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Abstract The novel one N4 and two N4O2 containing

hetero-trinuclear oxime metal complexes, [Co(L)2(H2O)2

Mn2(dafo)4](ClO4)2 (1), [Co(L)2(H2O)2Mn2(dafdione)4]

(ClO4)2 (2), [Co(L)2(H2O)2Mn2(dcbpy)4](ClO4)2 (3) and

[Co(L)2(H2O)2Mn2(phen)4](ClO4)2 (4), (where, L = N,N0-bis

(ethyl-4-amino-1-piperidine carboxylate)-glyoxime, dafo =

4,5-diazafluoren-9-one, dafdione = 1H-cyclopenta[1,2-b:5,4-

b0]dipyridine-2,5-dione, dcbpy = 3,30-dicarboxy-2,20-bipyri-

dine and phen = 1,10-phenanthroline) have been synthesized

and characterized by UV–Vis, FT-IR spectra, magnetic sus-

ceptibility measurements, molar conductivity, X-ray powder

techniques, mass spectra and their morphology studied

by SEM measurements. The H-bonding (O–H���O) in the

Mn(II)–Co(II)–Mn(II)-type hetero-trinuclear oxime metal

complexes disappears, the Co(II) ion centered into the main

oxime core by the coordination of the imino groups while the

two Mn(II) ions coordinated to dianionic oxygen donors of

the oxime groups and linked to the ligands of dafo, dafdione,

dcbpy and phen.
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Introduction

The chemistry of oxime/oximato metal complexes has been

widely investigated since the time of their first synthesis,

e.g. preparation of nickel(II) dimethylglyoximato and rec-

ognition of the chelate five-membered character of this

complex by Chugaev [1]. Extensive studies of cobaltoximes

beginning in the 1960s made use of Co(DMGH)2 as a

substitute for the naturally occurring cobalt core ring system

[2, 3]. Vic-dioximes have received considerable attention as

model compounds due to the fact that they mimic bio-

functions such as reduction of vitamin B12 [4]. Coordination

chemistry of the oxime ligands has been extensively studied

with the 3d metal ions [5–7]. The oxime-imines represent an

important class of ligands capable of to stabilize the higher

oxidation states of the central metal ion through strong

ligand to metal (L ? M) r-donation. The tetradentate vic-

dioxime ligands behave similarly by enveloping themselves

around metal ions in a planar geometry, forming a hydrogen

bond between two oxime groups by removing one hydrogen

ion. The strength of the hydrogen bond between the two

oxime groups, which is represented by the O–O distance,

depends on the size of the metal ions and chemical envi-

ronment around the metal ions. The oxidation states of the

central metals, number of donor atoms and core structures

of the complexes are major factors in determining struc-

ture–function relations of the transitions metal complexes

[8]. The nature of the ligands around the metal has been

found to dramatically affect the energy conversion process.

Particulary, the introduction of electronic effects via elec-

tron-donor substituents on 4,5-diazafluoren-9-one (dafo),

1H-cyclopenta[1,2-b:5,4-b0]dipyridine-2,5-dione (dafdione),

3,30-dicarboxy-2,20-bipyridine (dcbpy) and 1,10-phenan-

throline (phen) ligands notably improved the absorption in

the visible region for efficient sunlight collection [9–11].
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In the present study, we have prepared novel trinuclear

Mn(II)–Co(II)–Mn(II)-type metal complexes. The metal

complexes have been identified by combination of FT-IR

spectra, UV–Vis spectra, magnetic susceptibility mea-

surements, mass spectra, X-ray powder diffraction mea-

surements, elemental analysis, molar conductivity

measurements and their morphology studied by SEM

measurements. The aim of this study is to prepare and

characterize new different trinuclear metal–oxime com-

plexes and then understand the structural properties of the

coordination of different groups such as 4,5-diazafluoren-

9-one (dafo), 1H-cyclopenta[1,2-b:5,4-b0]dipyridine-2,5-

dione (dafdione), 3,30-dicarboxy-2,20-bipyridine (dcbpy)

and 1,10-phenanthroline (phen) to the oxime moieties

through two oxygen donor atoms and also understand their

crystalline or amorphous structures by X-ray powder

analysis and SEM images.

