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STRUCTURAL STUDY OF LANTHANIDE COMPLEXES FORMED WITH 
+ V A N I L L I N  SALICYLOYLHMRAZONE AND -VANILLIN PARAANISIDINE 

Kav i t a  Singh, P ra t ibha  Pa te1  and B.V. Agamala* 
Department of Postgraduate S tudies  and Research i n  Chemtstry, 
R.D.  Univers i ty ,  J aba lpu r  - 482 001 ( Ind ia )  

ABSTRACT 

Ten lantharlide complexes (LnaLa, Ce, Pr, Nd, Sm, Gd, Eu 

and Dy) with the  t i t l e  l igands  have been syntheslsed and 

cha rac t e r i s ed .  The s t r u c t u r e  of t h e s e  complexes a r e  assigned 

on t h e  bas i s  of I R  s p e c t r a ,  magnetic and thermal ana lys i s  da t a .  

The I R  s p e c t r a  i n d i c a t e  t h a t  o-vanillin par’aanisidine (oWA) 

i s  a b iden ta t e  l igand  coordinating through azomethine N and 

phenolic 0 whereas o-vani l l in  salicyloylhydrazone (oVSH) is 

t r i d e n t a t e  possessing ke tonic  0 a s  an  add i t iona l  donor site..  

Involvement of anions (Cl-, Ace) i n  coordination is explored. 

E l e c t r o n i c  s p e c t r a  i n d i c a t e  weak covalent na ture  of metal l igand 

bond and var ious  parameters p ,  by2, q and f have been evaluated. 

I NTROUUCTION 

There has  been considerable i n t e r e s t  in t he  coordination 

chemistry of lan thanides  e s p e c i a l l y  concerning s p e c i f i c  featt ires 

of Ln3* spec t r a  t o  g ive  information regarding s t r u c t u r e  and 

composltion of complexes. 

t r a n s l a t i n g  f luo rescen t  sc reens ,  su r f ace  coa t ing  and NMR s h i f t  

reagents’ s2. 

They f i n d  app l i ca t ion  i n  colour 

A s  p a r t  of our programme f o r  the  syn thes i s  and 
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748 SINGH, PATEL, AND AGARWALA 

cha rac t e r i za t ion  of s o l i d  lan thanide  complexes, i s o l a t i o n  of  t e n  

such  complexes, obtained from o-vani l l in  d e r i v a t i v e s ,  v i z .  

c-vanillin salicyloylhydrazone (oVSH) and o-venill in paraanis id ine  

(oVPA) a r e  reported.  

PrI", Nd'", SmI", CdI", Ed1'  and DylI1 a r e  employed and 

t h e i r  complexes s tud ied  by I R  s p e c t r a ,  magnetic and thermal 

s t u d i e s .  

The ace t a t e s  o r  ch lor ides  of Larr1, CeI", 

The nephelauxetic e f f e c t ( p ) ,  bonding parameter'  (b1/2), 

Sinha ' s  parameter(&) and angular covalency parameter(q) have been 

ca l cu la t ed  from t h e i r  e l e c t r o n i c  spec t r a .  The exchange processes 

i n  oVSH and i t s  z inc  complexes have a l s o  been s tudied  by two 

dimensional NMR and descr ibed  elsewhere3 y4. 

EXPERIMENTAL 

Mate r i a l s  : 

0-Vani l l in ,  paraanis id ine ,  hydrazine hydra te ,  methyl- 

s a l i c y l a t e  , DIG (all Sisco Chem.) were employed. Sa l icy lo ly l -  

hydrazide was synthes ised  i n  the  labora tory .  

Synthes is  o f  0 -Vani l l in  paraanis id ine  : 

Ethanolic s o l u t i o n  of *van i l l i n  (0.05 mol, 7.6 g) and 

e t h a n o l i c  s o l u t i o n  of pa raan i s id ine  (0.05 mol, 6.15 g )  was 

mixed i n  t h e  1:l r a t i o  and refluxed over hea t ing  mantle a t  W°C 

f o r  5h,  This brown coloured s o l u t i o n  was l e f t  overnight a t  

O°C. 

and d r i ed  over calcium chlor ide  i n  vacuum, oVSH was synthesised 

a s  described e a r l i e r .  Both oVSH and oVPA a r e  charac te r i sed  from 

t h e i r  elemental  a n a l y s i s ,  I R  and NMR spec t r a  . 

