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INTRODUCTION:

Chalcones and their derivatives find varied applications. Due to synthetic importance, wide
spectrum biological and multiprotecting biochemical activities as well as number of
commercial and industrial applications of chalcones as reported [11-13] with references
there in, an increasing amount of interest has been taken in their synthesis and various
studies.Chalcones are the precursors of flavonoids.They are a group of «, - unsaturated
ketones containing a keto-ethylenic group attached to two aromatic rings at the two ends.The
chemistry of chalcones and related compounds has been recognized as a significant field of
study. The chalcones are very important pharmacophores which are present in many
biologically active compounds and they have significant importance in the medicinal
chemistry.

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 enone function in the chalcone
confers biological activity to these compounds. Literature survey shows many patents
describing the usefulness of chalcones and their derivatives. 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 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(II) and
Cu(Il) 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.

In a review article[45] with the references there in, 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 are reported. They also show[45] inhibition of the enzymes,
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especially mammalian alpha-amylase, cyclooxygenase (COX) and monoamine oxidase (MAO)
and antimitotic activity too. Because of this, chalcones and their derivatives have once again
attracted the increasing focus of the scientists for exploring newer and newer potent
pharmacological activities in them.

Recently, a newer concept of ‘hybrid molecules’ is reported[46], whereby two
pharmacophores like hydantoins and chalcones are incorporated in a single molecule to exert
dual drug action. The hybrid molecule, due to the presence of two pharmacophores may act
on different biological targets and these results in amplification of activity and this probably
overcomes the problem of drug resistance. They have reported the synthesis ,antibacterial
screening and theoretical molecular properties prediction of such hydantoin- chalcone
conjugates.

This year, the author has reported at full length the presence and the effect of resonance
stabilized intramolecular hydrogen bonding resulting into conjugate chelation in these
naphthylchalcones, a part of which is under present consideration and on their complexation
with transition metals, Cu(II), Ni(II) and Co(II) through their electronic and 1H-NMR[47] as
well as infrared[48]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.

The indepth thermal studies of the above said metal complexes, a part of which is under
present study, through their TGA and DTA analysis is also reported by the author[49]. The
thermal studies supports an octahedral configuration as established from their electronic
spectra for all the diaquoNi(II) and Co(II) 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[50]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 proposed structures, square planar,
octahedral and oligomeric, wherever applicable, of metal complexes under present study are
represented and explained[50] in large detail.

Very recently the author has already reported[51] the determination of g, A, G and empirical
factor, f, values of these Cu(II) complexes under present study from their ESR spectra. The
importance of these ESR values are discussed at length in coordination chemistry. Their
importance in determination of ground and excited states in the complexes as well as square -

planar geometry are discussed in detail.
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From the literature survey it is revealed that so far no significant work in detail has been
carried out on characterization of copper(Il) complexes of 2’-hydroxychalcones and their
derivatives using ESR spectroscopy. In the present work, the studies of some esr,optical
absorption and bonding parameters of copper(Il) complexes of naphthalene analogues of 2’-

hydroxylchalcones are investigated in detail.

MATERIALS AND METHOD:

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-methylenedioxyphenyl)-prop-2-en-1-
one(PipchaH)were prepared by the procedure as reported in [11-13].

The Cu(Il)complexes,Cu(Bencha)2,Cu (0-Anicha)z,Cu(p-Anicha)2and Cu(Pipcha)2 of these
naphthylchalcones, BenchaH, o-AnichaH, p-AnichaHand PipchaH respectively 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..

RESULT AND DISCUSSION:

As stated earlier, the electron spin resonance (ESR) spectra of the complexes, Cu(Bencha)z2,
Cu(o-Anicha)2, and Cu(Pipcha)2, 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)2, 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 solid state spectra of the
complexes are not well resolved. However, the chloroform solution spectra at LNT are
comparatively well resolved. The author has already reported[51] the ESR parameters gy, g;,
gav, A, A, and Aavvalues for these complexes, but for the sake of continuity, these values are
again given in Tables 1-3 as the calculations of parameters under study are dependent on

them.
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(1) The Fermi Contact Interaction Term, K:
The Fermi contact interaction term, K is calculated by using the following

formulae[52]:

a

A 4a? 3
K=— [?"] — 2+ (gy — 2.0023) + (g, — 2.0023)> (1)

