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In this study, the electronic transition properties and structural analysis of the metal complexes (Ni

(1), CoCll)s CuCll) and MnC [ )) of three different polymer ligands were performed by using XRF and X-

ray diffraction (XRD) techniques, respectively. The structural analysis of the polymers and their complexes

were performed by XRD technique and some of the polymers were found to be in the face-centred cubic (fcc)

structure. In addition, the values of the present K X-ray intensity ratios are significantly greater than the val-

ues reported in literature.
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Introduction

A Schiff base is a compound with functional group that
contains a carbon-nitrogen double bond in which the nitrogen
atom connected to an aryl or alkyl group. The common struc-

tural feature of these compounds is the azomethine group with

a general formula R—HC=N-—R. These compounds are

an important class of ligands in coordination chemistry and
have found extensive applications in various fields of sci-

[ Schiff bases have also been shown to exhibit a broad

ence
range of biological activities including antifungal, antibacteri-
al, antimalarial, antiproliferative, anti-inflammatory, antivi-
ral, and antipyretic properties. Imine or azomethine groups
are present in various natural, naturally derived. and non-nat-
ural compounds. The imine group present in such compounds
has been shown to be critical to their biological activities.
Schiff bases are important compounds owing to their wide
range of industrial applications'®). Transition metal complexes
based on Schiff base ligands are very efficient catalysts in both

heterogeneous and homogeneous reactions. The activities of
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these complexes vary depending on the coordination sites, lig-
ands and central metal ions. Analysis of catalytic activity of
transition metal complexes in various reactions show that the
catalytic activity of transition metal Schiff base complexes
shows variations with structure and type of Schiff base ligands
present™. Polymers are high molecular weight materials
formed by binding the chemical bonds with simple molecules
called monomers. One of the simplest and easiest methods to
obtain information about the electronic properties of an atom
or element is to measure Kf/Ka X-ray intensity ratios using
XRF technique. There are several studies in the literature re-
garding this subject "), In 1991, a method for quantitative
determination of defects in polymer layers was developed by
Sapozhnikova and Chalykh''?' using X-ray microanalysis and
scanning electron microscopy. Applicability of X-ray fluores-
cence spectroscopy as a method to determine thickness and
composition of stacks of metal thin films have been investiga-
ted by Vrielink et al'*. The synthesis of a new Cd( [ )-Ni
(Il ) heterometallic coordination polymer based upon citric
acid ligand have been carried aut and the structures of the pol-

ymers were investigated by X-ray structure, thermal stabili-
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ty, XPS and the fluorescent measurements-'*’,

1  Experimental

1.1 Preparation of polymeric metal complexes

Polymerl, polymer2 and polymer3 and their Cu( [l ), Co
(1), NiCJl ) and Mn(]l[ ) transition metal complexes were
synthesized according to the methods used by Catanescu et
al""! (2001) and Jiang et al''*! (2006). In addition, these sam-
ples were prepared by Kazanci and the synthesizing methods
of polymers are given in detail in earlier article of Kazanci et
al'') and in PhD thesis of Kazanci''*,

ture of the polymer ligands and their metal complexes are giv-

In addition, the struc-
en in PhD work of Kazanci''®, Polymerl was obtained by pol-
ymerization of 1, 2-phenylenediamine and terephthaldehyde.
While obtained orange colour material is soluble in dimethyl-
formamide and in dimethylsulfoxide, they are insoluble in
common organic solvents. Polymer2 was obtained by poly-
merization 1,4-phenylenediamine and okzaldehyde. While the
obtained polymer2 is very slightly soluble in hot dimethyl-
formamide, it issoluble in other solvents. Polymer3 was ob-
tained by polymerization of 1,4-fenilendiamin and phthalalde-
hyde.

formamide and dimethylsulfoxide, they are insoluble in other

While obtained polymer3 is soluble in dimethyl-

solvents.
1.2 XRF measurement of the polymer and their complex

A *"' Am radioisotope source having 50 mCi intensity has
emitted 59. 543 keV gamma rays have been used to excite the
polymer samples. The characteristic X-rays emitted from the
target were detected and analysed with an Ultra-LEGe detec-
tor with active area of 30 mm®, with thickness of 5 mm, and
with polymer window thickness of 0. 4 ym. The measured en-
ergy resolution of the detector system was 150 eV at full-
width half maximum for the Mn Kq line at 5. 9 keV. The out-
put from the preamplifier, with pulse pileup rejection capabil-
ity, was fed to a multichannel analyser interfaced with a per-
sonal computer provided with suitable software for data acqui-
sition and peak analysis. The sample was placed at 45° angles
with respect to the direct beam and fluorescent X-rays emitted
90° to the detector. The live time was selected to be 2 000 s
for all elements. All the samples were measured at least three
times and the averages of these measurements were taken to

1197 The detail of the experimental

minimize statistical errors
procedure is given in earlier article in Sogiit et al"”!. The fol-
lowing equation was used to calculate KB/Ka X-rays intensity

ratios of the samples.

