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ABSTRACT

Some copper (I1) complexes of naphthalene analogues of 2’-hydroxychalcones have been synthesized and
characterized. The copper (I1I) complexes have the general formula CuL,, where, L is the deprotonated
ligand, the naphthylchalcone. In the present investigation, from the ESR spectra, g, A, G and empirical
factor f values for all the complexes are calculated and these are consistent with the fact that copper is
involved in square-planar coordination with the naphthylchalcone ligands. The importance of this ESR
values are discussed at length as in co-ordination chemistry ESR or EPR or EMR(Electron Magnetic
Resonance) plays complementary role in elucidating the structure of coordination complexes, since Cu (l1)
ion is of paramagnetism. The magnetic moments of Cu (I1) complexes are also calculated from their ESR
spectra.
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INTRODUCTION

Chalcones are a part of the large group of flavonoidic compounds. They have received a lot of worldwide
attention in the current research because of their promising biological and pharmacological activities such
as nitric oxide regulation, anti-hyperglycemic, antiviral, antibacterial, anti-oxidant, anti-tumor, anti-cancer,
anti-HIV, just to name a few, as exhaustively reported in the literature. The chemistry of chalcones and
related compounds has been recognized as a significant field of study. Due to synthetic importance and
varied biological activities of chalcones, an increasing amount of interest has been taken in their synthesis
and various studies. The enone function in the chalcone due to the keto-ethylenic group confers biological
activity to these compounds. These o, B- unsaturated ketones known as chalcones and also their derivatives
are found to possess a wide spectrum biological and multiprotecting biochemical activities as well as
number of commercial and industrial applications as reported[1-13] with references there in. Literature
survey shows many patents describing the usefulness of chalcones and their derivatives. Chalcones and
their derivatives find varied applications as reported earlier [11-13]. Ortho-hydroxychalcones have good
chelating properties and were exploited as analytical reagents for estimation of different metal ions [14].
2’-hydroxylchalcones and their heterocyclic and naphthalene analogues are also reported to form
coordination complexes [14-26]. Ruthenium complexes of 2’-hydroxychalcones [27-34], chalcone oximes
[35] and chalcone semicarbazones [36,37] are synthesized and characterized by analytical and
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spectroscopic methods. The synthesis and bilological study of some new chalcones and pyrazole
derivativesare also reported [38]. Synthesis and antimicrobial activities of Co (II), Ni(ll) and Cu(ll)
complexes of some 2’-hydroxychalcones are also reported [39]. Synthesis and in vitro antiplaque activity
of chalcone, flavonol and flavonol derivatives are also carried out [40]. The quantitative structure-activity
relationships of mosquito larvicidal activities of a series of chalcones and some derivaties are also reported
[41]. Some researchers [16, 23, 26, 39, 42-44] have carried out thermal studies of chalcones as a part of
their various studies.

MA Rahman [45] in his review with the references there in, has highlighted the latest synthesized
chalcones and their derivatives possessing a wide range of pharmacological activities, such as antimalarial,
anticancer, antiprotozoal(antileishmanial and antitrypanosomal), antiinflammatory, antibacterial,
antifilarial, antifungal, antimicrobial, mosquito larvicidal [41], anticonvulsant and antioxidant activities.
They also show [45] inhibition of the enzymes, especially mammalian alpha-amylase, cyclooxygenase
(COX) and monoamine oxidase (MAOQO) and antimitotic activity too. Because of this, chalcones and their
derivatives have once again attracted the increasing focuss of the scientists for exploring newer and newer
potent pharmacological activities in them.

This year, the author has reported [46] at full length the presence and the effect of resonance stabilized
intramolecular hydrogen bonding resulting into conjugate chelation in these naphthylchalcones under
present consideration and on their complexation with transition metals, Cu(ll), Ni(ll) and Co(ll) through
their electronic and *H-NMR spectroscopic investigations. The conjugate chelation considerably alters the
spectroscopic properties of the compounds and plays a very prominent role in the coordination chemistry
particularly in changing the spectroscopic properties. *H-NMR spectroscopy is the most powerful tool to
detect the intramolecular hydrogen bonding. Electronic spectra are useful in establishing the geometry of
complexes and also to detect and confirm the intramolecular hydrogen bonding with its effect in altering
the spectral properties in the ligands as well as on their complexation with metal ions. Spectroscopic
studies including the IR spectroscopic studies are very useful tools for the above said investigations.