Experimental

Materials and physical measurements

All reagents and solvents were of reagent-grade quality and

obtained from commercial suppliers (Fluka). The C, H, N

elemental analyses were performed on a LECO CHNS-932

model analyzer. IR spectra were recorded on a Perkin

Elmer Spectrum RXI FT-IR Spectrometer as KBr pellets.

Magnetic Susceptibilities were determined on a Sherwood

Scientific Magnetic Susceptibility Balance (Model MK1)

at room temperature (25 �C) using Hg[Co(SCN)4] as a

calibrant; diamagnetic corrections were calculated from

Pascal’s constants [12, 13]. UV–Vis spectra were recorded

on a Perkin Elmer Lambda 25 PC UV–Vis spectrometer.

Molar conductivities (KM) were recorded on a Inolab

Terminal 740 WTW Series. MS results were recorded on a

Micromass Quatro LC/ULTIMA LC–MS/MS spectrome-

ter. X-ray powder analyses were recorded on a Rigaku

Ultima III Series. The scanning electron microscopy

(SEM) measurements were carried out on a Zeiss Series.

The samples were sputter coated with carbon by Balzers

Med 010 to prevent charging when analyzed by the elec-

tron beam. The complex [Co(LH)2(H2O)2] [14], 4,5-Di-

azafluoren-9-one (dafo) [15], 1H-Cyclopenta[1,2-b:5,4-

b0]dipyridine-2,5-dione (dafdione) [16, 17], and 3,30-
dicarboxy-2,20-bipyridine (dcbpy) [18] were prepared

according to the literature procedures.

Synthesis of the mononuclear Co(II) complex

We have previously reported the synthesis of mononuclear

Co(II) complex [14]. For a detailed comparison with

mononuclear Co(II) complex and trinuclear metal

complexes, the analytical data of mononuclear Co(II)

complex including IR, UV–Vis, elemental analysis etc.

were given below. Yield: (56%), Color: Brown,

m.p. = 193 �C. Anal. Calcd. for C36H66N12O14Co (MW:

949 g/mol): C, 45.50; H, 6.95; N, 17.70. Found: C, 45.30;

H, 6.70; N, 17.50, leff = 3.96 B.M, IR (KBr pellets, tmax,

cm-1): 3623–3042 t(OH/NH), 2983–2871 t(Aliph-H),

1733 t(O–H���O), 1675 t(C=O), 1645 t(C=N), 1355 t(N–O).

UV–Vis (kmax, nm): 236, 263, 317, 456, 642 (in DMF).

Synthesis of the trinuclear metal complexes

The complexes [Co(L)2(H2O)2Mn2(dafo)4](ClO4)2 (1),

[Co(L)2(H2O)2Mn2(dafdione)4](ClO4)2 (2), [Co(L)2(H2O)2

Mn2(dcbpy)4](ClO4)2 (3) and [Co(L)2(H2O)2Mn2(phen)4]

(ClO4)2 (4) (where, L = N,N0-bis(ethyl-4-amino-1-piper-

idine carboxylate)-glyoxime, dafo = 4,5-diazafluoren-9-one,

dafdione = 1H-Cyclopenta[1,2-b:5,4-b0]dipyridine-2,5-

dione, dcbpy = 3,30-dicarboxy-2,20-bipyridine and phen =

1,10-phenanthroline) were synthesized. As follows the

mononuclear cobalt complex [Co(LH)2(H2O)2] (0.05 g,

5.27 9 10-5 mmol) was added to Et3N (0.20 mmol) in

ethanol-DMF mixture (70:5 mL) and the mixture was

stirred for 2 h. Mn(ClO4)2�6H2O (0.04 g, 1.05 9 10-4

mmol) in absolute ethanol (20 mL) and 4,5-diazafluoren-9-

one (0.04 g, 2.11 9 10-4 mmol), 1H-cyclopenta[1,2-b:

5,4-b0]dipyridine-2,5-dione (0.04 g, 2.11 9 10-4 mmol),

3,30-dicarboxy-2,20-bipyridine (0.05 g, 2.11 9 10-4 mmol),

or 1,10-phenanthroline monohydrate (0.04 g, 2.11 9 10-4

mmol), in absolute ethanol (25 mL) were successively

added to the resulting mixture, which was boiled under

reflux for 14–16 h. The dark brown product was filtered,

washed with EtOH, MeOH and Et2O respectively, then

dried in vacuo at 40 �C.

