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The important feature of the present work is that the crystal data are obtained first time for the
directly synthesized complex [Cu(D,L-but),] from pure zero valent metal and butyric acid in
water. Further investigation involves the comparison of structural parameters from the XRD
data of the title complex [Cu(D,L-but),] in solid state with the theoretically optimized structure
in the gaseous state and its simulated spectra (vibrational and electronic) are generated. The re-
sults show that the structural parameters determined by computational studies and crystal
structure studies are in good agreement. In the computational calculations, the geometric opti-
mization is carried out using the MM3 method and electronic spectra are calculated using
ZINDO, a semi-empirical quantum mechanical method of Scigress explorer 7.7. The theoreti-
cal calculations of HOMO—LUMO energies have revealed that the charge transfer interac-
tions occur within the complex. The crystal data for the [Cu(D,L-but),] complex are: space
group P2,/c; a=11.096(5) A, b=75.062(4) A, ¢=9.475(3) A; P =92.4° peaea = 1.673 glem’;
Z=12.

Keywords: copper metal, direct synthesis, Cu(D,L-but),, ZINDO, INDO, HOMO—
LUMO.

INTRODUCTION

Coordination compounds based on copper mostly occur in nature and they are the heart of pro-
teins such as blue copper enzymes. The coordination geometry of Cu(Il) depends upon the nature and
size of the ligands, which describes the wide number of observed complexes for this metal ion and in
these complexes coordination number varies from 2 to 7. The stability of these complexes formed
between Cu(Il) and amino acids (derivatives) makes this transition metal ion suitable for the use in
separation techniques, such as chiral ligand exchange chromatography [ 1]. The direct synthesis of
metal complexes starting from zero valent metals is an active area of research both from technological
and scientific points of view.

The direct synthesis of coordination compounds possess several advantages over conventional
ligand displacement reactions. These include the use of metals as a source of cations, the exclusions of
all undesireable ions in the solution, high product purity, and the use of metals which can be purchased
at lower cost than their salts [ 2 ]. The present study shows that metal complexes can be prepared from
the pure metal itself. The crystallographic and computational investigation of the present complex has
also been carried out. The molecular mechanics MM3 method of Scigress Explorer 7.7 has been ap-
plied for the computational analysis of structural parameters. The semi-empirical quantum mechanical
method is used to determine the electronic spectra as well as the HOMO—LUMO energies of the pre-
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sent molecule, which shows that charge transfer occurs within the molecule. Molecular mechanics is
the application of classical mechanics to molecules [ 3 ]. Under this method the positions of the atoms
in a molecule, ion, solvate or crystal lattice are determined by forces between the pair of atoms (bonds,
van der Waals interactions, hydrogen bonding, and electrostatic interaction). The main aim of molecu-
lar mechanics is to adjust the position of the atoms until they find the optimum molecular geometry.

EXPERIMENTAL

The [Cu(D,L-but),] complex was synthesized by the reaction with the 1:2 molar ratio of copper
metal and (D,L-aminobutyric acid) in an aqueous medium at 70—=80 °C for 1-—2 h and then left at
room temperature. The product was obtained in the form of needle shape blue crystals in the solution
The crystals were decomposed at 260 °C. IR (KBr), cm ' 3295 s, 3244 s, Vas(NH,), vi(NH»), 2962 s,
2935 s, v(C—H), 1615 vs, 1574 vs v(C=0), 1455 m CH,-scissor, 1392 s v(C—O), 877 vs p(NH,),
584 s v(Cu—N). Copper metal sheets were purified with the help of a sonicator to remove the
impurities and then washed with acetone before carrying out the reaction.

XRD data were collected on a Bruker APEX-II CCD diffractometer employing graphite-mono-
chromated MoK, radiation (A = 0.71069 A) at room temperature. The structure was solved [4 ] by di-
rect methods using SIR-97 program from SHELXTL-PC followed by the full matrix least square re-
finement with anisotropic thermal parameters for all non-hydrogen atoms [5]. All the hydrogen
atoms were attached geometrically, except for those bonded to the amine group. Hydrogen bonding
was performed with PARST [ 6 |. The crystal data for the complex are summarized in Table 1.

