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Abstract Three new coordination complexes of Zn(II)

and Mn(II) have been synthesised using two different tri-

dentate N,N,O donor hydrazone ligands, Hpbh and Hacpbh

respectively. The complexes [Zn(pbh)2] (1) and [Zn

(acpbh)2] (2) have been synthesized by the treatment of

ZnSO4 � 7H2O with Hpbh and Hacpbh hydrazone ligands,

respectively. The Mn(II) complex [Mn(acpbh)2] (3) was

obtained on reacting Mn(NO3)2 � 4H2O with the ligand

Hacpbh. The ligands Hpbh and Hacpbh were prepared by

condensing pyridine-2-carboxaldehyde and 2-acetylpyri-

dine with benzhydrazide respectively. Inspite of varying

the carbonyl functionality attached to the pyridine moiety

present in the hydrazone ligands in both the Schiff bases,

we obtained three mononuclear complexes 1, 2, and 3

which were clearly characterized from single crystal X-ray

diffraction studies. Spectroscopic investigations like IR and

UV/Vis have been carried out for 1, 2, and 3. Fluorescence

studies have been performed for 1 and 2. For 3 cyclic

voltammetry, room temperature magnetic study and EPR

measurements have been recorded.
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Introduction

Arylhydrazone complexes of transition metal ions are

known to provide useful models for ellucidation of the

mechanisms of enzyme inhibition by hydrazine derivatives

[1] and for their possible pharmacological applications [2].

The activity of some hydrazone complexes is very signif-

icant against Gram-positive bacteria in vitro. These

hydrazone chelate derivatives act as good potential oral

drugs to treat the genetic disorders like thalassemia [3].

The structural characterization of these resultant hydrazone

complexes revealed some interesting facts, such as their

tendency and potency to act as planar pentadentate ligands

in most of the complexes [4–7] along with tridentate

character [7–11]. Moreover, these ligands exhibit keto-enol

tautomerism (Fig. 1) and can coordinate in neutral [12],

monoanionic [13], dianionic [4, 14, 15] or tetraanionic [16]

forms, to the metal ions which have coordination numbers

of six and seven [4, 17]; generating mononuclear or binu-

clear species. However, it depends on the reaction

conditions, such as metal ion, its concentration, the pH of

the medium, and the nature of the hydrazone ligand [13].

Zinc(II) ion has been widely found in several zinc con-

taining metalloenzymes such as zinc-peptidases [18],

human carbonic anhydrase [19], and alkalinephosphatase

[20]. The coordination mode for octahedral or tetrahedral

geometries of zinc(II) ion may affect the formation and

mechanism of the self-assembly processes. The chemistry

of manganese, in various oxidation states and in various
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combinations of nitrogen and oxygen donor environment,

is presently witnessing intense activity [21–24]. This is

primarily due to the role of manganese in various biolog-

ical processes, e.g., in the enzymes such as pseudocatalase

[25–27], mitochondrial superoxide dismutase [28], and

most significantly in the water oxidation complex (WOC)

in photosystem-II [29, 30].

In this article we describe the synthesis, structural

ellucidation, fluorescence study of two Zn(II) complexes 1

and 2. For the Mn(II) complex 3 in addition to synthesis,

structural ellucidation, EPR spectra, magnetic study and

electrochemical properties have also been described. The

molecular structures of 1, 2, and 3 have also been estab-

lished from single crystal X-ray diffraction study which

show that in all the three complexes the transition metal ion

is in N4O2 donor environment coordinated via pyridine–N,

imine–N and deprotonated amide–O of the two different

hydrazone ligands Hpbh and Hacpbh, respectively.

Experimental

Materials

All chemicals and solvents used for the syntheses were of

analytical grade. Pyridine-2-carboxaldehyde, 2-acetylpyri-

dine, benzhydrazide, zinc sulphate heptahydrate, manganese

nitrate tetrahydrate were all purchased form Aldrich

Chemical Co. and were used without further purification.

