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Copper(II), palladium(II) complexes [Cu(L1)2] (1), [Pd(L1)2] (2), [Cu(L2)2Cl2.H2O] (3), [Pd(L2)2Cl2] (4), of 2-aminoquinolin-8-ol
(L1) and 2-(naphthalen-1-ylmethyl)-4,5-dihydro-1H-imidazole (L2) were synthesized and physico-chemically characterized by
spectroscopic techniques like IR, UV-Visible and elemental analysis. The structures of the ligands and their complexes were
optimized by density functional theory (DFT) method using B3LYP/6-311++G(d,p) basic set for L1 and L2 and B3LYP/LanL2DZ
basic set for 1, 2, 3 and 4, respectively. The bond lengths and bond angles of complexes were compared with the literature
values which were in good agreement. The results revealed that 1, 2 and 4 complexes were in square planar geometry and
square pyramidal geometry for complex 3. Frontier orbital analysis and global reactivity parameters were also computed at
same basic set in the same phase. In addition, DOS and COOP analysis were also performed using Gauss Sum 3.0 programme
for compound 4. All the ligands and complexes were screened for anti-bacterial activity and the metal complexes exhibited
highest anti-bacterial activity when compared to ligands.

Keywords: Cu(II), Pd(II) complexes, DFT studies, anti-bacterial activity.

Introduction
Copper(II) and palladium(II) complexes have been gain-

ing significant attention due to their potentially beneficial phar-
macological properties. Palladium complexes with aro-
matic N-containing ligands, such as pyridine, quinoline,
pyrazole and 1,10-phenanthroline derivatives, have shown
very promising anti-tumor characteristics1–4. On the other
hand, Pd(II) complexes exhibited catalytic activity in carbon-
carbon and carbon-nitrogen bond forming reactions5. Four
coordinate palladium(II) complexes with square planar ge-

ometry and various N-heteroaromatic ligands are useful build-
ing blocks for producing interesting molecular structures6.
As an important class of heterocyclic scaffolds, 2-imidazolines
have attracted the attention from the chemists interested in
natural products, pharmaceutical chemistry, synthetic organic
chemistry, coordination chemistry and homogeneous cataly-
sis7.

8-Hydroxyquinoline (8-HQ) and derivatives are known to
be the best chelating agents after EDTA and their deriva-
tives owing to their guest modulated chromogenic and fluo-
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rescent behaviour. Accordingly, they have been used in chro-
matography8, detection of metal ions9–11, preparation of or-
ganic light emitting diode devices12,13, and electrochemical
luminescence14. 8-HQ form stable five-membered stable che-
late metal complexes of the type M(HQ)+, M(HQ)2 or
M(HQ)3 with divalent transition and post-transition metal ions
including La(III)15, Sm(III)16, Gd(III)17 and Yb(III)18 quinolino-
lates.

In view of the above importance and applications, we
herein disclose the synthesis, theoretical studies and anti-
bacterial activity of novel Cu(II) and Pd(II) complexes of 2-
aminoquinolin-8-ol and 2-(naphthalen-1-ylmethyl)-4,5-
dihydro-1H-imidazole.

Results and discussion
The molar conductance (M) measurements of the com-

plexes were carried out using DMF as the solvent at 10–3 M
concentration reveals that non-electrolyte behaviour of the
complexes. Colour, molar conductivity values, melting point
and elemental analysis of the complexes were outlined in
Table 1. All of these complexes are stable in air and poly-
crystalline in nature.

stretching vibrational mode of the phenolic -OH group and
the same mode disappears in vibrational spectra of com-
plexes, which reflect the ligand coordinating with the metal
ion through phenolic -OH group. The C=N stretching vibra-
tional mode of the ligand was observed at 1643 cm–1, wherein
vibrational spectra of metal complexes for this mode shifted
about 40–50 cm–1 which confirms that ligand coordinate with
metals through quinoline ring nitrogen19. The phenolic C-O
stretching vibration that appeared in ligand at 1266 cm–1

which shifted towards higher frequency by 20–25 cm–1 in
the complexes. The positive shift of the vibrational mode sug-
gests that coordination of the phenolate anions with the metal
ions via de-protonation20,21. The above results reflect that 2-
aminoquinolin-8-ol act as mono-anionic bidentate in nature
which is coordinating through quinoline nitrogen as well as
phenolic -OH group (Fig. 1).