[Co(L)2(H2O)2Mn2(dafo)4](ClO4)2 (1): Yield: (64%),

Color: Dark-Red, m.p. [300 �C. Anal. Calcd. for

C80H88N20O26Cl2CoMn2 (MW: 1984 g/mol): C, 48.40; H,

4.47; N, 14.11. Found: C, 48.21; H, 4.58; N, 13.98.

KM = 197 X-1 cm2/mol, leff = 5.16 B.M, IR (KBr pel-

lets, tmax, cm-1): 3635–3155 t(OH/NH), 3090–3012 t
(Ar–H), 2918–2835 t(Aliph-H), 1722 t(C=O), 1632

t(C=N), 1355 t(N–O), 1085 and 625 t(ClO4), 515 t(Co–N),

482 t(Mn–N) and 471 t(Mn–O). UV–Vis (kmax, nm): 271,

304, 317, 356, 657 (in DMF). MS (LSI, Scan ES?): m/z (%)

1985 (8) [M ? 1]?, 1910 (35), 1864 (54), 1554 (42), 1429

(100), 1302 (50) and 1227 (70).

[Co(L)2(H2O)2Mn2(dafdione)4](ClO4)2 (2): Yield:

(60%), Color: Brown, m.p. 287 �C. Anal. Calcd. for

C80H84N20O30Cl2CoMn2 (MW: 2043 g/mol): C, 46.98; H,

4.14; N, 13.70. Found: C, 46.54; H, 4.36; N, 13.67.

KM = 206 X-1 cm2/mol, leff = 4.59 B.M, IR (KBr pel-

lets, tmax, cm-1): 3629–3220 t(OH/NH), 3096 t(Ar–H),

2983–2854 t(Aliph-H), 1714 t(C=O), 1603 t(C=N), 1375
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and 971 t(N–O), 1067 and 626 t(ClO4), 538 t(Co–N),

486 t(Mn–N) and 471 t(Mn–O). UV–Vis (kmax,

nm, * = shoulder peak): 269, 287*, 344, 360, 440 (in

DMF).

[Co(L)2(H2O)2Mn2(dcbpy)4](ClO4)2 (3): Yield: (62%),

Color: Brown, m.p. [300 �C. Anal. Calcd. for

C84H96N20O38Cl2CoMn2 (MW: 2231 g/mol): C, 45.17; H,

4.33; N, 12.54. Found: C, 45.22; H, 4.29; N, 12.47.

KM = 208 X-1 cm2/mol, leff = 4.72 B.M, IR (KBr pel-

lets, tmax, cm-1): 3495 t(OH), 3392 t(NH), 3061 t(Ar–H),

2977–2865 t(Aliph-H), 1716 t(C=O), 1609 t(C=N), 1395

and 988 t(N–O), 1064 and 627 t(ClO4), 542 t(Co–N), 482

t(Mn–N) and 468 t(Mn–O). UV–Vis (kmax, nm,

* = shoulder peak): 270, 337, 441* (in DMF). MS (LSI,

Scan ES?): m/z (%) 2232 (12) [M ? 1]?, 2099 (52), 1928

(50), 1846 (54), 1708 (100) and 1676 (5).

[Co(L)2(H2O)2Mn2(phen)4](ClO4)2 (4): Yield: (72%),

Color: Dark Brown, m.p. = 260 �C. Anal. Calcd. for

C84H96N20O22Cl2CoMn2 (MW: 1975 g/mol): C, 51.02; H,

4.89; N, 14.17. Found: C, 50.97; H, 4.71; N, 14.08.