Preparation of the ligands and the complexes

Synthesis of the Schiff base ligands: Hpbh and Hacpbh

The Schiff base ligands (Hpbh and Hacpbh) were prepared

according to the reported methods [31–33]. The two tri-

dentate Schiff bases Hpbh and Hacpbh were prepared by

the reflux condensation of benzhydrazide with pyridine-2-

carboxaldehyde and 2-acetylpyridine in (1:1 mmol ratio)

respectively. The former was refluxed for 2 h and the later

for 15 h which then gave yellow-colored solutions. The

Schiff bases were used without further purifications.

Synthesis of 1

A total of 20 cm3 of a methanolic solution of the Schiff base

ligand (Hpbh) (0.45 g, 2 mmol), was added drop wise to a

vigorously stirred warm 10 cm3 methanolic ZnSO4 � 7H2O

(0.383 g, 1 mmol) solution. The resulting solution was

vigorously stirred at 40 �C for 1 h. After filtration the filtrate

was kept at 26 �C, when pale yellow single crystals suitable

for X-ray diffraction appeared after one night standing.

Yield: 0.3255 gm, 85% with respect to the zinc salt.

Anal. Calc. (%) for C26 H20 N6 O2 Zn: C, 60.77; H, 3.92;

N, 16.35. Found (%): C, 60.72; H, 3.89; N, 16.33.

Synthesis of 2

ZnSO4 � 7H2O (0.383 g, 1 mmol) was dissolved in 10 cm3

methanol and to it 20 cm3 methanolic solution of the Schiff

base (Hacpbh) (0.47 g, 2 mmol), was added dropwise in

stirring condition. After the addition was complete, the

solution was vigorously stirred at 40 �C for 2 h. The solid

obtained was filtered, washed several times with methanol

followed by ether and then dried over fused CaCl2. Pale

yellow rectangular shaped single crystals of 2 suitable for

X-ray diffraction were obtained by diffusion of a dichlo-

romethane solution of the complex into hexane.

Yield: 0.2834 gm, 74% with respect to the zinc salt.

Anal. Calc. (%) for C28 H24 N6 O2 Zn: C, 62.06; H, 4.46;

N, 15.51. Found (%): C, 62.03; H, 4.44; N, 15.49.

Synthesis of 3

Mn(NO3)2 � 4H2O (0.251 g, 1 mmol) was dissolved in

10 cm3 methanol. 20 cm3 pale yellow methanolic solution

of the Schiff base (Hacpbh) (0.47 g, 2 mmol), was added to

the metal salt solution dropwise and the resulting solution
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was stirred. On addition of Et3N (0.202 g, 2 mmol) to the

above mixture, an immediate reddish brown solid separated.

The mixture was further stirred for 2 h. The solid obtained

was filtered, washed several times with methanol followed

by ether and then dried over fused CaCl2. Single crystals of 3

suitable for X-ray diffraction were obtained by diffusion of a

dichloromethane solution of the complex into hexane.

Yield: 0.1907 gm, 76% with respect to the manganese

salt.

Anal. Calc. (%) for C29 H28 Mn N6 O3: C, 61.81; H,

5.01; N, 14.91. Found (%): C, 61.79; H, 4.98; N, 14.87.

Physical measurements

The Fourier Transform Infrared spectra of the complexes

were recorded on a Perkin–Elmer Spectrum RX I FT-IR in

the range 4,000–300 cm-1 system with solid KBr disc. The

electronic spectra were recorded at 300 K on a Perkin–

Elmer k-40 UV/Vis-spectrometer using HPLC grade ace-

tonitrile as solvent with a 1-cm quartz cubates in the range

200–800 nm. C, H, N microanalyses were carried out with

a Perkin–Elmer 2400 II elemental analyzer. Electrochem-

ical measurements were performed on a CH 600A cyclic

voltametry instrument using HPLC grade acetonitrile

solution as solvent where tetrabutylammonium perchlorate

was used as supporting electrolyte at a scan rate 0.05 V/s.