IKB _ NKB I Gek, Bia (D
IKa  NKa IoGekg Sxp

where NKa and NKB are counts observed under the peaks cor-

responding to K« and K@ X-rays. respectively, ek, and e, are

the efficiencies of detector for Ka and K§ series of X-rays, re-
spectively. G is the geometry factor and I is the intensity of
the source. Bk, and B, are the target self-absorption correc-
tion factor for both the incident and emitted radiation. The
details of the I,Ge values and the self-absorption correction
factor are given in our previous reportst’ 1,
1.3 XRD measurement of the polymer samples

XRD is an important technique for studying the structur-
al properties of the materials. The Philips X’ Pert PRO
brand, (A =
0. 154 056 nm), calibrated at 40 kV and 30 mA was used to

take XRD measurements of samples. XRD measurements in

emitting monochromatic CuKa radiation

the whole series of the thin films were done at room tempera-
ture, 20 was between 40° and 100°, in step interval was
The char-

acteristic XRD spectra of polymer ligands and metal comple-

0.02°, and waiting time was 0.5 s in each step'’].

xes were taken. These spectra can be found in previous study

of M. Sci thesis of Demirezen''"’

. The X-ray diffraction crys-
tal structure analysis of the polymer complexes of produced
with binding Mn, Co, Ni and Cu were made by XRD tech-
nique. The polymer complexes give XRD peaks for which are

generally crystallized (except for poly3-Ni ([[)).

2 Results and Discussion

The measured values of KB/Ka X-ray intensity ratios of
the polymeric metal complexes are given in Table 1. In addi-
tion, XRD measurements were carried out. The resulting
peaks till 20=20° which are composed of their structure of the
polymers. But, the observed peaks after 20° are considered to
occur owing to metal ions bound to the polymer. All of the
polymeric and transition metal ions conducive to XRD peaks
were identified to be in the face-centred cubic structure (fcc).
20 values, interplanar distances (d) and hkl planes obtained
from XRD diffraction patterns of polymerl, polymer2 and
polymer3. In spite of bonding with the same metal ions to
three different polymeric structures such as polymerl, poly-
mer2 and polymer3, the obtained XRD peaks were found to be
different from each other. The cause of these differences is
thought to be due to the different polymeric structures.

The values of KB/Ka X-ray intensity ratios of sample of
Polyl-Co( Il ) were found to be differences 18%, 10.34%,
17.06% ., 19%, 21.26% and 19% according to the values re-
ported in literature Ertugrul et al®!, Scofield”?’), Hansel et
al?, Khan et al'®’, Sogiit et all', and Rao et al*", re-
spectively. The values of KB/Ka X-ray intensity ratios of
sample of Polyl-Ni( [| ) were found to be differences 3.4% ,
6.27%, 1.8%, 4.11% ., 11.05% and 4. 11% with respect to
the values of Ertugrul et al”®), Scofield”?!, Hansel et al‘?*!,

Khan et al’®’, Sogiit et al'', and Rao et al®"’, respectively.
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The values of KB/Ka X-ray intensity ratios of sample of Po-
lyl-Cu( [I ) were found to be differences 36.31%, 73%,
57.13% ., 53.57%, 53.12% and 54.13% according to the
values of Ertugrul et al'®’, Scofield®!, Hansel et al"?*’,
Khan et al’®*!, Sogiit et al''", and Rao et al®®", respectively.
The values of KB/Ka X-ray intensity ratios of sample of Po-
ly2-Mn( ] ) were found to be differences 74.19%, 90.9%,
87.20%, 70.20%, 84.77% and 78.28% compared to the
values of Ertugrul et al®®’, Scofield®”, Hansel et al?!,
Khan et al’®*!, Sogiit et al''", and Rao et al®®", respectively.
The values of KB/Ka X-ray intensity ratios of sample of Po-
ly2-Co( [ ) were found to be differences 26.31%, 19.54%,
25.58% ., 27.40% . 29.34% and 27.40% with respect to the
values Ertugrul et al®, Scofield®"!, Hansel et al®®®*), Khan
et al®), Sogiit et al'', and Rao et al'*, respectively. The
values of KB/Ka X-ray intensity ratios of sample of Poly2-Cu
(T ) were found to be differences 26.11%, 18.58%,
26.06% ., 27.73%, 27.94% and 27.20% compared to the