Table 1. Anti-bacterial activity of compounds (L1 and 1, 2; L2 and
3, 4)

Compd. Bacteria Diameter (mm) of compounds
tested at concentrations (g/mL)

250 125 63.5
L1 S. aureus 13 7 –

E. coli 9 4 –
1 S. aureus 25 13 7

E. coli 19 9 5
2 S. aureus 20 11 6

E. coli 16 7 4
L2 S. aureus 10 6 –

E. coli 7 4 –
3 S. aureus 27 14 8

E. coli 19 10 6
4 S. aureus 25 12 5

E. coli 18 8 4
Streptomycin S. aureus 38 21 13
(standard) E. coli 35 20 11

Fig. 1. FT-IR spectrum of [Cu(L1)2] (1) and [Pd(L1)2] (2).

The vibrational mode at 1604 cm–1 was assigned to
stretching vibrational mode of (C=N) group of L2. This mode
shifted towards lower frequencies around 30–40 cm–1 after
complexation with metal ions which is a explicit evidence for
coordination of the imidazoline ring through the C=N group.
This was further supported by the new band at 547–532 cm–1

in the complexes assigned to M-N22–24. In addition to this,
copper complex spectra showed 3422 cm–1 indicating the
presence of coordinated water molecule25,26. The non-ligand
bands at 450 to 412 cm–1 region were assigned to (M-Cl)
stretching modes22–24. The above results unequivocal shows
that 2-(1-napthylmethyl)-2-imidazole (L2) ligand act as a
neutral monodentate, coordinate to  Cu(II) and Pd(II) metal
ions through C=N group of immdazoline ring.

UV-Visible spectra:
The UV-Visible spectra of 2-aminoquinolin-8-ol (L1) have

broad band around 25773 cm–1 due to intra-ligand transi-
FT-IR spectra:
The strong absorption band at 3403 cm–1 assigned as
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tions. The Cu(II) and Pd(II) complexes showed correspond-
ing intra-ligand transitions in the region 24875 cm–1. The Cu(II)
complex displayed a strong intense band around 21321 cm–
1 and assigned to the ligand to metal charge transfer transi-
tion (LMCT) or alternatively called as metal reduced charge
transfer spectra. The bands in 25000–21052 cm–1 range was
assigned to phenoxy OCu transitions. The spectra of the
copper complex exhibited weak band centred around 16694
cm–1. For a copper(II) square planar complex with dx2– y2

ground state, three transitions are possible dz2 dx2–y2, dxy
 dx2–y2 and dxz, dyz  dx2–y2 (2A1g  2B1g, 2B2g  2B1g
and 2Eg  2B1g) and it was difficult to resolve it in to three
bands. Owing to four lower orbitals were closer together in
energy that individual transitions cannot be distinguished
resulting in a single absorption band27,28.

The UV-Visible spectra of Pd(II) complex (2) reveals the
spin allowed d-d transitions observed at 16393 cm–1, corre-
sponding to the transitions from the three lower lying ‘d’ lev-
els to the empty dx2– y2 orbitals. The ground state 1A1g and
the excited states corresponding to the above transitions are
1A2g, 1B1g and 1Eg which are in the order of increasing en-
ergy. The Pd(II) complex demonstrated charge transfer tran-
sition band merge with high intensity intra-ligand absorption
at 23923 cm–1. The electronic spectra of this complex sup-
port a square planar geometry around the Pd(II) ion29 (Fig.
2).

