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INTRODUCTION 

In continuation of our earlier work' on VO(1V) 
complexes of diacetone hydrazones, we report here 
the results of our studies on Mn(II), Fe(II), Co(II), 
Ni(II), Cu(I1) and Zn(I1) complexes of ODAH. While 
oxovanadium(1V) yielded only adducts with all 
diacetone hydrazones, ODAH has been found to  form 
adducts as well as deprotonated complexes with a 
number of other first row transition metal ions in the 
present study. 

EXPERIMENTAL 

All the chemicals used in this study were of BDH or 
equivalent quality. ODAH was prepared as described 
earlier.' 

The adducts [(MC12 (ODAH)] 2H2 0 were pre- 
pared by mixing together ethanolic solutions of metal 
chloride and ODAH in about 1 : 1 molar ratio while 
deprotonated complexes [M(ODAH-2H)(H2 O), ] 
were prepared by mixing the aqueous solutions of the 
metal chloride and ODAH in the same molar ratio 
and raising the pH by sodium acetate-acetic acid or 
NH4Cl-NH40H buffer solution. The complexes thus 
precipitated were filtered, washed and dried in vacuo. 

The complexes were analysed gravimetrically for 
metal using standard literature procedures,2 while 
nitrogen, hydrazine, chloride and water content were 
determined as described earlier.3 The analytical data 
are given in Table I. Electronic and infrared spectra of 
the complexes were recorded on a cary-14 spectro- 
photometer and Perkin-Elmer spectrophotometer, 
model 621 respectively in nujol. 

t Author to whom all correspondence should be addressed. 

RESULTS AND DISCUSSION 

All the adducts lose the water molecules completely 
in 100-1 10" temperature range while the deproto- 
nated complexes do so in the temperature range 130- 
1 50" yielding anhydrous complexes in both the cases. 
The anhydrous adducts start decomposing with 
splitting of HC1(- 160") but only in the case of 
Co(II), Ni(I1) and Zn(II), complexes of a definite 
stoichiometry [MCl(ODAH-H)] were obtained in 
180-200' temperature range. The compositions of 
these complexes were further confirmed by hydrazine 
and/or chloride analysis. 

The loss of water molecules at lower temperature 
in adducts and at relatively high temperature in 
deprotonated complexes, the presence of a band 
characteristic of coordinated water in 780-825 cm-' 
range in the hydrated deprotonated complexes and its 
absence in the hydrated adducts show clearly that the 
water molecules are in lattice4' in adducts and 
~ o o r d i n a t e d ~ ~  in the deprotonated complexes. 

All the complexes are insoluble in water and 
common organic solvents. The Mn(I1) and Fe(1I) 
adducts are fairly soluble in DMSO in cold while all 
the other complexes including the anhydrous ones are 
only slightly soluble in hot DMSO. The non-melting 
nature and insolubility of the complexes in common 
organic solvents suggest polymetallic structures. 

The very low values (0.172,0.132 ohm-'cm'/ 
mole) of molar conductance of Mn(I1) and Fe(I1) 
adducts in DMSO show that they are nonelectro- 
lytes.' Because of the low solubility, molar con- 
ductance of the other complexes could not be 
determined. 

I) indicate spin free octahedral geometry for all 
Fe(II), Co(I1) and Ni(I1) complexes and spin free 

The room temperature magnetic moments6 (Table 
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tetrahedral or octahedral geometry for Mn(I1) com- 
plexes. The / ~ e f f '  values of Cu(II) complexes corre- 
spond to  one unpaired electron from which it is not 
possible to say anything about the stereochemistry. 

The octahedral geometry*-" of Fe(II), Co(I1) 
and Ni(I1) complexes is further confirmed by the 
number and position of the electronic spectral bands. 
The bands observed in the spectra of Cu(I1) adduct 
and deprotonated complex are considerably blue 
shifted compared t o  the first band maxima of the 
correspondin Ni(1I) complexes owing to  Jahn-Teller 
distortion of E g  state. The ratio uCu/uNi (cm-') 
comes out 1.472 for adduct and 1.473 for deproto- 
nated complex indicating considerable distortion" in 
the octahedral geometry of the above complexes. The 
various ligand field parameters such as lODq, B, p,B" 
and LFSE have been calculated'* and found to  lie in 
range 7047-14560 cm-', 727-880 cm-', 0.747- 
0.858, 14.17. .25.26% and 11.69-34.34 Kcals/mole 
respectively. The 10 Dq values of ODAH complexes 
indicate that the above ligand occupies a place 
between water and ammonia in the spectrochemical 
series. 

been established by a careful comparison of i.r. 
spectra of the complexes with solution spectrum of 
the ligand. The spectra of the complexes and the 
parent ligand are very broad in the NH stretchmg 
frequency region and hence no meaningful con- 
clusions could be drawn regarding the involvement of 
secondary amide nitrogens of the ligand in bonding. 

The bands appearing in the solution spectrum of 
the ligand at 1690, 1640,1530, 1275 and 875 cm-' 
are assigned' to amide I ,  u(C=N), amide 11, amide I11 
and u(N-N) respectively. In the spectra of the 
adducts amide I and amide I1 bands undergo a 
negative shift of 65-20 and 30-5 cm-' respectively 
and amide 111 a positive shift of 35-55 cm-' indicat- 
ing coordination of both the carbonyl oxygens of the 
ligand in above complexes. The disappearance of these 
bands and appearance of new bands, character is ti^'^ 
ofv(NC0-)in 1540-1566 and 1295-1315 cm-' 
regions in the spectra of the hydrated and anhydrous 
deprotonated complexes, absence of original anion in 
these complexes and their 1 : 1 metal ligand stoichio- 
metry show the destruction of both the keto groups 
presumably via enolization and bonding through the 
two resulting-enolic oxygens. The presence of only 
one band due to coordinated >C=N groups in the 
range 1610-1625 cm-' shows the involvement in 
bonding of both the azomethine nitrogens of the 
Jigand in adducts, and hydrated and anhydrous 
deprotonated complexes.,The occurrence of v(N-N) 

5 

The bonding sites in the ODAH complexes have 

in 910-935 cm-' region (characteristic of monoden- 
tate linking of >N-N<moiety) in adducts and 
hydrated deprotonated complexes and at -965 cm-' 
in N-N bridging14 region in anhydrous deprotonated 
complexes shows that only two azomethine nitrogens 
are involved in bonding in the former complexes and all 
the four nitrogens of the ligand in the latter complexes. 

In [MCl(ODAH-H)] complexes both the carbonyl 
oxygens are involved in bonding, one in the keto- 
form and the other in the en01 form as is evident 
from a negative shift in amide I (-30 cm-') and 
occurrence of new bands due to v(NCO-) in 1560- 
1570 and 1305-1 3 10 cm-' regions. The i.r. spectra 
of the above complexes also show features, charac- 
teristics of coordination through both the azomethine 
and amide nitrogen atoms as discussed earlier. 

The i.r. spectra thus indicate that ODAH behaves 
as a tetradentate ligand in all the complexes except 
anhydrous deprotonated complexes where it func- 
tions as a hexadentate ligand. 

Based on chemical compositions and physico- 
chemical studies polymeric structures having octahed- 
rally coordinated metal centres may be tentatively 
proposed for the ODAH complexes. 
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