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ABSTRACT
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The heat capacity, electrical conductivity and optical properties of mono-
nuclear manganese(I1I) heterochelates with tetradentate schiff base were
investigated. The specific heat capacities of [Mn(III)(L')(acac)] and
[Mn(IT)(L" (sal)] complexes were found as 0.883-2.345 J/g.deg. and
0.994-2.300 J/g.deg; in the temperature range 0-90°C, respectively. The
temperature dependence of electrical conductivity, 6, shows a typical
semiconducting behavior. Optical absorption studies in the wavelength
of range 190-1100 nm at room temperature showed that the allowed
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Band gap.

direct optical band gap E, of [Mn(III)(LL" (acac)] and [Mn(IIT)(I.")(sal)]

complexes were 1.96 and 2.00 eV, respectively.
Trade Science Inc. -INDIA

INTRODUCTION

The coordination chemistry of manganese in its
higher oxidation states with different Schiff base
ligands is of much importance due to its involve-
ment in a number of biological systems™, as (i)
Oxygen evolving complexes (OEC) in Photosystem-
IIP! (i) Superoxide dismutase! and (iii) Azide insen-
sitive catalasePl. The bioactivity of such schiff base
manganese complexes have also been examined in a
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large number of disease models including Alzheimer’s
diseasel®, excitotoxic neuronal injury”, Parkinson’s
disease®land multiple sclerosis®l. Kochi, Jacobsen
and Katasuki(KJK) discovered an experimentally
versatile and highly enantioselective route for the
epoxidation of olefins by manganese(IIl) com-
plexes! . Manganese compounds have also a wide
vatiety of application in the electrode materials!®!
and in recent advances of nanotechnology*!. Thus,
it is obvious that the importance of manganese com-
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pounds in its different oxidation states is many fac-
eted.

To date, there is limited work reported on elec-
trical, and optical properties of manganese complexes
of Schiff base ligands, while studies related to syn-
thetic, structural and biochemical aspects of man-
ganese complexes have been extensively available.
Recently, there is an increasing interest in such stud-
ies for exploring some unsolved exciting features of
such complexes!'™. The present paper reports the
results of such investigations with the mononuclear
manganese(IIl)heterochelates of the type [Mn(11I)
(LY(@L-L)] where L' is the dianion of the Schiff base
N,N’-(2-hydroxy)propylenebis{(2-imino-3-
oximino)butane} and L-L is the mono anion of
acetylacetone and salicylaldehyde. The structural for-
mulation of the Schiff base ligand is shown below.

EXPERIMENTAL

Synthesis of the ligand

The ligand was synthesized by our previously
published methods™®*! involving the condensation
of 1,3-diaminopropane-2-ol with diacetylmonoxime.

Synthesis of the manganese(III) heterochelates
with tetradentate schiff base

The brown [Mn(III)(L")(acac)] and [Mn(IIL)(L")
(sal)] were synthesized by our recently published meth-

ods®. The compounds were characterized with the
help of elemental analyses, molar conductances, mag-
netic susceptibility, molecular weights and
spectroscopic(UV-Vis, IR) data and the proposed
structure is shown in figure 1. Where manganese(I1I)
ion attains pseudooctahedral geometry. The ligand
H,L' functions as a dibasic N, donor fashion.

Measurements

The specific heat measurements sample size and

[Mn(I)(LY)(acac)] [Mn(i1) (L) ()]

(\N

N
C\‘ = dianion of tetradentate Schiff base

1

o
Figure 1: Proposed structure for heterochelates
[Mn(I1I)(LY (acac)] and [Mn(I1I) (L") (sal)]

heating rate are important factors. The sample sizes
and heating rates can be taken between 5-100mg and
5-20°C/min. This may be necessary to reduce the
heating rate when using larger samples to minimise
temperature gradients within the sample. In this study,
the specific heat capacities (Cp) of [Mn(I1I)(L") (acac)]
and [Mn(III)(L")(sal)] were taken between 0-100°C
heat range with the heating rate of 20°C/min, in air
atmosphere, by DSC

The samples for the electrical measurements were
prepared from the complexes in the form of tablets
of thickness ~0.1 cm at a pressure of approximately
1x10° Pascal. These tablets were placed between two
copper electrodes with silver paste and contacts were
tested to be ohmic. The electrical conductivities of
the prepared complexes were investigated using a
two-probe method, and the current was measured
with a high impedance electrometer (Keithley 6514),
by applying a dc voltage using a programmable volt-
age source(Keithely 230).

