














































































































































































































Chapter 5 



S\'NTHESES AND SPECTR>\L 

CHARACTERIZA TIO~ OF l\'IANGANESE(II) 

COMPLEXES OF SO~IE ACID HYDRAZONES 

5.1. Introduction 

The synthesis, structural investigation and reactions of transition metal 

complexes of transition metal complexes of Schiff bases have received renewed 

attention in recent years, because of their biological, analytical and catalytic 

activities. Compounds of this type have biological activities as antitumor, 

antiviral and antifungal agents. They usually show an NNS coordinating mode. 

However there is very little information about ONO or NNO coordinating modes 

in bibliography [1]. 

Manganese is an essential trace element typical deficiency symptoms in 

human beings are growth disorder, bone deformations, abnormalities in 

membrane formation and defects in connective tissues. The amount of manganese 

in a grown man is only 10-20 mg, in comparison with 3-4 g of iron. Plants and 

many bacteria also require minute amount of manganese for healthy existence. In 

its divalent form manganese can be an enzyme activator or alternatively, the 

active site of metalloprotein [2-3]. 

When manganese in relevant physiological oxidation state +2, +3, +4 with 

normal coordination of oxygen and nitrogen atom from the protein, it forms 

paramagnetic centers: Manganese(II) high spin electronic configuration (five 

unpaired electron), manganese(IlI) (h.s) (four unpaired electrons) and 

manganese(IV) high spin with three unpaired electron. And hence these type 
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systems can be easily studied by different physical methods like EPR, electronic 

spectroscopy and magnetic studies. EPR spectroscopy is very sensitive and 

informative for manganese(II) and for polynuclear complexes in which the 

manganese ion are in different oxidation state. Electronic spectroscopy 

particularly informative in the case of manganese(III) and manganese(IV), where 

charge transfer spectra are more important.[4]. The oxygen evolving complex 

(OEC) of photosystem-II is a tetrameric manganese cluster with di(ll-oxo) 

dimanganese as its key structural feature. [5]. This mixture of tetrameric 

manganese(IV) complexes has become one of the interesting research area in 

coordination chemistry. In the course of investigation complexes of different 

oxdation state and also mixed valence complexes were obtained [6]. 

In the present work we report four manganese(II) complexes of different 

acid hydrazones like 2-hydroxyacetophenone nicotinic acid hydrazone (H2L 2), 2-

methoxybenzaldehyde nicotinic acid hydrazone(HL\ salicylaldehyde nicotinic 

acid hydrazone (H2L5
) and 2-hydroxyacetophenone benzoic acid hydrazone 

(H2L 6) and their spectral characterization and tentative structural assignments. 

5.2. Experimental 

5.2.1. lvkzterials 

Manganese(II) acetate dihydrate was Analar grade and used with. out 

further purification. All the solvents were dried using standard methods before 

use. 

5.2.2. Synthesis of Mn(H L 2h 

The complex Mn(HL2)z was prepared by the following method. 

Manganese(II) acetate hydrate (1 mmol) was dissolved in ethanol. To the stirred 

solution of hydrazone (1 mmol) and the heterocyclic base 1, lO-phenanthroline (1 

mmol) in ethanol the metal salt solution was added.. Resultant homogeneous 

brown solution was continued to stirring for 4 hrs. The product formed was 

filtered and \vashed with hot ethanol, followed by ether, and dried in vacuo. 
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Fig. l. Scheme of synthesis of Mn(rII}h complexes 

5.2.3. Synthesis of MIlL3 
2 

The complex MnL3
2 was prepared by the following method. 

Manganese(II) acetate hydrate (l mmol) was dissolved in ethanol. To the stirred 

solution of hydrazone (2 mmol) in ethanol, the metal salt solution was added.. A 

resultant homogeneous reddish brown solution was refluxed for 12 h. The product 

formed was filtered and washed with hot ethanol, followed by ether, and dried in 

vacuo. 

~I Mn(OAc)2· Hp 
• OMe N, 

oJU 
N 

Fig. 2. Scheme of synthesis of MnL32 
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Chapter 5 

5.2...1. Syntheses ojMn(HL5h andMn(HL6h 

The complexes Mn(HL5)2 and Mn(HL 6h were prepared by the following 

method. Manganese(II) acetate hydrate (I mmol) was dissolved in ethanol. To the 

stirred solution of hydrazone (2 mmol) in ethanol the metal salt solution was 

added. Resultant homogeneous brown solutions were continued to stirring for 4-

6 h. The products formed were filtered and washed with hot ethanol, followed by 

ether, and dried in vacuo. 

~I Mn(OAch .Hp 
~ 

OH N 

ola 
N 

Fig. 3. Scheme of synthesis of Mn(HI})2 

5.3. Results and discussion 

5.3.1. Syntheses oj the complexes 

The ligands were found to coordinate as monoanionic L- on complexation 

to manganese(II) . The complex, Mn(HL2)2 was found to be readily formed from 

manganese acetate solution in ethanol by the ligand in presence of heterocyclic 

base, 1,1O-phenanthroline. But the yield was very low and from the elemental 

analysis the heterocyclic base was not present in the complexes. The elemental 

analysis of the complexes, Mn(HL5)2 and Mn(frr})2 were in agreement with the 

empirical formulas suggested for the compounds. The formation of MnL32 was 
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found to be difficult. All the compound are sparingly soluble in water, ethanol 

and methanol and soluble in DMF and DMSO Conductiyity measurement in 

D~fF shows. the complexes to be nonconductors. 

Table 1. Colours, empirical formula and elemental analyses of manganese(II) 

complexes 

Analytical data found (calculated) 

Compound Colour C% H% N% 

Pale yellow 66.12 5.24 (5.13) 16.95 

(65.85) (16.46) 

Reddish orange 59.76 4.30 (4.29) 14.26 

(59.68) (14.91) 

Reddish orange 59.82 4.89 (4.29) 14.68 

(59.62) (14.91) 

Reddish orange 58.11 3.91 (4.51) 15.10 

(57.83) (14.45) 

Brown 63.62 4.51 (4.32) 9.53 

(64.17) (10.01) 

j. 3. 2. Magnetic moment measurements 

The magnetic measurements were done using VSM, and calculations were 

made using computed values for pascal constants for diamagnetic corrections. 

