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ABSTRACT

In this study, we report the synthesis and characterization of some new Schiff base compounds
(L1H2, L2H2 and L3H2) derived from the condensation reaction of 1.8-diaminonaphthalene with
substituted benzaldehydes (3-NO2, 3,4-OMe and 4-CN) and their nickel (ll) complexes. The
characterization and nature of bonding have been attained by a means of elemental analysis (C, H
and N) and spectral analysis (FT-IR, "H-NMR and *C-NMR). The analytical and spectral data are
in good agreement with the suggested structures and show a 1:1 molar ratio of the ligand to metal
and reveal that the Schiff base ligands are bidentate and coordinate with the Ni () ion via the two
azomethine nitrogen atoms Theoretical modeling of prepared Schiff base complexes have been
conducted using DFT calculations and the obtained results are in good agreement with the
experimental data. The computational structural features and relative energies for all the prepared
complexes were performed at B3LYP/6-31G(d) and B3LYP/6-31+G(d,p) levels of theory.
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1. INTRODUCTION

Schiff's bases were first reported by Hugo
Schiff in 1864 [1]. Schiffs bases are
condensation of primary amines with carbonyl
compounds such as aldehyde or ketone. Schiff's
bases are important compounds owing to their
wide range of industrial applications [2].
Furthermore, Schiff bases and their metal
complexes have been extensively investigated
and studied for many vyears to help
the understanding of interactions between
metal ions and proteins. This significant interest
stems primarily from the unique chemical and
biological properties exhibited by this class of
compounds.

Several reports have concluded the biological

coordination chemistry. Schiff base complexes
with different metal ions such as nickel, cobalt
and copper have been studied and reported in
details for their several crystallographic features,
structure-redox relationships, enzymatic
reactions, mesogenic  characteristics and
catalytic properties [5-7]. Several studies have
shown unique properties of Schiff bases and
their complexes such as their ability to reversibly
bind oxygen [8], as second-order nonlinear
optical materials [9] and as ferromagnetic
materials [10].

In the present study, we report the preparation

and characterization of Ni(ll) complexes
of the Schiff bases derived from the
condensation of 1,8-diaminonaphthalene

with substituted benzaldehydes at different

activities of Schiff bases [3,4]. In addition positions in the benzene ring (Scheme 1).
to being important in organic synthesis, Theoretical modeling of the prepared complexes
Schiff base metal complexes have played has also been carried out wusing DFT
a major role in the advancement of calculations.
o
!
+ 3 | " Eton
/o ECE I
MH: MH: R r
| [
A T
R =3M0, (LHs), 3.4-OMe (LoHs), 4-CN (LaH,) R R
. MeOH
N + NICLGHO o n S
I | r, reflux | MNiT|
)]
[ [ D
o = o A
R R R R

R=3-N0O5, 4-CN. 3.4-OMe

Scheme 1. Synthesis scheme for the preparation of the Schiff

base ligands and Ni(ll)

complexes



2. EXPERIMENTAL
2.1 Materials and Physical Measurements

All solvents used were of analytical grade
purchased from Sigma Aldrich Chemical
Company and were used without further
purification. Nickel (ll) chloride hexahydrate
NiCl,-6H,0 was purchased from Sigma Aldrich
Chemical Company and used as received. 1,8-
diaminonaphthalene, 3-nitrobenzaldehyde, 3,4-
dimethoxybenzaldehyde and 4-
cyanobenzaldehyde were purchased from Merck
Schuchardt.

'H NMR and *C NMR spectra of the ligands
were recorded on a Bruker AVANCE-400 MHz
NMR spectrometer. Spectra were taken in
DMSO-d6 using TMS as an internal reference.
Carbon, nitrogen and hydrogen analyses were
performed using a Vario EL elemental analyzer.
IR spectra were recorded on a Shimadzu FT-IR-
8300 on KBr pellets in the wavenumber range of
400-4000 cm™.