Optical absorption spectra were taken as a func-
tion of wavelength from 190-1100 nm using a double
beam spectrophotometer(Perkin Elmer Lambda 28
Double Beam).

RESULTS AND DISCUSSION

Heat capacity

Typical DSC curves for specific heat capacity
measurements of [Mn(IIT)(I")(acac)] and [Mn(IIT) (L")
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Figure 2: DSC heat flow curves for the blank pan baseline,

the corundum standard,
[Mn(III)(L")(sal)] samples
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Figure 3: The variation of specific heat capacity Cp with

temperature for

[Mn(III)(LY) (acac)]

and

[Mn(III) (L") (sal)] complexes
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Figure 4 : Temperature dependence of the electrical con-
ductivity of [Mn(III)(L")(acac)] and [Mn(III)(L")(sal)]

samples
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(sal)] complexes are given in figure 2 Where curves of
empty plate, reference sample, [Mn(I1I)(I.")(acac)] and
[Mn(IIT) (L") (sal)] complexes are drawn. The curves
were taken from heating rate of 20°C/min between
0-100°C. The specific heat capacities were found by
PKI Muse Standart Analysis Program. The Cp-tem-
perature curves are given in figure 3.The specific
heatcapacities of [Mn(III)(L")(acac)] and [Mn(III)(L")
(sal)] complexes were found as 0.883-2.345 J/g.deg
and 0.994-2.300 J/g.deg, in the temperature range O-
90°C, respectively. The specific heat capacity of
[Mn(ITI)(I.") (acac)] up to 0-80°C was smaller than the
specific heat capacity of [Mn(III)(L")(sal)]. The heat
capacity values of both samples were similar above
80°C temperatures.

Electrical conductivity

The electrical conductivity variations with tem-
perature of the samples, shaped as a pellet, were
measured and the In 6- 1000/T graphs were given in
figure 4. It can be observed that [Mn(III)(I.")(acac)]
complex shows three distinct regions depending on
the increase of temperature. At low temperatures
the free carriers are trapped on the impurity centers
and thus the resistivity increases with temperature.
This behavior is sometimes termed the “freezing out”
of free carriers onto impurity centers and the corre-
sponding region is called as extrinsic region. The con-
ductivity reached a maximum with the increasing
temperature and carrier concentration became inde-
pendent of temperature in saturation region where
the temperature is too low for intrinsic behavior, but
high enough that the donors to be freed from impu-
rity concentration. The decrease of conductivity with
increasing temperature in the saturation region may
be explained by reduction in carrier mobility, which
rises with temperature. Intrinsic conductivity occurs
at high temperatures, as shown in intrinsic region for
[Mn(III) (L") (acac)] complex (Figure 1). The extrinsic
and saturation conductivity occur at low tempera-
tures, while the intrinsic conductivity occurs at high
temperatures. Extrinsic and intrinsic regions have a
positive temperature coefficient of electrical con-
ductivity.

In spite of showing insulating properties at low
temperatures, the [Mn(III)(L")(sal)] complex showed
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a conduction property at about 380K and intrinsic
region formed in this sample only at high tempera-
tures (380-480K). After 410 K both samples showed
similar behaviour.

The increasing of conduction with temperature
is a semiconductor behaviour. The Arrhenius equa-
tion for extrinsic region of p- type semiconductors is

M
where, G is the pre-exponential factor, E _is the acti-
vation energy for this thermally activated process
and k is the Boltzmann’s constant. In intrinsic tre-

6=0, exp(-E_/KkT)

gion the activation energy can be defined as E =
Eg/ 2. By using this equation the activation energy
or energy gap value can be calculated >, The cal-
culated activation energies for[Mn(III)(L")(acac)]
complex were found to be low (0.72 V) in the lower
temperature range(330-360 K) but considerably high
(1.02 eV) in the high-temperature range(410-430K).
The energy band gap Eg(int.) for [Mn(III)(L")(acac)]
and [Mn(III)(L")(sal)] complexes wete found as 2.04
and 2.18 eV, respectively. The difference between
the conductivity curves of[Mn(III)(I.")(acac)] and
[Mn(IIT) (L") (sal)] complexes is supposed to be re-
sulted from the difference in the second ligand (i.e.
acac or sal)(Figure 1) in the heterochelates.