KM = 218 X-1 cm2/mol, leff = 4.82 B.M. IR (KBr pel-

lets, tmax, cm-1): IR (KBr pellets, tmax, cm-1): 3418–3244

t(OH/NH), 3055 t(Ar–H), 2980–2842 t(Aliph-H), 1683

t(C=O), 1624 t(C=N), 1390 and 968 t(N–O), 1089 and

625 t(ClO4), 544 t(Co–N), 480 t(Mn–N) and 476 t(Mn–

O). UV–Vis (kmax, nm, * = shoulder peak): 272, 338, 394,

435, 448, 613* (in DMF). MS (LSI, Scan ES?): m/z (%)

1976 (16) [M ? 1]?, 1761 (52), 1928 (58), 1638 (42), 1532

(100) and 1306 (56).

Results and discussion

The metal complexes of the general formula [Co(L)2

(H2O)2Mn2(X)4](ClO4)2 (where, L = ligand, X = 4,5-di-

azafluoren-9-one, 1H-cyclopenta[1,2-b:5,4-b0]dipyridine-

2,5-dione, 3,30-dicarboxy-2,20-bipyridine and 1,10-phe-

nanthroline) were synthesized by the reactions of

[Co(LH)2(H2O)2] with the respective Mn(ClO4)2�6H2O,

Et3N and dafo, dafdione, dcbpy or phen in EtOH-DMF

(70:5) mixture, as shown in Scheme 1.

FT-IR spectra

The FT-IR spectra of all metal chelates were recorded in

the 4000–400 cm-1 range. The t(O–H/N–H) stretching

vibrations were observed at between 3635 and 3155 cm-1

for the all metal complexes. The intramolecular hydrogen

bonding was not observed, as expected. This is because of

the fact that the H-bond (O–H���O) of mononuclear Co(II)

complex disappeared upon an encapsulation of the man-

ganese ions on the formation of trinuclear metal com-

plexes, namely Mn2(dafo)4, Mn2(dafdione)4, Mn2(dcbpy)4,

and Mn2(phen)4. The spectra show strong peaks at range

1722–1683 cm-1 for all trinuclear metal complexes due to

carbonyl or carboxylic acid moiety. The coordination of

the Co(II) metal complex to the Mn(II) metal center

through the four nitrogen and two oxygen atoms are

expected to reduce or increase the electron density in the

N–O link and lower or higher the t(C=N) absorption
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Scheme 1 The proposed

structures for (1), (2), (3), and

(4) metal complexes
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frequency. The t(C=N) stretching vibrations are affected

upon complexation and are situated at a frequency signif-

icantly different than that of the mononuclear Co(II) metal

complex (tC=N: 1645 cm-1) [14]. The vibrations of the

azomethine groups of the trinuclear metal complexes are

observed at 1632–1603 cm-1, indicating that the nitrogen

atoms of the azomethine groups are coordinated to the

metal ion (Fig. 2) [19–21]. Perchlorate salts show strong

antisymmetric stretching band at between 1089 and

1064 cm-1 and sharp antisymmetric stretching band at

between 627 and 625 cm-1, an indication of uncoordinated

perchlorate anions [22, 23]. In the low frequency region, a

band of medium intensity observed for the trinuclear metal

complexes in the region 544–515 cm-1 is attributed to

(Co–N) vibrations. The coordination of the dafo, dafdione,

dcbpy or phen nitrogen is further supported by the

appearance of a peak at 486–480 and 476–468 cm-1, due

to t(Mn–N) and (Mn–O) stretching vibrations that are not

observed in the infrared spectra of the [Co(LH)2(H2O)2]

metal complex (Fig. 1) [21, 24].

UV–Vis spectra

The UV–Vis spectra of the trinuclear metal complexes (1)–

(4) in DMF showed three–six absorption bands ranging

from 269 to 657 nm. The electronic spectra of the Mn(II)–

Co(II)–Mn(II)-type hetero-trinuclear metal complexes

showed modifications with respect to the position and

intensity of the characteristic bands to the mononuclear

Co(II) metal complex as compared. The new complexes

also presented new bands (although sometimes not well-

defined) attributed to the trinuclear metal complexes. In the

electronic spectra of the five metal complexes, the wide a

range bands seems to be due to both the p ? p*, and

n ? p* transitions of C=N and change-transfer transition

arising from p electron interactions between the metal and

ligand which involves either a metal-to-ligand or ligand-to-

metal electron transfer [25–27]. Azomethine groups are a

useful tool for the fabrication of the new Mn(II)–Co(II)–

Mn(II)-type trinuclear metal complexes with specific

electronic and structural properties. The absorption bands

below 304 nm DMF are practically identical and can be

attributed to p ? p* transitions in the benzene ring or

azomethine (–C=N) groups. The absorption bands

observed within the range of 317–394 nm in DMF are most

probably due to the transition of n ? p* of imine group

corresponding to the ligand or metal complexes (Fig. 2)