The c r y s t a l l i n e  product was f i l t e r e d ,  washed wi th  acetone 

4 

Synthesis of lan-thani.de complexes 

Complexes of oVSH and oVPA were synthes ised  by r e f lux ing  

0.005 rnol so lu t ion  of oVSH ( i n  D I G )  o r  oVPA ( i n  E t O H )  toge ther  
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STRUCTURAL STUDY OF LANTHANIDE COMPLEXES 749 

with  an e t h a n o l i c  s o l u t i o n  of t he  d i f f e r e n t  0.005 mol of lanthanide 

s a l t  i n  1:l molar r a t i o  on a hea t ing  mantle ( a t  4OoC) f o r  bh. 

After cooling this so lu t ion  few drops of ammonia Was added t o  

i nc rease  t h e  pH. The in so lub le  complexes thus  prepared were 

f i l t e r e d  o f f ,  washed wi th  e thano l  and d r i ed  over anhydrous CaC12. 

10.005 mol of lan thanide  s a l t  s o l u t i o n  conta ins  (1.71g of La(CH3C00)3. 

1y2 H20, 1.58 g or Ce(CHliC00)j.4H20, 1.28g of SmC13 2.03g of 

Cd(CH C00),.4H20, 1 .G9g of  EU(CH~COO)~.H~O, 1 .%g of DyC13 o r  1.878; 

of LaClj.7H20, 1.23 g of CeCl 

N d C l  

3 )  
1.23 g of P rCl j  and 1.25 g of 3, 

employing 1.43 g of oVSti or 1.28 g of oVPA]. 3 

All t h e  complexes a re  a i r  s t a b l e ,  have d i f f e r e n t  colours 

and a r e  in so lub le  I n  water,  e thanol  and o ther  common organic 

so lven t s .  The y ie ld  was found t o  be 50-5556 i n  a l l  the complexes. 

final y t i  c a l  and s pe c t r a  1 nie a s ur e msnt s 

The lan thanide  content of the complexes was determined by 

oxalate-oxide rnethd' and C , H , N  by microanalysis.  

were recorded on an Acculab 10 spectrophotonieter i n  the range 

4000-200 cm-' using C s I  p e l l e t s .  

d a t a  were obtained by t i ouy ' s  method. using H~LCO(SCN)~] a s  a 

c a l i b r a n t .  The TC s t u d i e s  were ca r r i ed  on a Perkin-Elmer Thermal 

Analyser (hea t ing  r a t e  = 10-1 5'C/mln i n  n i t rogen  atmosphere). 

s o l i d  s t a t e  e l e c t r o n i c  spec t r a  were recorded on a Perkin-Elmer 

2300 spectrophotometer using MgO p e l l e t s  I n  the  range 20&1000nm. 

The I R  spec t r a  

The room temperature magnetic 

The 

IESULTS AND D I S C U S S I O N  

Composition 

. The a n a l y t i c a l  d a t a  of t h e  complexes (Table-I) revea l  t h a t  

the  complexes have 1:l s to ich iometry  having t h e  genera l  formulae 

(i) [M(L)X.2H20] where H2L = c-Vanillin salicyloylhydrazone, 

H(II1) = La, Ce, Sm, Gd, Dy or Eu and X = CH COO' o r  Cl', 

[1$(Lf)Cl2.2H2O] . hhere HL' = 0-Vanill inparanisidine,  M ( I I 1 )  = 

La,  C e ,  P r ,  or lid. 