2.2 Synthesis of Ligands

L;H,: A solution of 1,8-diaminonaphthalene (0.5
g, 3.16 mmol) in absolute ethanol (25 ml) was
added dropwise to a stirred solution of 3-
nitrobenzaldehyde (0.96 g, 6.32 mmol) in
absolute ethanol (25 ml). The mixture was stirred
at room temperature for 4 h. A red brown
precipitate was formed and collected by simple
filtration, washed with cold ethanol, and air dried:
(11 g, y|e|d 82%) Anal. Calc. (C24H16N4O4 ): C:
67.92, H: 3.80, N: 13.20, Found: C: 67.62, H:
3.73, N: 13.07%, IR (KBr disk): 1628 cm™
(C=N), 'H-NMR (DMSO, 400MHz) chemical shift
(o ppm): 8.87 (s, 2H, CH=N), 6.16-8.27 (m, 14H,
H-aromatic), *C-NMR (DMSO, 400MHz)
chemical shift (o ppm): 158.9 (-C=N), 155.3 (m-
nitro), 117.1, 135.9, 134.7, 125.6, 121.2
(benzene), 150.8, 144.3, 142.4, 137.4, 115.6,
114.1 (naphthalene).

LoH: (045 g, 284 mmol) of 1,8
diaminonaphthalene in absolute ethanol (20 ml)
was added dropwise to a solution of 3,4-
dimethoxybenzaldehyde (0.95 g, 5.68 mmol) in
absolute ethanol (20 ml). The reaction mixture
was stirred and refluxed for 6 h. After cooling,
gray precipitate was formed and collected by
filtration, washed with cold ethanol, and air dried:
(0.98 g, yield 76%). Anal. Calc. (CagH2sN20, ): C:
73.99, H: 5.77, N: 6.16, Found: C: 73.82, H: 5.72,
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N: 6.06%, IR (KBr disk): 1638 cm™ (C=N), 'H-
NMR (DMSO, 400MHz) chemical shift (o ppm):
8.45 (s, 2H, CH=N), 3.77 (s, 6H, m-OCHj), 3.83
gs, 6H, p-OCH), 6.46-8.74 (m, 12H, H-aromatic),
3C-NMR (DMSO, 400MHz) chemical shift (o
ppm): 160.5 (-C=N), 158.2, 144.3, 134.3.1,
126.7, 115.7, 121.5 (benzene), 157.8, 143.6,
128.8, 125.3, 112.2, 104.7 (naphthalene), 55.2,
55.6 (methoxy).

LsH,: To an ethanolic solution (20 ml) of 4-
cyanobenzaldehyde (0.66 g, 5.03 mmol) a
solution of 1,8-diaminonaphthalene (0.40 g, 2.52
mmol) in absolute ethanol (15 ml) was added
dropwise. The reaction was stirred at room
temperature for 4 h. A brown precipitate was
formed and collected by simple filtration, then
washed with cold ethanol and air dried: (0.88 g,
yield 87%). Anal. Calc. (CysHigN4 ): C: 81.23, H:
4.20, N: 14.57, Found: C: 81.18, H: 4.12, N:
14.42%, IR (KBr disk): 1635 cm™ (C=N), 'H-
NMR (DMSO, 400MHz) chemical shift (o ppm):
8.65 (s, 2H, CH=N), 5.84-8.77 (m, 14H, H-
aromatic), “>C-NMR (DMSO, 400MHz) chemical
shift (o ppm): 156.8 (-C=N), 142.2 (p-CN), 118.7,
134.3, 132.2, 126.9, 118.7 (benzene), 117.3
(CN), 153.8, 137.3, 127.4, 125.2, 112.3, 104.5
(naphthalene).

2.3 Synthesis of Complexes

L;H>-Ni: (0.5 g, 1.18 mmol) of the ligand (L;H,)
was dissolved in 15 ml of absolute ethanol in a
50 ml round-bottom flask. A solution of
NiCl,.6H,0 (0.28 g, 1.18 mmol) in 10 ml absolute
ethanol was added dropwise using a dropping
funnel, then the reaction mixture was refluxed for
6 hour at 80°C. After the reaction mixture was
cooled, the red precipitate was filtrated, washed
with ether and air dried. (0.54 g, yield 83%),
Anal. Calc. (C24H16C|2N4Ni04): C: 52.03, H: 2.91,
N: 10.11%, Found: C: 51.98, H: 2.86,
N: 10.09%, IR (KBr disk): 1612 cm™ (C=N).