Table 1
Crystal data and data collection parameters for the [Cu(D,L-but),] complex

Empirical formula C8H16CuN204
Formula weight 267.78
Crystal system Monoclinic

Crystal size, mm

Color; Shape

Space group

Unit cell dimensions a, b, c, A;

a, B, v, deg.

Volume, A%; Z

Peales g+ CM

W, cm’!

F(000)

Type of data collection

Range of data collection, deg.
Limiting frequency

Total / Independent reflections
Completeness to 0 = 28.28 %
Refinement method
Goodness-of-fit on F*

Final R indices [/ > 2o(/)]

R indices (all data)

Largest diff. peak & hole, e/A’

0.25%x0.20x0.10
Blue; Needle
P2/c
11.096(5), 5.062(4), 9.475(3);
90.00(0), 92.416(5), 90.00(0)
531.7(5); 2
1.673
2.050
278.0
6—26
1.84 t0 28.28
—14<h<14,-6<k<6,-12<[<12
7153 /1320 [R(int) = 0.0328 ]
99.8
Full matrix least squares on F
1.209
R1=10.0396, wR2=10.0977
R1=0.0552, wR2=0.1205
0.759 and —0.829



JKYPHAJI CTPYKTYPHOWM XUMUN. 2014. T. 55, Ne 2 263

Fig. 1. ORTEP drawing of the complex showing the atom labe-
ling scheme

RESULTS AND DISCUSSION

The final X-ray crystal structure is shown in Fig. 1.
The coordination number around the Cu®* ion is four
resulting in square-planar geometry. Copper(Il) is bonded
with the carboxylate oxygen atom O1, symmetry related
O1’, the amine nitrogen atom N1, and symmetry related
N1’ of ai-aminobutic acid.

In the title complex, Cu—N distance is 1.986 ,OA,
whereas the Cu—O bond length is 1.942 A. The structural
features of the complex (fractional atomic coordinates
and thermal parameters) and possible hydrogen bonding distances are given in Tables 2 and 3.

In the [Cu(D,L-but),] complex, two main well defined hydrophobic and hydrophillic regions are
present. The hydrophobic region is formed from the nonpolar side chain of the ethyl group whereas
the hydrophillic region contains the Cu(Il) ion as well as the carboxylate and amine groups, as is
already reported in the literature [ 11—16 ].

Table 3 shows the important hydrogen bonds. The molecular structure (Fig. 2) shows the H-bon-
ding interactions involving amine hydrogen and carboxylate oxygen atoms coordinated to Cu(Il). The
amine nitrogen atom N1 is acting as a double donor of the hydrogen bond through its two hydrogen
atoms towards coordinated carboxylate oxygen acting as an acceptor of H-bonds. The amine nitrogen
atom N1 also donates its hydrogen bonds to symmetry related O1’ of the carboxylate oxygen of the
other amino acid group.

COMPUTATIONAL DETAILS

The first step in the computational work is to determine the optimized geometry by energy mini-
mization. The molecular structure (Fig.3) of the title compound was computed using the MM3
method of molecular mechanics in the gaseous phase. Electronic transitions and vibrational frequen-

Table 2

Final positional parameters (x10%) and equivalent isotropic displacement parameters (A*x10°%)
for all atoms in the complex

Atom X v z Uleq) || Atom X y z Uleq)
Cu 10000 10000 10000 27(1) || C(1) | 8677(2) | 8899(5) | 7550(3) | 25(1)
O(l) | 9535(2) | 7935(3) 8338(2) | 25(1) || C(2) | 8023(2) | 11336(5) | 8117(3) | 27(1)
O(2) | 8343(2) | 7980(4) 6393(2) | 36(1) || C(3) | 6813(3) | 10509(7) | 8669(5) | 42(1)
N() | 8796(2) | 12582(4) | 9229(2) | 24(1) | C(4) | 6015(4) | 12845(9) | 9002(6) | 64(1)
Table 3
Selected hydrogen bonding distances (A) and angles (deg.) for the complex
Donor (D) | Hydrogen (H) | Acceptor (A) | D—H...A D...A H...A D..H

