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Abstract

The complexes of 2-substituted-1,3-diphenyl-1,3-propanedione with copper(Il) ion and their 2,2'-bipyridine and
1,10-phenanthroline adducts were synthesised and characterised by microanalysis, conductance, magnetic and
spectral  measurements. The  conductance data  showed that [Cu(dbm)(phen)](dbm) and
[Cu(Me-dbm)(phen)](Me-dbm) are 1:1 electrolytes. The infrared spectra revealed the different shifts of the
carbonyl frequency. While the electronic solid reflectance spectra of the prepared complexes exhibited three
peaks with varying Ap., between 12,121-21,505 cm™, the adducts displayed single bands in the visible region
between 13,553-14,698 cm™ except for [Cu(dbm)(phen)](dbm) and [Cu(Me-dbm)(phen)](Me-dbm) with
additional two peaks. These peaks have been assigned as d-d transitions. Using Density Functional Theory (DFT)
and Semi-empirical PM3, the modeled compound showed a distorted five coordinate square pyramidal geometry.

Keywords: 2-substituted-1-phenyl-1,3-butanedione, spectra studies, magnetic susceptibility, elemental analyses,
DFT

1. Introduction

B-diketonates have been used as shift reagents for the structural determination of steroids and other complex
molecules (Hinckley, 1969, 1970). Metal p-diketonates have also been used in fuel additives; trace metal
analysis by gas chromatography and other numerous extraction applications (Wenzel, 1985). We have recently
reported the magnetic and spectral properties of nickel(II) complexes of
2-substituted-1,3-diphenyl-1,3-propanedione and their 2,2"-bipyridine and 1,10-phenanthroline adducts and were
able to correlate the band shifts with the positive inductive effect of the substituted alkyl group on the system
(Woods et al, 2009). These studies have been extended to the copper(Il) derivatives of
2-substituted-1,3-diphenyl-1,3-propanedione [R-dbmH, where R = methyl (Me), ethyl (Et) and normal-butyl
(n-Bu)] and their 2,2'-bipyridine (bipy) and 1,10-phenanthroline (phen) adducts to investigate the effects of these
substituents on the properties of these compounds. Density functional theory is a widely used method for
electronic structure calculations and provides useful predictions for molecular parameters (Perdew et al., 2005).
In this paper, we present our report on synthesis, microanalysis, conductance, magnetic and spectral
measurements of Copper(Il) complexes of 2-substituted-1,3-diphenyl-1,3-propanedione, their 2,2"-bipyridine and
1,10-phenanthroline adducts and the DFT and PM3 calculations of Cu(Me-dbm),bipy.

2. Method

The following reagents were used: 1,3-diphenyl-1,3-propanedione or dibenzoylmethane (dbmH) (Aldrich
chemicals), potassium carbonate, copper acetate, methyl iodide, ethyl iodide, n-butyl iodide (Aldrich chemicals),
2,2'-bipyridine and 1,10-phenanthroline (Analytical grade).

2.1 Synthesis of the Ligands
2-alkyl-1,3-diphenyl-1,3-propanediones were prepared as previously reported (Patel & Woods, 1990a).

71



www.ccsenet.org/ijc International Journal of Chemistry Vol. 6, No. 1;2014

2.2 Synthesis of the Complexes and Adducts
2.2.1 Synthesis of Cu(dbm),

1,3-diphenyl-1,3-propanedione (1.7972 g, 8 mmol) which was dissolved in 10 mL acetone, was added to
copper(l]) acetate tetrahydrate(0.8 g, 4 mmol) in 25 mL 40% methanol. The precipitated solids were washed with
40% methanol and acetone and dried over silica gel. Similar procedure was used for preparation of the other
copper(Il) complexes.

+ Cu(CH,C00), —— R + 2CH;CO0OH

~ R =H, Me, Etand n-Bu

Equation 1. Preparation of copper(Il) complex

2.2.2 Synthesis of Cu(Me-dbm),bipy

Solid Cu(Me-dbm), (0.3 g, 0.556 mmol) was added pinchwise to solution of 2,2'-bipyridine (0.286 g, 1.833
mmol) in 15 mL chloroform. This mixture was stirred for 30minutes and the precipitates formed were filtered
and washed with chloroform.