L,H>-Ni: (0.5 g, 1.10 mmol) of the ligand (L,H,)
was dissolved in 15 ml of absolute ethanol in a
50 ml round-bottom flask. A solution of
NiCl,.6H,0 (0.26 g, 1.10 mmol) in 10 ml absolute
ethanol was added dropwise using a dropping
funnel, then the reaction mixture was refluxed for
6 hour at 80°C. After the reaction mixture was
cooled, the brown precipitate was filtrated,
washed with ether and air dried. (0.51 g, yield
80%), Anal. Calc. (ngHnglzNzNiO;;): C:. 57.57,
H: 4.49, N: 4.80%, Found: C: 57.55, H: 4.46, N:
4.78%, IR (KBr disk): 1619 cm™ (C=N).



LsH,-Ni: (0.45 g, 1.17 mmol) of the ligand (LsHy)
was dissolved in 15 ml of absolute ethanol in a
50 ml round-bottom flask. A solution of
NiCl,.6H,0 (0.28 g, 1.17 mmol) in 10 ml absolute
ethanol was added dropwise using a dropping
funnel, then the reaction mixture was refluxed for
6 hour at 80°C. After the reaction mixture was
cooled, the red precipitate was filtrated, washed
with ether and air dried. (0.46 g, yield 77%),
Anal. Calc. (CysH16CINg4Ni): C: 60.75, H: 3.14,
N: 10.90, Found: C: 60.71, H: 3.09, N: 10.81, IR
(KBr disk): 1623 cm™ (C=N).

2.4 Computational Method

structure calculations were
performed using the Gaussian09 suite of
programs [11]. Optimized geometries of all
structures were fully optimized at using the
hybrid DFT of B3LYP which employs the three
parameter Becke exchange functional, B3
[12,13] with the Lee-Yang-Parr nonlocal
correctional functional LYP [14] along with the
polarized 6-31G(d) [15,16] basis set in gas
phase. Analysis of the vibrational frequencies for
all structures is used to ensure the absence of
imaginary values in the vibrational mode
calculations of the minima. The 6-31+G(d,p) [17]
basis set at B3LYP level of theory has also been
utilized to examine the effect of diffuse and
polarization functions and to confirm the reliability
of the 6-31G(d) basis set. The principal reason
for employing different levels of theory is to
assure that they give similar results for such

All  electronic

systems and the relative stabilities remain
independent of the wused method. The
GaussView5 program was used for

preprocessing, structure modification, and post-
processing analyses of structures, frequencies,
and forces.

3. RESULTS AND DISCUSSION

The Schiff base ligands (L1H2, L2H2, and L3H2)
were prepared by condensation of 1,8-

Table 1. Elemental analyses results and other physi
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diaminonaphthalene with 3-nitrobenzaldehyde,
3,4-dimethoxybenzaldehyde, and 4-
cyanobenzaldehyde in a 1:2 stoichiometric ratio
in ethanol (Scheme 1). All of the isolated Schiff
bases are stable at room temperature and
soluble in most organic solvents. The elemental
analysis and other properties of the ligands are
listed in Table 1. The elemental compositions (C,
H and N) of the L1H2, L2H2, and L3H2 ligands
are in good agreement with the calculated values
based on proposed molecular formulas. The
reaction of the Schiff base ligands with Ni(ll)
yields complexes with the general formula LNiCl,
where L is L1H2, L2H2 and L3H2 (Scheme 1).
Analytical data show a 1:1 ratio of the ligand to
metal. Additionally, the compositions of C, H and
N are in good agreement with the suggested
formulas. Their results along with some other
physical properties of the complexes are listed in
Table 2. The synthesized complexes are stable
in the solid state and are generally soluble in
DMSO and DMF.

The most characteristic infrared spectral band of
Schiff bases belongs to the imine bond. The IR
spectra of L1H2, L2H2 and L3H2 ligands reveal
frequencies of 1628, 1638 and 1635 cm'l,
respectively, which are assigned to the (C=N)
bond. The IR spectrum of 1,8-
diaminonaphthalene shows characteristic peaks
at 3370 cm™ and 3286 cm™ for v (NH,) and 1587
cm™ & (NH) [18]. The absence of v (NH,) and
benzaldehyde derivative v (C=0) peaks in the
spectra of the ligands indicates the complete
formation of the imine product by the
condensation from 1,8-diaminonaphthalene and
the benzaldehyde derivative. Upon complexation
with Ni(ll), the C=N bands shift to 1612, 1619
and 1623 cm™, respectively, which indicates that
the metal is coordinated to the Schiff base via the
nitrogen atom of the azomethine group [19]. This
was confirmed by the appearance of new bands
at 520, 518 and 525 cm'l, respectively, related to
v (Ni-N).