(ii) 3 
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STRUCTURAL STUDY OF LANTHANIDE COMPLEXES 75 1 

I n f r a r e d  s p e c t r a l  s t u d i e s  

D e f i n i t e  I R  s p e c t r a l  d a t a  (Table-11) has  shown t h a t  OVSH 

e x i s t s  i n  l t c to  form i n  t h e  solid s t a t e  a s  t h e  c h a r a c t e r i s t i c  bands 

appear  a t  1602 cm-’ due t o  C=O s t r e t c h i n g  i n  t h e  l i g a n d  6 J 7 ,  which 

i s  not  observed i n  oVPA, obvious ly  due t o  absence of  C=O group. 

C h a r a c t e r i s t i c  p h e n o l i c  (OH) s t r e t c h i n g  frequency due t o  presence 

of hydroxy group a t  o r t h o  p o s i t i o n  a r e  observed i n  oVSH and OVPA 

a t  3ZOO-34OO cm-l r e s p e c t i v e l y .  

3240 cm-’ . 
band a t  1565, 1600 due t o  Y(C=N)’ i n d i c a t i n g  t h e  format ion  Of 

S c h i f f  

V ( C - 0 )  p h e n o l i c  and a t  1070 cm-l due toy(N-N) i n  oVSH”. 

band i s  observed a t  3200-2800 cm-’ in oVSH due t o  i n t r a m o l e c u l a r  

hydrogen bonding between C=O and OH of s a l i c y l o y l h y d r a z i d e .  The 

d lsappearancc  o f  >!(OH) Srom ,the s p e c t r a  of complexes 11, 111, IV, 

V, VI, V I I ,  I X ,  X ,  X I ,  arid X I 1  i n d i c a t e s  t h e  involvement of phenol ic  

oxygen i n  c o o r d i n a t i o n  through d e p r o t ~ r i a t i o n ’ ~ .  

s h i f t e d  t o  h i g h e r  f r e q u e n c i e s  i n  complexes 11, 111, IV, V, VI, VII, 

I X ,  X, X I  and X I 1  by 30-40 cm-’ s u g g e s t i n g  t h e  involvement  of 

azomethine n i t r o g e n  i n  c o o r d i n a t i o n  ’&I6. 

evidenced  by t h e  presence  of new band i n  t h e  s p e c t r a  of oVSH 

complexes a t  

i s  n o t  observed i n  its complexes 11, 111, I V ,  V, VI and VII whereas 

a n e g a t i v e  shift i s  observed by e0-100 cm-’ due toy‘( C-0) p h e n o l i c  

in complexes 11, 111, I V ,  V ,  V I ,  I X ,  X ,  X I  and XII. Nonpar t ic ipnt ion  

of inethoxy group d u r i n g  c o o r d i n a t i o n  is i n d i c a t e d  by i t s  n e g l i g i b l e  

sh i f t  in >;(OCH3) a t  -2720 cm-’. 

oVSH e x h i b i t  y(N-H) band a t  
8 

Both t h e  l i g a n d s  oVSH and oVPA show c h a r a c t e r i s t i c  

Bands appear ing  a t  1455, 1450 cm-’ a r e  due t o  

A broad 

Y (C=N)  band is 

This  f a c t  is f u r t h e r  

1530-40 cm-’ due t o  >!( > C=N-N-C< ) *’ ‘;band of oVSH N( NFI) 

New bands .a re  observed a t  3400 cm-’ due t o  coord ina ted  

w a t e r  molecule ( H 2 0  4 Iq +-OHz) i n  a l l  complexes of oVSH and 

OVPA 19720. 

observed a t  

The cor responding  OH bending v i b r a t i o n s  have been 

1600 and rocking  v i b r a t i o n s  between 730-750 cm-’. 
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Coordination of a c e t a t e  i o n  i n  complexes 11, 111, V and V I  

i s  supported by t h e  appearance of two bands a t  149G.1460, 1390- 

1360 ern-' due t o  ‘l/gs(COO-) and (COO-) modes r e spec t ive ly  . S Y  
I n  complexes I V ,  V I I ,  I X ,  X ,  X I  and X I 1  a medium i n t e n s i t y  band i s  

observed a t  280-250 cm-’ due t o  t he  coordinated ch lor ide  ion .  The 

non-ligand bands appearing a t  520-420 and 450-350 cm” a r e  assigned 

t o  Y(Fi-N) and )’(M-O) modes r e s p e ~ t i v e l y ~ ~  923. 