)
N

/

\,

0
R=H, Me, Bandn-Ba D\/
0
where N
=Bipyridine/pherardacoline
= Beta-diketore axd

N

Equation 2. Preparation of copper(Il) adduct

2.3 Physical Measurements

Elemental analyses for C, H, N were determined at Department of Chemistry, Loughborough University, UK.
The % metal in the copper(II) complexes and adducts was determined titrimetrically with EDTA. The molar
conductivities of the soluble compounds in nitromethane at room temperature were determined using Digital
conductivity meter (Labtech).

The solution spectra of the compounds in methanol and chloroform were recorded on a Unicam UV-Visible
Spectrophotometer using 1cm glass cell. The reflectance spectra of the copper(Il) compounds were recorded on a
Perkin-Elmer Lambda 950 UV/VIS spectrophotometer at the Department of Chemical Engineering, Faculty of
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Technology, Addis Ababa University, Ethiopia using calcium carbonate as reference. The infrared spectra of the
compounds, as pressed KBr disc, were recorded on Perkin-Elmer Spectrophotometer BX FT-IR.

2.4 Computational Methods

Complete geometrical optimisation without symmetry constraint was performed using DFT (Density Functional
Theory) with Becke’s three parameter exchange functional, along with the Lee-Yang-Parr correlation functional
and with LANL2DZ basis set. All calculations were done with Spartan 06 V112 (Shao et al., 2006). The
vibrational wavenumbers were calculated using the PM3 method and a C1 point group. The positive value of all
the calculated wavenumbers indicates the stability of the optimised geometry.

3. Results and Discussion

The analytical and the physical data are shown in Table 1. Different shades of green colour were observed for all
the copper(Il) compounds. The Microanalytical data, as depicted in Table 2, shows that the elemental analyses
are consistent with the proposed stoichiometry.

The prepared 2-substituted-1,3-diphenyl-1,3-propanedionato copper(Il) complexes have moments in the range
1.75-2.00 B.M. An increase was observed on substituting the 2-position of Cu(dbm), with alkyl groups except
Cu(n-Bu-dbm), with decreased moment. The observed magnetic moments of the synthesised 2,2'-bipyridine and
1,10-phenanthroline adducts of 2-substituted-1,3-diphenyl-1,3-propanedionato copper(Il) complexes are in the
range 1.95-2.10 B.M. This shows that they are magnetically dilute compounds and that there is no intermolecular
magnetic interaction. An increase in magnetic moments was observed in all the adducts as compared with the
appropriate parent complexes.

Table 1. Analytical and physical data of Copper(Il) complexes of 2-substituted-1,3-diphenyl-1,3-propanedione
and their adducts

Formula MM Colour M.Pt (°C)  Yield (%) peff (B.M)
Cu(dbm), 510.00 Y. green 300-302 16.52 1.75
Cu(dbm),bipy 666.20 D. green 290-292 15.50 2.04
[Cu(dbm)(Phen)](dbm) 690.22 Y. Green 235-237 62.42 1.95
Cu(Me-dbm), 538.08 Y. green 203 20.4 1.78
Cu(Me-dbm),bipy 694.26 D. green 290-292 55.69 2.10
[Cu(Me-dbm)(Phen)](Me-dbm) 736.30 D. green 283-285 64.23 2.08
Cu(Et-dbm), 566.14 Y. green 306-308 57.03 2.00
Cu(Et-dbm),bipy 722.32 Green 319-321 30.86 2.06
Cu(Et-dbm),phen 746.34 Y. Green 314-316 24.2 2.10
Cu(n-Bu-dbm), 622.26 Y. green 317-319 65.58 1.97
Cu(n-Bu-dbm),bipy 778.44 B. green 220-222 42.89 2.10
Cu(n-Bu-dbm),phen 802.46 B. green 329-331 45.96 2.10

D = dark, Y = yellowish, G = greenish, B = bright.

