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SYNTH REACT INORG MET -0RG CHEM , 26(1), 157-167 (1996) 

L ANTHANI  DE COMPLEXES 0 F 2-AMINOB ENZOPHENONE-2 -THENOYLHY DRAZONE : 

SYNTHESIS A N D  STRUCTURAL CHAWCTERlZATION 

* 
8 .  Singh and  P r e e t i  Saha i  
Department of Chemis t ry ,  B a n j r a s  Hindu U n i v e r s i t y ,  
Varanas i  221005, I n d i a  

ABSTRACT 

T r i v a l e n t  l a n t h a n i d e  complexes of t h e  g e n e r a l  fo rmula  

[Ln(Habth)2C12]C1 

E u ( I I I ) ,  G d ( I I 1 ) .  T b ( 1 I I )  and Dy(111) ;  Habth = 2-aminobenzo- 

phenone-2- thenoylhycrazone]  were p reFa red  and c h a r a c t e r i z e d  

u s i n q  maqne t i c  moments, mo la r  conductance  and U V - V I S ,  IH and 

em i s  s i o n  s p e c  t ro scopy . 

[Ln = L a ( I I l ) ,  P r ( I l I ) ,  N d ( l 1 I ) .  S m ( I I I ) ,  

Reac t ion '  o f  3d-metal c h l o r i d e s  wi th  Habth (Fic;. 1) 

y i e l d e d  t h e  complexes VO(Habth)2S04, M(Habth)2C12 [M = c o ( I 3  ) ,  

N i ( I l ) ,  C u ( I I ) ,  Zn(II) ,  Cd(11)  and H g ( I l ) ] ,  V0(ab th )2  and 

M(ab th )2  [ M  = Co(II), N i ( 1 J  ) ,  C u ( 1 l )  and Z n ( I l ) ] .  

b a s e  i s  bonded a s  n e u t r a l ,  monodenta te  l i g a n d  th rough  t h e  

carbonyl  oxygen i n  VO(Habth)2SG4, as n e u t r a l ,  b i d e n t a t e  l i g a n d  

th rough  t h e  ca rbony l  oxygen and azometh ine  n i t r o g e n  i n  

M(Habth)2C12, a s  u n i n e g a t i v e ,  b i d e n t a t e  l i g a n d  th rough  t h e  

i m i d c l  oxygen and azomethine n i t r o g e n  i n  VO(abth)2 and a s  

u n i n e g a t i v e ,  t r i d e n t a t e  l i g a n d  th rough  t h e  i m i d o l  oxygen, 

azometh ine  and amine n i t r o q e n s  i n  M(abth)2  complexes.  

The S c h i i f  

The 
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158 SlNGH AND SAHAI 

13 

fig.1. Structure o f  H abth 

complexes were proposed t o  have oc tahedra l  geometry,  except  t h e  

vanadyl complexes, which have squa re  pyramidal s t e r eochemis t ry .  

T h i s  work is now extended t o  s tudy  t h e  bonding p r o p e r t i e s  o f  t h e  

S c h i f f  b a s e  towards 4f-metal  i o n s  and i n v e s t i g a t e  t h e  s t r u c t u r e  

o f  t h e  r e s u l t i n g  complexes. The r e s u l t s  a r e  r e p o r t e d  i n  t h i s  

paper. 

EXPERIMENTAL 

2-Aminobenzophenone and 2- thenoylhydrazine (Ald r i ch  Chemie, 

Germany) and hydra t ed  metal c h l o r i d e s  ( I n d i a n  Rare Ea r ths  Ltd.  

Kera l a ,  I n d i a )  were used a s  ob ta ined .  The o t h e r  chemicals used 

were of  B r i t i s h  Drug House or of  e q u i v a l e n t  grade.  

