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The stoiehiometry and structure of salieytidenebenzoic-hydrazine (SBH) 
chelates with UQ(II) ,  Ce(III) and Th(IV) in buffer-ethanol mixtures and in 
pure ethanol is studied applying conductometrie titration, visible spectropbo- 
tometry and ir-spectroph0tometry. The ir-spectra revealed that coordination 
takes place through the C = O and C = N groups. 

(Keyword,s: Complexes, Ce a+, Th a+, UO~~-; Conductometrie titration; 1R- 
Spectroscopy) 

Komplexe von Cea~, Th4+ uud UO2 2+ mit dem Kondensationsprodulct aus 
Salicy!aldehyd--Benzhydrazid ( SBH ) 

Die St6chiometrie und die Struktur der SBH--Me(x) Chelate in Puffer-- 
Ethanol-Misehungen und in reinem Ethanol wurde mittels Leitf/~higkeitsmessun- 
gen, UV- und IR-Spektroskopie untersuebt. Insbesondere die tR~Messungen 
zeigen, dab die Koordination fiber die C=O- und C=N-Gruppierung 
stattfindet. 

Introduction 

The  chelating propert ies of hydrazides and their derivatives have  
become of special interest  in recent times due to their biological 
importance.  The anti tuberculous act ivi ty  of hydrazides 1 was attri-  
buted  to their abili ty to form stable chelates with transit ion metM 
ions2-4. 

As given previouslyS,6, the hydrazide rest ( - C  = O - - N H  -N) can 
at ta in  either the ketonic (I) or the enolie form (II). 

I t  was shown tha t  the tendency of the hydrazide to react  in the  
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enolic  fo rm depends  on the  an ion  of the  sa l t  used v, the  H + ion 
concen t r a t i on  of  the  m e d i u m  and  the  n a t u r e  of  the  s u b s t i t u e n t s  
a t t a c h e d  to the  C = 0  and  } - - N  a t o m  s. However ,  Issaetal. s, have  

- - C  Oxa M( z-~+ --c--o\ 

N H _ N  7 N - - N  / 

(I) (II) 

i n d i c a t e d  t h a t  the  sa l t  an ions  and  s u b s t i t u t i o n  wi th  a l i pha t i c  a l d e h y d e s  
or ke tone  a t  the  ~ - - N  a t o m  are  of l i t t l e  inf luence on the  t y p e  of the  
reac t ion .  The  m e t a l  complexes  are  i n v e s t i g a t e d  in e t h a n o l - b u t l e r  
mix t rues  as well as in pu re  e thanol .  

Experimental 

Preparation of the Organic Ligand: Salicyiidenebenzoic-hydrazide (SBH) 
was prepared by the condensation of salicyaldehyde with benzhydrazide in the 
usual manner for the preparation of hydrazones 9. The compound thus prepared 
was crystallised several times from pure ethanol. The puri ty of the ligand 
prepared was checked by elemental analysis. 

Preparation of Solutions: A solutimq of SBH (10-SM) was prepared by 
dissolving the appropriate amount of the solid in pure ethanol. The metal salt 
solutions of Ce(III) and U(VI) were prepared using the perchlorate salts. 
Th(IV) solutions were obtained from the Analar, nitrate reagent. The metal 
contents of solutions were determined by conventional methods 10. Buffer 
solutions consisting of boric acid, Borax, succinic acid and sodium sulfate ofpH 
3-9 were prepared as given by Brit ton n. 

Preparation of Metal Complexes': The solid complexes with stoichiometric 
ratio 1: ! and 1:2 were prepared by mixing a hot ethanolic solution of the 
~organic reagent with a similar one of the metal salts. The reaction mixture was 
then refluxed for 30 rain on a water bath. On cooling the complexes separated 
as fine crystals. The solid was then filtered off and washed several times with 
hot ethanol, dried and preserved in a desiccator over dried silica gel. The 
complexes obtained decomposed without melting when heated above 250 ~ 
The solid complexes are soluble in ethyl and methyl alcohols and acetone, 
spraingly soluble in water, insoluble in chloroform, carbon tetrachloride and 
light petrolemn. 