Platinum and standard calomel electrode (SCE) were the

working and the reference electrode in the process

respectively. Room temperature magnetic susceptibility

was measured in solid phase with a Sherwood-Scientific,

Cambridge, UK magnetic susceptibility balance using

conventional Gouy’s method taking mercury tetrathiocya-

natocobaltate(II) as standard. Diamagnetic corrections

were done using Pascal’s Table. X-band Electron Para-

magnetic Resonance spectra were recorded with a Bruker

ER200D spectrometer equipped with an NMR-Gaussmeter,

an Anritsu microwave frequency counter, and an Oxford

ESR9 cryostat. JOBIN YVON Fluoro Max 3. A spectro-

flurometer model was used for the steady state fluorescence

measurements for both complexes (1 and 2) and the ligands

(Hpbh and Hacpbh) at room temperature (298 K). The

solutions of the ligands and the complexes were prepared

in the ratio of 2:1 methanol:water mixed solvents and OD

for each of the solutions at the wavelength for fluorescence

excitation were recorded.

Single crystal X-ray diffraction study: data collection

and structure refinement

The crystal structure analyses of 1, 2, and 3 were per-

formed by three different authors in different laboratories.

The equipment used for each sample is listed with the

crystallographic data and the refinement results in Table 1.

The data were reduced to Fo
2 and corrected for multiscan

absorption effects with Bruker SHELXTL [34], SADABS

[35] and CrysAlis PRO [36] softwares, respectively. Unit

cell refinements were done using the CrysAlis PRO, Bruker

SMART softwares [37]. For the structural refinement of

complex 3, the SQUEEZE program was used to deal with

the two disordered methanol molecules which were elim-

inated for a best refinement of the molecule [38]. The

structures of all the complexes were determined by direct

methods procedures in either a version of SHELXS [39]

and refined by full-matrix least-squares methods in

SHELXL [40]. All non hydrogen atoms were refined with

anisotropic displacement parameters. All hydrogen atoms

were located in calculated positions to correspond to

standard bond lengths and angles.

Results and discussion

Infrared spectra

The IR spectra of 1, 2, and 3 were analyzed in comparison

with that of their respective free ligands (Hpbh and

Hacpbh) in the region 4,000–250 cm-1. The IR spectra of

the hydrazone ligands contain a strong C–O absorption

band at 1,651–1,659 cm-1 and a N–H absorption band at

3,187–3,250 cm-1. Both of these bands disappear on

complexation, and a new C–O absorption band appears at

1,040–1,089 cm-1 in the complexes, indicating that the

hydrazone ligands have undergone deprotonation on com-

plexation. These data give evidence for the coordination of

the ligands (Hpbh and Hacpbh) to the respective metal ions

[Zn(II) and Mn(II)] via two nitrogen atoms and one oxygen

atom. The infrared spectra of 1, 2 and 3 display IR

absorption bands at 1,637, 1,583, and 1,587 cm-1 which

can be assigned to the C=N stretching frequencies of the

coordinated ligands (Hpbh and Hacpbh) [41], whereas for

the free ligands (Hpbh and Hacpbh) the same bands are

observed at 1,652 and 1,685 cm-1 respectively. The shift

of these bands on complexation towards lower wave

number indicate coordination of the azomethane nitrogen

to the metal centre [42]. The ligand coordination to the

metal centre is substantiated by two bands appearing at

412, 414, 416 cm-1 and at 380, 374, 360 cm-1 for 1, 2,

and 3 respectively which are mainly attributed to mM-N and

mM-O respectively. The low energy pyridine ring in plane

and out of plane vibrations observed in the spectrum of the

two ligands at 625 and 635 cm-1 respectively whereas the

corresponding bands for the complexes are shifted to

higher frequencies at 631–608 cm-1, 662–682 cm-1 and

690–714 cm-1 for 1, 2, and 3, respectively, which is a



good indication of the coordination of the heterocyclic

nitrogen [43].

