecu la r  s t r uc tu r e  of  the  l igand  used.  
The  s t a b i l i t y  in dec reas ing  o rde r  is:  1 > 2 > 3. 
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