Working Procedure: Conductometric ti trations were carried out using a 
PYE conductance bridge and a conductivity cell of the dipping type. The 
absorption spectra of the solutions were recorded on a UNICAM S.P.  500 
Spectrophotometer. The i.r.  spectra of the chelates were recorded on a 
Beekmann infrared speetrophotometer as KBr  disc. 

Results and Discussion 

Spectrophotometric Measurement8 

The  spec t ra l  m e a s u r e m e n t s  were car r ied  ou t  in pure  e thano l  a n d  in 
Thiel buffer  so lu t ion  con ta in ing  40 ~o e thanol .  U n d e r  these  condi t ions ,  
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Fig. 1. Abso rp t ion  speetru  of SBH complexes.  A Const.  [Th4+] = 1.0 x 10 -4 M 
(in pure  e thanol) .  1 [SBH] = 0.3 x 10-4M; 2 0.7 x 10-4M; 3 
[SBH] = 1.0 x 10-4M; 4 1.3 x 10-4M; 5 [SBtt] = 1.7 x 10-4M; 6 
2.0 x 10-4M ; 7 [SBH] = 2.5 x 10-4M ; 8 3.0 x 10-4M, B Continuous var ia t ion  
(in pure  e thanol )  1 [Ce~T]~ [SBHJ = 9.0 x 10 5M, 3.0 x 10-~M; 2 [Cea-], 
[SBH] = 7.2 x 10 ~M, 4.8 x 10-~M: 3 [Ce3q, [ ,#B/~  = 6.0 x 10-5M, 
6.0 x 10-~M; 4 [Cea+], [SBH] = 4.6 x 10-~M, 7.4 x 10-~M; 5 ICe'*I, 
[SBH] = 4.0 x 10 :'M, 8.0 x 10-~M; 6 [ t ea - I ,  [SBI~ = 3.0 x 10 5M, 
9 . 0 •  10 ~M; 7[Cea~], [SBIt]=2.0x 10 5M, 10 x 10 SM, C Const .  
[SBH] = 1.2 x 10 aM. 1 [ U Q  z~] = 1.5 x 10-5M; 2 3.0 x 10-5M; 
3 [ U O z  2~] = 4 . 5 x  10-SM; 4 6 . 0 x  10 ~M; 5 [ U O ~  + ] = 7 . 5  x 10-5M; 6 
9.0 x 10 5M: 7 [UOz z+] = 1.05 x 10-4M; 8 1.2 x 10-4M. D Const.  
[Th  4• = 1.5 x 10-4M. (pH 6.1, 40~o e thanol )  1 [SBH]  = 1.0 x I0-4M;  2 
1.5 x 10-4M; 3 [SBH] = 2.25 x 10-4M; 4 3.0 x 10-4M; 5 
[SBH] = 3.75 • 10-4M; 6 4.5 • 10-4M; 7 [SBIt-J = 5.25 • 10-4M; 8 

6.0 • 1 0 - 4 M  

t h e  c o l o u r s  o f  U r a n i u m ,  T h o r i u m  a n d  C e r i u m  c h e l a t e s  w i t h  SBH v a r y  

f r o m  r e d d i s h  b r o w n  t o  d e e p  b r o w n  co lour ,  i t  w a s  f o u n d  t h a t  t h e  

m a x i m u m  c o l o u r  d e v e l o p m e n t  is a t t a i n e d  a t  pH 6.1 fo r  UO22+--SBH, 
pH 6.1 fo r  Th4+--SBH a n d  pH 4.1 fo r  Cea+--SBH c h e l a t e s .  

T h e  s p e c t r a  of  t h e  SBH--UQz+ c o m p l e x ,  a t  pH 6 . t  ( c o n t a i n i n g  

40~s  e t h a n o l )  r e v e a l  m a x i m u m  a b s o r p t i o n  a t  ?, = 3 6 0 n m  a n d  a 
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shoulder near 250nm. The bands show an increase in intensity with 
increasing the concentration of either S B H  or the metal  ion. In  pure 
ethanol, the S B H - - U Q  2§ complex exhibits a band with Xm~x near 
410 nm. The bands shows an increase in intensi ty and an apparen t  red 
shift with increasing the concentration of either S B H  or the metal  ion. 