values of Ertugrul et al®, Scofield®”, Hansel et al**,
Khan et al®®), Sogiit et all'", and Rao et al®’, respectively.
The values of KB/Ka X-ray intensity ratios of sample of Po-
ly3-Mn( I ) were found to be differences 31.22% , 43.84 %,
41%, 28.28%, 39.19% and 34.29% in regard to the values
of Ertugrul et al®, Scofield®"”, Hansel et al®*, Khan et
all®), Sogiit et al'!, and Rao et al®!, respectively. The val-
ues of KB/Ka X-ray intensity ratios of sample of Poly3-Co
(1) were found to be differences 9.77% . 1.47% . 8.88%,
11.11%, 13.48% and 11,11% according to the values of
Ertugrul et al®', Scofield®’, Hansel et al**, Khan et

3] Sogiit et all', and Rao et al'**!, respectively. The val-

al
ues of KB/Ka X-ray intensity ratios of sample of Poly3-Ni
(I ) were found to be differences 24.96%. 17.44%.,
23.71%, 25.51%, 29.53% and 25.51% compared to the
values of Ertugrul et al®”', Scofield®”, Hansel et al**,

Khan et al"®*, Sogiit et al*!, and Rao et al®"’, respectively.

Table 1 The values of KB/Ka X-ray intensity ratios polymeric azomethine compounds and transition metal complexes
Samples Exp Exp. 2] Exp. (11 Exp. [24] Exp. (23] Exp. [22] Theo. (21
Polys-Mn(Il) 0- 171960 017 2 0.131 0.123 5 0.128 0 0.134 0.121 9 0.119 5
Poly2-Mn( [ ) 0.228 2-4-0. 022 1 : : : : : :
Poly2-Co( 11 ) 0.098+0.006 8
Polyl-Co( 1) 0.109 240. 008 7 0.133 0.138 7 0.1350 0.135 0.1317 0.121 8
Poly3-Co( ) 0.120 040.009 7
Poly3-Ni( [1) 0.101 340.008 5
0. 13 0.14 0.136 0 0.1 0.132 0.122 7
Poly1-Ni( [I) 0.130 440.009 1 3 66 36 36 828
ly2-C 0.099+0.007 1
Polyz-CuCID 99 0. 134 0.137 4 0.136 0 0.137 0.133 9 0.121 6

Polyl-Cu( 1) 0.210 42£0. 020 5

% The other experimental and theoretical values are for pure elements.

As seen from Figure 1, the value of KB/Ka X-ray inten-
sity ratios of Poly3-Ni( [[ ) complex structure are bigger than

that of Polyl-Ni( ][ ) complex structure.
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Fig. 1 The comparison of KBp/Ka X-ray intensity measured in
Poly3-Ni( [ ) and Polyl-Ni ( T ) complexes and the
reported experimental and theoretical values in the

literature

As shown in Figure 2, the value of KB/Ka X-ray intensi-
ty ratio of Poly2-Cu( ][ ) complex structure was detected to be

smaller than that of Polyl-Cu( [l ) complex structure.
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Fig. 2 The comparison of KB/Ka X-ray intensity measured in
Poly2-Cu( I ) and Polyl-Cu ( I ) complexes and the
reported experimental and theoretical values in the

literature
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In addition, as seen from Figure 3, the value of Kg/Ka
X-ray intensity ratios of Poly2-Mn([l] ) complex structure was

found to be bigger than that of Poly3-Mn([[[ ) complex struc-

ture.
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Fig. 3 The comparison of KB/Ko X-ray intensity measured in
Poly3-Mn( [ ) and Poly2-Mn ( [ ) complexes and the
reported experimental and theoretical values in the
literature
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Fig. 4 The comparison of KBp/Ka X-ray intensity measured in
Poly2-Co( I ) and Poly3-Co ( | ) complexes and the
reported experimental and theoretical values in the

literature
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