The values suggested spin only values for mononuclear complexes having d5 

configuration with poor orbital contribution. The room temperature magnetic 

measurements were found to be - 5.8 BM corresponding to five unpaired 

electrons. For manganese(II) d5 systems it is orbitally single degenerate and 

hence no orbital contribution to the magnetic moment is expected. However Jli!ff 
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j.1S.0, some of the magnetic moment must have been quenched by field of the 

ligand [7]. 

5.3.3. Electron paramagnetic resonance spectral studies 

The spin Hamiltonian used to represent the EPR of the manganese(lI) is 

given by Ingram [8]. 

H = g fJ Hs + D {S/ - 1/3 S (S + 1)} + E (S/ - S/) 

Where H is the magnetic field vector, D is the axial zero field splitting 

term and E is the rhombic zero field splitting parameter. If D and E are very small 

compared to g ~ Hs five epr transitions are expected with a g value -2.0 given by 

Bra-ket notation 

1 +5/2 >~I +3/2 >, 1 +3/2>~1 +112>, 1+1I2>~1-1I2>, 1-1I2>~1 +-312> and 1-

3/2>~1-5/2> 

If D is large, the only one transition between 1+ 1I2>~1-1/2> will be 

observed. If D or E is very large, the lowest doublet has effective g values g: -

2.0, &1. - 6.0. for D :j:. 0 and E = 0 ), but for D = 0 and E :j:. 0, middle Kramer's 

doublet has anisotropic g values of 4.29. Depending upon the values of A and D, 

the number of lines appear in the spectra are 6, 24, or 30 [9]. 

The EPR parameters observed for the frozen DMF solution are presented 

in the Table 2. Electron paramagnetic resonance spectra of the complexes in 

solution at liquid nitrogen temperature gave six peak correspond to +5/2, ....... -

5/2 correspond to m=O. in addition to this axial field spectrum a pair of low 

intensity forbidden lines lying between each of the two main hyperfine line is 

observed in solution spectra . These forbidden lines correspond to m=+ 1 or -1 

due to the mixing of nuclear hyperfine levels by zero field splitting factor of the 

Hamiltonian. The forbidden lines are themselves split by spin-spin interaction of 

the sextuplet state [10]. The average separation of the forbidden hyperfine doublet 

is -24 G. The observed g values are very close to the free electron spin value, 

20023 which is consistent with the typical manganese (11) and also suggestive of 

the absence of spin orbital coupling in the ground state 6 AI without any sextet 
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term of higher energy. The Aiso values are found to be - 96 G, which are 

consistent \\'ith the distorted octahedral structure for manganese(lI) species. [9,11-

13] 

Table 2. EPR parameters and magnetic susceptibility of manganese(ll) complexes 

Compound /1cfJ BM 

·······_·············1····--_························· .... _ ........... _._ .... _ .......... _ ........ _ ...... _ .. -._ .. _ ... _-_ ................ _-_ ................... _ ................. . 
Mn(HL)2 2.00169 95.0 5.78 

Mn(L3)2 

Mn(HL5)2.C2H50H 

Mn(HL6h 

2.00448 

1.99767 

2.00448 

94.4 5.64 

94.4 5.92 

96.0 5.88 

Fig. 4. Solution state EPR spectrum of MnL32 at 77 K 
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5.3.4. Infrared :,pectral studies 

The coordination sites of the ligands while complexation were assigned on 

the basis of the comparative infrared spectral analyses of the ligand and the 

complexes. The coordination takes place through the phenol oxygen or methoxy group, 

azomethine nitrogen and oxygen from the hydrazide moiety, by enolisation followed by 

deprotonation. 

Compound, H2L2
, H2e, H2L5 and H2L6 show a band 3100 cm-I, which is 

due NH stretching vibration. These bands are absent in complexes, which 

suggests enolisation of the carbonyl group, followed by deprotonation. IR spectra 

of complexes show sharp band around 1530 cm-! due to newly formed N=C bond 

indicating the coordination of hydrazones take place in the form of enol rather 

than as keto form Further proof for the complexation for enol oxygen is obtained 

from the appearance of a new band - 439 cm- l which is assignable for the u(Mn­

N) for the complexes. The lowering of the band approximately 1610 cm- l (C=N) 

by 15-10 cm-! is explicit evidence for coordination of the hydrazone through the 

azomethine nitrogen. Which is supported by the new band at 523-501 cm-! in the 

complexes, which are assigned to Mn-N. The increase in (N-N) in the spectra of 

complexes is due to the increase in the double bond character off setting the loss 

of electron density via donation to metal and is a confirmation of the coordination 

of the ligand through azomethine nitrogen. On the coordination of the OH group 

to the metal lowers the OH stretching frequency by 20-35cm- l
. The spectrum of 

the complexes exhibit a symmetric shift in the position of the band in the region 

1600-1350 cm-! due to C=C and C=N vibrational modes and their mixing patterns 

are different from those present in ligands spectra [14-15]. 
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Table 3. Selected IR frequencies ofligands and manganese(ll) complexes (cm-I) 

Compound VC;N VN;N VN;C vc-o VMn-X VMn-O 

·············2········································ ......................................................................................................................................................... . 
H2L' 1603 1001 1523 

Mn(HL2)2 1594 1026 1530 1347, 515 443 

1424 

1611 998 1513 

1598 1027 1521 1363, 501 444 

1422 

1609 1010 1510 

1595 1037 1522 1352, 523 432 

1469 

1620 1002 1530 

1600 1028 1536 1344, 518 437 

1469 
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Fig. 5, IR spectrum of Mn (I-ll}) 2 and Mn(HL 6)2 
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5.3.5. Electronic ~pectral analyses 

The six coordinated high -spin manganese(II) are d5 system and the d-d 

transitions for the complexes are doubly forbidden. Thus the intensities of the 

transitions from the ground state to the state of four-fold multiplicity are very 

weak and the peaks appear as shoulders. The significant absorption bands of the 

spectra recorded in solid state are presented in the Table 4. The d-d bands are 

correspond to 6A\g_4T \g(4G), 6A\g_4E2g(4G), 4A\g_4Eg and 4A\g_4T \g(P) are 

observed with very weak intensities, suggest octahedral geometry for all the 

compounds[9]. 