UV–Vis spectra

UV–Vis spectra of 1, 2, and 3 were recorded at 300 K in

HPLC grade acetonitrile solution. For 1 and 2 charge

transfer bands were obtained at the wavelengths 378 and

365 nm. For 3, containing distorted ochtahedral Mn(II) ion,

we obtained two bands in the UV region. The band

obtained at 374 nm is considerably stronger than the band

obtained at 247 nm. According to literature these bands are

mainly assigned due to n?p* (forbidden transition) and

p?p* transition in the ligand. It is well known that the d–d

transition occur in d5 system but those transitions are of

very low intensities, and hence, in 3 we did not observe any

d–d bands for such transitions [44].

Cyclic voltammetry

Electrochemical property of 3 was studied in HPLC grade

acetonitrile medium with tetrabutylammonium perchlorate

as supporting electrolyte at a scan rate 50 mVs-1. The

complex 3 shows an oxidative response at 0.51 V versus

SCE, which is assigned to the Mn(II) to Mn(III) oxidation

and a reductive response at 0.44 V versus SCE assigned for

Mn(III) to Mn(II). This oxidation is reversible, characterized

by a peak-to-peak separation (DEp) of 70 mV, which remain

unchanged upon changing the scan rate. The anodic peak

current (ipa) is almost equal to the cathodic peak current (ipc),

as expected for a reversible electron transfer process.

Magnetic study

The Mn(II) complex, 3 as a solid exhibits room tempera-

ture magnetic susceptibility as expected for isolated d5

Table 1 Experimental, crystallographic, and refinement data for complexes 1, 2, and 3

Complex 1 2 3

Empirical formula C26H20N6O2Zn C28H24N6O2Zn C29H28MnN6O3

Formula weight 513.85 541.90 563.51

Crystal system Monoclinic Monoclinic Triclinic

Space group P 1 21/n 1 C2/c P-1

Z 4 4 2

a (Å ) 9.7855(3) 22.6705(11) 8.119(2)

b (Å ) 23.8878(6) 10.0749(5) 13.461(3)

c (Å ) 10.1330(3) 11.7942(5) 13.682(3)

a (�) 90 90� 67.376(4)

b (�) 104.757(3) 115.969(2) 76.346(4)

c (�) 90 90� 77.732

V (Å3) 2290.50(11) 2421.8(2) 1328.7(6)

Density (Mg/m3) 1.490 1.486 1.404

l(mm-1) 1.110 1.054 0.542

F(000) 1056 1120 580

Diffractometer used Oxford Diffraction Gemini CCD CCD

Radiation, wavelength, Å 0.71073 0.71073 0.71073

Crystal size (mm) 0.55 9 0.43 9 9.31 0.45 9 0.18 9 0.14 0.29 9 0.27 9 0.15

h Range for data collection (�) 4.50–32.51 2.66–35.28 1.64–23.29

Limiting indices -14 B h B 14, -4 B k B 23,

-14 B l B 12

-36 B h B 36, -16 B k B 16,

-19 B l B 19

-8 B h B 9, -14 B k B 12,

-14 B l B 15

Reflections collected 20299 33799 5773

Independent reflections (Rint) 7357, 0.0643 5410, 0.0365 3799, 0.0445

Observed reflections, I [ 2r(I) 3329 4493 2936

R 0.0467 0.0316 0.0637

wR2 0.1069 0.0881 0.1605

Goodness-of-fit, S 0.923 1.040 1.024

Largest difference in peak and hole (e Å-3) 0.673 and -0.486 0.523 and -0.346 0.467 and -0.706



transition metal centers. The effective magnetic moment

(leff) value is found to be 5.92 B.M. at 300 K. The value is

consistent with the magnetically dilute high spin d5 Mn(II)

complex [45].

Description of the crystal structures of the complexes

[Zn(pbh)2]: (1)