P r e p a r a t i o n  of  t h e  Sch i f f  Base 

Habth was prepared by r e a c t i n g  E t O H  s o l u t i o n s  o f  2-amino- 

benzophenone (10 mmol, 1.97 9, 10 m L )  and 2- thenoylhydrazine 

( 1 0 m m o 1 ,  1.42 g ,  10 mL) c o n t a i n i n g  a c a t a l y t i c  amount of CH3COOH 

(0.1 m L )  

sepa ra t ed  a f t e r  keeping t h e  r e a c t i o n  s o l u t i o n  a t  mom tempera tu re  

f O r y . 3  h.  I t  was r e c r y s t a l l i z e d  from hot  E t O H  s o l u t i o n .  Y i e l d  

2.4 g. 75%, mp 209-12OC [Found: C ,  66.8; H ,  4.6; N, 12.9; N2H4, 

9 .9;  Calcd.  f o r  C1&I15N30S : C,  67.3; H ,  4.6; N, 13.0; N2H4, 

10.01. The S c h i f f  b a s e  was a l s o  c h a r a c t e r i z e d  by I R ,  'H and 

13C NMR s p e c t r a .  

1630, 1600 and 970 an'' which were assigned t o  amide I ,  amide 11. 

under  r e f l u x  for 4 4  h .  A yel low c r y s t a l l i n e  compound 

The 1 R  spectrum shows bands a t  1660, 1535, 
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LANTHANIDE COMPLEXES I59 

Y(C=N), b(i\IH ) and Y~N-N) modes, r e s p e c t i v e l y .  The PhH spec t rum 

o f  Habth i n  DMsb-d6exh ib i t c  s i g n a l s  a t  e 11.09 (lH, s ) ,  5.00 

(2H, s )  and 8.71-7.33 (12H, m )  which a r e  a s s i g n e d  t o  NH, NH2 

and a romat i c  p r o t o n s ,  r e s p e c t i v e l y .  

S c h i f f  b a s e  shons  s i g n a l s  a t  135.67 and 148.49 ppn which a r e  

a s s i g n e d  t o  ca rbony l  and azometh ine  ca rbons .  The s i g n a l s  f o r  

t h e  a r o m a t i c  ca rbons  a r e  assicjfied a s  C2 = 137.64, C3 = 132.37, 

2 

The 13C NMh spec t rum o f  t h e  

C4 = 132.07, C5 = 128.89, C6 = 127.93, 5 = 127.C3, C6 = 125.67, 

C9 = 116.14, Clo = 115.19, C I I  = 113.46, C12 = 129.39, C13 = 128.12, 

C14 = 126.12, C15 = 120.56 ppm, r e s p e c t i v e l y .  

P r e p a r a t i o n  o f  Complexes 

The complexes were p r e p a r e d  by  r e f l u x i n 9  an E t O H  s o l u t i o n  

(30 mL) o f  2-aminobenzophenone-2-thenoylhydrazone ( 2  mmol, 0.65 9 )  

w i t h  t h e  h y d r a t e d  meta l  c h l o r i d e  (1 mmol) f o r -  4 h.  All t h e  

complexes were i s o l a t e d  a s  gummy s o l i d s  by  adding  a c e t o n i t r i l e  t o  

t h e  r e a c t i o n  s o l u t i o n .  The gummy s o l i d  was r e d i s s o l v e d  i n  t h e  

minimum amount o f  e thano l  and r e p r e c i p i t a t e d  wi th  a c e t o n i t r i l e .  

?hen  i t  was rubbed  s e v e r a l  t i m e s  k i t h  a c e t o n i t r i l e  t c  o b t a i n  a 

c r y s t a l l i n e  compound. 

Ana lyses  and P h y s i c a l  Measurements 

The m e t a l  c o n t e n t s  i n  t h e  complexes were de t e rmined  volu- 

m e t r i c a l l y  b y  EDTA t i t r a t i o n s ’  u s i n g  Er iochrome Black -‘I 

i n d i c a t o r  a f t e r  d e s t r o y i n g  t h e  o r g a n i c  m a t t e r  w i th  aqua r e g i a .  

Hydraz ine  was de te rmined  v ~ l u m e t r i c a l l y ~  by  t h e  potass ium i o d a t e  

method a f t e r  h y d r o l y s i n g  t h e  complex w i t h  6 -  8 N HC1 f o r  - 4  h .  

C h l o r i d e  was de t e rmined  g r a ~ i m e t r i c a l l y ~  a s  AgCl . 

a s  

The m o l a r  conductance  of t h e  complexes was de te rmined  o n  a 

WTW c o n d u c t i v i t y  m e t e r  u s i n g  a commercial  c o n d u c t i v i t y  ‘ d i p  ce l l ’ .  