The molar conductivities of these complexes were very low with A, values of 4.2-29.7 ohm™ cm? mole™, which
suggests that they are non-electrolytes. Similarly, the molar conductivities of the Cu(R-dbm), adducts indicate
that they are non-electrolytes except [Cu(dbm)(phen)](dbm) and [Cu(Me-dbm)(phen)](Me-dbm), which are 1:1
electrolytes with an outer sphere anion as reflected in the A,, values of 82-84 ohm™ cm® mole™.

The carbonyl and carbon-carbon double bonds have less double bond character and more single bond character
in the conjugated ring, which accounted for the large frequency shifts usually observed. Studies have revealed
that three factors determine the position of the perturbed carbonyl band in the spectrum of a given chelate: the
masses of the groups attached at the ends of the ligand molecule to the carbonyl groups; interaction of the
carbonyl with neighbouring © or d-orbitals and the relative electron density of the ¢ bond. Moreover, the
comparison of the infrared spectra taken at low temperature with those at room temperature shows that there is a
sharpening up of the bands in the low temperature spectrum owing to the decreased population of the higher
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vibrational states of the molecule (Fackler et al., 1968).

In the complexes studied, the frequencies of the asymmetric C=0O and C=C stretching vibrations were lowered
from their free ligand values (Table 3). The v,(C=0) + v,,(C=C) vibrations of the copper(Il) complexes occurred
as multiple bands in the 1514-1653 cm™ region. Single band of v{(C-O) +3C-H were observed in Cu(dbm), while
Cu(Me-dbm),, Cu(Et-dbm), and Cu(n-Bu-dbm), had double bands. Upon adduct formation, hypsochromic shifts
of the v, (C=0) + v,(C=C) in all the adducts relative to the parent complexes were observed except
Cu(Me-dbm),bipy, Cu(Me-dbm),phen, and Cu(Et-dbm),phen which had bathochromic shifts. The observed
shifts can be used to predict the type of bonds in the adducts (Holtzclaw & Collman, 1957; Tanaka et al., 1969).
The hypsochromic shifts probably indicate stronger Cu-N and C-O bonds and weaker Cu-O bonds while the
reverse is applicable for bathochromic shifts. The symmetric and asymmetric methyl bending vibrations of the
adducts appeared with varying shifts as compared with the complexes. CH deformation bands of 2,2'-bipyridine
were observed as strong bands in the 745-778 cm™ region while the phenanthroline adducts bands were observed
around 717-722 cm™ and 843-856 cm™ region. Coupled Cu-O and Cu-N stretching vibrational modes occurred
in the range 420-696 cm™ in the 2,2"-bipyridine and 1,10- phenanthroline adducts (Patel & Woods, 1990b).

Table 2. Microanalytical data of Copper(Il) complexes of 2-substituted-1,3-diphenyl-1,3-propanedione and their
adducts

% Calculated (Observed)

Compound C I N M
L. Cu(dbm), 70.64(70.51) 4.36(4.37) - 12.45(12.83)
2. Cu(dbm),bipy 72.11(72.28) 4.55(4.72) 4.20(4.18)  9.53(9.73)
3. [Cu(dbm)(phen)](dbm) 73.08(73.12) 4.39(4.46) 4.06(4.02) 9.20(8.97)
4. Cu(Me-dbm), 71.42(71.52) 4.88(5.07) - 11.80(11.96)
5. Cu(Me-dbm),bipy 72.66(72.59) 4.95(5.29) 4.03(3.92) 9.15(8.81)
6. [Cu(Me-dbm)(phen)](Me-dbm)  71.77(71.52) 4.94(4.89) 3.80(4.05) 8.62(8.32)
7. Cu(Et-dbm), 72.13(71.90) 5.35(5.09) - 11.22(11.45)
8. Cu(Et-dbm),bipy 73.16(73.09) 5.31(5.51) 3.88(4.09) 8.79(8.98)
9. Cu(Et-dbm),phen 74.02(73.88) 5.14(4.90) 3.75(3.86) 8.51(8.64)
10.  Cu(n-Bu-dbm), 73.34(73.18) 6.17(5.92) - 10.20(10.59)
11. Cu(n-Bu-dbm),bipy 74.06(73.10) 5.97(6.15)  3.60(3.81)  8.16(7.84)
12. " Cu(n-Bu-dbm),phen 74.83(75.04) 5.79(5.60) 3.49(3.52) 7.91(8.21)