21 

E lec t ron ic  s p e c t r a l  and magnetic s tud ie s  

Most of t h e  absorp t ion  bands due t o  f-f t r a n s i t i o n s  of t h e  

lan thanide  i o n s  i n  the  v i s i b l e  region a r e  obscured due t o  t he  

broad charge t r a n s f e r  bands. 

Sm(II1) and Eu( I I1 )  complexes f-f band a r e  observed. The e l ec t ron ic  

However i n  the P r ( I I I ) ,  Nd(II1) , 

absorp t ion  bands of P r ( I I I ) ,  Nd(II1) and Sm(II1) appear due t o  t h e  
t r a n s i t i o n s  a r i s i n g  from the  ground l e v e l  3H4, 4 19/2, 6H5/2 t o  

ponding t o  t r a n s i t i o n  from b4 t o  ’P2 and 4 D2 energy l eve l s .  Nd(II1) 

exc i t ed  J - l eve l s  of 4 f n  conf igura t ion  respec t ive ly .  

complexes of oVPA show bands around 25000 and 16891 cm-’ c o v e s -  

P r ( I I 1 )  

complex of oVPA shows bands around 25510, 20833, 17241, 15822 and 

12820 cm-’ ass ignable  t o  t r a n s i t i o n s  from 4 ~ 9 , 2  l e v e l  t o  P 
2 
Y2 ’ 

energy l e v e l  respec t ive ly .  4 4 L I  

Samarium (111) complex of oVSH shows band around 
‘9/2’ 4G4/29 F9/2 and F5/2 

25000, 20833 and 
17657 cm-’ corresponding t o  energy l e v e l s  4 F9/2, 4G7/2 and 4 G5/2 

r e spec t ive ly .  

The nephelauxetic e f f e c t  ( 8)24, bonding parameter (bY2), 

Sinha’s parameter($) and angular. covalency parameter (q) have 

a l s o  been ca l cu la t ed .  

o f  p a r t i c i p a t i o n  of 4 f - o r b i t a l s  i n  the  complexation. 

values of by2 f o r  t h e  present  complexes show covalent na ture  of 

metal l igand bond. 

of p i n  complexes Sm-oVSH (O.~%),PFOVPA (0.993) and Nd-oVPA 

(0.990). liere the  values of S( %) i n  JD-OVSI-I (0.400) , PPOVPA 

The bonding parameter r e f l e c t s  t h e  ex ten t  

The p o s i t i v e  

I t  i s  a l s o  supported by the  ca lcu la ted  values 
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(0.059) and Nd-oVPA (0.960) a r e  found much below 1- 5 ,  which a l s o  

sugges t  Weak covalen t  bonding a s  we l l  a s  weak metal-ligand 

i n t e r a c t i o n .  

Lanthanum a c e t a t e  and lanthanum chloride complexes of oVSH and 

oVPA a r e  diamagnetic whereas t h e  o ther  lanthanide complexes a re  

paramagnetic. 

complexes agree  wel l  wi th  t h e  t h e o r e t i c a l  values ca lcu la ted  by 

Van-Vleck formula i n  most of t h e  cases  i n d i c a t i n g  t h e  non-participa- 

t i o n  of 4f e l ec t rons  i n  bonding. 

The experimental  magnetic moment (Table-I), of t he  

Thermogravirnetric a n s l y s i s  

The composition of tho complexes and I R  s p e c t r a l  s tud ie s  

i n d i c a t e  t h e  a s soc ia t ion  of two molecules of water wi th in  coordina- 

t i o n  sphere of the  metal which i s  f u r t h e r  supported by TC da t a .  

