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a b s t r a c t

A new tetradentate N2S2 Schiff base ligand derived from 5-bromothiophene-2-carbaldehyde and its
[CuBr(N2S2)]Br complex were synthesized in good yield. FT-IR was investigated to monitor the
condensation reaction during the ligand synthesis process. The ligand, N2S2, and its complex,
[CuBr(N2S2)]Br, complex have been characterized with the aid of several spectroscopic techniques such
as UVevis., MS, FT-IR, EA, EDS, NMR (for N2S2), as well as by thermal (TG/DTG) analysis. In addition, cyclic
voltammetry has been employed to examine the redox behavior of [CuBr(N2S2)]Br complex in N,N’-
dimethylformamide (DMF) containing 0.10 M tetra-n-butylammonium perchlorate (TBAP). The anti-
conformation EE isomer of the ligand (N2S2) was confirmed by means of X-ray crystallography; ligand
crystallizes in to the monoclinic P21/c space group. N2S2 ligand was subjected to DFT-theoretical calcu-
lations and results are consistent with the experimental chemical analysis.

© 2017 Elsevier B.V. All rights reserved.
1. Introduction

Schiff bases, a class of organic compounds with a variety of
interesting properties, continue to attract the attention of chemists
owing partly to the significant physical and chemical properties of
their metal complexes. In addition they constitute a special type of
unsaturated poly-atoms organic ligands [1e5]. Many types of such
Schiff bases have been synthesized and their biological, physical,
and chemical properties investigated [2e6]. Moreover, Schiff base
as N-ligands possess broad scope of industrial applications such as
catalysts [6e8], metal ions sensors [9], and photochromic [10].
Several Schiff bases display remarkable biological activity such as
antitumor [11], antiviral [12], antifungal [13], antimicrobial [14],
anticancer [15] and antibacterial [16,17].
In coordination chemistry, N- and S-containing Schiff-base li-

gands play a critical role in the construction of new metal ions
complexes [17e20]. Since such ligands hold both soft sulfur and
hard nitrogen atoms as donors, they can coordinate with a broad
range of metal ions, which lead to forming several types of com-
plexes with their interesting biological and physicochemical
properties [16e20]. Schiff bases and their starting material amines
behave as polydentate chelating ligands, their complexes are
becoming rather important for their various structures and exten-
sive applications [21e23]. One of the prominent multidentate N2S2
Schiff-base ligands, especially the one which contains thiophene
derivatives functional groups that attracted the attention of re-
searchers, mainly due to their ability to coordinate metals via
several sites, in addition to their pharmaceutical and medicinal
chemistry importance [24e26].

Furthermore, due to redox behavior of copper (II) complexes

mailto:warad@najah.edu
http://crossmark.crossref.org/dialog/?doi=10.1016/j.molstruc.2017.04.064&domain=pdf
www.sciencedirect.com/science/journal/00222860
http://www.elsevier.com/locate/molstruc
http://dx.doi.org/10.1016/j.molstruc.2017.04.064
http://dx.doi.org/10.1016/j.molstruc.2017.04.064
http://dx.doi.org/10.1016/j.molstruc.2017.04.064


I. Warad et al. / Journal of Molecular Structure 1142 (2017) 217e225218
and their interaction capability with DNA, causing cell apoptosis
and DNA damage, these complexes could serve as substitutes to
platinum-complexes drugs specially cis-platin [23e26]. The elec-
tronic properties and special coordination structure of such com-
plexes reveal a non-covalent interactionwith the DNA intercalation
or electrostatic interaction modes [24e30]. In view of the broad
interest in Schiff baseemetal complexes, and owing to the physical
and biological importance of these species, we describe herein the
synthesis, characterization, XRD and DFT theoretical studies of the
tetradentate N2S2 Schiff base ligand and its mono-cationic
[CuBr(N2S2)]Br complex.
Table 1
N2S2 Crystal data and structure refinement details.