Anti-bacterial activity:
The synthesized compounds were screened for anti-bac-

terial activities against test bacteria S. aureus (Gram-posi-
tive) and E. coli (Gram-negative) at different concentrations

by disc diffusion technique30,31. The tested compounds in
calculated quantities were dissolved in DMF to get concen-
trations of 250, 125 g mL–1 of compounds. The disc of
Whatmann No. 1 filter paper having the diameter 5.00 mm
each containing (1.5 mg cm–1) of compounds were placed
at four equidistant places at a distance of 2 cm–1 from the
centre in the inoculated petriplates. Filter paper disc treated
with DMF served as control and streptomycin used as a stan-
dard drug. All determinations were made in duplicate for each
of the compounds. Averages of two independent readings
for each compound were recorded. These petriplates were
kept in refrigerator for 24 h for pre-diffusion. Finally, petriplates
were incubated at 30ºC for 24 h.

The results revealed that all the metal complexes showed
higher activity than free ligands. In specific, L2 metal com-
plexes exhibited highest activity than the other compounds
(Table 1).

The electronic spectrum of (L2) consists of a broad band
at 32467 cm–1 which is intra-ligand transitions. The intra-
ligand transition of Cu(II) complexes contains these bands in
the region 30959 cm–1. These broad band can be regarded
as a combination of n* transitions and * of naph-
thalene ring and C=N, respectively32. The charge transfer
high intensity band was observed at 21739 cm–1, and their
broadness can be explained due to NCu LMCT transi-
tions33. This exhibited a broad peak 15552 cm–1 which is
characteristic to Cu(II) complex with a square pyramidal ge-
ometry29,34. Hence, the transition is characteristic of a Cu(II)
ion with the single electron residing in the dx2–y2 orbital. The
broadness of the band does not permit its resolution into
various components.

The Pd(II) complexes exhibit three spin allowed d-d tran-
sitions from lower lying d-levels to the empty dx2–y2 orbital.
Although, other two electronic transitions were also observed
but their intensities were very weak and therefore, neglected.
The complex showed the absorption bands at 16583 cm–1

corresponding to d-d transition29. Moreover, the complex with
high intensity intra-ligand and charge transfer absorption
bands were also observed at 34129 cm–1 and 28571 cm–1

transition, respectively. These absorption bands suggest that
the complexes possess D4h symmetry and square planar
geometry (Fig. 3).

Magnetic susceptibility measurements:
The magnetic susceptibility measurements for titled com-Fig. 2. UV-Visible spectra of L1 and it’s complexes (1) and (2).
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Cu(29)-O(30) as 2.00, 1.94 Å respectively, whereas reported
values were 2.0, 1.98 Å and 1.97, 1.91 Å for the similar de-
rivatives. The bond angles were O(37)-Pd(39)-N(29) and
O(30)-Cu(29)-N(33) 82.10º and 83.95º were in accordance
with reported values 81.95º and 93.88º. For the 2 and 4 com-
plexes (Table 4) the bond lengths are Pd(1)-N(6), Pd(1)-Cl(57)
as 2.02, 2.42 Å and Cu(1)-N(4), Cu(1)-Cl(3) as  1.95, 2.42 Å
respectively and reported values as 2.01, 2.32 Å and 1.99,
2.61 Å for similar derivatives. The bond angles for N(6)-Pd(1)-
Cl(57) and N(6)-Cu(1)-Cl(57) are 90.96º and 91.51º, shows
good in mutual agreement.