The thcrmogram of the  metal complexes exh ib i t  l o s s  of water a t  

h igh  temperature suggesting t h a t  water molecules a r e  present  i n  

t h e  coord ina t ion  sphere. The na tu re  of decomposition of 

i n d i v i d u a l  complexes is s t a t e d  below. 

La(II1)-oVSH complex i n  i t s  thermogram i n d i c a t e s  t h a t  t he  

complex i s  s t a b l e  upto 120°C then  it s t a r t s  l o s i n g  water gradually 

and the  loss continues upto 25OoC. 

equiva len t  t o  two moles. The complex undergoes decomposition a t  

temperature 285OC, this sha rp  decomposition continues upto 355OC 

a s  shown by s t e e p  f a l l  i n  curve,  

600°C corresponding t o  the  formation of La20j. 

water  molecules i n  C e ( I I I ) ,  Sm(I I I ) ,  Eu(II1) and Dy(II1) complexes 

of oVSH i s  f u r t h e r  confirmed by the  observed percentage weight l o s s  

of 6.0, 6.5, 6 .2  and 6.5 which i s  approximately equal  t o  the  

ca l cu la t ed  values of 6.9, 7.7, 6.7 and 6.9 respec t ive ly .  The 

temperature range of water' loss is 10O-29O0C f o r  oVSH complex. 

These molecules a r e  coordinated t o  the complex and a r e  not l a t t i c e  

The t o t a l  loss of water i s  

The decomposition continues upto 

The presence of two 
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2c.:0 

- EU(CH~COO)~-OVSH 
3- OVSH 

. 

*. ,.---- .-.\__ .. 
- -- ' 

- EU(CH~COO)~-OVSH 
3- OVSH 

. 

*. ,.---- .-.\__ .. 

w a t e r  molecule  as the loss occurs  a t  q u i t e  high t empera ture  ( 2 O G  

3 4 O o C ) ,  

e x a c t l y  match any  s i n g l e  oxide which may be a mixture  o f  oxides .  

The format ion  o f  i n t e r m e d i a t e  product  i s  confirmed by t h e  presence  

of one o r  two p l a t a e u  in t h e i r  therrnograms. 

The decomposi t ion product  of a l l  t h e  complexes does not  

The presence  of two w a t e r  molecules  i n  L a ( I I I ) ,  C e ( I I I ) ,  

Pr ( IX1)  arid N d ( 1 I I )  complexes of oVPA is f u r t h e r  confirmed by t h e  

observed percentage  weight  l o s s  7.0, 6 . 3 ,  6.8 and 6.8 which is 

approximate ly  e q u a l  t o  t h e  c a l c u l a t e d  v a l u e s  of 7.1 In each case  

r e s p e c t i v e l y .  

f o r  oVPA complexes. 

Some typical  thermograms are also shown i n  f i g  I . 

The tempera ture  r a n g e  of water loss  is 1 0 G i 8 0 ° C  

OVPA complexes decomposed between 120-22O0C. 
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H 

N- C 

0 // 
/ HO 

CH30 JP ii 
3CH 0 

/ 

OH2 

C ONC LU3 ION 

The s tructural  s tudies  are discussed large ly  i n  the l i g h t  

of elemental, magnetic measurements,diffuse ref lectance  spectra 

and IR analys is .  The ligand oVSH acts  as a tridentate i n  nature 

coordinating through azomethine. ilitrogen and two phenolic groups 

whereas oVPA behaves as a bidentate ligand coordinating through 
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phenolic oxygen and azomethineNonly. The valency of the  metal i o n  

i s  neu t r a l i s ed  by t hese  l igand molecules and anions ( ch lo r ide ,  

a c e t a t e )  thus leading t o  t he  formation of a s t a b l e  neut ra l ized  

s t r u c t u r e .  The o ther  coord ina t ion  s i t e s  a r e  occupied by water 

molecule. The s t r u c t u r e s  encountered i n  this paper has been 

i l l u s t r a t e d  below showing a l l  the  pos i t i ons  of coordination s i t e s .  

(~ig.11 8 1111. 

'The au thors  thank P r o f ,  K .N.  NunSN, Nagpur University f OF 
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