The author [47] has recently investigated the indepth thermal studies of the above said metal complexes, a
part of which is under present study, through their TGA and DTA analysis. The thermal studies supports
an octahedral configuration as established from their electronic spectra for all the diaquo Ni(ll) and Co(ll)
complexes of the ligands, o-AnichaH, p-AnichaH and PipchaH with two water molecules providing fifth
and sixth coordination sites. Very recently, the author has reported [48] in detail the physico-analytical and
magnetic susceptibility measurement study of the above said metal complexes, a part of which is under
present study. The magnetic susceptibility measurements of these transition metal complexes have been
carried out at room temperature by Faraday method. The magnetic moments of some copper complexes
under present study are also determined from their ESR spectra recorded under different experimental
conditions. The proposed structures, square planar, octahedral and oligomeric, wherever applicable, of
metal complexes under present study are represented and explained in large detail.

Infrared spectroscopic investigations [49] of effect of strong resonance stabilized intramolecular hydrogen
bonding in these hydroxynaphthyl chalcones and on their complexation with transition metals, Cu(ll),
Ni(ll) and Co(ll) have been reported in detail by the author in the nearby past. The effect of conjugated
chelation in altering the IR spectroscopic properties of these compounds has been discussed in detail.

Copper is one of the most abundant transition metal present in nature. Cu (Il) ion is of great interest due to
its 3d° electronic configuration with one unpaired electron. ESR of Cu (Il) has been very useful in
establishing a wide range of symmetry environments, viz., square-planar, tetrahedral, octahedral, trigonal
bipyramidal and square bipyramidal. The ESR or EPR or EMR spectra of square-planar and pseudo
square-planar complexes have received a large amount of attention. ESR spectra are also useful for
distinguishing square-planar and tetrahedral geometries.
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From the literature survey it appears that so far no significant work in detail has been carried out on
characterization of copper (1) complexes of hydroxychalcones and their derivatives using ESR
spectroscopy. In the present work, the studies of basic ESR parameters of some copper (1) complexes of
naphthalene analogues of 2’-hydroxylchalcones are investigated in detail.

MATERIALS AND METHODS

Materials: All reagents and chemicals used were of Analar grade. All solvents used were of
standard/spectroscopic grade.

Synthesis: The naphthalene analogues of 2’-hydrochalcones, 1-(1-hydroxy-2-naphthyl)-3-phenyl-prop-2-
en-1-one(BenchaH), 1-(1-hydroxy-2-naphthyl)-3-(2-methoxyphenyl)-prop-2-en-1-one(o-AnichaH), 1-(1-
hydroxy-2-naphthyl)-3-(4-methoxyphenyl)-prop-2-en-1-one(p-AnichaH) and 1-(1-hydroxy-2-naphthyl)-3-
(3,4-methylenedioxy phenyl)-prop-2-en-1-one(PipchaH) were prepared by the procedure as reported [11-
13] with their general structure as shown below:

R
OH @
@]
Sr. Ligand Ligand _R
No. No. designated as
1 L-1 BenchaH —H
2 L-2 o-AnichaH 2—O0CH;
3 L-3 p-AnichaH 4—O0CHg;
4 L-4 PipchaH a4 om
p 3.4 ”/

The Cu(ll) complexes of these naphthylchalcones, BenchaH, o-AnichaH, p-AnichaH and PipchaH were
prepared as per the procedure reported by us elsewhere [11-13].