Analysis of Frontier orbitals and Global reactivity param-
eters:

The complexes 1 and 2 shows, HOMO orbital confirmed
over metal and partially on ligand, LUMO orbital confirmed
over ligand, this reflect that there is charge transfer between
metal and ligand. The HOMO-LUMO orbital analysis of ligand
L2 show that the HOMO orbital confirmed over imidazoline

Table 2. Magnetic moment and UV-Visible spectra values for
ligands and complexes

Sr. Compd. eff max
No. (B.M.)
1. L1 – 32467
2. 1 1.88 30959, 21739, 15552
3. 2 Diamagnetic 34129, 28571, 16583
4. L2 – 25773
5. 3 1.95 24875, 21321, 16694
6. 4 Diamagnetic 23923, 16393

Table 3. Elemental analysis data and physical properties of the ligands and Cu(II) and Pd(II) complexes
Sr. Compd. Colour Molar conductance M.p. Analytical data (%): Found (Calcd.)
No. (–1 cm2 mol–1) (ºC) M C H N
1. C9H8N2O (L1) Pale yellow _ 156 _ 67.45 5.01 17.41

(67.39) (5.06) (17.49)
2. [Cu(L1)2] Green 8.63 251 16.59 56.58 3.76 14.64

C18H14CuN4O2 (1) (16.64) (56.61) (3.70) (14.67)
3. [Pd(L1)2] Yellow 5.21 >300 24.89 50.78 3.29 13.07

C18H14N4O2Pd (2) (25.05) (50.90) (3.32) (13.19)
4. C14H14N2 (L2) White _ 253 _ 79.97 6.71 13.32

(80.03) (6.75) (13.25)
5. [Cu(L2)2Cl2.H2O] Green 3.10 >300 10.99 58.71 5.23 9.74

C28H30Cl2CuN4O (3) (11.09) (58.69) (5.28) (9.78)
6. [Pd(L2)2Cl2] Yellow 5.12 285 17.73 56.21 4.69 9.41

C28H28Cl2N4Pd (4) (17.80) (56.25) (4.72) (9.37)

Fig. 3. UV-Visible spectra of L2 and it’s complexes (3) and (4).

pounds measured at room temperature, the values for 1, 3
complexes are1.88–1.95 B.M. (where eff is the effective
magnetic moment) is higher than that expected for the spin
only value (1.73 B.M.)35 which indicates that absence of any
metal-metal interactions and also support the possibility of
these complexes in square planar (1) and square pyramidal
geometry (2) (Table 2). Magnetic susceptibility measurements
of Pd(II) complexes (2, 4) were reflect that low spin, diamag-
netic complexes36.

Theoretical studies:
The optimized geometrical (Fig. 4) parameters were tabu-

lated in Tables 3 and 4. The geometrical parameters of 1 and
2 complexes of the L1 in Table 3; the bond lengths are Pd(39)-
N(30), Pd(39)-O(38) as 2.05, 2.04 Å and Cu(29)-N(32),
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ring and partially on entire molecule and the LUMO orbital
confirmed over whole molecule other than imidazole ring,
this reflect that charge transfer between imidazole and naph-
thalene rings. The global reactivity parameters for the inves-
tigated compounds were calculated; ionization potential (I) =
–EHOMO, electron affinity (A) = ELUMO, electronegativity ()
= (I + A)/2, global hardness () = (I – A)/2, chemical potential
() = (I + A)/2, chemical softness () = 1/and electrophili-
city index () = 2/241,42, and shown in Table 4. An elec-
tronic system with a larger HOMO-LUMO gap should be less
reactive when compared to one having a smaller gap and
also this energy reflect on biological activity of the compound.

The analysis density of states has prevailed importance
in explanation of group contributions to electronic state en-
ergies. In the present study, complex 4 taken as a model
and it can be fragmented to four parts which were labelled
as Pd, naphthalene ring, naphthalene ring 2 and Cl. A Den-
sity of states (DOS) spectrum is a representation of the num-
ber of energy levels in a section along the energy axis of