The spectrum of the S B H - - T h  4+ complex exhibits one band with 
Xm~ x a t  380 rim, in a solution o f p H  6.1 (containing 40 ~s ethanol) and a t  
390nm in pure ethanol. An apparent  red shift in the absorption 
max imum is observed on varying the concentration of the organic 
ligand, which indicates the probable formation of complexes containing 
higher ratios of the ligand. 

The spectrum of the SBH-~Ce ~+ complexes at  loll 4.1 is 
characterised by two bands with Xm~ x a t  355 and 260 rim. This refers to 
the probable existence of two types of complexes. In pure ethanol,  the 
spectrum shows one absorption band with z ~ x  = 390 nm. An apparen t  
red shift is observed for high concentration of ligand or metal  ion. 
gepresent ive  absorption spectra of the chelates are shown in Fig. 1. 

S B H  shows three bands at  225, 295 and 330nm, which undergo a 
red shift on complexation owing to an enhanced charge transfer  
through the hydrazide rest ( ~  = O- -NH-- -N) .  On the other hand, the 
band due to the ligand disappears gradually upon the addition of 
increasing amounts  of metal  ion to a constant  concentration of ligand. 
This leads to the appearance of a characteristic absorption band which 
may  be a t t r ibuted  to the chelate formation.  

Stoichiometry of the Complexes 

The composition of the complexes formed in solution were examined 
by  the molar ratio 12, s t raight  line la, continuous variation14, slope 
ratio la and the limiting logarithmic methodslq  The results obtained 
indicate the probable  format ion of two types of complexes with 
stoichiometric ratio 1:1 and 1:2 (M.'L) for the three metal  ions 
investigated, as shown in Fig. 2. 

The apparent  stabil i ty constants (log~) of the complexes formed 
were determined from the spectral da ta  using molar ratio 11, continuous 
variation14 and s t raight  line 13 methods (Tab. 1). 

The values of the tbrmation constants were calculated for different 
media, in order to find out the op t imum cor~ditions fbr m a x i m u m  
stabil i ty;  max imum stabil i ty is a t ta ined in pure ethanol. Change in 
ionic strength by addition of different concentrations of NaCI04 
(0.1M 1.0M) to the ethanol-buffer mixture  shows no effect on the 
stabil i ty constant.  I t  is clear from the results listed in Tab. i tha t  the 
stabil i ty of the complexes formed are in the following order: 

Ce 3+ > UO~ 2+ > Th 4+ 
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Conductometric M eas~trement~ 

Solutions of 10 -3 M of metal  chloride were titra, ted with 10 -2 M 
solution of SBH. The conductance-molar  ratio curves (Fig. 3) are 
eharacterised by breaks denoting the format ion of 1" 1 and 1:2 
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Fig. 2. Stoichiometry of SBH complexes. A Molar ratio, B Continuous 
variation, a SBH--Oes~ (ethanol, X = 390nm); b ~'BH--Ce :~- (pt{ 4.1, 4 0 ~  
ethanol, X = 355 nm); c S B H - - T h  4+ (ethanol, x = 390 nm); d SBH - - T h  4+ (pH 
6.1, 40~o ethanol, X=380nm) ;  e SBH--U022.  (ethanol, x = 4 1 0 n m ) ;  f 
SBH--U022+ (pH 6.1, 40 % ethanol, x = 360 n m ) ; f  S B H -  UO22§ (pH 6.1, 40 ~o 

ethanol, X = 250 ran) 

complexes .  F r o m  these  resu l t s  i t  is conc luded  t h a t  the  r eac t ion  be tween  
the  m e t a l  ions and eomplex ing  agen t  unde r  i n ve s t i ga t i on  occurs  v ia  the  
t b r m a t i o n  of a coo rd ina t i on  l inkage  with  t he  oxygen  of  t he  c a r b o n y l  
g roup  a n d  the  n i t rogen  of t he  a z o m e t h i n e  l inkage.  S B H  behaves  as a 
b i d e n t a t e  l igand  : 

. / - - \  --O--~N~+ HO\ 

151 

(z) 

\ 
I__ 

1.0 



T
ab

le
 

1.
 