Table 4. Electronic spectral assignments ofmanganese(II) complexes 
"~'~'~~~~-'''--~'~-~'~6'-~~~~'4''''''''''~4'''''''''-'b''~--t '4 '-''''''4-''''4'''''''''''''''''4'''''''''''''4'''''''''''''''''''''' 

Compound A\g- T \g( G) A\g- E2g( G) A1g- Eg A\g- T \g(P) 

...................... '1' ...................................................................................... - ..... --•••••• - .............. -.-.............................. - .......................... .. 
Mn(HL h 19088 23809 28974 32121 

Mn(L3)2 

Mn(HL \:.C2H50H 

Mn(HL8
):: 

0.6 

0.5 

0.4 
~ 0/ ''iij 
c: 
.! i 
c: 0.3 

02 

200 300 

19494 

18985 

18115 

400 500 600 

Wavelength (nm) 

22767 

22987 

23452 

700 

28833 

28096 

28974 

: 5 I 
, M ntH L )2 I 

800 900 

Fig. 6. Electronic spectrum ofMn(HL5h 
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5.3.6. Biological activity studies 

All the synthesized complexes were tested for their antimicrobial activity. 

The antimicrobial agent may be either bacteriostatic or bactericidal. The 

effectiveness of an antimicrobial agent in sensitivity testing is based on the size of 

the zones of inhibition. When the test substances are introduced on to a lawn of 

bacterial culture by disc diffusion method. The disc diffusion method was used 

for screening for the antimicrobial property of the test samples. The active 

diameter around the discs was below 8 mm. All the four manganese(II) 

complexes were showed no or little activity against both the Gram positive and 

Gram negative bacteria. Surprisingly we observed enhanced growth of 

micr?organisms over the discs, instead of activity for two of the compounds 

Mn(HL 6)2 and Mn(L3)2 . 

Concluding remark 

An interesting senes of binary complexes manganese(II) have been 

synthesized by the reaction of manganese(II) acetate dihydrate and four different 

acid hydrazones in appropriate conditions and characterized by analytical and 

different spectral techniques, like IR, far IR, EPR and DV-Vis spectral studies 

and magnetic studies. All the compounds are paramagnetic. EPR studies of all 

compounds gave axial spectra The spectra indicate all the complexes have a 

distorted octahedral geometry The coordination takes place through the 

phenolic/methoxy oxygen, azomethine nitrogen and oxygen from the hydrazide 

moiety. All electronic transitions were assigned. The values are consistent with 

distorted octahedral structure. 
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Chapter 6 

SYNTHESIS, SPECTRAL CHARACTERIZATION AND 

MAGNETIC STUDIES OF STUDIES OF TERNARY 

NICKEL(II) COl\IPLEXES WITH SOl\1E ACID 

HYDRAZONES AND HETEROCYCLIC BASES 

6.1. Introduction 

The synthesis, structural investigation and reaction of Schiff bases and their 

transition metal complexes have received a renewed attention in recent years. The 

real impetus towards the developing their coordination chemistry was their physico­

chemical properties. The discovery and development of new, more effective cancer 

medicines is the one of the main goal of present day of medicine and chemical 

investigation. Recently the discoveries of antitumor effects of inorganic and 

particularly of metal complexes and their use to cure cancer disease have received 

increasing attention. Metal chelation is very important process, useful both to 

remove toxic metals from polluted environment and to afford new chemical features 

to metal complexes in order to make them suitable for practical purposes, for 

instance practical application. 

Nickel(II) has been chosen since its trace presence is now recognized to be 

essential for bacteria, plants, animals and human [I], and it is also known that 

many nickel complexes, coordinately unsaturated, can behave as Lewis acids. 
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N ickel(ll) complexes with N20 2 Schiff base ligands derived from 

salicylaldehyde have long been used as homogeneous catalysts [2-5] 

In this chapter we report the syntheses, spectral and magnetic 

characterization of seven ternary nickel(II) with different acid hydrazones like 2-

hydroxyacetophenone nicotinic acid hydrazone (H2L\ 2-hydroxyacetophenone 4-

hydroxybenzoic acid hydrazone (H2L \ salicylaldehyde nicotinic acid 

hydrazone(H2L5
) and 2-hydroxyacetophenone benzoic acid hydrazone (H2L

6
), and 

heterocyciic bases like 2, 2' bipyridinel 1, 10 phenanthroline, and one binary 

complexes of dianionic acid hydrazone. 

6.2. Expeloimental 

6.2.1 Materials 

Nickel(II) acetate dihydrate (Merk) was of Analar grade and used without 

further purification. All the solvents were dried using standard methods before use. 

6.2.2. Syntheses of the complexes 

6.2.2.1. Syntheses ojNiL2bipy, NiL5bipy and NiL5phen 

All the aboye-mentioned complexes were synthesized using the following 

general method. Nickel(II) acetate dihydrate (1 mmoi) was dissolved in water. To 

a stirred ethanolic solution of acid hydrazones (2-hydroxyacetophenone nicotinic 

acid hydrazone (H:e) I salicylaldehyde nicotinic acid hydrazone (H2L5
)) (1 mmol) 

and 2, 2'-bipyridine I 1, 10 phenathroline (1 mmol), nickel solution was added. 

Resultant homogeneous brown solutions was stirred for 3 h. The products formed 

were filtered and washed with cold ethanol, followed by ether, and dried in vaClIO 

over p ~Oll>. Unfortunately we are unable to grow single crystals suitable for single 

crystal XRD for any of these complexes. 
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~I Ni(OAc), .H,O ~ 9n 
OH N, PhenanthrOline~, !/N'~N 

O~I N~ 7_ ~T' ~O ~ lL.J - OH2 I ~ 
N 

Fig. 1. Scheme of the synthesis of NiL5phen 

6.2.2.2. Synthesis of NiL2H20 

Nickel(lI) acetate dihydrate (1 mmol) was dissolved in water. To a stirred 

ethanolic solution of 2-hydroxyacetophenone nicotinic acid hydrazone (1 mmol) 

nickel solution was added. Resultant homogeneous brown solutions were stirred for 

3 h. The products formed were filtered and washed with cold ethanol, followed by 

ether, and dried in vacuo over P~O\O. 