[28–30]. The bands in the region of 435–448 nm were

attributed to the d ? p* charge-transfer transitions, which

are overlapping with the p ? p* or n ? p* transitions of

the trinuclear metal complexes as a result of coordination

of cobalt or manganese metal through N4 and N4O2 atoms.

The trinuclear metal complexes (1) and (4) exhibit new

bands around 613 and 657 nm in DMF, respectively, with

the absorptivity of the former being higher.

Molar conductivity and mass spectra

With a view to study the electrolytic nature of the trinu-

clear metal complexes, their molar conductivities were

measured in DMF at 10-3 M. The molar conductivity (KM)

values of these trinuclear metal complexes are ranging

from 218 to 197 X-1 cm2/mol at room temperature, indi-

cating 1:2 electrolytes or three ionic species in solution

[28–30]. The higher values of trinuclear metal complexes,

indicated the presence of counter ClO4
- anions. Conduc-

tivity measurements have frequently been used in structural

elucidation of metal chelates within the limits of their

Fig. 1 FT-IR spectrum of the [Co(L)2(H2O)2Mn2(dafdione)4](ClO4)2

(2)

Fig. 2 UV–Vis spectrum of the [Co(L)2(H2O)2Mn2(dafdi-

one)4](ClO4)2 (2)
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solubility. They provide a method of testing the degree of

ionization of the complexes, the molecular ions that a

complex liberates in solution (incase of presence of anions

outside the coordination sphere), the higher will be its

molar conductivity and vice versa. The molar conductivity

values indicate that the anions may be present outside the

coordination sphere or inside or absent [20, 31, 32].

The positive mode ESI–MS of the prepared trinuclear

metal complexes can assist for better understanding the

behavior of these complexes in solutions, since the gen-

erated ions in the gas phase closely reflect those in solution

[33]. The ESI–MS spectra for trinuclear metal complexes

are always very important for molecular weights determi-

nation, because of chemical ionization of these metal

complexes and the obtained results can be used for con-

firmation. So, the molecular ion peak is obtained at 1985

for complex (1), at 2232 for complex (3) and at 1976 for

complex (4). Around this value, some other peaks are

present and can be assigned to the metal complexes with

various isotopes of Cl and others groups. However, the

major part of these compounds proved to present charac-

teristic peaks m/z corresponding to their molecular weight

[29].

X-ray diffractions and SEM analysis

We have attempted to prepare single crystals of trinuclear

metal complexes in various solvents, but unfortunately we

could not obtain single crystals suitable for X-ray

diffraction studies for all metal complexes. For more

clarity, a small window, representative of the whole range,

restricted to the 10� \ 2h\ 80� is presented for the all

trinuclear metal complexes. However, the slightly crystal-

line nature of (2) and (3) and the amorphous nature of (1)

and (4) can be readily evidenced from their X-ray powder

patterns. The metal complexes (2) and (3) exhibit sharp

reflections and all diffractograms are nearly identical,

indicating the isostructural nature of these compounds.

Also, the large number of reflections as well as their

positions indicates low crystal symmetry [34, 35]. This

results show that (2) and (3) metal complexes are indicat-

ing crystalline nature, not amorphous nature. Whereas, the

X-ray powder pattern of the (1) and (4) exhibited only

broad humps, indicating its amorphous nature.

The morphology of trinuclear metal complexes has been

illustrated by the scanning electron micrography (SEM).

Figure 3 depicts the SEM images of (1), (2), (3) and (4)

metal complexes. We noted that there is a uniform matrix

of the synthesized metal complexes in the pictograph. This

leads us to believe that we are dealing with homogeneous

phase material. The slightly crystalline shape is observed in

the (2) and (3) metal complexes and the amorphous shape

is observed in the (1) and (4) metal complexes.