On comparing our manganese(Ill) complexes,
with other manganese(IIl) complexes of similar
ligands, the x-ray crystal structures of which are
known!®! we could conclude that in our
manganese(I1I) complex systems in the solid-state
may show the presence of different weak interac-
tions (H-bonding, C-H.... @, T-7 interactions etc.)
may be present. Such interactions are responsible for
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2-D and 3-D supramolecular architecture of these
complexes in the solid-sate. The semiconducting
properties of the present manganese(IIl) complexes
may be explained due to the presence of such su-
pramolecular assembly.

Optical properties

Energy gaps greater than 1.5 or 2.0 eV would
certainly necessitate temperatures too high to per-
mit practical determination of energy gap in this
manner. For such materials, energy gaps must be
determined from different measurements such as
optical absorption®!.

The nature of the optical transition involved in
the complexes can be determined based on the de-
pendence of absorption coefficient(®) on photon
energy (hv). For transition, o is given by 5%,
ahv=A(hv-E )" @)
where, Eg is the energy gap between the bottom of
the conduction band and the top of the valence band
at the same value of wave number(k). The energy
gap for allowed direct(Egd) and indirect(Egi) transi-
tions, can be determined by relating;

&)
“)
Where, a is the absorption coefficient, hv is the
photon energy, and A and A are the characteristic
parameters for respective transitions, independent
on v.On the basis of Eqs.(3) and(4),Eg can be
determined, from extrapolation to zero of linear parts
of (athv)? =f(hv) and (athv)"/?=f(hv) curves.
Optical absorption spectra of complexes are
given in figure 5(a, b) and analysis of absorption data

ahv=A (hv-E_)"?
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Figure 5: The optical absorption spectra for the complexes; (a) [Mn(III)(L") (acac)], (b) [Mn(III)(L") (sal)]
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Figure 6 :Plot ot Inou vs. hv tor [ Mn(L11)(L’) (acac)| and
[Mn(III)(L")(sal)]

was carried out to determine the predominant opti-
cal transition. A satisfactory fit was obtained for
(ahv)? as a function of hv, showing the existence of
a direct gap. The plots of (athv)*vs. hv of complexes
are shown in figure 6. The extrapolation of the graphs
to (athv)?*=0 yields the optical band gap E,,. The val-
ues of the optical band gap E,, were determined from
figure 5(a,b) by the least squares fitting of the data.
In this study, the optical band gap of [Mn(III)(L")
(acac)] and [Mn(IIT)(I.")(sal)] is found as E , 196 and
2.00 eV, respectively. Urbach tail width (€)may be
estimated from the relation!®],

o = const. exp(VE) 5)

By plotting Inaw vs. hv( Figure 6). Inverse of the
slope of lna vs. hv gives the value of tail width €.
The Utrbach tail width of [Mn(III)(L")(acac)] and
[MnIT)(IY)(sal)] is found as 1.45 and 1.09 eV, re-
spectively.

CONCLUSION

The heat capacity, electrical conductivity and
optical properties of the manganese(Ill) heteroche-
lates with tetradentate schiff base have been inves-
tigated. These complexes show typical semiconduct-
ing characteristics possibly due to the presence of
weak molecular interactions. They act as p-type semi-
conductors. The electrical studies confirming the
differences between the conductivity curves of
[Mn(III) (L") (acac)] and [Mn(III)(IL.")(sal)] complexes
are supposed to be resulted from the difference in
the second ligand in the heterochelates. Optical stud-

—=  Pylf Peper

ies revealed that the transition is probably the al-
lowed direct one. The Values(E ) estimated for the

[Mn(III) (L") (acac)] and Mn(HI)(L )(sal)] are 1.96 and
2.00 eV, respectively.

ACKNOWLEDGEMENTS

Investigation of electrical, optical and thermal
properties of this study was made at the semicon-
ductor physics research laboratory funded by T.R.
Prime Ministry State Planning Organization (Project
No: DPT 2003K 120440-1). We are thankful to
Kalyani University for some financial help in the
form of Teachers’ Research Grant.