Physical Measurements: The Electron Spin Resonance (ESR) spectra of the Cu (II) complexes were
recorded on a Varian-E-Line,E-112 Electron Spin Resonance Spectrometer using TCNE(g=2.00277) as a
marker/standard. In ESR spectroscopy, the sample can be in the form of a powder, solution, frozen
solution, single crystal or gas. If the frozen solution sample is obtained from a solvent which freezes to
form a good dilute glass, reasonably good ESR spectrum is observed. Due to the presence of strong
hydrogen bonding, water is a poor glass forming solvent. On the other hand, most organic solvents form
glasses at 77k (liquid nitrogen temperature).

RESULTS AND DISCUSSION

As stated earlier, the electron spin resonance (ESR) spectra of the complexes, Cu(Bencha), Cu(o-
Anicha),, and Cu(Pipcha),, have been recorded in polycrastalline solid state at room temperature (in PCS-
RT), in polycrystalline solid state at liquid nitrogen temperature (in PCS-LNT) and also in chloroform
solution at liquid nitrogen temperature (in SOL-LNT), whereas the ESR spectrum of Cu(p-Anicha),, has
been recorded only in chloroform solution at liquid nitrogen temperature (in SOL-LNT), using TCNE
(g=2.00277) as a marker. The various ESR parameters of these complexes are listed in tables 1-3. The
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solid state spectra of the complexes are not well resolved. However, except Cu(Pipcha),, all other
chloroform solution spectra at LNT are comparatively well resolved.

The g Tensor Values: Except Cu(Pipcha),, in all the other present Cu(ll) complexes, the g,value in PCS
at RT and in PCS at LNT lies in the range of 2.246 to 2.286, however, in CHC1;solution at LNT, the same
is observed in the range of 2.250 to 2.286. Thus, the range of g,value in the solid state is exactly the same
as that in solution state. The g, values are almost the same for all complexes indicating [50] that the type of
bonding is the same in all complexes and that the Cu-O bond lengths do not vary much from complex to
complex.

One of the most important feature of the ESR data of the complex Cu(o-Anicha), ,in PCS at RT and in
PCS at LNT as reported in table 2, is that the g, value of 1.99 each, is the smallest of all the values in
Cu(Il) complexes observed, in the present study. However, the same complex in CHC1; solution at LNT
gives the normal g,value of 2.034. Literature survey shows that Chary et al.[51] have reported an
abnormal lowest g,value of 1.924. According to them, this was the smallest g,value of all the values in
Cu(Il) complexes investigated till that date, but their this observation was lacking any explanation.
Likewise, the lower g, value equal to 2.00 is also reported [52] for Cu*? in the protein, insulin. Since, this
complex, Cu(o-Anicha), in CHC1; solution at LNT gives the normal g, value of 2.034, it is clearly evident
that the complex behaves abnormally in the solid state than in solution and this anomalous behaviour is
perhaps reflected only in g, value. This abnormal behaviour may be due to the slight difference in the
coordination [52,53] of Cu(ll) ion in the solid state of this complex. This slight change in coordination
geometry in the solid state may be possibly due to the reflection of the ortho-effect [54] of the —OCHj,
group present in the o-position of the phenyl ring of the aldehydic moiety of this complex. The magnitude
of g-tensor gives considerable information about ground and excited states in the complex. In these
complexes, in PCS at RT and in PCS at LNT, the g, value lies in the range of 1.99 (abnormal value) to
2.047. However, in CHC1; solution at LNT, it is observed in the range of 2.034 to 2.037.

The g tensor values of the copper complex can be used to derive the ground state. In all the complexes, at
least in CHC1; solution at LNT, the observed order of g,>g,> g. (2.0023) indicates that the unpaired
electron is localized in dxz_y2 orbital [55,56] of the Cu(ll) ion, thus implying a 2Blg ground state [57] for all.
Kivelson and Neiman [58] have reported that g, is a moderately sensitive function for indicating
covalency. For ionic environment g,is normally > 2.3 and for covalent environment it is < 2.3. In view of
this, the observation, g,<2.3 for all the present complexes indicates the more covalent character [58] of the
metal-ligand bond. Similar observations are also reported by Wasson and Trapp [59].