Room t e m p e r a t u r e  magne t i c  s u s c e p t i b i l i t y  measurements  were made on 

a Cahn-Faraday e l e c t r o b a l a n c e  u s i n g  Hg[Co(NCS),] a s  c a l i b r a n t .  The 

D
ow

nl
oa

de
d 

by
 [

C
ol

um
bi

a 
U

ni
ve

rs
ity

] 
at

 2
3:

30
 2

6 
N

ov
em

be
r 

20
14

 



160 SINGH AND SAHAI 

expe r imen ta l  magne t i  c s u s c e p t i b i l i t y  was c o r r e c t e d  f o r  d i amagne t i  s m  

u s i n g  P a s c a l ' s  c o n s t a n t s  . 1R s p e c t r a  o f  t h e  S c h i f f  b a s e  and t h e  

complexes were r e c o r d e d  on  a JASCO F T / I H -  5300 spec t ropho tomete r .  

UV-VIS s p e c t r a  were reco rded  on  a Shimadzu-16OA s p e c t m p h o t m e t e r  

w h i l e  t h e  emis s ion  s p e c t r a  o f  t h e  complexes were r eco rded  i n  t h e  

s o l i d  s t a t e  on a Perkin-Elmer MPF- 44B f l u o r e s c e n c e  s p e c t r o p h o t o -  

m e t e r ,  a f t e r  e x c i t i n g  with 335 nm r a d i a t i o n .  

4 

RESULTS AND DISCUSSION 

The r e a c t i o n  between t h e  h y d r a t e d  l a n t h a n i d e  c h l o r i d e  and t h e  

S c h i f f  b a s e  may b e  shown a s :  

LnC13.nH20 + 2 H a b t h  = [ L ~ ~ ( H a b t h ) ~ C l ~ ] C l  + nH20 

The r e s u l t i n g  complexes are s o l u b l e  i n  e t h a n o l ,  me thano l ,  

DMF and DMSO.  They melt w i t h i n  t h e  t e m p e r a t u r e  range  128-24Ooc. 

The  complexes a r e  found  t o  b e  1:l e l e c t r o l y t e s  i n  M e t h a n o l  

s o l u t i o n s  imp ly ing  t h a t  one  o f  t h e  c h l o r i d e  i o n s  i s  o u t  o f  t h e  

c o o r d i n a t i o n  s p h e r e .  

I R  S p e c t r a  

Habth e x h i b i t s  bands  a t  1660, 1630, 1600  

i n f r a r e d  s p e c t n m  which a r e  a s s i g n e d  t o  Y(C=O 

and Y7C 

, Y ( c = I \  

cm-' i n  t h e  

, 6(NH2) 

and Y ( N - N )  modes, r e s p e c t i v e l y .  A ba thochrcmic  s h i f t  o f  v ( C = 0 ) ,  
7 v ( C = N )  and C ? ( N H Z )  modes6 and a hypsochromic s h i f t  of v ( N - M )  

sugges t  c o o r d i n a t i o n  th rough  t h e  carbonyl  oxygen ,  azcmeth ine  

n i t r o g e n  and amine n i t r o g e n .  

due t o  w ( N H )  

hydrogen bond ing  between - N H  and C1. Thus i t  may b e  conc luded  

t h a t  Habth bonds  t o  t h e  m e t a l  i o n  i n  a t r i d e n t a t e  f a s h i o n  t h r o u g h  

t h e  caxbonyl oxygen, azoniethine n i t r o g e n  and m i n e  n i t r o g e n .  

The observe-d l o w e r i n g  i n  a b s o r p t i o n  

a t  3559-3414 cm-' t o  3316-3433 cm-' may be  due t o  
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162 SINGH AND SAHAl 

Tab le  2. I n f r a r e d  S p e c t r a l  Bands/ cm- l  and t h e i r  Ass ignments  

Complex v (C=O)  r(C=N) r(N-N) B(NH2) 