Ni(OAc)2 .Hp 
~ 

phenanthroline 

Fig. 2. Scheme of the synthesis of NiL2.H20 
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6.2.2.3. Syntheses ojNiL4hipy, NiL 6hipy, NiI,4phen and NiL">phen 

All the above-mentioned complexes were synthesized using the following 

general method. Nickel(II) acetate dihydrate (l mmol) was suspended in ethanol. 

This suspension was added to a stirred ethanolic solution of acid hydrazone (2-

hydroxyacetophenone 4-hydroxybenzoic acid hydrazone (H2L 4)/ 

2-hydroxyacetophenone benzo ic acid hydrazone (H2L 6)), (1 mmo I) and 2, 2'­

bipyridine / 1, 10-phenathroline (l mmol) for Ih. Resultant solution was refluxed 

for 6 h. The prod·uct formed was filtered and washed with cold ethanol, followed by 

ether, and dried in vacuo over P40lO . Unfortunately we are unable to grow single 

crystals suitable for single crystal XRD for any of these complexes. 

Qy Ni(OAc)2 H2O Qy .. 
OH N bipyridine o N 

"NH 1/ "N 

0 ~7r--o I 
~ \ OH 

OH 
_ 2 

OH 

Fig. 3. Scheme of the synthesis of NiL ~bipy 

6.3. Results and discussion 

3.1. Syntheses oj the nickel(1I) complexes 

The colors and partial elemental analyses complexes are presented in the 

Table 1. The elemental analyses data are consistent with 1: 1: 1 ratio of the metal ion 

: hydrazone: heterocyclic base for the complexes prepared except for NiL2.H20. 

One or more molecules water are also present in the molecule. The ligand H2L gets 

double deprotonated and coordinates as L2-. The complexes are insoluble in most of 
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the common polar and non polar solvents. They are partially soluble in Dl'vtF and 

DMSO. The conductivity measurements in DMF showed that all the complexes are 

non electrolytes. 

Table 1. Color and partial elemental analyses nickel(II) complexes 

Compound Color Analytical data found (calculated) 
....................................................... _-.............................................................. 

C% H% N% 

NiL2bipy2H2O Reddish orange 56.9 (57.2) 3.99 (4.60) 13.92 (13.89) 

NieH20 Yellow 58.86 (59.02) 4.69 (4.45) 10.30 (10.56) 

NiL 4bipyH2O Reddish orange 64.28 (64.64) 4.87 (4.98) 9.67 (10.01) 

NiL 4phenH20 Reddish orange 65.70 (65.59) 4.68 (4.89) 9.29 (9.56) 

NiL5bipy2H2O Reddish orange 56.97 (56.36) 3.65 (4.32) 14.50 (14.29) 

NiL5phen2H20 Reddish orange 58.50 (58.43) 4.16(4.12) 13.26 (13.62) 

NiL6bipyH2O Orange 62.61 (61.89) 4.33 (4.57) 11.50 (11.55) 

NiL6phen2H20 Reddish orange 61.33 (61.51) 3.99 (4.59) 10.45 (10.63) 
..................................................................................................................................... _ ..................... -....--.................................... _ ................................... , ................................................................................................................................................................................................. 

6.3.2. Magnetic moment measurements 

The magnetic measurements were done usmg vibrating sample 

magnetometer, and calculations were made using computed values for Pascal 

constants for diamagnetic corrections. The magnetic moment in the polycrystalline 

state at 300 K of the complexes was found to be 1.18-3.2 BM. 
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Nickel(II) complexes show diamagnetic behavior consistent with square 

planar environment or paramagnetic behavior consistent with an octahedral 

geometry and tetrahedral environment around the metal atom. Five coordinate 

geometry is quite unusual among the nickel(II). Octahedral nickel(II) has an 

orbitally nondegenerate 3 A2 ground state and magnetic moments are in the range of 

2.8-3.3 BM, which is very close to spin only value 2.8. Tetrahedral nickel(lI) has a 

3T1 ground state and magnetic moment are in the range of 4-4.3 BM. Both 

tetrahedral and octahedral have two unpaired electrons, but tetrahedral having 

higher magnetic moments. Nyholm had suggested an inverse relationship exists 

between magnetic moments and the distortion from tetrahedral geometry. 

The magnetic moment value of four coordinated NiL2·H20 is 1.18 BM 

which is very low compared to the reported values for the tetrahedral complexes. 

Such low value exists in literature. Though square planar nickel(II) complexes are 

diamagnetic, there are some reports on weakly paramagnetic nickel(II) complexes 

having low spin [6]. To explain this phenomenon equilibrium between spin free and 

spin paired configuration is suggested. The anomalous low moments could be due to 

equilibrium in the solid state between the square planar and tetrahedral structures [7] 

or could be due to a partial population of spin triplet state close to the idealized 

ground state I A1g for D4h symmetry [8-9]. The low values reported for nickel(II) 

complexes, which are thought to be arises from quenching of orbital contribution to 

the magnetic moment due to distortion D3h symmetry or due to strong in plane 1t 

bonding and axial ligation as has been found in the some other nickel(II) complexes 

[10-12]. 

As the consequences of interaction among nickel atom with the free electron 

pairs of the heteroatoms of the neighboring molecules, which leads to extension of 

coordination number can also leads to the paramagnetism of the square planar 

nickel(II) complexes [13]. The paramagnetic property of four coordinate nickel(II) 

systems are also because of the spin cross over phenomenon. By molecular orbital 

calculation., it has been found that for planar paramagnetic nickel(II) splitting of the 
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highest occupied molecular orbital is small and contribution of the spin free 

configuration to ground state should be apparent [14]. This paramagnetic behavior is 

because of the equilibrium between diamagnetic spin paired ground state and low 

lying triplet state [15]. Unfortunately, our attempts to prepare single crystals of the 

compound NiL2'H20 have so far been unsuccessful; hence the confirmation of the 

geometry of the compound was based on the electronic spectra of the compound. 