The solution spectra of the copper(II) complexes were studied in chloroform and methanol. The assignments of
the bands have been made with the help of literature on similar compounds (Fackler et al., 1968; Patel & Woods,
1990b, 1990c¢). Hypsochromic shift of the m3-n*, band was observed in Cu(Et-dbm), as compared with Cu(dbm),
in chloroform. Cu(Me-dbm), had bathochromic shift while Cu(n-Bu-dbm), had no shift. Coordinating solvents
have been found to have a particular dramatic effect on the ligand field spectra of copper(Il) compounds (Patel &
Woods, 1990b). As a result of this, when there is a higher frequency shift in the ligand field spectra band of the
copper compounds in coordinating solvents relative to non-coordinating (chloroform), it indicates a probable
square pyramidal structure. A probable four coordinate square planar structure is observed when there is lower
frequency shift in coordinating solvent relative to non-coordinating. For six-coordinate octahedral geometry, the
band position remains unchanged in both coordinating and non-coordinating solvents. Thus, the various
synthesised Cu(R-dbm), have probable, four-coordinate, square planar geometry due to their lower frequency
shifts in methanol relative to chloroform. Copper(Il) complexes with square planar stereochemistry commonly
exhibit a broad structured band between 13,000 to 20,000 cm™. They have absorption that shows little structure
between 18,000 to 21,000 cm™ and no electronic absorption below 10,000 cm™ (Lever, 1986). In the synthesised
complexes, the little structure absorption was observed between 18,051-18,087 cm’! in chloroform, which also
shows that the various synthesised Cu(R-dbm), have probable four-coordinate, square planar geometry.
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Table 3. Relevant Infrared Spectra bands (cm™) of 1,3-diphenyl-1,3-propanedione, the Copper(Il) complexes and
their adducts

Formula C=0, C=C vy(C-0)+3C-H 6;;8:;); ngﬁ;&;y
dbmH 1598b, 1540b 1466b - -
Cu(dbm), 1593s,1545b,1526b 1484m - -
Cu(dbm),bipy 1618w,1593s,1515s 1484m - 745s
[Cu(dbm)(phen)](dbm) 1624w,1594m,1551s 1478m,1451m - 843m,721s
Me-dbmH 1689m,1664m,1595m 1450s 1346s
Cu(Me-dbm), 1653vw,1582m,1514s 1498m, 1471w 1418m,1370m
Cu(Me-dbm),bipy 1594s,1546m,1525m 1484m,1455m 1400s 764w
[CuMe-dbm)(phem)] 3 1 587w.1518s 1343m 852s,722s
(Me-dbm)
Et-dbmH 1687vs,1665s,1697vs 1466b, 1449m 1356s
Cu(Et-dbm), 1595s,1542m,1524m 1475s,1457m 1402vs
Cu(Et-dbm),phen 1587m,1546m,1516vs  1456w,1424vs, 1401w 854vs 721vs
n-Bu-dbmH 1693s,1667s,1596m 1447s 1380vw,1348m
Cu(n-Bu-dbm), 1598s,1532b 1482m, 1456m 1398vs
Cu(n-Bu-dbm),bipy 1606s,1572m,1551w 1470s,1442vs,1382m 774vs
Cu(n-Bu-dbm),phen 1627w,1584m,1514s 1496w,1426vs,1373w 856vs,718vs

B = broad, s = strong, v = very, w = weak, m = medium.

In a study, the visible bands shifted to higher frequencies on replacement of hydrogen by alkyl groups and the
magnitude of the shift was about the same in all the solvents. This was attributed to the inductive effect of the
alkyl groups leading to a higher ligand field. It was also detected that lengthening of the alkyl side chain
produced no further change in the formation constants (Graddon & Schulz, 1965). Transitions in Copper(Il) of
B-diketonates with absorption at energies higher than 24,000 cm™ originate from charge transfer from
B-diketones ion to the metal (Melnik et al., 1996; Gorbenko et al., 1997). In the prepared complexes, high-energy
absorption was observed at 27,855 cm™ in Cu(dbm),..