CCDC Number CCDC
Empirical formula C12H10Br2N2S2
Formula weight 406.16
Temperature 293(2) K
Wavelength 1.54178 Å
Reflns. for cell determination 2267
q range for above 4.05�e64.48�

Crystal system Monoclinic
Space group P21=c
Cell dimensions
a ¼ 10.914(3) Å b ¼ 4.4864(18) Å c ¼ 30.692(9) Å
a ¼ 90.00� b ¼ 91.264(13)� g ¼ 90.00�

Volume 1502.4(9) Å3

Z 4
Density (calculated) 1.796 Mgm�3

Absorption coefficient 9.310 mm�1

F000 792
Crystal size 0.3 � 0.27 � 0.25 mm
q range for data collection 4.05�e64.48�

Index ranges �12 � h � 12
�2 � k � 5
�34 � l � 34

Reflections collected 4662
Independent reflections 2267 [Rint ¼ 0.0214]
Absorption correction multi-scan
Refinement method Full matrix least-squares on F2

Data/restraints/parameters 2267/0/163
Goodness-of-fit on F2 1.149
Final [I > 2s(I)] R1 ¼ 0.0548, wR2 ¼ 0.1517
R indices (all data) R1 ¼ 0.0679, wR2 ¼ 0.1739
Largest diff. peak and hole 0.906 and �0.920 e Å�3
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Scheme 1. Synthesis of the N2S2 and its desir
2. Experimental

2.1. Material and instrumentation

Chemicals employed throughout this investigation were pur-
chased from Sigma and used as received without purification. Pu-
rity of products was checked with TLC. Elemental analysis was
carried out on an Elementar-Vario EL analyzer; results agreed with
the calculated percentages to within the experimental error
(±0.4%). IR spectra were recorded on a Perkin-Elmer Spectrum
1000 FT-IR Spectrometer as KBr pellets, whereas UVeVis spectra
were obtained with a TU-1901-double-beam UVevisible spectro-
photometer. NMR spectra were acquired on Bruker DRX 500 with
CDCl3 as solvent and TMS as the internal standard; chemical shifts
are expressed in ppm. Cyclic voltammograms on a platinum elec-
trode were recorded with the aid of a three-electrode cell Voltalab
80 potential-state. EI-MS data was obtained on a Finnigan 711A
mass spectrometer. Thermogravimetric analysis and differential
thermal analysis (TG/DTG) for both the ligand and its complex were
carried out with a PerkineElmer instrument; measurements were
done at a heating rate of 10 �C/min over the temperature range of
0e1000 �C.

2.2. Synthesis of N2S2 ligand

The title compound was prepared according to the following
procedure: 5-bromothiophene-2-carbaldehyde (0.02 mol) was
added to ethylenediamine (0.01 mol). When the temperature and
viscosity of mixture increased, 20 mL of dichloromethane was
added to the mixture to achieve complete solubility. The reaction
was stirred for 60 min at room temperature. Yellow colored single
crystals were obtained after slow evaporation of the dichloro-
methane solvent. Yield 90%. IR (KBr, cm�1) nmax¼ 1629 (C¼N), 2890
(C-Haliphatic), 3010 (C-Hthiophene), UVeVis in EtOH: 295 nm (sharp)
and 265 nm shoulder. 1H NMR (500 MHz, CDCl3): d (ppm): 3.86 (br,
4H, -CH¼NCH2CH2N¼CH-), 6.99 (2H, 3JAB ¼ 4.75 Hz, thiophene),
7.01 (2H, 3JAB ¼ 4.85 Hz, thiophene), 8.20 (2H, eHC¼N)$13C NMR:
d (ppm): 60.65 (2C, -CH¼NCH2CH2N¼CH-), 116.95, 130.34, 130.55,
143.99 (8C, thiophene), 155.21 (2C, eHC¼N-). [Mþ] ¼ 403.8 m/z.
Anal. Calcd. for C12H10Br2N2S2: C, 35.49; H, 2.48; N, 6.90; found: C,
35.18; H, 2.29; N, 6.78%.
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2.3. Synthesis of [CuBr(N2S2)]Br complex