Table 1. ESR Parameters of Cu(Bencha),

Parameters In PCS-RT In PCS-LNT In SOL-LNT
9 2.286 2.286 2.286
g. 2.047 2.047 2.037
Oav 2.127 2.127 2.120
Ax 10 em™ - - 192.120
A, x10%cm™ - - 28.530
A, x10%em? - - 83.060
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peff B. M. 1.842 1.842 1.836
G(Gy) 6.350 6.350 8.180
G(G,) 6.348 6.348 8.170
g./A, cm - - 713.99
Big> By
AE|| or AE,, (cm'l) 14706 14706 14706
2 2
B> Eq
AE, or AE,, (cm™) 21598 21598 21598
AE,yand AE,;, are obtained from Electronic Spectra
Table 2.ESR Parameters Of Cu(o- Anicha),
Parameters In PCS-RT In PCS-LNT In SOL-LNT
9 2.250 2.246 2.250
g, 1.990 1.990 2.034
Oav 2.077 2.076 2.106
Apx 107 cm™ 194.350 199.240 199.600
A, x10%cm™ - - 28.490
Ay x 107 cm™ - - 85.530
peff B. M. 1.799 1.798 1.824
G (Gy) - - 7.810
f= g,/A,cm 115.77 112.730 112.730
gi/A, cm ) - 713.93
Table 3.ESR Parameters Of Cu (p- Anicha), and Cu (Pipcha),
Cu (p- Anicha), Cu (Pipcha),
Parameters In SOL-LNT 9w | peff B.M.
g 2.254 in PCS-RT 2.063 1.787
g, 2.034 in PCS-LNT 2.067 1.790
Oav 2.107 in SOL-LNT 2.063 1.787
Ax10% em™ 189.430
A, x10%cm™ 28.490
Ay x 107 cm™ 82.140
peff B.M. 1.825
G(G1) 7.940
G(G2) 7.947
f=gy/ A cem 118.990
g./A cm 713.93
*Bi;>°By,
AE|| or AE,, (cm™) 14599
*Bi>°E,
AE, or AE,, (cm™) 21739

AE,,and AE,, are obtained from Electronic Spectra
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The g,y value can be obtained by using the following formula [60,61] :

=—(g|| + ZgJ_) (1)

The gay value, for all the complexes in PCS at RT amd in PCS at LNT, is observed in the range of 2.063 to
2.127. However, in the CHC1; solution at LNT, it falls in the range of 2.063 to 2.120. Except Cu(o-
Anicha) ,, in all other complexes, the g., value in the solid state is nearly the same as that of the value
obtained in CHC1; solution. Therefore, it is quite probable that, except Cu(o-Anicha),, as explained earlier,
the arrangement of the Cu (II) ion in the polycrystalline solid state and in CHC1; solution of that particular
complex may be the same [53]. Further, g tensor values suggest [55] square-planar geometry for all these
Cu (I1) complexes. The gayvalue of above 2.1 also suggests d,*-,° ground state. It is reported [50] that g, is
2.3 to 2.4 for copper- oxygen bonds(octahedral and planar respectively).For the present copper
naphthylchalcone complexes, g, = 2.246 to 2.286 i.e. ~ 2.25 t0 2.29, is in conformity with the presence of
copper-oxygen bonds in these chelates. The g values in general[with the exception of Cu(o-Anicha), only
on PCS-RT and PCS-LNT but not in SOL-LNT] obtained in the present study when compared to the g
value of a free electron, 2.0023, indicates an increase of the covalent bonding between the metal ion and
the ligand molecule [62,63]. The trend [64] g,>9.>0. [except Cu(o-Anicha), only in PCS-RT and PCS-
LNT but not in SOL-LNT], observed in the presents complexes suggests the presence of unpaired electron
in the dy, ., orbital of the Cu(ll).