Magnetic moments measurements

Magnetic susceptibility measurements provide sufficient

data to characterize the structure of the trinuclear metal

Fig. 3 The SEM micrographs

of a (1), b (2), c (3) and d (4)

metal complexes
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complexes. Magnetic moments measurements of all metal

complexes carried out at 25 �C. The magnetic moment of

mononuclear [Co(LH)2(H2O)2] metal complex is found to

be 3.96 B.M. close to the spin-only magnetic moments for

three unpaired electrons. The Co(II) complexes were

characterized by IR spectra and elemental analyses and it

was found that two molecules of water were axially coor-

dinated to the cobalt ion. The observation of an (O–H���O)

bond leads us to consider the geometry of complexes to be

octahedral. These results are given in our previous study

[14]. The magnetic moments of the trinuclear metal com-

plexes (1), (2), (3) and (4) are found between 5.16 and 4.59

B.M. for per Mn(II) molecule. These values are below the

spin only value for high spin (S = 5/2, leff = 5.92 B.M.).

So, it is obvious that the trinuclear metal complexes pos-

sess antiferromagnetic properties at room temperature by

strong intramolecular antiferromagnetic spin exchange

interaction for trinuclear metal complexes with oximate

bridge ligand [23, 36]. Another possible explanation of the

lowered leff is that the Mn(II) ions coordinated with two

dafo, dafdione, dcbpy and phen groups for per Mn(II)

molecule and the intramolecular antiferromagnetic

exchange interaction of dafo, dafdione, dcbpy and phen

unpaired electrons with two unpaired electrons of Mn(II)

leads to an S = 3/2 ground state.

Acknowledgement This work has been supported, in part, by the

Research Fund of Harran University and Dicle University (Project

No.02-FF-33).

References

1. Chugaev, L.A.: Zh. Russ. Physicochem. Soc. 41, 184 (1909)

2. Schrauzer, G.N.: Organocobalt chemistry of vitamin B12 model

compounds (cobaltoximes). Acc. Chem. Res. 1, 97 (1968)

3. Schrauzer, G.N.: New developments in the field of vitamin B12:

reactions of the cobalt atom in corrins and in vitamin B12 model.

Angew. Chem. Int. Ed. Eng. 15, 417–426 (1976)

4. Chakravorty, A.: Structure chemistry of transition metal com-

plexes of oximes. Coord. Chem. Rev. 13, 1–46 (1974)

5. Xu, D., Gu, J., Xu, L., Liang, K., Xu, Y.: Synthesis and crystal

structure of a polyheteronuclear complex, [Co(III)(Hdmg)2(NH3)

2Cu(II)Cl3]. Polyhedron 17, 231–233 (1998)

6. Birkelbach, F., Weyhermuller, T., Lengen, M., Gerdan, M.,

Trautwein, A.X., Wieghardt, K., Chaudhuri, P.: Linear trinuclear

oximato-bridged complexes MnIII,IVMIIMnIII,IV (M = Zn, Cu

or Mn): synthesis, structure, redox behaviour and magnetism. J.

Chem. Soc. Dalton Trans. 4529–4538 (1997)

7. Kilic, A., Tas, E., Gumgum, B., Yilmaz, I.: The synthesis,

spectroscopic and voltametric studies of new metal complexes

containing three different vic-dioximes. J. Coord. Chem. 60,

1233–1246 (2007)

8. Sellman, D., Utz, J., Heinemann, F.W.: Transition-metal com-

plexes with sulfur ligands. 132.1 Electron-rich Fe and Ru com-

plexes with [MN2S3] cores containing the new pentadentate

ligand ‘N2H2S3’2- (= 2,20-Bis(2-mercaptophenylamino)diethyl

sulfide(2-)). Inorg. Chem. 38, 459–466 (1999)

9. Sullivan, B.P., Baumann, J.A., Meyer, T.J., Salmon, D.J., Leh-

mann, H., Ludi, A.: Mixed ammine-olefin complexes of ruthe-

nium(II). J. Am. Chem. Soc. 99, 7368 (1977)

10. Fung, W.H., Fu, W.Y., Che, C.M.: Mechanistic investigation of

the oxidation of aromatic alkenes by monooxoruthenium(IV).