cal properties of the prepared Schiff base

ligands (L1H2, L2H2 and L3H2)

Ligand Formula FW (g/mol) Color Yield Elemental analyses
(%) calculated (Found) (%)
C H N
L1H2 C24H16N404 424.41 Red- 82 67.92 3.80 13.20
brown (67.62) (3.73) (23.07)
L2H2 C28H26N204 454.52 Gray 76 73.99 5.77 6.16
(73.82) (5.72) (6.06)
L3H2 C26H16Na 384.43 Brown 87 81.23 4.20 14.57
(81.18) (4.12) (14.42)




Table 2. Elemental analyses results and other physi

Ababneh et al.; ACSJ, 12(3): 1-9, 2016; Article no.ACSJ.23705

cal properties of the prepared Schiff base

complexes (L1H2-Ni, L2H2-Ni and L3H2-Ni)

Complex Formula FW (g/mol)  Color Yield Elemental analyses
(%) calculated (Found) (%)
H N
L1H2-Ni C24H16CI2N4NiO4 554.01 Red 83 52.03 291 10.11
(51.98) (2.86) (10.09)
L2H2-Ni C28H26C|2N2Ni04 584.12 Brown 80 57.57 4.49 4.80
(57.55) (4.46) (4.78)
L3H2-Ni C26H16CI2N4Ni 514.03 Red 77 60.75 3.14 10.90
(60.71) (3.09) (10.81)
From the IR results, it may be concluded that the absence of any signals related to 1,8-
Schiff base ligands are bidentate and coordinate  diaminonaphthalene and benzaldehyde

with the Ni (Il) ion via the two azomethine
nitrogen atoms [20].

The 'H-NMR spectrum of Schiff bases were
recorded in DMSO-d6 solution. The ‘H-NMR
spectrum of Ni(ll) complexes (L1H2-Ni, L2H2-Ni
and L3H2-Ni) showed approximately the same
peaks as to those in the free ligands. The -
NMR spectra of L1H2, L2H2, and L3H2 ligands
showed a singlet at 8.87, 8.45, 8.65 ppm,
attributed to CH=N protons; while multiplet were
in the range of 6.16-8.27, 6.46-8.74, and 5.84—
8.77 ppm due to the aromatic hydrogens,
respectively. The L2H2 ligand additionally shows
two singlets at 3.77 and 3.83 ppm corresponding

derivatives in *H-NMR spectra of prepared Schiff
base ligands (L1H2, L2H2 and L3H2) indicates
that the condensation reaction is complete with
no remaining starting materials.

The “C-NMR spectrum of Schiff bases were
recorded in DMSO-d6 solution. The '*C-NMR
spectra of L1H2, L2H2 and L3H2 ligands showed
peaks at 158.9, 158.9 and 156.8 ppm,
respectively, due to -C=N carbons. The ">*C-NMR
spectra of the ligands reveal peaks assigned to
carbon atoms of the benzene ring such that:
L1H2: 155.3 (m-nitro), 117.1, 135.9, 134.7,
125.6, 121.2, L2H2: 158.2, 144.3, 134.3.1,
126.7, 115.7, 121.5 and L3H2: 142.2 (p-CN),

to the protons of the two methoxy groups. The 118.7, 134.3, 132.2, 126.9, 118.7 ppm.
Table 3. Selected bond lengths ( A), Angles (9, and Dihedral Angles (Torsions) (90  fL1H1-Ni
Bonds B3LYP/ B3LYP/

6-31G(d) 6-31+G(d,p)

Ni49-N18 1.8746 1.9265
Ni49-CI50 2.1923 2.1896
N18-C21 1.2937 1.2927
N18-C5 1.4300 1.4268
C21-C33 1.4581 1.4614
N45-047 1.2303 1.2318
N45-C36 1.4734 1.4751
Angles
C5-C4-C11 130.2457 130.0735
C5-N18-Ni49 106.2916 109.0781
CI50-Ni49-CI51 157.0067 160.3484
CI50-Ni49-C18 95.7121 95.4539
Ni49-N17-C19 132.6695 130.0762
C36-N45-046 117.5566 117.6611
046-N45-047 124.8669 124.6544
Torsions
C11-C4-C5-N18 -19.3526 -19.1356
N18-Ni49-N17-C19 149.3621 149.9015
Ni49-N17-C19-C23 27.2369 25.9870
N17-C19-C23-C24 15.2667 18.4835
CI50-Ni49—-CI51-N17 120.0656 122.9218
C34-C36-N45-046 179.3181 179.2283
N18-Ni49-N17-C19 149.3621 149.9015