In the Cu(ll) complex of the parent unsubstituted naphthylchalcone, BenchaH, all the g values are
comparatively higher than the corresponding g values in the Cu (Il) complexes of the substituted
naphthylchalcones. Comparatively higher g, value in this parent naphthylchalcone complex indicates that
it has lesser covalent character of the metal-ligand bond as compared to the other Cu (I1) complexes. The
average g value of 2.1 in PCS-RT also suggests dx, .y, ground state [65].In general, the distortion from the
planarity towards the tetragonally distorted structure results [65] in decrease in A; and increase in g, as
shown in a number of synthetic and biological complexes involving Cu(ll). In the present study, the higher
values of A4, indicates no strong distortion in complexes, especially no tetragonally distorted Cu(ll)
complexes.The g tensor values obtained in the present study are comparable to the values, g,=2.264, g, -
2.036 and gay=2.112 obtained for [Cu (acetylacetonato), ] with the same chromophoric group [60] CuOg,as
they are almost same.

Hyperfine Splitting Constants, Ajand A,: Majority of the solid state spectra at two different
temperatures are not well resolved to allow the estimation of hyperfine splitting constants, Ajand A4, .
However, the CHC1; solution spectra at LNT of all the complexes except that of Cu(Pipcha), are well
resolved to yield Ajand A, values which are observed in the range of 189.43 x 10 to 199.60 x 10 cm™
and 28.49 x 10™ to 28.53 x 10 cm™ respectively. The Ajand A, values obtained are comparable to the
values, 4;=145.5 x 10* cm™and A, - 29 x 10 “* cm™ obtained for [Cu (acetylacetonato) ;] with the same
chromophoric group [60] CuO, Higher Ajvalues of these complexes are indicative of greater covalency in
the metal-ligand bond [66]. Square or Octahedral rearrangement of the ligands in the complexes, both of
which yield 4, in the range of 180 x 10™ to 200 x 10 cm™.For square-planar complexes [67] Ay is
more than 140 x 10™* cm™. The observed A4, (gyand g.) values correspond to the square-planar geometry of
these Cu(ll) complexes [67, 68]. The unique feature of all the CHC1; solution spectra is that, they yield
exactly the same g, /A, value of 714cm each, for the reasons unknown to the author. The appearance of
hyperfine lines in the parallel region indicates a copper ligand bond covalency [65, 71].

The A, value can be obtained by using the following formula [54, 60]:
Ay =34 +24)em™ )
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The A, values of all the three complexes in CHC1; solution at LNT are observed in the range of 82.14 x
10 to 85.53 x 10 cm™. The observed A4, A, and A,, values in the present study are in the range normally
obtained for Cu(ll) complexes of chalcones and their derivatives [16,66]. Furthermore, the deviation from
planar to tetrahedral geometry is reflected in A, [66] and A, [69] values because in case of severe
distortions, A,, has values around 40 x 10 cm™, while for planar Cu(ll) complexes, the values are two to
three times higher [69]. In the present study, the above said observed A,, values which are slightly higher
[69] than two times 40 x 10" cm™, further indicates square-planar geometry for all the Cu(l1) complexes.
The data in tables 1-3 indicates [50] that there is no much variation in the values of A, , g4, and A,.
Further more, the high field “Perpendicular” transition shows no signs of any further resolution into the
individual components to yield gx and g, [where, g, =1/2(9«+ g,)] and hence suggests an effective “Dap”
point symmetry. Thus in all chelates the donor atoms provide effectively the same ligand field strength.
Under this symmetry the unpaired electron is considered to be in the’B;4[<x*-y*>] ground state orbital [50].
The data shows that gyand g, values are closer to 2 and g,>g.and 4,>A,. As reported [70], these values
corresponds to copper(l1) center having D, symmetry. It also suggest that d,? orbital is stabilized by Jahn-
Teller effect and the unpaired electron is present in dy, .y, orbital. For a tetragonal or square- planar
complex AE(dx; -yo-Gxy) and AE(dy, .,2-Oyy.dx,) becomes very large as result g, and g, becomes smaller.
Octahedral/ square —planar complexes [71] lie on a line defined by A4;=190G (upper limit) and 160G(lower
limit) .