The tentative assignment of the reflectance spectra of the ligands (R-dbmH), copper(II) complexes and their
adducts in calcium carbonate are presented in Table 5. The visible spectra of all the complexes studied
displayed three bands in this region with varying A, between 12,121-21,505 cm’', which is consistent with
square planar geometry for copper(Il) complexes. The spectra of the Cu(R-dbm), adducts displayed single bands
in the visible region between 13,553-14,698 cm™. This is also consistent with square pyramidal geometry for
copper(II) compounds (Odunola et al., 2003) except [Cu(dbm)(Phen)](dbm) and [Cu(Me-dbm)(Phen)](Me-dbm)
with little structure absorption at 18,149-21,978 cm™ which corresponded with square planar structures (Lever,
1986). In the synthesised complexes, ms-ms* transitions were observed in the 31,153-33,445 cm™ region.
Splitting of this band was not observed in any of the prepared complexes. Bands in the 40,000-44,843 cm™
regions have been assigned as benzenoid/c-3d,y transitions (Johnson & Thornton, 1975). The ultraviolet region
of the solid reflectance spectra of the adducts showed hypsochromic shift of the m;-m,* transition upon adduct
formation. In the adducts, ms-m,* transition appeared as single bands at 32,154-35,971 cm™ region except
Cu(Et-dbm),bipy which had an additional band.
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Table 4. The electronic solution spectra of 2-substituted-1,3-diphenyl-1,3-propanedione Copper(II) complexes
and their adducts

. Tams*(em’) d-d
Emperical Formula
CHCl, CH;0H CHCl; CH;O0H
dbmH 34,483(20567) 34,364(23114)
Cu(dbm), 34,722%* - 18,051%* -
34,014(45546) 15,337(7735)

Cu(dbm),bipy 33,445(7) 32,895(?) - 13,947(?)

[Cu(dbm)(phen)](dbm) 34,014* 34,014(24354) 20,325% 16,340(116)
13,966(225)

Me-dbmH 34,247(5282) -

Cu(Me-dbm), 34,014* 35,971(?) 15,991(?) 15,649(?)

34,247(?) 14,164(?)

Cu(Me-dbm),bipy 33,333(7462) 33,113(11609) 16,181(59) 16,831(62)
12,531(555)

[Cu(Me-dbm)(phen)](Me-dbm)  34,114(37393) 34,483(57112) 20,492(405) 16,129(234)
13,966

Et-dbmH 32,259(20203) 34,602(6951)

Cu(Et-dbm), 34,965(?) -

Cu(Et-dbm),bipy 34,602(?) 33,445(7) 14,970(?) 15,966(?)

32,258(?)

Cu(Et-dbm),phen 34,722% 34,843(?) - 15,314(?)

n-Bu-dbmH 35,211(?) 35,088(?)

Cu(n-Bu-dbm), 34,722%* 34,965* 18,087* 17,422(?)
14,903(?)

Cu(n-Bu-dbm),bipy 33,557(?) 33,223(?) 15,015(?) 15,947(?)

Cu(n-Bu-dbm),phen 33,784(?) 34,364(?) 15,823(?) 15,928(?)

(?) Compounds are partially soluble in the solvent.
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Table 5. The electronic solid reflectance spectra of 2-substituted-1,3-diphenyl-1,3-propanedione, Copper(II)
complex and its adducts