Additionally the *C-NMR spectra of the ligands
show peaks attributed to carbon atoms of the
naphthalene ring such that: L1H2: 150.8, 144.3,
142.4, 137.4, 115.6, 114.1, L2H2: 157.8, 143.6,
128.8, 125.3, 112.2, 104.7 and 153.8, 137.3,
127.4, 125.2, 112.3, 104.5 ppm. Furthermore,
the methoxy groups in L2H2 ligand show two
peaks at 55.2, 55.6 ppm whereas the L3H2
ligand is distinguished by the peak appearance
at 117.3 ppm due to the carbon of the cyano
group (-CN).

We have performed thorough calculations to
find the most plausible and stable minimum
for each prepared complexes. Figs. 1—3 depict
the optimized ground state geometries for all
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the prepared complexes at B3LYP/6-31G(d)
level of theory. The selective structural
parameters for L1H2-Ni optimized complex at
B3LYP/6-31G(d) and B3LYP/6-31G(d,p) levels of
theory are listed in Table 3, where the bond
lengths are in A and bond angles are in degrees.
As you can see from Table 3, the structural
parameters for both B3LYP/6-31G(d) and
B3LYP/6-31G(d,p) levels of theory are very close
differing by no more than 0.1A for bond lengths
and 3° for angels. The optimized Cartesian
structures for all prepared complexes are
available in the Supporting Information where the
bonds and angles along with their relative
energies can be seen in any visualization
software.

Fig. 1. The optimized ground state geometry for the L1H2-Ni
of theory. (a) and (b) correspond to the side- and

(b)

complex at B3LYP/631G(d) level
top-view for the same structure
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(b)

Fig. 2. The optimized ground state geometry for the L2H2-Ni complex at B3LYP/631G(d) level
of theory. (a) and (b) correspond to the side- and  top-view for the same structure




Ababneh et al.; ACSJ, 12(3): 1-9, 2016; Article no.ACSJ.23705

Fig. 3. The optimized ground state geometry for the L3H2-Ni
of theory. (a) and (b) correspond to the side- and

4. CONCLUSION

We reported the preparation and characterization
of Ni(ll) complexes of the Schiff bases derived

from the condensation of 1,8-
diaminonaphthalene with substituted
benzaldehydes at different positions in the

benzene ring. Structural characterization was
performed using several techniques such as -
NMR, 13C-NMR, elemental analysis and FT-IR
spectroscopy. The optimized ground state
geometries for all the prepared complexes were
reported at B3LYP level of theory using 6-31G(d)
and 6-31+G(d,p) basis sets. The optimized
ground state geometries for all the prepared
complexes at both levels of theory are in
excellent agreement with each other.

ACKNOWLEDGEMENTS

Financial support by Tafila Technical University
is greatly appreciated. The authors are also
grateful to the Atlantic Computational Excellence
Network (ACENET) in Canada for computer time.

COMPETING INTERESTS

Authors have declared that

interests exist.

no competing

REFERENCES

1. Schiff H. Mitteilungen aus dem universitats
laboratorium in Pisa: Eineneue reihe
organischer basen. Justus Liebigs Ann
Chem. 1864;131:118-119.

2. Li Y, Yang ZS, Zhang H, Cao BJ, Wang
FD. Artemisinin  derivatives  bearing
Mannich base group: Synthesis and

Complex at B3LYP/631G(d) level
top-view for the same structure

antimalarial activity. Bioorg. Med. Chem.
2003;11:4363-4368.

3. Dhar DN, Taploo CL. Schiff bases and
their applications. J. Sci. Ind. Res. 1982;
41:501-506.

4. Przybylski P, Huczynski A, Pyta K,
Brzezinski B, Bartl F. Biological properties
of Schiff bases and azo derivatives of
phenols. Curr. Org. Chem. 2009;13:124—
148.