Habth 1660111 1630sh 970w 16ooW 

[La (H a b t h )  2C12] C1 1640s 1620w 1 0 2 0 m  1585w 

[ P r (H ab  t h ) 2C1 2] Cl 1655w 1626s 1024111 1586w 

[ Nd(H a b t h )  2C12] c1 1655w 1626 s 1057111 1588m 

[ Sm(H ab  t h  ) 2C12] C1 1657w 1620s 1026111 1586w 

[ Eu (H a b t h  ) 2C1 2] C l  1657w 1626w 1026m 1585w 

[ Gd( H a b t h ) 2C1 2] C1 1655w 1628m 1026m 1591m 

[T b (H a b t h  ) 2C1 2] C1 165- 1624m 1026m 1591w 

[ Dy ( H  ab  t h ) 2C1 2] C1 1650w 162801 1026m 1591m 

Magnet ic  S u s c e p t i b i l i t i e s  

The mdgne t i c  s u s c e p t i b i l i t i r s  o f  t h e  complexes,  excep t  t h o s e  

o f  s a m a r i u m ( l 1  I ) and e u m p i u m ( l 1 l  ) ,  show l i t t l e  dev i ; t i cn  from t h e  

Van Vleck values ' ,  i n d i c a t i n c j  s l i q h t  p a r t i c i p a t i o n  of 4 f - e l e c t r o n s  

i n  bond f o r m a t i o n .  

c a s e  of s a m a r i u m ( I I 1 )  and eu rop ium(1 l i  ) complexes may i n c l u d e  

t e m p e r z t u r e  dependent  maqnetism on account  o f  lob\ J-J s e p a r i t i o n .  

T h e  s l i g h t l y  h i g h e r  ref: v a l u e s  o b s e r v e d  i n  

E l e c t r u n i c  S p e c t r a l  S t u d i e s  

1 Habth e x h i b i t s  bands  a t  27U25, 30770,  37735 and 42555 crn- 

n -;7T* t r a n s i t i o n s .  which may b e  a s s i g n e d  toT->Ti  * and /  o r  

The l a n t h a n i d e  complexes show a b s o r p t i o n  bands  a t  26325- 27195 

and 42550- 39215 cm-' due t o  t h e  above a b s o r p t i o n s .  The L a ( l l 1 )  

complex does  n o t  show f - f  t r a n s i t i o n s  as i t  h a s  a 4 f0  c o n f i g u r a -  

t i o n .  The complexes of Eu(III), G d ( I I I ) ,  T b ( I I 1 )  and Dy( I13)  a l s o  

do no t  g i v e  f - f  t r a n s i t i o n s .  Hov.ever, t h e  e l e c t r o n i c  s p e c t r i  of 

P r ( I I 1 ) .  N d ( l i 1 )  and Sm(1ll) complexes have  been  a n d l y s e d  ( T a b l e  4 ) .  
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LANTHANIDE COMPLEXES 163 

The f-f  t r ans i t i ons ' '  a r e  weakly al lowed due t o  some mix ing  

o f  e x c i t e d  s t a t e s  of  o p p o s i t e  p a r i t y  i n t o  t h e  ground s t a t e  t h a t  i s  

c o n f i g u r a t i o n  i n t e r a c t i o n .  T h i s  small  mixing i s  i n c r e a s e d  on 

complexat ion i f  t h e  energy of  t h e  e x c i t e d  s t a t e  i s  lowered.  T h i s  

a l s o  i n c r e a s e s  due t o  t h e  i n c r e a s e  i n  t h e  c o v a l e n t  n a t u r e  o f  t h e  

m e t a l - l i a a n d  bond. T h i s  a b s o r p t i o n  i n t e n s i t y  p r e s e n t e d  a s  

o s c i l l a t o r  s t r e n g t h  (p) was c a l c u l a t e d  from t h e  e x p r e s s i o n :  

p = 4.31 [ 9 2 /  (v,,? + ~ ) ~ 1 ~ ~ ~ d ~  

where % i s  t h e  r e f r a c t i v e  i n d e x  of t h e  s o l v e n t  and & i s  t h e  mola r  

e x t i n c t i o n  c o e f f i c i e n t  of  t h e  wave l e n g t h  v . " " ~  

s t r e n g t h s  [ T a b l e  31 co r re spond ing  t o  a13 t h e  obse rved  bands  o f  

LNd(Habth)2C12]C1 a r e  l a r g e r  t han  t h o s e  r e p o r t e d  f o r  t h e  aquo 

ionsL3 .  