width dE. Partial density of states (DOS) and overlap popu-
lation density of states (OPDOS) in terms of Mullikan popu-
lation analysis were calculated using the Gauss Sum pro-
gram. They provide a pictorial representation of the MO com-
positions and their contributions to chemical bonding. The
DOS diagram for complex 4 was shown in Fig. 5. The DOS
plot mainly represents the composition of the fragment orbit-
als contributing to the molecular orbitals. From the DOS plots,
one can see the HOMO has d Pd and p Cl character and the
LUMO is composed of d Pd and * orbital of the imidazole
ligand. The OPDOS gives an indication of the bonding, non-
bonding, and anti-bonding characteristics with respect to the
particular fragments. A positive value in the OPDOS plot
means a bonding interaction, while a negative value repre-
sents an anti-bonding interaction, and a near zero value in-
dicates a non-bonding interaction. At the same time, an analy-
sis of the OPDOS diagram allows us to determine the donor-
acceptor properties of the ligands. At the same time, an analy-
sis of the OPDOS diagram allows us to determine the donor-

Table 4. Comparison of bond length (Å) and bond angles (º) of [Pd(L1)2] and [Cu(L1)2] with literature values
Bond length [Pd(L1)2] Ref.37 Bond length [Cu(L1)2] Ref.38,39

(Å) (Å)
Pd(39)-N(30) 2.05536 2.076 Cu(29)-N(32) 2.00796 1.974
Pd(39)-O(38) 2.04419 1.986 Cu(29)-O(30) 1.94664 1.919
C(19)-O(38) 1.36479 – C(29)-O(31) 1.35522 –

C(31)-N(26) 1.36230 – C(29)-N(34) 1.35650 –

Bond angle (º) Bond angle (º)
O(37)-Pd(39)-O(38) 179.99791 – O(30)-Cu(29)-O(31) 179.99938 –

N(29)-Pd(39)-N(30) 179.99110 – N(32)-Cu(29)-N(33) 180.00000 –

O(37)-Pd(39)-N(29) 82.10385 81.95 O(30)-Cu(29)-N(33) 83.95166 83.88

Fig. 4. Optimized structures of [Cu(L1)2] (1), [Pd(L1)2] (2), [Cu(L2)2Cl2.H2O] (3) and [Pd(L2)2Cl2] (4).
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acceptor properties of the ligands. It may be concluded that
the imidazole ligand have strong -donor and -acceptor
properties which was consistent with the charges on the pal-
ladium atoms given above.

Experimental
The reagents and solvents used for the synthesis were

procured from commercial AnalaR grade source and used
as such without further purification. 2-Aminoquinolin-8-ol
(L1)43 and 2-(1-napthylmethyl)-2-imidazole (L2)44 were syn-
thesized according to the procedure described in literature.
1H NMR and 13C NMR spectra were recorded on Bruker AMX-
300 MHz spectrometer operating at room temperature in
CDCl3 and DMSO-d6 as solvents. The chemical shift values
() were reported in parts per million (ppm) using tertramethyl
silane (TMS) as an internal standard. FT-IR spectra were
recorded on Perkin-Elmer Spectrum one in the form of KBr
discs in the range 4000–500 cm–1. Elemental analysis was
carried out using Flash-2000 Organic Elemental Analyzer.
Electronic spectra of titled compounds were recorded using
Shimadzu UV-1800 spectrophotometer. Molar conductance
measurements were carried out by ELICO (CM82T) Con-
ductivity Bridge. Magnetic susceptibility was measured at

room temperature on a Gouy balance using CuSO4.5H2O
as a calibrant.