K = —[5] +2= + (g, - 2.0023) 2 (2)

where,P = 0.036cm™!
This term has its origin in a nonvanishing probability of finding the unpaired electron at the
site of nucleus [52]. It is a term which is an independent property of the central ion [53] and is
also isotropic. It is quite difficult to make good theoretical estimations of this dimensionless
contact term and frequently K is taken as an empirical parameter that is varied to fit the
experimental data and also to serve as a check on the results. Its numerical value is 0.3 to 0.4
and it shows a considerable variation from one complex to another[52,54]. K is a measure of
the contribution of “S” electrons to the hyperfine interaction [54].
In the present study, two values for this term K are calculated by using the above two
formulae (1) and (2) and are represented as Ki and K2 respectively in Tables 1-3. The
observed values of K1 and Kz for the present complexes fall in the range of 0.313 to 0.334 and
0.341 to 0.356 respectively, which are close and well within the arrange of 0.3 to 0.4 for Cu
(IT) complexes as stated earlier.
K can also be calculated by using the simplified formula:

K=(302-0.28)/7 .. (3)
The values of K obtained by this formula are exactly same as Kivalues obtained by using the
formula (1).
K can also be calculated by using the formula[55]:
K=o?xKo, .. (4)
Where, Ko is the free ion parameter which is estimated to be 0.36.
The K values obtained by this formula are denoted as K3 and fall in the range of 0.299 to
0.314 which are comparable with Kiand Kz as reported above.
The Fermi Contact hyperfine interaction term, K, can also be obtained from the following
formula
[54,56]:
K=- (Aiso/PB12) + (gav-2.0023/B12) ... (5)
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The K values obtained by this formula are denoted as Ks and fall in the range of 0.479 to 0.498
which are higher than K values obtained by using other formulae.
But, 12, the in-plane m- bonding parameter, calculated by using the known formulae as
reported in the literature, is assumed as one by them [54] and therefore the above formula
gets further simplified as:

K= - (Aiso/P) + (gav-2.0023) e (6)
This formula is thus the reshuffled form of formula number (7) used for calculation of P as
shown below.
K values obtained by this formula are denoted as K4 in Tables 1 to 3 and they fall in the range
of 0.3329 to 0.3484 which is well within the range of Ki,Kzand K3 values and therefore

formula(6) gives better results than formula(5).

Table 1: Some ESR, Optical Absorption and Bonding Parameters of Cu(Bencha)2

Parameter In PCS-RT In PCS-LNT In SOL-LNT
gy 2.286 2.286 2.286

g1 2.047 2.047 2.037

Zav 2.127 2.127 2.120

A;x 104 cm - - 192.120
A, x10*cm'! - 28.530

Ay x 104 cm'? - 83.060

K1 - 0.334

K> 0.356

Ks - 0.314

Ka - 0.3484

Ks - 0.483

Picm? - 0.0384
P,cm'! 0.0349

Pz cmt [(P3/(P)100] - 0.03436[95.44%]
Pscm-t - 0.02752
2Bj;>2Byg 14706 14706 14706
AE|prAE,, (cm1)

2Bj;>2E, 21598 21598 21598

AE or AE(cm-1)

KHZ (K1) 0.630(0.794) 0.630(0.794) 0.630(0.794)
K2(K.) 0.583(0.764) 0.583(0.764) 0.453(0.673)
- Ao CM1 828 828 828

- AJlcm?! 521.5 521.5 521.5

- AL cm'l 482.7 482.7 374.7
AlAo(Ar/No) 0.6298(0.5830) 0.6298(0.5830) 0.6298(0.4525)

AExyandAEx; are obtained from Electronic Spectra[47].
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Table 2: Some ESR, Optical Absorption and Bonding Parameters Of Cu(o- Anicha)2

Parameters In PCS-RT In PCS- In SOL-LNT
LNT

g 2.250 2.246 2.250

Jd. 1.990 1.990 2.034

Sav 2.077 2.076 2.106

Ax10*cm! 194.350 199.240 199.600

A, x10%cm? - - 28.490

Aavx 104 cm? - - 85.530

K1 0.313 0.316 0.327

K2 0.349

K3 0.308

K4 0.3413

Ks 0.479

Picm? - - 0.0383

Pom-! 0.0349

P3 cml 0.03440[95.56%)]

[(P3)/(P)100]

Table 3: Some ESR, Optical Absorption and Bonding Parameters Of Cu (p- Anicha)2

Parameters Cu (p- Anicha)2
In SOL-LNT Cu (Pipcha)2
gav

g 2.254 in PCS-RT 2.063

'R 2.034 in PCS- 2.067
LNT

Sav 2.107 in SOL- 2.063
LNT

Ajx 104 cm-1 189.430 ZBig—>2B2g 14706
AE||orAExy
(cm)