Emperical Formula nama*(em™) d-d
dbmH 35,211 -
Cu(dbm), 33,445 19,493, 16,892, 12,121
Cu(dbm),bipy 35,842 14,048
[Cu(dbm)(Phen)](dbm) 33,557 21,322%*, 18,149, 12,092
Me-dbmH 34,398 -
Cu(Me-dbm), 33,014 18,360*15,198, 12,170
Cu(Me-dbm),bipy 33,557 14,305
[Cu(Me-dbm)(Phen)](Me-dbm) 34,965 21,142*, 18,282, 12,048
Et-dbmH 35,088, 33,003
Cu(Et-dbm), 31,153 21,505, 19,455,12,195
Cu(Et-dbm),bipy 35,971, 32,154 13,692, 14,531
Cu(Et-dbm),phen 34,014 14,493
n-Bu-dbmH 35,971
Cu(n-Bu-dbm), 33,113 19,531, 17,123, 12,225
Cu(n-Bu-dbm),bipy 34,843 14,455
Cu(n-Bu-dbm),phen 34,602 13,692
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Me-dbmH —
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Figure 1. a) Infrared spectra of 1,3-diphenyl-1,3-propancedione, copper(Il) complex and its adducts
b) Infrared spectra of 2-Methyl-1,3-diphenyl-1,3-propancedione, copper(Il) complex and its adducts
Figure 2. a) Visible spectra of Cu(dbm), and its adduct in chloroform
b) Visible spectra of Cu(Me-dbm), and its adduct in chloroform
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4. Computational Studies
4.1 Geometry and Structural Data

Density Functional Theory at B3LYP/LANL2DZ was used for geometry optimisation and electronic structure
determination (Karakas & Sayin, 2013; Malecki et al., 2010). The optimised geometry of the Cu(Me-dbm),bipy
is shown in Figures 3(a) and (b). Table 6 shows the selected calculated bond distances, angles, of the modeled
compound and the experimental X-ray crystallographic data (Zheng et al., 1991) of a five-coordinated copper(Il)
complex of 2,2'-bipyridine. The optimised bond distances at both semi-empirical PM3 and B3LYP levels are
comparable with the corresponding values obtained from the X-ray diffraction as can be seen in Table 6 (Zheng
et al, 1991). The DFT calculated angles/bite angles for O(1)-Cu-O(2), O(1)-Cu-O(3), O(1)-Cu-N(2),
N(1)-Cu-N(2) and O(2)-Cu-N(1) are 89.37°, 87.97°, 109.26°, 77.7°, and 92.40° respectively. The variation from
the ideal value could be attributed to the distortion from the perfect square pyramidal structure around the
Copper(Il) ion of the compound. Figures 3(c) and 3(d) show the HOMO and LUMO orbitals of the Copper(Il)
compound. The HOMO is predominantly located on the 2,2'-Bipyridine moiety and the LUMO is essentially
spread around the 2 units of 2-Methyl-1,3-diphenyl-1,3-propanedione. The B3LYP modeled molecular structure
is five coordinate Copper(Il) adduct and consists of 2 units of 2-Methyl-1,3-diphenyl-1,3-propanedione and one
unit of 2,2'-Bipyridine. The coordinated environment around the Copper(Il) is a distorted square pyramidal with
three oxygen atoms of 2-Methyl-1,3-diphenyl-1,3-propanedione and two nitrogen atom of 2,2'-Bipyridine.

Figure 3. (a) FB3LYP Optimized structure of Cu(Me-dbm),bipy; (b) Optimized structure of Cu(Me-dbm),bipy
(Tube form); (¢) Lumo plot of Cu(Me-dbm),bipy; (d) Homo plot of Cu(Me-dbm),bipy

The molecular data from DFT calculation are summarized in Table 7. The energy gap between LUMO (lowest
unoccupied molecular orbital) and HOMO (highest occupied molecular orbital) is 0.329 eV. The low energy gap
indicates high reactivity (Fan et al., 2007; Herrag et al., 2010; Obot & Obi-Egbedi, 2010; Obot et al., 2012). The
dipole moment is 28.93 debye. The value of the dipole moment indicates that Cu(Me-dbm),bipy is polar and has
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Table 6. Selected calculated bond distances, angles, of the modeled compounds and the experimental X-ray

