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N-Sallcoylhydrazine (SH) and N,N' -disalicoylhydraztne (DSH) complexes of. the types M(SH-Hh; M3
(DSH-1HMOH). and Ni(DSH-1H) (OH). where M =
Cu(I1), Ni(II), Co(II), Fe(II) or Mn(II) and M' =Cu(II),
Co(II), Fe(Il) or Mn(II), have been isolated and characterized on the basis of analytical, infrared and electronic spectral and magnetic moment data. Cu(II)-SH
and Cu(II)-DSH complexes are planar, Ni(II)-DSH
complex has a mixed planar-octahedral geometry and
Ni(II)-SH, Co(II)-SH and Co(U)-DSH complexes are
octahedral.
Phenolic -OH aroups of SH or DSH are
involved in chelation.

continuation
INcomplexes
of

of our earlier work- on the
N-acyl-N' -salicoylhydrazines,
the
complexes of Nvsalicoylhydrazine
(HO.C6H4CO.NH
NH2, SH)" and N,N'-disalicoylhydrazine
(HO.C6H4
CO.NHNHCO.CeH4.OH,
DSH) with some bivalent
metal ions have been prepared.
Both SH and DSH
can act as multidentate ligands in view of keto-enol
equilibria I?IT and III~IV
re~pectively.
.SH has been shown to coordinate through (=0
and NH2 groups in some transition metal complexes2:3
but in a solution study of the Mn(II) complexs, It
has been shown to act as a chelating ligand involving
phenolic (-OH)
group as well.
. Metal salts of LR grade (BDH) were used for the
preparation
of the complexes.'
The ligands were
prepared by the reaction of methyl salicylate' and
hydrazine hydrates.
SH was crystallized from hot
ethanol, m.p. 144°. DSH was found to be sparingly
soluble in ethanol.
It was, therefore, thoroughly
washed with ethanol to free from the unreacted
components;
m. p: 302°.
SH and DSH were dissolved in liquor ammonia
and the solutions were made neutral with dil, HCI. A
turbidity
appeared in the case 'of DSH. It was
filtered and the fi.ltrate used for the preparation of
the complexes .. Aqueous solutions of metal salts were
added to the ligand solutions in 1:4 (metal-SH)
and 1: 2 (metal-DSH) molar ratios. The precipitated
-To whom all the correspondence should be addressed.
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complexes were filtered, washed with water and hot
dilute ethanol and dried in a desiccator.
Metals in the complexes were estimated
by
standard procedure=
after destroying the organic
moiety by a mixture of HNOs and H~l. ~m~as
estimated
volumetrically
by hydrolysing
It With
HCl and titrating the liberated N2H4 by RI03 (ref.
6). Hydrolysis of DSH was very slow and t~eref?re
it was regained from the complexes by warming with
dil. HCl, filtering, washing with water and estimating
it as such gravimetrically.
Nitrogen was estimated
by microanalysis using a Coleman nitrogen analyser.
Infrared (KBr) and electronic spectra (nujol) were
recorded on Perkiri-Elmer337
and Cary-14 model .spectrophotometers
respectively.
Magnetic measurements were made on a Faraday type of balance
using Hg[Co(NCS)4J as the calibrant.
The analytical data and some general characteristics
of the
complexes are given in Table 1.
In spite of the higher metal-ligand molar ratios
used for the prepara+ion of the complexes, the analytical results show that SH forms 1 :2 (metal-SH)
complexes with Cu(II), Ni(II), Co(lI), Fe(lI) and
Mn(II).
DSH, however, forms 2:1 complex with
Ni(II) and 1'5:1 (metal-DSH) complexes with Cu(II) ,
Co(II), Fe(II) and Mn(II). This variation in stoichiometry of DSH complexes may be due to inflexibility
of the ligand having bulky salicoyl groups on either
side .of -NHNH - group. The complexes are insoluble
in water or common organic solvents and decompose
above 200-250° without melting indicating their
ionic or polymeric nature in solid state".
Visible spectra of Cu(II) complexes of SH and
DSH show bands at 600 and 585 nm respectively
corresponding
to the transition
2T2g.(;-2Eg• The
colours and position of the above bands are in
agreement with those generally observed for planar
Cu(II) complexess.
Octahedral
Ni(II) complexes
show three bands around 375,' 600 and 1000 nm
respectively
corresponding to the transitions2Allg
-+3T2g(P), 3A2g-+3T1g(F)
and 2A2g-+T2g(F).
In the
present case, the band around 375 nm is masked
by a charge-transfer
band. The other two bands
at 625 and 975 nm in Ni(II)-SH complex correspond
to' octahedral stereochemistry.
Ni(II)-DSH complex
also shows two bands at 495 and 925 nm, but these
do not correspond.to
the three spin-allowed bands
observed in the 6-coordinated9 or 5-coordinatedlO
Ni(II) complexes.
While the colour 0+ the complex
and position of the band at 495 nm are fairly close
to those observed for planar complexest- of Ni(II),

TABLE 1 -

COLOUR, ANALYTICALA~D ELECTRONICSPECTRALAND MAGNETICMOMENTDATA OF N-SALlCOYLHYDRAZINEAND
N,N'-DISALlCOYLRYDRAZINECOMPLEXES
.
Complex

Colour

Found

(calc.), %

Ama" (nrn)

tJ.eff·.