Synthesis of ligands:
2-Aminoquinolin-8-ol (L1):
Crystalline yellow. Yield: 53.5%; m.p. 157–160ºC; UV-

Vis [max (cm–1)]: 32467; FT-IR (KBr, cm–1): 3403, 3305,
3103, 3071, 1633, 1620, 1576, 1513, 1486, 1387, 1078, 982,
951, 930, 880, 835, 803, 742, 712; 1H NMR (300 MHz, DMSO-
d6) , ppm: 6.41 (brs, 2H, NH2), 6.80 (d, 1H, H-C(3)), 6.88
(d, 1H, H-C(7)), 7.00 (t, 1H, H-C(6)), 7.10 (d, 1H, H-C(5)),
7.87 (d, 1H, H-C(4)) (Fig. S1); 13C NMR (300 MHz, DMSO-
d6) , ppm: 110.5, 112.8, 117.6, 121.5, 122.8, 137.1, 137.4,
150.0, 157.0; LC-MS m/z: 161.0 [M+H]+; Anal. Found (Calcd.)
for C9H8N2O: C, 67.45 (67.39); H, 5.01 (5.06); N, 17.41
(17.49).

2-(Naphthalen-1-ylmethyl)-4,5-dihydro-1H-imidazole (L2):
White solid. Yield: 78%; m.p. 253–255ºC; UV-Vis [max

(cm–1)]: 25773; FT-IR (KBr, cm–1): 3299, 3197, 2957, 2910,
1604, 1593, 1277, 1110; 1H NMR (300 MHz, CDCl3) , ppm:
3.50 (s, 4H), 4.03 (s, 2H), 4.28 (s, 1H), 7.26–7.43 (m, 2H),
7.47–7.55 (m, 2H), 7.79 (d, 1H), 7.86 (d, 1H), 8.12 (d, 1H)
(Fig. S2); 13C NMR (300 MHz, CDCl3) , ppm: 34, 49, 123,
126, 127, 132, 133, 163; LC-MS m/z: 211 [M+H]+; Anal. Found
(Calcd.) for C14H14N2: C, 79.97 (80.03); H, 6.71 (6.75); N,
13.32 (13.25).

Synthesis of complexes:
General procedure for preparation of 1 and 2 complexes:
A solution of 2-aminoquinolin-8-ol (L1) (2 mol) in a mix-

ture of methanol (5 mL) and chloroform (5 mL) was added
drop wise to 10 mL methanolic solution of metal salt
(CuCl2.2H2O and Na2PdCl4 (1 mol)). The reaction mixture
was allowed to stir for 3–4 h at ambient temperature. The
resulting precipitate was filtered and washed with cold metha-
nol (5 mL×3) followed by diethyl ether (5 mL×3). The solid

Fig. 5. Pictorial representation of OPDOS spectra of [Pd(L2)2Cl2] (4).

Table 5. Comparison of bond length (Å) and bond angles (º) of [Pd(L2)2] and [Cu(L2)2] with literature values
Bond length [Pd(L2)Cl2] Ref.37 Bond length [Cu(L2)Cl2.H2O] Ref.40

(Å) (Å)
Pd(1)-N(6) 2.0295 2.014 Cu(1)-N(4) 1.95484 1.997
Pd(1)-Cl(57) 2.4288 2.321 Cu(1)-Cl(3) 2.42679 2.6146
Bond angle (º) Bond angle (º)
Cl(57)-Pd(1)-Cl(58) 179.9937 – Cl(57)-Pd(1)-Cl(58) 171.29003 –

N(2)-Pd(1)-N(6) 179.9973 – N(2)-Pd(1)-N(6) 174.07661 –

N(6)-Pd(1)-Cl(57) 90.9628 90.27 N(6)-Pd(1)-Cl(57) 91.51148 92.25
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was dried over P4O10 under vacuum gave complexes 1 and
2.

[Cu(C18H14N4O2)] (1): Green solid. Yield: 65%; m.p. 251–
253ºC; UV-Vis [max (cm–1)]: 30959, 21739 and 15552; FT-
IR (KBr, cm–1): 3399, 3149, 3056, 1622, 1562, 1512, 1305,
1110, 626, 393; Anal. Found (Calcd.): Cu, 16.59 (16.64); C,
56.58 (56.61); H, 3.76 (3.70); N, 14.64 (14.67).