Table 2. The magnetic moment and predicted structure of the comopounds 

Compound llell BM Proposed geometry 

NiL2bipy.2H2O 2.76 Pseudo octahedron 

NiL2.H20 l.18 Square planar 

NiL4bipy.H2O 3.10 Pseudo octahedron 

NiL 4phen. H2O 3.21 Pseudo octahedron 

NiL5bipy.2H2O 2.91 Pseudo octahedron 

NiL5phen.2H20 3.04 Pseudo octahedron 

NiL6bipy.H2O 2.71 Pseudo octahedron 

NiL 6phen. 2H2O 2.57 Pseudo octahedron 

6.3.3. Infrared spectral analyses 

Coordination is expected through the phenolic oxygen, azomethine nitrogen 

and enolated carbonyl group. Compound H2L!, H2L2, H2L 4 H2L
5 and H2L6

, show a 

band around 3400 and 3100 cm'!, which are due to -OH stretching mode and -NH 

stretching mode of free -OH group and -NH respectively. These bands are absent in 
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complexes, which suggests deprotonation of the phenolic group indicating the 

coordination though phenolic oxygen, and enolisation of the carbonyl group, 

followed by deprotonation. On coordination the azomethine nitrogen shifts to a 

lower wavenumber by ~20 cm"!. The mode of coordination of carbonyl oxygen is 

expected upon deprotonation of the ligand. The spectral band of -NH disappears in 

the complex, which indicates the enolisation followed by deprotonation and the 

coordination through the carbony I oxygen. Another band which is considered to be 

sensitive to this coordination, is the -N-N which shifts to a higher wavenumber in 

complex, due to the increase in the double bond character of -N-N bond. A newly 

formed c-o bond as the result of the enolisation gives two bands at ~ 1360 and 

-1470 cm"!. The IR spectra show a sharp band at -1500 cm"! indicates the newly 

formed -~=C, confirming the coordination of hydrazone takes place in the form of 

enolate rather than as keto form. The spectrum of the complexes exhibit a 

symmetric shift in the position of the band in the region 1600-1350 cm"! due to -

C=C and -C=N vibrational modes and their mixing patterns are different from those 

present in ligands spectra. 

In the case of the octahedral complexes, the nitrogen atoms of the 

heterocyclic bases occupy the fourth and flfth positions. The heterocycIic ring 

breathing is observed in the finger print region, 1400-600 cm"l. And the sixth 

position is occupied by water molecule. A broad band at - 3500 cm"! conforms the 

presence of water mo lecule in the coordination sphere [16]. 
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Table 3. Selected IR frequencies of ligands and nickel(II) complexes (cm-I) 

Compound VC=N V!'=c VC-O VNi-O \'~i-N 
•• u •• u .................................................................. n ........................................................................................................................... 

H2L2 1603 

NiL2bipy 1593 1526 1357, 1466 518 490,247 

NiL2H20 1597 1534 1344, 1470 353 

H2L4 1610 

NiL4 bipyH20 1602 1497 1368, 1437 510,353 492,258 

NiL 4phenH20 1599 1500 1367, 1437 353 248 

H2L
5 1609 

NiL5 bipyH20 1602 1520 1359, 1447 344 482,253 

NiL5phenH20 1602 1517 1345, 1457 356 487,254 

H2L
6 1609 

NiL6 bipyH20 1589 1508 1364, 1430 520,355 457,248 

NiL6phenH20 1590 1504 1362, 1436 _ ............... , ... " .................................. " ........................... , ... ". ........ , ..................................... '"-, ....................................... _ .... ,,--,.. .................... "'_ .............. __ ........... ....,.. ...................... , .................................................................................................................................................................... " .................................................................. -........... 
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Fig. 4. IR spectrum of NiL 4 bipy.H20 
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Fig. 5. Far IR spectrum of the H2L 4 
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Fig. 7. IR spectrum ofNiL6 bipyH20 

6.3. -I. Electronic spectral analyses 

Chapter 6 

The electronic spectra of the complexes were recorded in solid state and in 

DMF solution. All the complexes show 1t-1t* transition at 40000-35714 cm-I and 

n-1t* at - 30000 and - 27000 cm-I. The slight shift observed in these values of the 

complexes from the ligands is due to complexation. The bands observed in the range 

of 25000-18000 cm-I are assignable to the charge transfer (eT) bands [17-18]. 

For the compound NiL2·H20, absence of peaks at - 15000 cm-I indicate 

absence of tetrahedral symmetry. For tetrahedral geometry the likely spin allo\ved 

transitions for the 3d8 nickel(II) complexes are 3TI (F) _ 3T2, 3TI (F) _ 3 A2, 3TI (F) 

- 3TI (P). In most nickel(U) complexes with this stereochemistry, the 3TI (F) _ 3:\.2 

transition occurs in the range 7000-9000 cm-I, and the 3TI (F) _3TI(P) transition is 

found around 14000-16000 cm-I [20]. All these bands are absent in the case of 
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Nie·H20 and there is no band at - 24000 cm-I, which rules out the possibility of 

the tetrahedral - square planar equilibrium in this compound [8]. The low energy 

band of this complex is broad and split in two components (at - 9000 and - 7200 

cm-I) indicating tetragonal distortion. The magnetic moment (- 3 BM) lie in the 

region expected for octahedral complexes. The electronic spectrum of the 

compounds be assigned assuming that the stereochemistry pseudo-octahedral [16, 

20]. 

Table 4. Electronic spectral assignment of the nickel(II) complexes (cm-I) 

Compound 

40000 29850, 
28571 

35741 28571, 
26455 

NiL4 bipyH20 37037 30303, 
28818 

NiL4phenH2O 35417 29418, 
28985 

Nie bipyH20 35714 30303, 
28571 

NiL~phenH20 39804 30303, 
28571 

NiL6 bipyH20 37258 27027 

NiLGphenH20 37567 29980, 
27895 

eT 

20000, 
18518 

18348 

18415 

18518 

18182 

19804, 
18182 

25000, 
17857 

23580, 
19345 

--, .. .....,.--"' ......................................... "'-,.. ................... , ................ _-,.,..,...,.,,--"" 
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9009 13385 

7462 11765 

10416 

7692 11764 13166 

7792 11740 13385 

7201 10926 12287 

7320 11080 12342 

............ "'''' ........ ~ ......... -.. , .. -.......................................... ,.. ..................................................... --'., ............................ _--_. 
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Fig. 8. The electronic spectrum of NiL 2 ·H20 

6.3.5. Biological activity studies 

All the synthesized complexes were tested for their antimicrobial activity. 