(BM)
Dr.rk green

Cu(SH-H).
Ni(SH-H)
Co\SH-H)

aa-

2H.O
21Ip

Violet
Green

Fe(SH-H)2

Brown

Mn(SH-H)2

Light yellow

CU3(DSH - 2H).(OH)22H•O

Light green

Ni.(DSH-2H)(OH).

Orange

Co3(DSH - 2l-!).(OH) s-8H2O

Dark green

Fe3(DSH -2H).(OH).

Reddish

Mn3(DSH -2H).(OH).

Dark green

brown

Metal

SH!DSH

N

17'1
(17,4)
15·2
(14-8)
15·4
(14-8)
16·0
(15'4)
16·0
(15'4)
23·2
(22'8)
26·8
(26,9)
20·3
(19'7)
23·3
(22-6)
22·0
(22'3)

83·0
(82-6)

15·0
(15·3).
14·2
(lH)
13·8
(14'1)
15·0
(15'6)
15·1 .
(15-6)
6·9
(6,9)
6·5
(6-6)
6·0
(6'2)
7·0
(7'5)
7·3
(7·5)

SH = N -salicoylhydrazine,

no

(76,0)
76·8
(76·0)
83-8
(84'3)
83-6
(84'5)
67·7
(67-4)
64·5
(63·9)
60·7
(60'3)
71·8
(72-9)
72-6
(73'0)

400, 600

1·9

250, 375, 525, 625,
.975
250, 300, 375, 550

2·9

225, 255, 330, 500

5,5

4·9

6·0
350, 370, 390, 585

1--8

400, 495, 925

1·2

360, 380, 400, 575

5·1
5·6
5·8

DSH =N ,N' -disalicoylhydrazine.

the presence of 925 nm band suggests octahedral
geometry.
Keeping in view the subnormal magnetic
moment of Ni(II)-DSH comr lex, it may be proposed
to have a mixed planar-octahedral
stereochemistry
in
the solid state. Co(II)-SH and Co(II)-DSH complexes
show bands at 550 and 575 nm respectively
due to
the transition
4.T1g-+4.Tlg expected for octahedral
Co(II) complexes",
All the SH and DSH complexes are paramagnetic
(Table 1). The (Leff values indicate
that Cu(II)SH and Cu(II)-DSH
complexes are planar"
and
Ni(II)-SH,
Co(II)-SH
and Co(II)-DSH
complexes
are' octahedral'>,
The ref!,
value of Ni(II)-DSH
complex lies in the range reported for subnormal
magnetic moments-s due to mixed geometry in solid
state.
Infrared spectrum of SH shows bands at 3240,
1640, 1625, '1585 and 1525 em"! which, can be
assigned to vNH+vOH, vC=O or vC=N, 0 NH2, and
phenyl ring stretching modes respectively13,14. The
'IIC=O decreases bv ",,20 cm! in the complexes
0
.
showing involvement of C=
group in coordination,
The oNH2 bands are either unaffected or slightly
shifted.
The negative shifts of ring stretching modes
by 10-15 crrr? c~n be attributed
to the simultaneou. s
involvement
of phenolate
and carbonyl groups in
bonding.
DSH shows absorption bands at 3100, 1600, 1550
1
h'l"
b
.
dt
NH+OH
and 1500 ern w IC 1 may e assigne
0 'j
U,
uC=O or uC=N + ring stretching, amide-If + ring
strething
and NCO- vibrations'" respectively.
A
close examination
of the shapes and positions of
these bands as compared to those of SH indicates
strong hydrogen bonding in the DSH molecule indicating that the ligand exists virtually in the enol
form (IV). In the keto form (III), the amide-I band
hi h f
should have been present at a mue h Ig er requency
than 1600 em? as observed in N-acylhydrazines13-15
and N,N'-diacylhydrazines13,16.
In the enol form,