A solution of N2S2 (0.20 mmol) dissolved in 8 mL of EtOH was
added dropwise to (0.20 mmol) of CuBr2$2H2O dissolved in 10 mL
of EtOH. The temperature of the reaction increased and the color
changed (from brown to blue upon mixing of the two reagents)
indicated the occurrence of the complexation reaction spontane-
ously. When the mixture was concentrated by removing some of
the solvent under reduced pressure, most of the blue Cu(II) com-
plex precipitated, filtered, and washed well with cold EtOH. Yield
90%, m.p.¼ 270 �C. MSm/z 545.71 [Mþ1-Br] calc. MS¼ 547.60. Anal.
Calcd for C12H10Br4CuN2S2: C, 22.90; H, 1.60; N, 4.45; found: C,
22.76; H, 1.45; N, 4.32%. Conductivity inwater: 108 (mS/cm). IR (KBr,
ncm�1): 3380 (vH2O), 2970 (vC-Hthiophene), 2860 (vC-H aliphatic), 1608
Fig. 1. IR spectra of: (a) 5-bromothiophene-2-carbaldehyde, (b) ethylenediamine, (c)
N2S2 ligand, (d) DFT/B3LYP 6e311þþG (d,p) theoretical calculation of N2S2 ligand, and
(e) [CuBr(N2S2)]Br complex.
(vC¼N), 510, 500 (vCu-N). UVeVis in water: 275 (ε ¼ 1.2 � 104

M�1L�1) and 615 nm (ε ¼ 6.4 � 102 M�1L�1).

2.4. X-ray crystallography

X-ray intensity data were collected at a temperature of 296 K on
a Bruker Proteum 2 CCD diffractometer equipped with an X-ray
generator operating at 45 kV and 10 mA, using Cu Ka radiation of
wavelength 1.54178 Å. Details of the crystal structure and data
refinement are given in Table 1. Cell refinement and data reduction
were accomplished with the aid of a SAINT PLUS [31], whereas the
structure was solved by direct methods and refined by full-matrix
least squares method on F2 using SHELXS and SHELXL programs
[32]. All the non-hydrogen atoms were revealed in the first differ-
ence Fourier map itself. All hydrogen atoms were positioned
geometrically and refined using a riding model. Geometrical cal-
culations were carried out using the program PLATON [33].

2.5. Computational analysis

The structure of the desired ligand, as solved by X-ray diffrac-
tion, was optimized at DFT/B3LYP [34] using the GAUSSIAN09 [35].
The basis set 6e311þþG (d,p) was employed in all theoretical
measurements [36]. CRYSTAL EXPLORER 3.1 program was used to
perform the Hirshfeld surfaces theoretical analysis of N2S2 [37].

3. Results and discussion

3.1. Synthesis

Condensation of 5-bromothiophene-2-carbaldehyde with eth-
ylenediamine in a 2:1 M ratio afforded the tetra-dentate Schiff base
(N1E, N2E)-N1,N2-bis((5-bromothiophen-2-yl)methylene)ethane-
1,2-diamine [N2S2] ligand in a very good yield, as shown in Scheme
1. The EE isomer was found to be favored over any other isomers
such EZ or ZZ isomers. Moreover, the EE anti-conformation was
sterically favored over EE-eclipsed-conformation isomer. The stable
EE anti-conformation was isolated and its structure confirmed by
X-ray single crystal diffraction. The desired ligand was found to be
soluble in common organic solvents. DFT theoretical calculations of
free ligand was performed using Gaussian 09 program.

Treatment of N2S2 ligand with equivalent amount of
CuBr2$2H2O in ethanol led to formation of mono-cationic
[CuBr(N2S2)]Br complex in good yield. Occurrence of reaction was
Fig. 2. (a) ORTEP of N2S2 free ligand with thermal ellipsoids drawn at 50% probability
level, (b) optimized DFT-B3LYP structure.



Fig. 3. The packing of molecules when viewed down the a-axis. The blue dotted lines indicate hydrogen bonds. (For interpretation of the references to colour in this figure legend,
the reader is referred to the web version of this article.)
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easily detected by the color change from brown to green upon
mixing of the two reagents. The complex is soluble in water and
other polar solvents such as DMF and is slightly soluble in alcohols.

Structures of the ligand and its complex were confirmed with
Table 2
Bond angles (�) and bond lengths (Å) in the ligand.