A perspective view of 1 with the atom numbering scheme

is presented in Fig. 2 as an ORTEP plot (displacement

ellipsoid are drawn at the 50% probability level for non-

hydrogen atoms). Selected interatomic distances and angles

are provided in Table 2. In 1 the Zn(II) center is coordi-

nated by two deprotonated Hpbh ligand arranged in mer

position. The large deviation from perfect octahedron of

the six coordinated Zn(II) center in 1 has occurred due to

the coordination of the polydentate N2O donor ligand (pbh)

and as the chromophore is a heteroatomic species. The

trans base angels [N2A–Zn–N2B and O1A–Zn–N1A]

show marked deviation from their ideal value of 180�. All

the Zn(II)–O bonds lie in the range from 2.2245(17) to

2.1145(18) Å whereas the Zn(II)–N bond lengths vary

appreciably. One of the metal nitrogen bonds is very large

[Zn–N1B = 2.315(2) Å] in comparison to the others [Zn–

N2B = 2.057(2), Zn–N2A = 2.097(2) and Zn–N1A =

2.245(2) Å] and imply a highly distorted ochtahedral

structure. The hydrazone ligand (Hpbh) coordinates in its

enoleto form and thus acts as mono-negative ion. There is

one strong intermolecular H-bonding interaction between

the H4AA of one unit and O1B of the another unit of the

complex. H-bonding diagram and H-bond dimension

parameters are reported in Fig. 3 and Table 3 respectively.

[Zn(acpbh)2]: (2)

A perspective view of 2 with the atom numbering scheme

is presented in Fig. 4 as an ORTEP plot, and the packing

diagram is shown in Fig. 5 (displacement ellipsoid are

drawn at the 50% probability level for non-hydrogen

atoms). Selected interatomic distances and angles are

provided in Table 4. In 2, the angles at the Zn(II) center

show small deviations from the ideal octahedral environ-

ment (indicated in Table 4). The dihedral angle between

the two acpbh ligands is 149.96(3)�. In the ZnN4O2 coor-

dination sphere of 2, Zn(1)–N(15) is the largest interatomic

distance whereas the Zn(1)–N(9) is the shortest interatomic

distance. In the complex, the three rings i.e. 2-acetylpyri-

dine and the two five-membered chelate rings lie in theFig. 2 ORTEP view of 1 with atom labeling scheme

Table 2 Selected bond distances (Å), and bond angles (�) for 1 with

estimated standard deviations in parentheses

Bond lengths (Å)

Zn–O(1A) 2.1145(18)

Zn–N(1A) 2.245(2)

Zn–N(1B) 2.315(2)

Zn–O(1B) 2.1188(17)

Zn–N(2A) 2.097(2)

Zn–N(2B) 2.057(2)

Bond angles (�)

O(1A)–Zn–O(1B) 100.92(7)

O(1B)–Zn–N(2A) 120.59(8)

O(1B)–Zn–N(2B) 75.31(8)

O(1A)–Zn–N(1A) 147.92(8)

N(2A)–Zn–N(1A) 74.05(8)

O(1A)–Zn–N(1B) 89.54(7)

N(2A)–Zn–N(1B) 90.28(8)

N(1A)–Zn–N(1B) 96.28(8)

O(1A)–Zn–N(2A) 74.40(8)

O(1A)–Zn–N(2B) 112.00(8)

N(2A)–Zn–N(2B) 162.35(9)

O(1B)–Zn–N(1A) 90.16(7)

N(2B)–Zn–N(1A) 99.89(8)

O(1B)–Zn–N(1B) 148.99(7)

N(2B)–Zn–N(1B) 73.71(8)



same plane. No classical H-bonding is present in the

complex but an interlayer p–p interaction is present in 2

which is clearly shown in the packing diagram (Fig. 5).

[Mn(acpbh)2]: (3)

The ORTEP plot of 3 is illustrated in Fig. 6. Selected

interatomic distances and angles are provided in Table 5.

The Mn(II) ion is in N4O2 coordination sphere. Each of the

two meridionally spanning ligands (Hacpbh) coordinates

the metal ion via the pyridine–N, imine–N and deproto-

nated amide–O atoms forming two five membered chelate

rings. The average N–N (1.385 Å), N–C (1.332 Å) and

C–O (1.275 Å) distances in the {= N–N=C(O-)–} moiety

of both ligands conform with the enolate form of the amide

functionalities. A large distortion of the MnN4O2 octahe-

dron is clearly evident from the bond distances and angles

given in Table 5. The intraligand bite angles lie in the

range of 91.13-93.48�. An interesting feature of the

structure is that the two acpabh moieties are nonequivalent

with respect to the metal to coordinating atom distances.