crystallographic data

Numbering PM3 B3LYP/LANL2DZ Exp®
Cu-O, 1.853 1.902 1.935
Cu-0O; 1.866 1.958 1.920
Cu-0O; 1.859 1.961 2.204
Cu-N, 1.881 2.015 1.983
Cu-N, 1.978 2.269 1.991
0,-C, 1.299 1.326 1.274
0,-Cyo 1.307 1.304 1.260
N;-Css 1.383 1.360 1.356
Ni-Cs6 1.368 1.348 1.335(8)
N,-Cs; 1.384 1.357 1.341
N,-Cy3 1.367 1.346 1.336
C33-Css 1.483 1.485 1.478
C33-Cy 1.399 1.403 1.373
C34-Cs 1.393 1.397 1.36(1)
C34-Cy7 1.389 1.398 1.36(1)
C35-Css 1.399 1.403 1.36(1)
C36-Cs7 1.396 1.395 1.38(1)
C39-Ca3 1.395 1.398 1.37(1)
C39-Can 1.388 1.398 1.37(1)
C41-Cap 1.393 1.398 1.38(1)
0,-Cu-0, 97.31 89.37 922
0,-Cu-05 89.77 87.97 93.3
0,-Cu-N, 100.13 109.26 91.9
0,-Cu-N, 167.76 1732.60 167.3
0,-Cu-N; 86.28 92.40 922
0,-C-Cq 128.37 126.15 123.6
0,-C,o-Cs 127.54 123.64 127.9
N;-Cu-N, 90.78 77.70 81.2
N;-Cu-0O; 83.38 88.04 97.6
N,-Cu-0O; 96.91 102.57 92.8
N;-C36-Cs7 120.71 121.56 122.1
N;-Cs5-Cs; 117.53 116.99 114.2
N;-C35-Csg 119.52 119.58 121.4
N,-C33-Cyy 120.74 120.78 121.7
N,-Cs;3-Css 116.69 115.83 114.3
C-Cs-Cyo 119.72 119.99 123.8
C36-N;-Css 120.43 121.13 118.4
C43-N,-Cs; 118.65 120.11 119.0
C43-N,-Cu 135.06 129.08 125.7

a. Ref. (Sheela,Sampathkrishnan, Kumar, & Muthu, 2013).
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high tendency to react with other charged compounds (Herrag et al., 2010). The modeled Copper(II) complex
has 83 atoms, 234 normal modes of fundamental vibrations and possesses Cl point group. By using
semi-empirical PM3 method, the vibrational frequencies of the modeled Copper(Il) complex were calculated in
the ground state. Calculated vibrational frequencies are scaled by a factor 0.974, that was recommended by Scott
and Radom (Scott & Radom, 1996). Fourteen calculated vibrational frequencies are selected and reported in
Table 8. Some of the calculated vibrational wavenumbers were found to agree quite well with the available
experimental data. Discrepancy between calculated and experimental values could be due, in part, to
anharmonicity and the tendency of the quantum chemical methods to overestimate the force constants at the
exact equilibrium geometry (Sheela et al., 2013).

Table 7. The DFT Molecular parameters of Cu(Me-dbm),bipy
Erumo(eV) -3.509866
Enomo(eV) =-3.838417
AE= E; ymo-Enomo = 0.329
Dipole moment = 28.93 debye

Table 8. Comparison of the observed and calculated vibrational wavenumber (cm™) of Cu(Me-dbm),bipy with
PM3 method

Mode PM3 PMS3 INT. FT-IR
Calculated Calculated Assignments as in Table 6
No IR Exp.
Unscaled Scaled
1 790.72 767 26.24 -
2 792.16 768 179.29 764w v(C-H) Phen/bipy
3 797.32 777 30.40 -
4 1442.63 1405 42.06 1400s 8.5(CH;3)+04(CH3)
5 1485.90 1447 152.06 1455m vs(C-0)+3C-H
6 1498.69 1460 558.22 -
7 1523.18 1484 112.26 1484m vs(C-0)+8C-H
8 1536.51 1497 5.53 -
9 1539.15 1499 13.54 -
10 1589.84 1549 6.63 1525m Vas(C=0) + v,5(C=C)
11 1601.65 1560 7.95 1546m Vas(C=0) + v,(C=C)
12 1604.66 1563 145.3 -
13 1609.33 1567 72.14 -
14 1636.41 1594 577 1594s Vas(C=0) + v,(C=C)

Vs = symmetric stretching; y = out of plane bending; 8,5 = assymetric; Int = IR intensity.
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