NI HI 0Ol 151.55(3) | 2.964(4) | 2.173(3) | .866(3)

NI HI or’ 122.03(3) | 3.123(3) | 2.576(3) | .866(3)

N1 H2 Ol 86.40(3) | 2.908(3) | 2.855(3) | .760(3)

Equivalent position: () —x+2, +y+1/2, —z+1/2+1.
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Fig. 3. Optimized geometry of [Cu(D,L-but),]

Fig. 2. Molecular structure of the complex showing
hydrogen bonding interactions

cies of the optimized geometry were computed by quantum mechanics. The electronic properties such
as the HOMO—LUMO energies and absorption wavelength were calculated by ZINDO (Zerner's In-
termediate Neglect of Differential Overlap program) that computes semi-empirical quantum mechani-
cal values for the properties and spectra of molecules. It is a development of the INDO (Intermediate
Neglect of differential Overlap) method and sometimes called INDO/S used for calculating the excited
states and electronic spectra of the complex [ 7 ].

All the computations were performed [ 8 ] with Scigress Explorer 7.7 that includes MM2 and
MM3 force fields, which enables minimization calculations for square planar, trigonal bipyramidal,
and octahedral geometries [ 9, 10 ]. Structural parameters (bond length and bond angles) obtained from
XRD and computtional methods are in good agreement (Tables 4). Maximum bond length and bond
angle deviations for the complex are 0.064 A and 1.03°. Simulated vibrational and experimental FT-IR
spectra are shown in Fig. 4. The assignment of frequencies of the functional groups is given in Table 5
and it is in good agreement with each other.

Table 4

Comparison of bond lengths (A) and bond angles (deg.) from the X-ray data and computational calculations

Bond lengths | Experimental | Theoretical | Deviation| Bond angles | Experimental | Theoretical | Deviation

Cu—N(1) | 1.9862) | 2.008 | -0.022 [O1—Cu—NI1| 84.5009) | 84.29 | 0.21
Cu—O(1) | 1.942(18) | 1970 | —0.028 |O1—Cu—NI1'| 95.5009) | 95.54 | —0.04
Cu—N(1)y | 1.986(2) 1956 | 0.03 |NI—Cu—Ol'| 95.5009) | 95.92 | —0.42
Cu—O(ly | 1.942(18) | 2.006 | —0.064 [O1—Cu—O1'| 179.99(1) | 178.96 1.03
C()—O(1)| 1.28133) | 1362 | —0.081 |Cu—N1—C2 | 110.11(16)| 110.14 | —0.03
C(1)—-0@)| 1.2333) | 1223 | 001 [Cl—O1—Cu | 115.67(16)| 118.83 | -3.16
C(1)—C(2)| 1.5404) | 1.540 0 |02—C1—01 | 124.2(2) 121.14 | -3.06
CQ2)—N(1)| 14733) | 1575 | -0.102 |01—C1—C2 | 116.8(2) 11324 | 356
02—C1—C2 | 119.02) 12529 | —6.29
N1—C2—C3 | 111.6(3) 119.64 | -8.04
C1—C2—N1 | 108.9(2) 11171 | -2.80
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Fig. 4. Experimental (a) and simulated () IR spectrum of the [Cu(D,L-but),] complex

Table 5
Comparison of the experimental and simulated vibrational spectra of [Cu(D,L-but),]
Infrared (v/em™) | Infrared (v/em ™) Assionment Infrared (v/em™) | Infrared (v/iem ™) Assionment
Experimental Theoretical £ Experimental Theoretical &