5. Campbell EJ, Nguyen ST. Unsymmetrical
salen-type ligands: High yield synthesis of
salen-type Schiff bases containing two
different benzaldehyde moieties.
Tetrahedron. 2001;42:1221-1225.

6. Stemmler AJ, Burrows CT. The Sal-XH
motif for metal-mediated oxidative DNA-
peptide cross-linking. J. Am. Chem. Soc.
1999;121:6956-6957.

7. Klement, R, Stock F, Elias H, Paulus H,
Valko M, Mazur M. Copper(ll) complexes

with derivatives of salen and
tetrahydrosalen: A spectroscopic,
electrochemical and structural study.

Polyhedron. 1999;18:3617-3628.

8. Jones RD, Summerville DA, Basolo F.
Synthetic oxygen carriers related to
biological systems. Chem. Rev. 1979;
79(2):139-179.

9. Trujillo A, Fuentealba M, Carrillo D,
Manzur C, Ledoux-Rak L, Hamon J,
Saillard J. Inorg. Chem. 2010;49(6):2750—
2764,

10. Costes JP, Dahan F, Dupuis A, Laurent
JP. Experimental-evidence of a
ferromagnetic ground-state (s=9 2) for a
dinuclear Gd(II)-Ni(ll) complex. Inorg.
Chem. 1997;36(19):4284-4286.



11.

12.

13.

14.

15.

16.

Frisch MJ, Trucks GW, Schlegel HB,
Scuseria GE, Robb MA, Cheeseman JR,
et al. Gaussian, Inc., Wallingford CT; 2013.
Becke AD. Density-functional
thermochemistry. Ill. The role of exact
exchange. J. Chem. Phys. 1993;98(7):
5648-5652.

Becke AD. Density-functional thermo-
chemistry. IV. A new dynamical correlation
functional and implications for
exact-exchange mixing. J. Chem. Phys.
1996;104:1040-1046.

Lee C, Yang W, Parr RG. Development of
the Colic-Salvetti correlation-energy
formula into a functional of the electron
density. Phys. Rev. B. 1988;37:785-789.
Petersson GA, Bennett A, Tensfeldt TG,
Al-Laham MA, Shirley WA, Mantzaris JA.
Complete basis set model chemistry. .
The total energies of closed-shell atoms
and hydrides of the first-row atoms. J.
Chem. Phys. 1988;89:2193-218.
Petersson GA, Tensfeldt TG, Montgomery
Jr JA. A complete basis set model
chemistry. Ill. The complete basis set-
guadratic configuration interaction family of
methods. J. Chem. Phys. 1991;94:6091-
6101.

Ababneh et al.; ACSJ, 12(3): 1-9, 2016; Article no.ACSJ.23705

17.

18.

19.

20.

Clark T, Chandrasekhar J, Spitznagel GW,
Schleyer PVR. Efficient diffuse function-
augmented basis-sets for anion
calculations. 3. The 3-21+G basis set for
1st-row elements, Li-F. J. Comp. Chem.
1983;4:294-301.

Abu-El-Wafa SM., ElI-Wakiel NA, Issa RM,
Mansour RA. Formation of novel mono-
and multi-nuclear complexes of Mn(ll),
Co(ll) and Cu(ll) with bis azo-dianils
containing the pyrimidine moiety: Thermal,
magnetic and spectral studies. J. Coord.
Chem. 2005;58:683-694.

Raman N, Kulandaisamy A,
Shunmugasundaram A, Jeyasubramanian
K. Synthesis, spectral, redox and
antimicrobial activities of Schiff base
complexes derived from 1-phenyl-2,3-
dimethyl-4-aminopyrazol-5-one and
acetoacetanilide. Trans. Met. Chem. 2001;
26:131-135.

Sumanta KP, Rojalin S, Vadivelu M.
Synthesis, structure, thermal studies on
Zn(ll), Cd(l) complexes of N-(2-
pyridylmethyl)pyridine-2-carbaldimine and
N-(2-pyridylmethyl)pyridine-2-
methylketimine. Polyhedron. 2008;27:805-
811.

© 2016 Ababneh et al.; This is an Open Access atrticle distributed under the terms of the Creative Commons Attribution License
(http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any medium,
provided the original work is properly cited.

Peer-review history:
The peer review history for this paper can be accessed here:
http://sciencedomain.org/review-history/12949