Asymmetric alkene epoxidation by chiral monooxorutheni-

um(IV) complexes. J. Org. Chem. 63, 7715–7726 (1998)

11. Ghaddar, T.H., Castner, E.W., Isied, S.S.: Molecular recognition

and electron transfer across a hydrogen bonding interface. J. Am.

Chem. Soc. 122, 1233–1234 (2000)

12. Earnshaw, A.: Introduction to Magnetochemistry, p. 4. Academic

Press, London (1968)

13. Tas, E., Kilic, A., Konak, N., Yilmaz, I.: The sterically hindered

salicylaldimine ligands with their copper(II) metal complexes:

Synthesis, spectroscopy, electrochemical and thin layer spectro-

electrochemical features. Polyhedron 27, 1024–1032 (2008)

14. Kilic, A., Tas, E., Gumgum, B., Yilmaz, I.: Synthesis, spectral

characterization and electrochemical properties of new vic-

dioxime complexes bearing carboxylate. Trans. Met. Chem. 31,

645–652 (2006)

15. Hendersen, J., Fronczek, F.R., Cherry, W.R.: Selective pertur-

bation of ligand field excited states in polypyridine ruthenium(II)

complexes. J. Am. Chem. Soc. 106, 5876–5879 (1984)

16. Baxter, P.N.W., Connor, J.A., Wallis, J.D., Povey, D.C., Powell,

A.K.: Oxidation of 1,10-phenanthroline by tetraoxomanga-

nate(VI) and tetraoxomanganate(VII)-preparation, structure and

properties of 1h-cyclopenta[2,1-B-3,4-B0]dipyridine-2,5-dione.

J. Chem. Soc. Perkin Trans. 1, 1601–1605 (1992)

17. Baysal, A., Durap, F., Gumgum, B., Yıldırım, L.T., Ulku, D.,

Boga, D.A., Ozkar, S.: Synthesis, characterization, crystal and

molecular structure of 1,5-dihydro-2H-cyclopenta[1,2-b:5,4-

b0]dipyridin-2-imine. Hel. Chim. Acta 90, 1211–1217 (2007)

18. Eckhard, I.F., Summers, L.A.: 4,5-Diazafluoren-9-one from

the oxidation of 1,10-phenanthroline by permanganate. Aust.

J. Chem. 26, 2727–2728 (1973)

19. Yilmaz, I., Kilic, A., Yancinkaya, H.: Synthesis, characterization,

fluorescence and redox features of new vic-dioxime ligand

bearing pyrene and its metal complexes. Chem. Pap. 62(4), 398–

403 (2008)

20. Kilic, A., Yilmaz, I., Ulusoy, M., Tas, E.: Synthesis, spectral

characterization, electrochemical studies and catalytic properties

in Suzuki–Miyaura coupling reactions of the mononuclear PdII,

trinuclear PdII(BPh2)2 and RuII–PdII–RuII type complexes con-

taining 4-amino-1-benzyl piperidine and phenyl groups. Appl.

Organomet. Chem. 22, 494–502 (2008)

21. Kilic, A., Durap, F., Aydemir, M., Baysal, A., Tas, E.: Ru(II) with

chelating containing N4-type donor quadridentate Pd-oxime

metal complexes: syntheses, spectral characterization, thermal

and catalytic properties. J. Organomet. Chem. 693, 2835–2842

(2008)

22. Rosenthal, M.R.: The myth of the non-coordinating anion.

J. Chem. Educ. 50(5), 331–335 (1973)

23. Kilic, A., Tas, E., Yilmaz, I.: Synthesis, spectroscopic and redox

properties of the mononuclear NiII, NiII(BPh2)2 containing (B–

C) bond and trinuclear CuII–NiII–CuII type-metal complexes of

N,N0-(4-amino-1-benzyl piperidine)-glyoxime. J. Chem. Sci.