REFERENCES

[11 R.Guilard, S.Brandes, A.Tabard, N.Bouhmaida,
C.Lecomte, PRichard, J.M.Latour; ], Am.Chem;Soc.,
116,10202 (1994).

[2] S.J.Lippard; Angew.Chem.Int.Edn.Engl., 27,344
(1988).

[3] R.CSquire, S.M.J.Aubin, K.Folting, W E.Streib, D.N.
Hendrickson, G.Christou; Angew..Chem.Int.Edn.
Engl., 34, 887 (1995).

[4] G.E.orystahl, H.E.Parge, M.J.Hickey, W.FBeyer Jr.,
R.A.Hallewell, J.A. Trainer; Cell., 71, 107 (1992).

[5] N.N.Gerasimchuk, A.Gerges, T.Glifford, A.Danby,
A.Browman-Jones; Inorg.Chem., 38, 5633 (1999).

[6] A.J.Bruce, B.Malfroy, M.Baudry; Proc.Natl.Acad
Sci.US.A., 93,2312 (1996).

[71 Y.Rong, SR.Doctrow, PL.Ort, G.Tocco, M.Baudry;
Proc.Ntl.Acad.Sci.U.S.A., 96, 9897 (1999).

[8] K.Pong, SR.Doctrow, M.Baudry; Brain Res., 881,
182 (2000).

[9] B.Malfroy, S.R.Doctrow, P.L.Orr, G.Tocco, E.V.

Fedoseyeva, G.Benichou; Cell.Immunol., 177, 62 (1997).

K.Srinivasan, P.Michand, J.K.Kochi; J.Am.Chem.

Soc., 108, 2309 (1986).

P.J.Phosphisil, D.H.Carsten, E.N.Jacobsen; Chem.

Eut.]., 2, 974 (1996).

[12] T.Katasiki; Coord.Chem.Rev., 140 (1995).

[13] S.H.Kim, S.J.Kim, S.M.Oh; Chem.Mater, 11, 557
(1999).

[14] W.S.Seo, H.H.Jo, K.Lee, B.Kim, S.J.Oh, J.T.Park;
Angew.Chem.Int.Edn.Engl., 43, 1115 (2004).

[15] J.Park, E.Kang,C.]J.Bae, J.G. Patk, H.] Noh, J.Y. Kim,
J.H.Park, H.M. Park, T.Hyeon; J.Phys.Chem.B, 108,

[10]

[11]

——, Pty Science

Au Tudian Yournal



24 Mononuclear manganese(IIl) beterochelates

MSAIJ, 3(1) June 2007

Full Paper ==

13594 (2004).

[16] M.Koca, FDagdelen, Y.Aydogdu; Materials Letters,
58, 2901 (2004).

[11] S.Sarkar, Y.Aydogdu, F.Dagdelen, B.B.Bhaumik,
K.Dey; Mater.Chem.Phys., 88, 357 (2004).

[18] K.Dey, B.B.Bhaumik, S.Biswas, S.Sarkar; Indian J.
Chem., 42A, 1661 (2003).

[19] K.Dey, B.B.Bhaumik, S.Satrkar; Indian.J.Chem., 43A,
773 (2004).

[20] K.Dey, S.Biswas, S.Sarkar; Synth.React.Inorg.Met-
tg.Chem., 34, 1615 (2004).

[21] N.EMott, E.A.Davis; Electronic Processes in Non-c

rystalline Materials.Clarendon Press.Oxford, (1971).

[22] J.F.Shackelford; Materials Science for Engineers,
Sixth edition, Pearson Prentice Hall, (2005).

[23] H.Miyasaka, R.Clérac, T.Ishii, H-C.Chang,
S.Kitagawa, M. Yamashita; ].Chem.Soc.Dalton Trans.,
and Refernces Cited (2002).

[24] J.E.Katon; Otrganic Semiconducting Polymers,
Marcel Dekker, Inc.New York, (1968).

[25] F.Gutmann; Organic Semiconductors, John Wiley
Sons, Inc., New York, London Sydney, (1967).

[26] J.I.Pankove; ‘Optical Proceses in Semiconductors,
Prentice-Hall’, Inc.New Jersey, (1971).

Au Tudian Yournal