32955s,3244 s 3280 Vas(NH,), vi(NH,) 1356 m — v(C—CO»)
2962 s 2960 v(C—H) 1151s 1145 p(NH;')
2935s 2940 v(C—H) 1072 s 1059 v(C—N)
1615 vs, 1574 vs 1620 v(C=0) 986s — v(C—C)
1455 m — CH,-scissor 877vs — p(NH,)

1392's 1380 v(C—0) 584s 591 v(Cu—N)

vs: very strong; s: strong; m: medium; w: weak.
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Fig. 5. Simulated UV-visible spectra of the complex

The simulated UV-Vis spectrum is generated by ZINDO and is created due to the electronic tran-
sition between molecular orbitals as electromagnetic radiation in the visible and ultraviolet regions
absorbed by the molecule. The maximum wavelength for the present complex has been found to be
187 nm (Fig. 5), which corresponds to the HOMO—LUMO electronic transition. In charge transfer
transitions, electrons from the ligand-based molecular orbitals are excited into the half-occupied dx*—y*
orbital leading to ligand-to-metal charge transfer transitions (LMCT). These transitions are highly in-
tense relative to d—d transitions. Charge transfer transitions generally lie in the UV region, but in the
case of metal in high oxidation states, they shift towards the visible region. The charge transfer transi-
tions are key to understand the nature of ligand-metal bonds because high covalency is associated with
low energy and intense charge transfer transitions [ 17 ]. The intensities of these transitions are propor-
tional to the overlap of the donor and acceptor orbitals involved in the charge transfer process [ 18 ].
The HOMO—LUMO energies are —7.373 ¢V and —0.619 ¢V whereas the energy gap value is
6.754 eV, as shown in Fig. 6. In the present complex, LMCTs occur in which an electron moves from
the HOMO orbital of mainly ligand in character to LUMO that is mainly metal in character.

The HOMO is the orbital that primarily acts as an electron donor and the LUMO is the orbital
that largely acts as the electron acceptor, and the gap between the HOMO and LUMO characterizes
the molecular chemical stability. The energy gap between the HOMO and LUMO molecular orbitals is
a critical parameter in determining the molecular electrical transport properties because it is a measure
of electron conductivity. The HOMO—LUMO energy gap could be regarded as a quantitative index in
evaluating the impact sensitivity of energetic complexes with similar geometric structures. The less the
energy gap is, the more sensitive the energetic complex is. This is in good agreement with the fact that
the metallic complex can be used as an initiator due to its high sensitivity [ 19, 20 |.

LUMO -0.619 ¢V

Y Eg=6.754 ¢V

HOMO -7.373 eV
N>

Fig. 6. Molecular orbital surfaces for HOMO and LUMO of [Cu(D,L-but),]
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CONCLUSIONS

In the present paper, an attempt has been made to prepare the coordination complex from the zero
valent metal and to analyze its crystal structure and compare the structural parameters obtained by
XRD with the computed data. An attempt has also been made to investigate the simulated spectra (vi-
brational and electronic spectra) and compare the results of the vibrational spectra with the experimen-
tal FT-IR spectra. Again we were successful in getting the results in good agreement. Intense charge
transfer transitions are displayed by the simulated electronic spectrum of the complex mainly in the
ultra-violet region that shows a good orbital overlap between the ligand (HOMO) and metal (LUMO)
orbitals that are important parameters for the chemical reaction. A lower value of the HOMO and
LUMO energy gap explains the eventual charge transfer interactions taking place within the molecule.
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Supplementary data. Crystallographic data for the structure reported in this paper have been de-
posited with the Cambridge Crystallographic Data Centre as the supplementary publication no. CCDC
878576. This data can be obtained free of charge via http://www.ccdc.cam.ac.uk/conts/retrieving.html,
or from the Cambridge Crystallographic Data Centre, 12 Union Road, Cambridge CB2 1Ez, UK;
fax(+44) 1223-336-033; or e-mail:deposit@ccdc.cam.ac.uk.
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