121(1), 43–56 (2009)

24. Gaber, M., El-Baradie, K.Y., El-Sayed, Y.S.Y.: Spectral and

thermal studies of 4-(1H-pyrazolo {3,4-d} pyrimidin-4-ylazo)

benzene-1,3-diol complexes of cobalt(II), nickel(II) and cop-

per(II). Spectrochim. Acta A 69, 534–541 (2008)

25. Sacconi, L., Ciampolini, M., Maffio, F., Cavasino, F.P.: Studies

in coordination chemistry. IX.1 Investigation of the stereochem-

istry of some complex compounds of Cobalt(II) with N-substi-

tuted salicylaldimines. J. Am. Chem. Soc. 84, 3246–3248 (1962)

428 J Incl Phenom Macrocycl Chem (2010) 67:423–429

123



26. Tas, E., Aslanoglu, M., Kilic, A., Kara, Z.: Synthesis, spectro-

scopic and electrochemical studies of copper(II) and cobalt(II)

complexes of three unsymmetrical vic-dioximes ligands.

J. Coord. Chem. 59(8), 861–872 (2006)

27. Carlin, R.L.: Transition Metal Chemistry, vol. 1, Marcel Dekker,

New York (1965)

28. Geary, W.: The use of conductivity measurements in organic

solvents for the characterisation of coordination compounds.

Coord. Chem. Rev. 7, 81–122 (1971)

29. Murphy, B., Nelson, J., Nelson, S.M., Drew, M.G.B., Yates, P.C.:

Binucleating N-6 24-membered and 26-membered macrocyclic

lıgands. 1. Dilead complexes-x-ray crystal-structure determina-

tion of a macrocyclic dilead complex containing nitrogen-only

bridging thiocyanate. J. Chem. Soc. Dalton Trans. 123–127 (1987)

30. Kumar, D.S., Alexander, V.: Synthesis of lanthanide(III) com-

plexes of chloro- and bromo substituted 18-membered tetraaza

macrocycles. Polyhedron 18, 1561–1568 (1999)

31. Refat, M.S., El-Korashy, S.A., Kumar, D.N., Ahmad, A.S.:

Syntheses and characterization of Ru(III) with chelating con-

taining ONNO donor quadridentate Schiff bases. Spectrochim.

Acta A 70(4), 898–906 (2008)

32. Refat, M.S.: Complexes of uranyl(II), vanadyl(II) and zirconyl(II)

with orotic acid ‘‘vitamin B13’’: synthesis, spectroscopic, thermal

studies and antibacterial activity. J. Mol. Struct. 842(1–3), 24–37

(2007)

33. Salem, N.M.H., El-Sayed, L., Iskander, M.F.: Metal complexes

derived from hydrazoneoxime ligands: IV. Molecular and

supramolecular structures of some nickel(II) complexes derived

from diacetylmonoxime S-benzyldithiocarbazonate. Polyhedron

27, 3215–3226 (2008)

34. Srinivasan, B.R., Dhuri, N.S., Nathar, C., Bensch, W.: Synthesis

and solid state characterization of two insoluble tetrathiometa-

lates. Trans. Met. Chem. 32, 64–69 (2007)

35. Laik, B., Durandetti, M., Perichon, J.: Formation and electro-

chemical behavior characterizations of dibromo 2, 2 ‘-bipyridine

manganese(II) systems in DMF solution. J. Electroanalyt. Chem.

602, 275–279 (2007)

36. Karabocek, S., Karabocek, N.: Mono- and dinuclear copper(II)

complexes of a Schiff base ligand, 40,50-bis(salicylideneimino)

benzo-15-crown-5. Polyhedron 16, 1771–1774 (1997)

J Incl Phenom Macrocycl Chem (2010) 67:423–429 429

123


	The properties of the new Mn(II)--Co(II)--Mn(II)-type  hetero-trinuclear oxime metal complexes with N4 and N4O2 ligands
	Abstract
	Introduction
	Experimental
	Materials and physical measurements
	Synthesis of the mononuclear Co(II) complex
	Synthesis of the trinuclear metal complexes

	Results and discussion
	FT-IR spectra
	UV--Vis spectra
	Molar conductivity and mass spectra
	X-ray diffractions and SEM analysis
	Magnetic moments measurements

	Acknowledgement
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