The antimicrobial agent may be either bacteriostatic or bactericidal. The 

effectiveness of an antimicrobial agent in sensitivity testing is based on the size of 

the zones of inhibition. \Vhen the test substances are introduced on to a lawn of 

bacterial culture by disc diffusion method. The disc diffusion method was used for 

screening for the antimicrobial property of the test samples. The active diameter 

around the discs was below 8 mm. All the eight nickel(II) complexes were showed 

no or little activity against both the Gram positive and Gram negative bacteria. 
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Concluding ."emark 

An interesting series of heterocyclic adduct of nickel(II) complexes have 

been synthesized by the reaction of nickel(II) acetate with some hydrazones in 

presences of heterocyclic bases like 2 2'-bipyridine and 1, 10- phenanthroline and 

characterized by analytical and different spectral techniques, like IR, far IR, and 

UV-Vis spectral studies and magnetic studies. The coordination geometry around 

nickel(lI) in all complexes except for NiL~'H20 are octahedral with one dibasic 

tridentate ligand eo, and one bidentate heterocyclic base. A water molecule 

occupies the sixth position. The coordination takes place through the deprotonated 

hydroxyl group azomethine nitrogen and oxygen from the hydrazide moiety. All 

electronic transitions were assigned. The values are consistent with pseudo­

octahedral structure. All the compounds are paramagnetic The paramagnetic 

property of four coordinated nickel(II) system is because of the spin cross over 

phenomenon 
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Chapter 7 

SYNTHESIS, SPECTR.\L CHARACTERIZATION AND 

BIOLOGICAL INVESTIGATIONS OF ZINC(II) 

COMPLEXES OF SOl\1E ACID HYDRAZONES 

7.1. Introduction 

Zinc is an essential element in all-living systems and plays a structural role in 

many proteins and enzymes. It is recognized that transcription factors regulate gene 

expression and essential features is binding to the regulatory protein in the 

recognition sequence of gene. Many proteins have been found to have zinc 

containing motif that serves to bind DNA embedded in their structure. In the 

rele\·ance of zinc to diabetic mellitus, zinc is k.nown to present in insulin, coordinated 

by three nitrogen atom from histidine and three water molecules in an irregular 

octahedral environment. which is also believed to have a functional structure. 

Surprisingly zinc is found to have important physiological and pharmaceutical 

functions involving insulin mimetic activities. In 1980 COlllston and Dandona first 

reported the insulin mimetic activity of zinc ions [1]. Current state of development of 

insulin mimetic zinc complexes with different coordination sites and their possible 

mechanism were reviewed by Sakurai et al. [2]. The analytical or structural role of 

zinc atom in biological system is found to be connected with following features [3]. 

• The ready formation of low coordination number sites which are more 

strongly acidic than high coordination number sites. 

• The easy deformation of geometry of the ligand in the coordination sphere 

with subsequent change in coordination number from four to five to six. 

• Relatively rapid exchange of ligand in the complexes. 
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• Absence of redox chemistry. 

This chapter consists of the syntheses of four zinc(II) complexes of four 

different acid hydrazones and their characterization using different spectral 

techniques, like electronic spectra, IR spectra and IH NMR spectra. The hydrazones 

used for the syntheses are H2Ll, H2L2, H2Ls and H2L6. 

7.2. Experimental 

7.2.1 Materials 

Zinc(II) acetate dihydrate (S. D. Fine) was of Analar grade and used without 

further purification. All the so lvents were dried using standard methods before use. 

7.2.2. Syntheses of the complexes 

The complexes ZnL· H20, where L is the dianion of different acid hydrazont:; 

were prepared as follows. To a hot ethanolic solution of H2L (1 mmol), hot ethanol 

solution of zinc(II) acetate dihydrate (1 mmol) in ethanol was added. Resultant 

homogeneous yellow solution was stirred for 2-6 h. The yellow product formed was 

filtered and washed with hot ethanol followed by ether, and dried in vacuo over 

P40 1O. 
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yQ 
HN 
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Fig. 1. Scheme of the synthesis of zinc(II) complexes 

7.3. Results and discussion 

7.3.1. Syntheses of the zinc(1J) complexes 

The colors, elemental analyses, stoichiometries complexes are presented in 

the Table 1. The elemental analyses data are consistent with the general empirical 

formula ZnL'H20 for the all complexes. The ligand H2L gets deprotonated and 

coordinated as eo. The fourth position is occupied by one molecule of water. The 

complexes are insoluble in most of the common polar and non polar solvents. They 

are partially soluble in DMF and DMSO. The conductivity measurements in DMF 

showed that all the complexes are non-electrolytes. All the compounds are 

diamagnetic in nature. 
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Table l.Colours, empirical formula and elemental analyses of zinc(ll) complexes 

Analytical data found (calculated) 

Compound Colour C% H% N% 

Bright yellow 52.28 3.76 (3.94) 8.71 (9.21) 

(51.87) 

Bright yellow 49.95 3.89 (3.76) 12.48 

(50.33) (12.87) 

Bright yellow 48.39 3.44 (3.63) 13.02 

(48.95) (12.85) 

Bright yellow 53.67 4.20 (4.32) 8.35 (8.20) 

(54.02) 

7.3.2. Electronic spectral studies 

The electronic spectra of the all complexes were recorded in solid state. The spectra 

showed 1t-1t* transition and n-1t* transitions at -35000 and -32000 cm'l. The 

complexes showed there is no appreciable absorption at -21000 cm'l which is in 

accordance with dill electronic configuration. The moderately intense bands at 

-25000 cm'I, are assigned to LMCT of zinc(ll) complexes [4]. 
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Table 2. Selected infrared frequencies of the zinc(II) complexes. 

Compound 7t---+7t* n---+7t* LMCT 

>. -en 
c 
a.> -c 

1.0 

0.5 

0.0 

32459 29429,26110 20000,23122 

34210 25316 20480 

31134 28166 21876 

300 400 500 

Wavelength (nm) 

Fig. 2. Electronic spectrum of ZnLIH20 
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7.3.3. / R spectral studies 

The coordination sites of the ligands while complexation were assigned on 

the basis of the comparative infrared spectral analyses of the ligand and the 

complexes. The coordination takes place through the deprotonated phenolic oxygen, 

azomethine nitrogen and oxygen from the hydrazide moiety, by enolisation followed by 

deprotonation. The presence of water molecule in the coordination sphere is confIrmed by a 

broad peak at- 3400 cm"\ in the spectrum of the complexes. 