The Magnetic Moment (1) as Computed from ESR Spectra: The magnetic moment of a Cu(ll)
complex can be calculated from gaVvalue as computed from ESR spectral data, by using the following
formula [14,72] —

Ueff = GavyS(s +1) = gopyV0.75 B. M. ...(3)

The magnetic moments of all the Cu (I1) complexes are observed in the range of 1.787-1.842 B.M., which
are further suggestive of square-planar geometry [15-17, 23, 26] for all of them and they correspond to one
unpaired electron, indicating the complex is mononuclear and these magnetic moments are already
reported by the author [48] for comparison with the magnetic moments as determined by Faraday method
of the Cu(ll) complexes under present study. The magnetic moments obtained by both the methods are
almost the same.

The Axial Symmetry Parameter or Exchange Interaction Coupling Constant, G: The axial symmetry
parameter, G is calculated from the formula [60,73] given below —

= 9720023 e (d)
91-2.0023
The G value obtained is denoted as G (Gy).
_ 4K}AE,,
G= Kag, e (4b)

where, Kf and KZare the orbital reduction parameters which are calculated by using the reported
formulae®®® andAE,,is the energy of ?B,, —» *E, transition and AE,, is the energy of By, — By,
transition.The G value obtained is denoted as G( G,).

Hathaway et al. [74] have shown that this parameter G gives important information on whether the
observed gjand g, values reflect the local Cu(ll) environment. According to Hathaway et al. [74], if G
value is larger than 4, the exchange interaction is negligible because the local tetragonal axes are aligned
parallel or slightly misaligned. If its value is less than 4, the exchange interaction is considerable and the
local tetragonal axes are misaligned. In the present Cu(ll) complexes, wherever applicable, the axial
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symmetry parameter, G (both G; and G, taken together) lies in the range of 6.348 to 8.18 which is > 4.00,
suggesting no Cu-Cu interactions [64,67,74], and the local tetragonal axes are aligned parallel or slightly
misaligned [64] and it is consistent with d. .» ground state [50,64,75]. For the axial spectra, axial
symmetry with all the principal axes are aligned parallel, would also be consistent with square-coplanar
stereochemistry [76].

Dutta and Symal [60] have also reported that if G < 4.00, than the ligand forming Cu(ll) complex is
regarded as a strong field ligand. Accordingly, the corresponding naphthylchalcones, the ligands of the
Cu(Il) complexes under present ESR studies, are weak fields ligands [60]. The two G values, G(G,) and
G(Gy) calculated by using two different formulae involving differtnt parameter(only ESR or ESR and
electronic spectral data respectively) are almost the same, indicating the constancy, consistency and
correctness of both the types of spectral data obtained from the respective spectra recorded.
As shown above, this geometric parameter G, which is a measure of a exchange interaction between the
copper centers in the polycrystalline compounds can be calculated approximately by using the formula
given by Hathaway and Billing [75]:

G=4E./Ey ®))
The approximate values obtained by this formula are 5.875 and 5.956.

The Empirical factor, f=g,/A,: In general, the empirical factor [71] g,/A, is also used to find the
structure of a coordination complex [60] and for a square-planar Cu (Il) complex, it usually falls in the
range of 90-140 cm. In view of this, the observed range of 112.73 to 118.99 cm for this g,/A, factor is
further suggestive of square-planar geometry for the present Cu (11) complexes. In general, this empirical
factor is also an index of the tetragonal distortion [65, 67, 77].According to Abdel-Salam et al.[65], the
calculated value of f for their Cu(ll) complexes at room temperature in the solid state, which falls in the
range of 151-162cm, indicating a strong distortion which may be due to the flexible structure. Therefore
above said obtained range of 112.73 to 118.99 cm for f clearly indicates almost the absence of the
tetragonal distortion from square planar geometry in the Cu (1) complexes under present study.

As reported [67], it varies from 105 to 135 cm for small to extreme distortion in square-planar complexes
which depends on the nature of coordination atoms. The value of f in the range of 114-119 cm also
corresponds to a copper(ll) center with medium distortion [78].

Monomeric Nature of the Complexes:In the ESR spectra of all the present Cu(ll) complexes, the
transition corresponding to AMs=+2 at half field is not observed, indicating that all these complexes are
monomeric [55, 64, 65] in nature, i.e. ruling out any Cu-Cu interaction [67].