The bond distances between the manganese and imine

nitrogen atoms are 2.191 and 2.194 Å for Mn(1)–N(5) and

Mn(1)–N(2) respectively. Moreover Mn(II) pyridine–N

and Mn(II) amide–O distances for the two chelating

ligands are significantly different. Average distance

between Mn(1)–O(1) and Mn(1)–O(3) is 2.142 Å and

between Mn(1)–N(1) and Mn(1)–N(4) is 2.294 Å Thus a

tetragonal elongation is operative along the N(1)–Mn–N(4)

axis at the same time a tetragonal compression exists along

the O(1)–Mn–O(3) axis. Such compression and elongation

results in a rhombic distortion from octahedral symmetry

has been noted for similar tridentate ligands.

Fig. 3 Packing diagram of the complex 1

Table 3 Hydrogen bonding parameters for 1

D–H���A d(D–H) Å d(H���A) Å d(D���A) Å \(DHA)�

C(4A)-H(4AA)���O(1B)

#1

0.9400 2.4400 3.193(4) 137.00

Symmetry transformations used to generate equivalent atoms: #1 -x + 1,-y,-z + 2

Fig. 4 ORTEP view of 2 with atom labeling scheme

Fig 5 Packing diagram of the complex 2



Fluorescence study of 1 and 2

The fluorescence spectra of 1 and 2 are presented in Figs. 7

and 8 respectively. The free ligands (Hpbh and Hacpbh)

show intense emission bands at 330 and 340 nm, respec-

tively, when exited with light of 378and 364 nm,

respectively. These band intensities are reduced many fold

in the case of 1 and 2 and blue shifted to 420 and 440 nm

respectively. Quenching of fluorescence of ligands by

transition metal ions upon complexation is a rather com-

mon phenomenon and can be explained by processes such

as magnetic perturbation, redox activity, electronic energy

transfer, donation of lone pairs of electrons, etc. [46, 47].

As the emission bands of the free ligands show reduction of

intensities on complexation so it can be attributed to n–p*

transition rather than p–p* transition [48]. As the lone pairs

of electrons on the free ligands get donated to the metal

centers in the complexes so the n–p* emission intensities

get reduced in the complexes and explains the quenching of

fluorescence in 1 and 2.

EPR study of 3

The X-band EPR spectrum from a solution of [Mn(ac-

pbh)2] (3) in DMSO at 10 K is shown in Fig. 9. The

spectrum were recorded with the external magnetic field

oriented either perpendicular or parallel to the microwave

magnetic field. In perpendicular mode, signals are observed

in a wide spectral region. A sextet of lines is observed at

g * 2.0 which is attributed to Mn(II) (S = 5/2) system. In

parallel mode, a broad signal is observed with a valley at

g * 5.45. The spectrum are consistent with a Mn(II)

(S = 5/2) monomer. The X band EPR signals of Fig. 9

show similarities with signals of other Mn(II) (S = 5/2)

monomers [49–54]. Qualitatively, the spectrum can be

interpreted assuming a zero field splitting parameter, |D| of

the order of 0.1 cm-1. Under these conditions, the signals

Table 4 Selected bond distances (Å), and bond angles (�) for 2 with

estimated standard deviations in parentheses

Bond lengths (Å)

Zn(1)–O(1A) 2.1034(8)

Zn(1)–N(15A) 2.2698(9)

Zn(1)–N(15) 2.2698(9)

Zn(1)–O(1) 2.1034(8)

Zn(1)–N(9A) 2.0641(9)

Zn(1)–N(9) 2.0641(9)

Bond angles (�)

O(1A)–Zn(1)–O(1) 99.06(5)

O(1)–Zn(1)–N(9A) 113.03(3)

O(1)–Zn(1)–N(9) 76.05(3)

O(1A)–Zn(1)–N(15A) 149.96(3)

N(9A)–Zn(1)–N(15A) 73.94(3)

O(1A)–Zn(1)–N(15) 93.74(3)

N(9A)–Zn(1)–N(15) 96.36(3)