Compound, H2 L!, H2L2
, H2L3 and H2L6 show a sharp band -3100 cm"!, 

which is due NH stretching vibration These bands are absent in complexes, which 

suggests enolisation of the carbonyl group, followed by deprotonation. IR spectra of 

complexes show sharp band -1525 cm"! due to newly formed N=C bond indicating 

the coordination of hydrazones take place in the form of enol rather than as keto form 

Further proof for the complexation for enol oxygen is obtained from the appearance 

of a new band - 565 cm"! which is assignable for the v(Zn-O) for the complexes. 

The lowering of the band approximately 1610 cm"! (C=N) by -20 cm-!, is explicit 

evidence for coordination of the hydrazone through the azomethine nitrogen, which 

is supported by the new band at -455 cm-! in the complexes which are assigned to 

Zn-N. The increase in (N-N) in the spectra of complexes is due to the increase in the 

double bond character offsetting the loss of electron density via donation to metal 

and is a confirmation of the coordination of the ligand through azomethine nitrogen. 

The loss of OH proton indicated by the absence of the band at -3400 cm-! in the 

complexes. The spectrum of the complexes exhibit a symmetric shift in the position 

of the band in the region 1600-1350 cm-! due to C=C and C=N vibrational modes and 

their mixing patterns are different from those present in ligands spectra. Presence of a 

broad band at -3450 cm-! confirms the presence of water molecule in the 

coordination sphere [5]. 
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Table 3. Selected IR frequencies of Iigands and manganese(II) complexes (cm-I) 

Compound VC=N Vl'=N "s=C Vc-o Zn-O Zn-N 

············r········································· ........................................................................................................................................................... 
H2L 1620 1001 1523 

ZnLIH20 1594 1024 1534 1344, 1431 554 459 

H2L2 1603 998 1513 

ZnL2H2O 1598 1025 1524 1354, 1431 572 467 

H2L
s 1609 1010 1510 

ZnLsHzO 1595 1034 1518 1348, 1459 586 448 

H2L
6 1615 1002 1530 

ZnL6H2O 1600 1033 1541 1343, 1449 556 454 

7.3.4. 1 H NMR spectral studies 

The spectra were recorded at 500 Iv1Hz. The signals at 0-13 ppm and 0-11 

ppm which represent OH and NH respectively in uncomplexed ligands are absent in 

complexes, which is an evidence for the coordination of the ligands as doubly 

deprotonated anions. 
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7.3.6. Biological activity studies 

All the synthesized complexes were tested for their antimicrobial activity. 

The antimicrobial agent may be either bacteriostatic or bactericidal. The 

effectiveness of an antimicrobial agent in sensitivity testing is based on the size of the 

zones of inhibition. When the test substances are introduced on to a lawn of bacterial 

culture by disc diffusion method. The disc diffusion method was used for screening 

Dept. of Applied Chemistry Februar~' 21111 ... 



131 Chapter 7 

for the antimicrobial property of the test samples. The active diameter around the 

discs was below 8 mm. All the four zinc(II) complexes showed no or little activity 

against both the Gram positive and Gram negative bacteria. 

Concluding Remark 

Four zinc(II) complexes were synthesized usmg zinc(II) acetate and four 

different acid hydrazones namely salicylaldehyde benzoic acid hydrazone (H2L i
), 2-

hydroxyacetophenone nicotinic acid hydrazone (H2L\ salicylaldehyde nicotinic acid 

hydrazone (H2L
5

) and 2-hydroxyacetophenone benzoic acid hydrazone (H2L6
) and 

characterized by different spectral analyses like infrared, iH NMR and electronic 

spectral analyses. All the compounds were screened for biological activities and 

found to be inactive against all the Gram Positive and Gram Negative bacteria. 

References 

[1] L. Coulston, P. Dandona, Diabetes, 29 (1980) 665. 

[2] H. Sakura~ Y. Kojima, Y. Yoshikawa, K. Kawabe, H. Yasui, Coord. Ch em. 

Rev. 226 (2002) 187. 

[3] R P. 1. Williams, Endeavour, New. Ser. 8 (1984) 2. 

[4] A Sreekanth, S. Sivakumar, M. R P. Kurup, 1. Mol. Struct. 655 (2003) 47. 

[5] G. C. Percy, D. A Thornton, 1. Inorg. Nuclear Chem. 34 (1972) 3351. 

Dept. of Applied Chemistry February 2IHI4 



SUMMARY AND CONCLUSION OF THE WORK 

The thesis entitled "Synthesis, !;pectral characterization, stntctural studies 

and biological investigations of transition metal complexes of some acid 

hydrazones" deals with the syntheses and the spectral characterization of six 

substituted acid hydrazones and their coordination compounds of different transition 

metals like copper(II), oxovanadium(IV), rnanganese(II), nickel(II) and zinc(II). It 

also discusses the biological screening tests for all the acid hydrazones and the 

complexes with five microorganisms. The thesis is divided in to seven chapters. 

Chapter 1. 

This chapter deals with the brief review on acid hydrazones and their 

structural and stereochemical properties and different coordination modes. This also 

gives a brief account of their transition metal complexes and objectives of the 

present studies. Various techniques used to elucidate the bonding structure and 

stereochemistry of the ligands and the complexes prepared are also included in this 

chapter. 

Chaptel" 2. 

This chapter deals with the syntheses and spectral characterization of 

six 3cid hydrazones derived from different acid hydrazide and ketones/aldehydes, 

namdy 
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Salicylaldehyde benzoic acid hydrazone (H~L 1) 

2-Hydroxyacetophenone nicotinic acid hydrazone (H2L~) 

2-Methoxybenzaldehyde nicotinic acid hydrazone (HL ~) 

2-Hydroxyacetophenone 4-hydroxybenzoic acid hydrazone (H;!L-t) 

Salicylaldehyde nicotinic acid hydrazone (H~L5) 

2-Hydroxyacetophenone benzoic acid hydrazone (H2L
6

) 

All these acid hydra zones have substitution at the second position of the 

ketoniclaldehydic part. Complete NMR assignments for one hydrazone was made 

using COSY homonuclear and HMQC heteronuclear correlation techniques. Single 

crystal X-ray crystal studies for H2L2 were done, and the compound crystallizes 

into an orthorhombic lattice with a non-centrosymmetric space group Pea2} with 

two crystallographically unique molecules in an asymmetric unit. 