T
he

 a
pp

ar
en

t 
~t

ab
il

it
y 

co
ns

ta
nt

s 
of

 S
B

H
 

ch
el

at
e8

 

T
y

p
e 

of
 

co
m

pl
ex

 
P

u
re

 
et

h
an

o
l 

lo
g 

B
u

ff
er

 
B

u
ff

er
 

P
u

re
 

+ 
E

th
an

o
l 

+ 
E

th
an

o
l 

E
th

an
o

l 
+ 

N
aC

IO
 4

 

�9 
--

A
 G

*
k

ca
l/

m
o

l 
B

u
ff

er
 

+ 
E

th
an

o
l 

B
u

fi
er

 
+ 

E
th

an
o

l 
+ 

N
aC

IO
4 

1 
T

h
 4§

 : 
1 

S
B

H
 

5.
20

 
5.

07
 

5.
07

 
7.

09
 

6.
91

 
6.

91
 

1 
T

h
 4+

 : 2
 S

B
H

 
11

.5
5 

11
.2

5 
11

.0
9 

15
.8

3 
15

.4
2 

15
.1

2 
1 

U
02

2~
 : 

1 
S

B
H

 
6.

34
 

6.
14

 
5.

87
 

8.
65

 
8.

25
 

8.
06

 
1 

U
O

z ~
+ 

: 2
 S

B
H

 
11

.7
6 

11
.3

8 
11

 ~
40

 
16

.1
2 

15
.5

2 
15

.6
2 

1 
C

e3
+:

 1
 S

B
H

 
7.

45
 

6.
23

 
6.

22
 

10
.1

6 
8.

54
 

8.
54

 
1 

C
e 3

+ 
:2

 S
B

H
 

11
.5

6 
11

.4
0 

11
.3

6 
15

.7
6 

15
.6

2 
15

.4
9 

9z
 



C@-, Th 4+ and UO,) 2.- Complexes 1157 

The increase in conductance upon titrating metal ion solutions by the 
ligand is probably due to the liberation of the coordinated chloride ions 
through interaction of the ligand with the metal  salt, thus increasing 
the number  of ionic species in solution. 

MCI~. + L ~ M L  z+ + a-C1- 

In ease of the 1:1 T h ( I V ) - - ~ B I J  complex, the decrease in 
conductance is brought  about  by the increased weight and volume of 

obi~ I 

2 q 
'o  30" 

8 ?s.~2. I 

2l,"/ ,1 ~ 

2 2  

20  /.018 I 
I 2 3 

[SeH]/lNlx*l 

Fig. 3, Condueta, nee-mola, r ratio curves, a SBH---Cea+; 5 NBH--Th4"; 
c •BH--UOs z* 

the metal  ion after being incorporated in a complex. This results in a 
decrease of its diffusion coefficient and hence of its conductivity.  

I R Spectra 

The infrared spectra of the solid complexes compared to those of 
the organic ligand show tha t  the ir bands due to the C = 0 and C = N, 
lying at  1,665 cm -1 and 1,615 em -1 respectively, are shifted to red (Tab. 
2), therefore the coordination to the metal  ion takes place through these 
functional groups. The existence of the 'HN band at  3,250 cm -1 in the 
spectra of complexes indicates coordination of the tigand in the ketonic 
form. But  the bands due to the OH group (3,400em -x) are still 
observed in the spectra of the chelates. This result favour formula (I), 
i,e. the OH group does not  par t ic ipate  in chelate formation. The 
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hydrogen atom of the OH group is involved in an intramolecalar 
hydrogen bond with the nitrogen of the azomethine centre as indicated 
by the broadening of the OH band at 3,400 cm-L The existence of the 
hydrogen bond would decrease the tendency of the hydrogen atom to 
be displaced by the metal ion. On the other hand it brings about an 
increase of electron density on the N-atom by charge transfer of 
electron from the phenyl ring and oxygen atom of the OH group. 

Generally, the ir spectra certify that  the S B H  would behave as a 
bidentate ligand coordinating via the carbonyl oxygen and ~- -N atom. 

Table 2. Some IR  bands of S B H  and its metal chelates 

Th4+ U02~+ Ce3+ 
Ligand 1 : 2 1 : 2 1 : 2 Assignment 

1615 1580 1560 1550 vc=N 
1665 1610 1600 1590 vr o 
3250 3250 3250 3250 VNH 
1295 1295 1295 1295 ~ - N  
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