N(15A)–Zn(1)–N(15) 88.37(5)

O(1A)–Zn(1)–N(9A) 76.05(3)

O(1A)–Zn(1)–N(9) 113.03(3)

N(9A)–Zn(1)–N(9) 166.71(5)

O(1)–Zn(1)–N(15A) 93.74(3)

N(9)–Zn(1)–N(15A) 96.36(3)

O(1)–Zn(1)–N(15) 149.96(3)

N(9)–Zn(1)–N(15) 73.94(3)

Symmetry transformations used to generate equivalent atoms: A -x,

y,-z + 1/2

Fig. 6 ORTEP view of 3 with

atom labeling scheme



observed in parallel mode arise from inter-doublet transi-

tions. The lack of resolved hyperfine patterns, due to the

I = 5/2 55Mn nucleus, is attributed to a distribution on the

zero field splitting parameters [54]. A more detailed

analysis including high field/high frequency EPR studies,

will be presented elsewhere.

Conclusion

The two different N,N,O donor hydrazone ligands (Hpbh

and Hacpbh) have efficiently coordinated to Zn(II) and

Table 5 Selected bond distances (Å), and bond angles (�) for 3 with

estimated standard deviations in parentheses

Bond lengths (Å)

Mn(1)–O(1) 2.134(2)

Mn(1)–O(3) 2.150(2)

Mn(1)–N(5) 2.191(3)

Mn(1)–N(2) 2.194(3)

Mn(1)–N(4) 2.273(3)

Mn(1)–N(1) 2.315(3)

Bond angles (�)

O(1)–Mn(1)–O(3) 105.08(10)

O(1)–Mn(1)–N(5) 71.68(10)

O(3)–Mn(1)–N(5) 122.58(11)

O(1)–Mn(1)–N(2) 121.76(11)

O(3)–Mn(1)–N(2) 71.94(11)

N(5)–Mn(1)–N(2) 159.12(12)

O(1)–Mn(1)–N(4) 141.90(11)

O(3)–Mn(1)–N(4) 91.13(10)

N(5)–Mn(1)–N(4) 70.55(11)

N(2)–Mn(1)–N(4) 95.88(11)

O(1)–Mn(1)–N(1) 96.26(11)

O(3)–Mn(1)–N(1) 142.19(11)

N(5)–Mn(1)–N(1) 93.48(11)

N(2)–Mn(1)–N(1) 70.30(11)

N(4)–Mn(1)–N(1) 90.79(11)

Fig. 7 Normalised emission spectra of Hpbh (j) and 1 (h) at room

temperature (kex = 378)

Fig. 8 Normalised emission spectra of Hacpbh (j) and 2 (h) at

room temperature (kex = 364)

Fig. 9 X-band dual mode EPR spectra from a DMSO solution of 3.

EPR conditions: temperature, 10 K, microwave frequency, 9.60 GHz

(B1\B), 9.32 GHz (B1k B), microwave power, 2.1 mW, modulation

amplitude 10 Gpp



Mn(II) ions producing similar structures. Inspite of varying

the carbonyl group attached to the pyridine moiety present in

the hydrazone ligand in both the Schiff bases, we obtained

three mononuclear complexes of the type [Zn(pbh)2] (1),

[Zn(acpbh)2] (2) and [Mn(acpbh)2] (3) which indicate that

the alkyl group does not show any pronounced effect on the

ligating properties of the two ligands.

Supplementary data

X-ray crystallographic data in the ‘CIF’ format corre-

sponding to the complexes reported in this article have

been deposited with the Cambridge crystallographic Data

Center and supplementary crystallographic data for this

paper can be obtained free of charge on request at

http://www.ccdc.cam.ac.uk/conts/retrieving.html [or from

the Cambridge Crystallographic Data Centre (CCDC), 12

Union Road, Cambridge CB2 1EZ, UK; fax: +44(0)1223-

336033; email: deposit@ccdc.cam.ac.uk], quoting the

CCDC numbers 648266, 648735 and 632494 for the

complexes 1, 2 and 3 respectively.
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