Plots Ag, versus Ag,, and Ag, versus A;: The characteristic for interpreting the ESR spectra of these
Cu(ll) complexes is the magnitude of the parameter Agy (Ag;= g;-0e). It is observed that the reduction in
Agyvalues may be due to an increase in A(°Biy=>?B, or “Bi;>°E, transition values) or a decrease in A or a
combination of both. An increase in A and/or a decrease in A will lead to a decrease in Agy, Ag, and Agay
which means an increase in covalency of the coordination bonding so as to increase in the extent of
delocalization of electrons from metal to Iigand(m. On the other hand, a decrease in A and/or an increase in
A will lead to an increase in Ag,, Ag, and Ag., which means an increase in ionic character of the
coordination bonding.
Therefore, a plot of Ag, against Ag,, obtained from chloroform solution spectra at LNT may reflect the
extent of covalency in these Cu(ll) complexes. Figure 1 shows such a plot. From this plot, the increasing
order of covalency in these complexes is:

Cu(Bencha),< Cu(p-Anicha), < Cu(o-Anicha),
This indicates that an introduction of electron donating group into the phenyl moiety leads to increased
covalent character of the metal-ligand bond.
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The gyand 4, values can also be used to correlate the bonding characteristics [58]. A decrease in gjand
increase in A, values generally indicate and increase in covalency[16], as is clearly shown by plotting A,
values versus Agy (Agy = g;-e) in figure 2. From this plot, it is clear that the complex, Cu(p-Anicha);has
lesser covalency than the complex Cu(o-Anicha),, which is same as deduced from the order observed from
figure 1, representing the plot of Ag, versus Ag,. However, for the covalency of the complex,
Cu(Bencha),, no prediction could be made from this plot (Figure 2) and this departure in covalency of it
from the covalency of the rest of the complexes is in accordance with the explanation as given earlier.

0.119
0.117 ] Covalent bond CuBenchals
0.115 B
lonic bond
0.113 >
>
o5 0.111
<
0.109
0.107
0.105 Culp-&nichalz
Cufo-2nichalz
0.103
0.24 0.26 0.28 0.3
Agy,
Figure 1: A plot of Ag) versus Agay
202 -
200 -~ Cufo-2nichalz in CHCls SOL-LMT
Culo-&nicha)zin PCS-LMNT
198 +
% 196 -
b
o . .
: 194 - Culo-&nicha)zin PCS-RT
<= Cu(Benchalz in
192 - CHClz SOL-LMNT ®
190 Culp-Anichalzin CHClz SOL-UNT
188 T T T T 1
0.24 0.25 0.26 0.27 0.28 0.29
Agy,

Figure 2: A plot of Agy versus A,
Structures of Metal Complexes: On the basis of magnetic, physical and analytical data, spectral and
thermal properties [46-49], it is found that all the copper(ll) chelates are anhydrous monomers of trans-
square-planar configuration with the following proposed structure already reported by the author [48,49].
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APPLICATIONS

Chalcones and their derivatives possess a wide spectrum biological activity, Pharmacological properties
and also exhibit multiprotecting biochemical activities. They have also varied applications such as artificial
sweeteners, in color photography, polymerization catalyst, vulcanizing agents for the cyclised rubber,
flouresent whitening agents. Metal ions in the form of complexes play a very vital role in biological
processes and also in the plant kingdom.

Chalcones serve as starting materials for the preparations of ligands suitable for quantitive precipitation
several metal ions. They are used as complexing agents for the separation of metal ions. Chalcone
complexes are used in conductomeric estimations, analytical methods, complexomeric titrations,
spectrophotometric methods, chromatographic separations of metal ions, etc., The antimicrobial activity of
some transition metal complexes of the naphthalene analogues of 2° —hydroxychalcones including the
Cu(Il) complexes, under present study have been also investigated and it was found that majority of the
complexes exhibit moderate to fair antimicrobial activity. Now as studied above ESR or EPR spectroscopy
plays complementary roles in structural elucidation of the metal complexes. It is used in determination of
stereochemistry, nature of metal-ligand bonding and also in fine structure in metal complexes.
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