the place of amide-I band is taken by vC=N, which
appears as a medium or a strong band around 1600
1600 em? (ref. 18). In the Cu(II) complex, bands
corresponding to those in DSH are observed at 3300,
1600,1575,1545 and 1485 ern? and in Ni(II) complex
at 3300, 1600, 1570, 1540 and 1480 em'<. The bands
in the region 3500-3000 cm! have a broad shoulder
at 3500 cm! indicating the presence of -OH group.
uC=N band at 1600 em'? remains unaffected
on
coordination
but a ring stretching
mode previously
merged with it, splits up and is observed around
1570 crrr".
The authors are thankful to the Head, Chemistry
Department,
Banaras, Hindu University,
Varanasi
and the Director,
CDRI, Lucknow, for providing
facilities
for recording
analytical,
magnetic
and
spectral data.
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(b) Reagent titration - HeIO. (O·lM, S ml)
NaCIQ. (1,0.'11, 9 ml)
Ligand (O'OSM, 10 ml)
conductivity water (26 ml).
(c) Metal titration - HClO~ (O'IM, 5 ml)
NaCIO. (l·OM. 8·9 ml)
Ligand (0·05M, 10 ml)
metal solution (O·OIM, 5 ml) + conductivity water
(21 ml).
The initial volume of the solution was 50 ml in
each case. The plots of pH of the solution against
the volume of alkali added were of the usual shapes.

+

+
+
+
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Proton-ligand and metal-ligand stability constants

- The proton-ligand stability constant was obtained
(Table 1) by Bjerrum half-integral method and also
by point-wise calculation method at different points
Stability Constants & Thermodynamic
in the proton-ligand formation curve using Eq. (1)
Functions of Mg(II), Ca(II), Sr(II), Ba(II)
log KIf=PH+log
11,H/l-11,H
... (1)
& Pb(lI) Complexes with ThiopheneThe values of log KIf at 30, 40 and 500 are 2'95,
2-carboxylic Acid
3·35 and 3·65 respectively.
The metal-ligand
stability
constants (Table 1)
S. S. SANDHU, R. S. SANDHU & J. N. KUMARIA
were determined by Bjerrum half-integral methods
Department of Chemistry, Guru Nanak University, Amritsar
and also by point-wise calculation method from the
corresponding
formation curves using Eq. (2).
Received 12 August 1974; accepted 17 July 1975
log Kl = PL-Iog
(1-11,)/11,
... (2)
Thermodynamic parameters - The values of overall
The proton-Ilgand
stability constant of thiophenechanges in free energy (AGO), enthalpy (AHO) and
l-carboxyllc acid and the stability constants of its 1 : 1 entropy (~SO) have been determined using the Gibbscomplexes with Ma2-f, CaH, SrH, Ba2+ and Pb2+ have
Helmholtz equation- (Table 1).
been determined
in aq. medium
(!L=O·2M)
usina
In thiophene-2-carboxylic
acid complexes 11,-values
Calvin-BJerrum
pH titration
techinique.
The AGO, remain less than one indicating the formation of 1:1
ABo and ASo of the complexes have also been calculated
complexes. The data shows an increase in the value
usina Gibbs-Helmholtz equation.
of long K~ with increase in temperature.
The values
of log Kl are positive in all cases, and increase with
The values of llGo for
HE stability
constants
of the complexes of increase of temperature.
thiophene-2-carboxylic
acid with Mg2+, Ca2+, the complexes become more negative indicating that
the complex formation is a spontaneous process.
5r2+, Ba2+ and Pb2+ have been evaluated using the
The formation of all the complexes is an endothermic
Calvin-Bjerrumt-s
titration
technique as modified
reaction
and it explains the increase in the values
by Irving-Rossotti".
Thermodynamic
parameters
of the formation constants with rise in temperature.
of the reactions have also been evaluated.
The entropy
change,
ASo,
accompanying
the
All the chemicals used were of BDH (AR grade).
formation
of
complexes,
is
positive
in
all
the
cases.
The standard solutions of the ligand and the metal
salts were prepared in conductivity water. pH was References
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TABLE 1 -METAL-LIGAND
Me tal
ion

STABILITY CONST.\NTSAND THERMODYNA~IICP~\RAMETERSOF THE COMPLEXESAT DIFFERENT
TEMPERATURES
-~Go

log Kl at

30°

40°

50°

30°

(K joule/mole)

40°

50°

~Ho

~5°

(K joule/
mole)

(joule/
mole/
degree)

40°

40°
Mgf.f

Cat+'
SrI+'
Ba'+
Pb2+
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1'95
2·01
2·01
2'06
2'03

2·00
2·09
2·09
2·09
2-14

2·76
2·21
2·35
2-51
2·18

11·30
11·65
11·65
11'94
11·76

11'97
12'51
12-51
12'51
12-81

17·05
13·65
14'52
15'51
13'47

72-86
18'22
30·97
40·99
13'66

271'02
98·18
138'91
170·93
84'57