s t r e n g t h  v a l u e s  may be  a t t r i b u t e d  t o  t h e  i n t e r a c t i o n  of Nd3+ i o n  

wi th  Habth l e a d i n 9  t o  a g r e a t e r  covalency of t h e  metal  l i g a n d  

bonding13. I n  t h e  absence o f  t h e  u f r e e  ion v a l u e ,  t h e  i o n i c  o r  

c o v a l e n t  c h a r a c t e r  may be  expres sed  r e l a t i v e  t o  t h e  aquo complex 

i n  a 6 -  s c a l e  where t h e  pa rame te r  6 ( i n  p e r c e n t )  i s  e x p r e s s e d  a s  

b = (1- L )  1 O O / P  and G i s  t h e  Y~~~~~~~ 

p o s i t i v e  v a l u e  o f  c i n d i c a t e s  cova len t  bond ing  i n  t h e  N d ( I l 1 )  

complex. The Nujol  mull and e thano l  s o l u t i o n  s p e c t r s  of  t h e  

neodymium(II1) complex show almost  s i m i l a r  p r o f i l e s  with s h a r p e r  

f e a t u r e s  i n  t h e  l a t t e r .  I t  may, t h e r e f o r e ,  b e  i n f e r r e d  t h a t  

t h e r e  i s  no change i n  c o o r d i n a t i o n  due t o  s o l v a t i o n  effects ' ' .  

The p m f i l e  of t h e  bands i n  t h e  Nd( I I1 )  complex c l o s e l y  r e sembles  

t h a t  o f  t h e  e i g h t - c o o r d i n a t e d  Nd( I I1 )  complex r e p o r t e d  by 

Karraker'' and as i s  a l s o  proposed by IR s t u d i e s  i n  c o n j u n c t i o n  

w i t h  t h e  mola r  conductance.  

The o s c i l l a t o r  

However, t h e  t h r e e  t o  n i n e -  f o l d  i n c r e a s e  i n  t h e  o s c i l l a t o r  

r a t i o .  T h e  ' 'aqua 

Emiss ion  SDectra 

The s p e c t r a  o f  a l l  t h e  complexes excep t  t h a t  of  lanthanum 

were recorded.  The complexes do no t  f l u o r e s c e  or f l u o r e s c e  o n l y  
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IANTHANIDE COMPLEXES 165 

Tab le  4 .  E l e c t r o n i c  S p e c t r a l  Data o f  Habth Complexes 

compl exes  Bands/cm-l Assignments Cal cul a t e d  
pa rame te r s  

[ P d H a b t h )  2c12] c1 16778 

20703 

21276 

22421 

[ Nd(H ab th  ) 2C1 2]  G1 11560 

12578 

13513 

14706 

15625 

17391 

19231 

[Sm (H a b t h  ) 2C1 2] Cl 20964 

2487 5 

- 
/3 = 0.9676 

--> 3P0 b1/2 = 0.1271 

-> 3Pl 6 % = 3.3412 

-> 3P2 ‘1, = 0.0165 

D2 3H4 -> 

4 

ci = 0.9915 --> ’9/2 
4 

--> F7/21  ’3/2 b1’2= O.G-552 
4 

-> F9/2 6 % = 0.8573 

--> %/2 = 0.0043 

--> G 5 / 2 ’  7/2 

4 ~ 9 / 2  --> F3/2 
- 

4 

2G 4 

-> 4 ~ 9 / 2  
- 

6H5/2 -> 4~11/2 P = 0.9907 

b1/2 = 0.0881 

0 % = 0.9387 

= 0.0047 

. CI 

Fig.2. Structure of [Ln(Habth)2CIz]Cl 
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166 SlNGH A N D  SAHAI 

very  weakly a t  l i q u i d  n i t r o g e n  t empera tu re  due t o  i n t e r n a l  quenching  

th rough  s t r o n g  c o u p l i n g  o f  t h e  i o n s  wi th  t h e  c r y s t a l  

T h i s  may a l s o  be  due t o  t h e  bulky n a t u r e  o f  t h e  l i g a n d  which a c t s  

a s  e f f e c t i v e  " s i n k "  f o r  t u n n e l l i n g  away o f  t h e  energy  and t h u s  

r educ ing  t h e  f l u o r e s c e n c e  y i e l d  d r a s t i c a l l y .  

Based on t h e s e  s t u d i e s  an  e i g h t - c o o r d i n a t e  s t r u c t u r e  ( F i g .  2 )  

f o r  t h e s e  complexes may b e  p roposed .  
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