A, x10%*cm! 28.490 ZBig—>2Eg 20747
AEior
AEXZ(Cm'l)

Aav X 104 cm- 82.140

1

K1 0.317

Ko 0.341

K3 0.299

K4 0.3329

Ks 0.498

P1cm1 0.0387

P2cm1 0.0348

P3 cm-l 0.03410[95.44%]
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[(P3)/(P)100]

P4 0.03466
2Bi1g>2B2g 14599
AE||orAExy

(cm™)

2Big>2Eg 21739

AE.ior

AEXZ(Cm'l)

K¢ (KI1) 0.555(0.745)
K?(KY) 0.416(0.6450)
- Ao cm’l 828

-\l cm1 459.300
-ALcml 344.600

AL/ 0.5547(0.4162)
Ao(A1/Mo)

AExyand AEx; are obtained from Electronic Spectra [47].

(2) The Dipolar Term, P:
The dipolar term [57] P is calculated by using the following formula [52]:

= Aav -1
b= “K+(Gap—20023) e (7)

P depends on the type of the metal ion. Since, two values, K1 and Kz have been calculated for K,
the corresponding two values, P1 and P2 are also calculated and reported in Tables 1-3, for
dipolar term, P using the above formula(7).
The observed values of P1 and P2 for the present complexes fall in the range of 0.0383 to
0.0387 cm-! and 0.0348 to 0.0349 cm! respectively which are very close to the literature
value[52] (free ion) of 0.0360 cm-! for Cu (II), thus confirming the consistency and validity of
the other ESR parameters.
The Pivalues are higher than the free ion value as it is determined by using empirical
parameter K, gav and Aav. Therefore, an attempt has been made to calculate these term P
comparatively more accurately by using the following formula (8) [55] which involves the use
of the four basic parameters g, g, 4jand A, obtained directly from ESR spectrum:

(A, —A4)) /P=(602)/7-(gy- 2.0023) + (g,.-2.0023)5/14 ...... (8)
The P values obtained by this formula[54,55] are denoted a Psand they fall in the range of
0.03410 to 0.03440 which is less than the value (free ion) of 0.036 cm-1. The ratio[55] of
Psvalues obtained for the complex to that of the free ion value falls in the percentage range of
94.74% to 95.56% indicating the localization of the d-electron. The percentage of the

unpaired spin density on the copper ion is in the range of 5.26% to 4.44% and the remaining
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density is being distributed on to the ligands[55].The increase in covalency attributed to the
mixing of metal and ligand orbitals also decreases the unpaired electron density at the metal
center.

P values are helpful in identifying bonding groups. For example, bonding to four sulphur
atoms[54], P lies in the range of 0.016-0.026 cm-! and for bonding to two nitrogen and two
oxygen atoms, the P values fall in the range of 0.022-0.029 cm. In the present study it
appears that the P values for CuO4 system may be 0.030 cm! and above. The smaller value of
P also indicate slightly stronger[54] in-plane m-bonding in this system.

The P values can also be calculated by solving following formulae (9a to 9f) as reported on the

work of metalloenzyme by Giordano and Bereman[57]:

Axx=P[-2a3 - K+ 2/7 + 3/7az] N CF )|
Ayy=P[-202 - K+ 2/7 + 3/7a3] veeeen(9D)
Az=P[-8a1-K-4/7-3/7(0z + a3)] ceeeee(9€)

a1 = Aeft/ AExy—p x> —32) e (9d)
o2 = de/AExy  y2) ceeene(9€)
a3 =it/ AExy  xz) v (91)

They obtained the values of P as 0.0263 cm! and 0.0257 cm! for their this work on a
metalloenzyme, Galactose oxidase (GOase) as stated above [57].

The terms au,02and asin the above equation (9d) (9e) and (9f) are calculated as values of Aeff
(which is taken here in the present study as the average of A||land Aiin SOL-LNT)are
calculated from esr spectra.

The values of d-d transitio®s AExy  x2 —%2%), AExy —»yz) and AEy xz) are obtained from
electronic spectra for first(AE||, equation 9d)and third(AE., equation 9f) transition and for
second transition (equation 9e 10Dq value) as calculated approximately from esr spectra,
which are shown in Tables 4 and 5.

This values of ai,a2and a3 obtained are substituted in equations (9a) (9b) and (9c) to get
three values of P for each complex which are then averaged. The average P values denoted as
P4,0.02752 cmt and 0.03466 cm-! obtained for the two complexes are mentioned in Tables 1
and 3 respectively. The values of P are characteristic of the ligands or atoms bound in the
equatorial sites.