Chapter 3. 

This chapter deals with the detailed preparative and physicochemical studies 

of two new heterocyclic base adducts of copper(II) complexes of general formula 

CuLB, where L is the dianion of 2-hydrO>..),acetophenone 4-hydroxybenzoic acid 

hydrazone (H2L 4) and B is the heterocyclic base, 2, 2' bipyridine (bipy) or 1, 10 

phenanthroline (phen), have been synthesized and characterized by different 

physicochemical methods. The molar conductivity measurements in DMF solution 

indicate the non-electrolyte nature of both complexes. The electronic and IR 

spectroscopic data indicate that the complexes have square pyramidal geometry with 

one dibasic tridentate ligand L 2-, and one bidentate heterocyclic base. The 

coordination takes place through the deprotonated hydroxyl group, azomethine 

nitrogen and oxygen from the hydrazide moiety. The magnetic susceptibility values 

at room temperature are consistent with the spin only value for monomeric 

copper(II) species without any copper-copper interactions. EPR studies of all 

compounds gave axial spectra. Simulation of EPR spectra gave the correct values 

for g and A for each compound. The g values indicate that the unpaired electron 

resides in the d/-/ orbital. The crystal and molecular structure of CuL -tphen was 
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determined by single crystal X-ray diffraction method. The compound crystallizes 

into monoclinic lattice with space group P2,/c. Investigations on antimictrobial 

activities showed that they are moderately active against Gram negative bacteria. 

The electrochemical analysis showed that the Cu(II)/Cu(I) system is reversible. 

Chapter 4. 

This chapter deals with syntheses, spectral characterization and biological 

investigation of oxovanadium(IV) complexes. An interesting series of heterocyclic 

adduct of oxovanadium(IV) complexes have been synthesized by the reaction of 

vanadium(IV) oxide acetylacetonate with some hydrazones in presences of 

heterocyclic base, 2 2' -bipyridine and characterized by analytical and different 

techniques, like IR, far IR, EPR and UV-Vis spectral studies and magnetic studies. 

The acid hydrazones used for the syntheses are H2L', H2e, H2L 4 and H2L5. the 

magnetic measurement showed all the complexes are paramagnetic and the values 

lie at -1.7 BM, suggest mononuclear oxovanadium(IV) with no vanadium vanadium 

interactions. The EPR spectra indicate the presence of free electron in the d", 

orbital. The coordination geometry around oxovanadium(IV) in all complexes are 

octahedral with one dibasic tridentate ligand L 2-, and one bidentate heterocyclic 

base. The coordination takes place through the deprotonated hydroxyl group, 

azomethine nitrogen and oxygen from the hydrazide moiety. And the oxygen of the 

oxovanadium species occupies the sixth position of the octahedron. All electronic 

transitions were assigned. The values are consistent with distorted octahedral 

structure. All the compounds are paramagnetic. EPR studies of all compounds gave 

axial spectra and the bonding parameters are calculated for all the compounds. The 

antimicrobial studies showed all the complexes are moderately active against all the 

microorganisms under study. 
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Chapter 5. 

An interesting senes of binary complexes manganese(II) have been 

synthesized by the reaction of rnanganese(II) acetate dihydrate and four different 

acid hydrazones namely H2L2
, H2e, H2L

5 and H2L6
, in appropriate conditions and 

characterized by analytical and different spectral techniques, like IR., far IR, EPR 

and UV -Vis spectral studies and magnetic studies. All the compounds are 

paramagnetic and the magnetic moment were -5.9 BM, which are consistent with 

the mononuclear high spin manganese(II) central metal ion without any manganese 

manganese interactions. EPR studies of all compounds gave axial spectra The 

spectra indicate all the complexes have a distorted octahedral geometry The 

coordination takes place through the phenolic/methoxy oxygen, azomethine nitrogen 

and OA)'gen from the hydrazide moiety. All electronic transitions were assigned. 

The values are consistent with distorted octahedral structure. All the four 

manganese(II) complexes were showed no or little activity against both the Gram 

positive and Gram negative bacteria. 

Chapter 6. 

An interesting series of heterocyclic adduct of nickel(II) complexes have 

been synthesized by the reaction of nickel(II) acetate with some hydrazones in 

presences of heterocyclic bases like 2 2' -bipyridine and 1, 10- phenanthroline and 

characterized by analytical and different spectral techniques, like IR, far IR, and 

UV -Vis spectral studies and magnetic studies. The coordination geometry around 

nickel(II) in all complexes except for Ni(II)L2.H20 are octahedral with one dibasic 

tridentate ligand L2
-, and one bidentate heterocyclic base. A water molecule 

occupies the sixth position. The coordination takes place through the deprotonated 

hydroxyl group azomethine nitrogen and oxygen from the hydrazide moiety. All 

electronic transitions were assigned. The values are consistent with pseudo­

octahedral structure. All the compounds are paramagnetic The paramagnetic 

property of four coordinated nickel(II) system is because of the spin cross over 
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phenomenon. Antimicrobial studies showed that all the eight nickel(II) complexes 

were showed no or little activity against both the Gram positive and Gram negative 

bacteria. 

Chapter 7. 

An interesting series zinc(II) complexes have been synthesized by the 

reaction of zinc(II) acetate with some hydrazones and characterized by analytical 

and different spectral techniques, like lH NMR., IR far IR, and UV-Vis spectral 

studies. All complexes square planar with one dibasic tridentate ligand L 2- and one 

water molecule in the coordination sphere. The coordination takes place through the 

deprotonated hydroxyl group azomethine nitrogen and oxygen from the hydrazide 

moiety. All electronic transitions were assigned. Antimicrobial studies showed that • 

all the four zinc(II) complexes were showed no or little activity against both the 

Gram positive and Gram negative bacteria. 
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