[Pd(L1)2] (2): Yellow crystalline solid. Yield: 71%; m.p.
300–302ºC; UV-Vis [max (cm–1)]: 34129, 28571, 16583; FT-
IR (KBr, cm–1): 3383, 3308, 3196, 3046, 1628, 1573, 1548,
1508, 1298, 1112, 659, 447; 1H NMR (300 MHz, DMSO-d6)
, ppm: 6.49 (brs, 2H, NH2), 6.83 (d, 1H, H-C(3)), 6.99 (d,
1H, H-C(7)), 7.15 (t, 1H, H-C(6)), 7.24 (t, 1H, H-C(5)), 7.98
(d, 1H, H-C(4)); Anal. Found (Calcd.): Pd, 24.89 (25.05); C,
50.78 (50.90); H, 3.29 (3.32); N, 13.07 (13.19).

General procedure for preparation of 3 and 4 complexes:
A solution of 2-(1-napthylmethyl)-2-imidazole (L2) (2 mol)

in 10 mL of dry methanol was added drop wise to 10 mL
methanolic solution of respective metal salt (Na2PdCl4 and
CuCl2.2H2O (1 mol) at ambient conditions. The reaction mix-
ture was allowed to stir for 3–4 h. The precipitate was filtered
and washed with cold methanol (10 mL×2), followed by di-
ethyl ether (5 mL×2). The solid was dried over P4O10 in
vacuum to afford the complex 3 and 4.

[Cu(C28H30Cl2N4O)] (3): Green solid. Yield: 55%; m.p.
300–302ºC; UV-Vis [max (cm–1)]: 24875, 21321, 16694; FT-
IR (KBr, cm–1): 3393, 3343, 3000, 2948, 2868, 1567, 1220,
1080; Anal. Found (Calcd.): Cu, 10.99 (11.09); C, 58.71
(58.69); H, 5.23 (5.28); N, 9.74 (9.78).

[Pd(L2)2Cl2] (4): Yellow solid. Yield: 63%; m.p. 285–287ºC;
UV-Vis [max (cm–1)]: 23923, 16393; FT-IR (KBr,  cm–1):
3286, 3184, 2932, 2845, 1577, 1203, 1045, 547, 450; 1H
NMR (300 MHz, DMSO-d6) , ppm: 3.56 (t, 2H), 3.83 (t, 2H),
4.08 (s, 2H), 4.35 (s, 1H), 7.50–7.63 (m, 2H), 7.71–7.84 (m,
2H), 7.80 (d, 1H), 7.88 (d, 1H), 8.23 (d, 1H); Anal. Found
(Calcd.): Pd, 17.73 (17.80); C, 56.21 (56.25); H, 4.69 (4.72);
N, 9.41 (9.37).

Computational details:
The structures of ligands and metal complexes were op-

timized at ground state in gas phase by using DFT/B3LYP45,46

method with 6-311G(d,p) and LanL2DZ47 basic sets, respec-
tively using Gaussian 09W48 programme and results were
visualized by Gauss View 5.049 programme. Gauss Sum
3.050 programme was used to calculate group contributions

to the molecular orbitals and to prepare the partial density of
states (DOS) and overlap population density of states
(OPDOS) spectra, which accept Gaussian out file as input.
The PDOS and OPDOS spectra were created by convolut-
ing the molecular orbital information with Gaussian curves
of unit height and FWHM of 0.3 eV.

Conclusion
The current manuscript describes the synthesis, spec-

troscopic characterization, and anti-bacterial activity of Cu(II)
and Pd(II) metal complexes of (L1) and (L2). DFT calculation
were carried out for the structure optimization of ligand and
metal complexes by using B3LYP/6-31++G(d,p) and B3LYP/
LanL2DZ, respectively. The geometrical parameters of the
titled compounds were good in agreement with reported val-
ues. The anti-bacterial activity of the complexes shown higher
activities compared to ligands. Highest activity was displayed
in case of copper complexes. This study could be useful in
designing novel anti-bacterial metal-based drugs.
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