(3) The Orbital Reduction Parameters, K'andK?:

The orbital reduction parameters KHZ and K? are calculated by using the following

formulae[23,56,58]:
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8K A

g" = 2.0023 — m (10)
2]
g, =2.0023 — X2 _ -(11)
Blg_’ Eg

Hathaway[59,60] pointed out that for pure c-bonding, K, ~ K1~ 0.77, for in-plane m-bonding
K, <Ku and for out-of-plane 1 -bonding Ki<K, . Kfand K parameter values for some of the
present Cu(Il) complexes are observed in the range of 0.555 to 0.630 and 0.416 to 0.583
respectively. Where as, theK, and Kivalues fall in the range of 0.745 to 0.794 and 0.645 to
0.764 respectively. In all the cases, Ki< K,, (Tables 1 and 3)which suggests that they are out-
of-plane bonded type[54,59,60].

K, and Kivalues can also be calculated by using the formulae:[56]

K, 2~a?B%and K. 2~za? y?i.e. K ~of and Ki=~=ay ... (12)

K, and Kivalues calculated by the above said formulae [12] are same as the above reported

values.
(4)The Effective Spin-Orbit coupling constant,A :
The effective spin-orbit coupling constant, A or A" is calculated by using the following

formulae[58,61]

81
g1 = 20023 — " ..(13)
=20023 - —2 14
g1 =2.0023 2 -(14)

The two values of A, obtained by using these two formulae (13 and 14) are represented as A| |
and AL respectively in Tables 1-3. In the concerned formulae, the values of the
transitions, zBlg - 2Bzgand zBlg - 2Egare obtained from the electronic spectra[47].

The lower value of effective spin-orbital coupling A or A" (A||andA.) is in agreement with the
probability of considerable out-of-plane = -bonding[62].

In the present study, for the complexes, Cu(Bencha)z and Cu(p-Anicha)z, the observed values
of A|| and A1 are found be in the range of -459.3 to -521.5 cm-! and -344.6 to -482.7 cm
respectively. These observed values of A| | and A1 are less than the free metal ion (Ao) value of
-828 cm-! suggesting considerable mixing of ground and excited terms [63,64,65] and also is

an evidence of covalence in the M-L bond[66]. This lowering of A value for the complexes from
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the free ion value(-828 cm) indicates overlapping of metal-ligand orbitals[67]. The
observation [62] A|] > A1, further confirms the presence of more out-of-plane m -
bonding than in -plane T -bonding as suggested earlier.

The ratio A(complex)/A(free ion) i.e. A/Ao also indicates covalence[58]. The lower this ratio,
the greater is the covalence[58]. This ratio in the present study falls in general in the range of
0.4162 to 0.6298, further supporting the considerable amount of covalence in the M-L bond.
(5) Estimation of 10Dq values approximately:

The use of esr parameters to calculate the position of d-d transitions in metal complexes have
proven quite valid in a number of cases.

Values of 10Dq from electronic spectra and that of g form ESR measurements help in
determining A values. But in the present study, a reverse attempt has been made to calculate
the probable 10Dq value(which is not obtained from electronic spectra) approximately as
values of both g and\ are obtained from ESR measurements.

10Dq from peff:

The quantitive relation connecting magnetic moment and spectral transitions is given by the
formula[58]

peff= ps[1-aA/10Dq] = ... (15)

Where,ps is the spin magnetic moment which for Cu2+ is 1.73 B.M., and a is taken as 2 forCu?2+.
Therefore, 10Dq= -3.461/(peff-1.73)

The peff values of the Cu(ll) complexes as obtained from their ESR spectra, under present
study are calculated by using the following formula (16) and these peff values are already

reported by the author[50,51].

Beff = GavyS(s +1) = g4,V0.75B.M. .. (16)
10Dq from g values:

The relation between gav and 10Dq is given by formula[58,67] :

gv=2.0023[1-nA/10Dq] = ... (17)

where, n is integer which is taken as 2 forCu?2+.

Therefore,

10Dq=-4.0046A\/gav-2.0023

These approximate 10Dq value are reported in Table 4 and 5. The average approximate 10Dq
values for complex Cu(Bencha)z are 15068.970 cm-! from peff (equation 15) and 15685.22
cm-from gav(equation 17) averaging to 15377.09 cm-where as for complex Cu(p-Anicha)2z in

SOL-LNT only are 14639.442 cm! frompu,r(equation 15) and 15373.916 from gav(equation
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17) averaging to 15006.68cm! which are quite comparable and are in agreement with the

reported subject literature[68].

Table 4: Estimation of 10Dq values approximately for the complex Cu(Bencha)2

From peff From gav
In PCS-RT In SOL-LNT In PCS-RT In SOL-LNT
& In cm-1 & In cm1
In PCS-LNT In PCS-LNT
In cm? In cm?
10Dq using A|lin cm-1 16110.625 17022.548 16747.385 17743.406
10Dq using A1 in cm! 14911.982 12230.724 15501.367 12748.714
Average 10Dq from A|| 16566.587 17245.396
Average 10Dq from AL 13571.378 14125.041
Average 10Dq of A||& AL 15068.97 15685.218
Average 10Dq from peff and
g2 values 15377.09

Table 5: Estimation of 10Dq values approximately for the complex Cu(p-anicha)2

From peff From gav

In PCS-RT In SOL-LNT In PCS-RT In SOL-LNT

& In cm-1 & In cm-1

In PCS-LNT In PCS-LNT

In cm-1 In cm-1
10Dq using A| |in cm-1 - 16728.189 - 17567.457
10Dq using A Lin cm-1 - 12550.694 - 13180.374
Average 10Dq of A| | &AL - 14639.442 - 15373.916
Average 10Dq from peff and 15006.68 cm-1
gav values

(6)Calculation ofg, and g, values for the complex Cu(Pipcha)2:

The solid state spectra of the complexes are not well resolved. However, except Cu(Pipcha)2
[which yields only gav values in all the three states], all other chloroform solution spectra at
LNT are comparatively well resolved. Therefore, an attempt has been made as shown below

by the author,to calculate the expected g, and g, values for this complex Cu(Pipcha)2, by

using available gav values and optical absorption values.

i) In PCS at RT and in CHCI3 solution at LNT (both with gav value of 2.063 each):

From the formulae as given earlier -

81

2
Blg_’ Bzg

(I) [Formula No. 13]

Where, 2B1g — 2B2gcorresponds to AE | |or AExy, obtained from electronic spectra[47]
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Big— %Eg4

g, = 2.0023 — 5 (1D [Formula No. 14]

Where, 2B1g — 2Egcorresponds to AE_Lor AExz,obtained from electronic spectra[47]

Where, AE | |( = 14706 cm-1) and AEL( = 20747 cm-1) values are obtained from the

electronic spectra of this complex[47].

Dividing (I) by (II),
g, -2.0023= 8AXAEl= 4xAEL
g,-2.0023 2) AE]| v AE| |

= 4 x 20747 = 5.643
14706

Therefore, g, - 2.0023 = 5.643(g, - 2.0023)
g = 5.643 g.i- 9.297 (IH)
Now, gav=1/3(g, +2 g,)

Where, gav = 2.063 as obtained from the ESR spectra
3x2.063=g,+29,
- g)=6.189-2g,(IV)
From equations (III) and (IV),
5.643 g,-9.297 =6.189-2g,
. 7.643 g, =15.486
w g1=2.026
Substituting g, = 2.026 in equation (III),
g)=5.643x2.026 - 9.297
=2.136
w g = 2.136
ii) In PCS at LNT (with gav value of 2.067):
Similarly as shown above, the gjandg, values are calculated and they are found to be equal to

2.147 and 2.028 respectively.
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These calculated g, and g1 values of this complex Cu(Pipcha)2 are tabulated as follows :

9| 9.
In PCS - RT 2.136 2.026
In PCS - LNT 2.147 2.028
In CHCI3
solution - 2.136 2.026
LNT

Within the experimental errors, these calculated values of gjandg, for this complex under the
three different experimental conditions, are very close to the corresponding g,andg, values
obtained for the Cu(Il) complexes under present ESR study. For example, for this Cu(II)
complex in CHCI3 solution at LNT, the calculated values of g;,=2.316 andg, =2.026 are nearly
same as the observed range of

gy =2.250 to 2.286 and g,=2.034 to 2.037 respectively under similar experimental condition
for other complexes as already reported by the author recently[51] . Comparatively, the very
slightly low values of g, andg, are attributed to their calculation dependence on the
experimentally determined electronic spectral values of AE|| and AEL.

CONCLUSION:
ESR or EPR has many variable primary applications in the different areas of chemistry,

physics and biology. ESR spectroscopy has many applications in polymer science.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 fine
structure in metal complexes. The measurement of the ESR spectra gives the most precise
information on the electronic ground state. The EPR studies of the copper complexes provide
supportive evidence to the optical results.
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