Atoms Length Atoms Length

S1-C2 1.717 (7) C10-N11 1.454 (8)
S1-C5 1.724 (7) N11-C12 1.261 (8)
C2-C3 1.360 (12) C12-C13 1.446 (9)
C2-Br6 1.872 (8) C13-C17 1.349 (9)
C3-C4 1.389 (12) C13-S14 1.721 (6)
C4-C5 1.361 (9) S14-C15 1.714 (6)
C5-C7 1.437 (9) C15-C16 1.335 (10)
C7-N8 1.257 (8) C15-Br18 1.870 (7)
N8-C9 1.459 (8) C16-C17 1.406 (11)
C9-C10 1.501 (10)

Atoms Angle Atoms Angle

C2-S1-C5 91.1 (4) N11-C10-C9 109.6 (5)
C3-C2-S1 112.0 (6) C12-N11-C10 120.0 (6)
C3-C2-Br6 128.6 (6) N11-C12-C13 121.4 (6)
S1-C2-Br6 119.5 (5) C17-C13-C12 129.8 (6)
C2-C3-C4 112.3 (6) C17-C13-S14 110.5 (6)
C5-C4-C3 113.8 (7) C12-C13-S14 119.7 (5)
C4-C5-C7 127.8 (7) C15-S14-C13 91.1 (3)
C4-C5-S1 110.8 (6) C16-C15-S14 112.5 (5)
C7-C5-S1 121.4 (5) C16-C15-Br18 127.7 (5)
N8-C7-C5 123.8 (6) S14-C15-Br18 119.8 (3)
C7-N8-C9 116.9 (6) C15-C16-C17 112.0 (6)
N8-C9-C10 112.4 (5) C13-C17-C16 113.9 (6)

Fig. 4. dnorm mapped a) and curvedness b) on Hirshfeld surface for visualizing the inter-co
interpretation of the references to colour in this figure legend, the reader is referred to the
the aid of MS, FT-IR, CV, NMR, UVevis, EDS and TG/DTG, and with
elemental analysis. The NMR spectra of the ligand were in total
agreement with the assigned structure. Similarly, mass spectra for
both the ligand and its complex displayed the molecular ions cor-
responding to the respective molecular formulas of prepared
compounds.
3.2. FT-IR and DFT-IR spectral analysis

FT-IR spectroscopy served to monitor the condensation reaction
during N2S2 ligand formation. IR spectra of 5-bromothiophene-2-
carbaldehyde and ethylenediamine were recorded before and af-
ter condonation as displayed in Fig. 1. Formation of the desired
ligandwas supported by twomajor changes: stretching vibration of
C¼O in the carbaldehyde at 1658 cm�1 (see Fig. 1a) was reduced by
~30 cm�1, due to the C¼N- (1629 cm�1) ligand group formation, as
in Fig. 1c and the primary N-H stretching vibrations in ethyl-
enediamine at 3357 and 3281 cm�1 (see Fig. 1b) totally disappeared
as shown in Fig. 1c.

DFT-IR theoretical calculations were also carried out for the N2S2
free ligand, as seen in Fig. 1d. The theoretical and experimental FT-
IR spectra revealed an acceptable agreement. There was a small
discrepancy, however, because the DFT-combinatorial calculations
were performed for a free molecule in the gaseous state, whereas
experimental results were obtained in the solid state, and are ex-
pected to be smaller than DFT-theoretical calculations [38,39]. On
the other hand, the IR spectra of the synthesized [CuBr(N2S2)]Br
complex showed similar IR-behavior to the N2S2 free ligand with
slightly low chemical shifts, as displayed in Fig. 1e. In the complex,
ntacts of N2S2 ligand. Color-scale ranges between 0.18 au (blue) and 1.4 au (red). (For
web version of this article.)
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water broad peaks vibrations at ~3380 n(O-H)/1458 n(bend) are
observed indicating the presence of uncoordinatedwater molecule.
The n(N¼C) band at 1608 cm�1 in the complex was shifted to a lower
wavenumber (~21 cm�1) compared to the ligand at 1629 cm�1.
Such result supports the formation of C¼N/Cu(II) coordination
bonds. The most important IR band, is the presence of a sharp peak
at ~500 cm�1 (only in the complex spectrum) due to n(Cu-N) vibra-
tions [22,40], which indicates the direct N/Cu(II) new bonds
formation.
3.3. Crystal and optimized structure of N2S2

The molecular and optimized DFT-B3LYP structures of the
ligand, along with atoms numbered, are depicted in Fig. 2, whereas
Fig. 3 shows the packing of the ligand. In addition, bond lengths and
bond angles of the non-hydrogen atoms are given in Table 2. The
Fig. 5. Fingerprint of N2S2 ligand inside … outside atoms, (a) all … all, (b) H … all, (c)
H…H, (d) H…S, (e) H…Br, (f) H…N and (i) H…C.
structures of the ligand revealed the anti-EE conformation around
the C-C bond isomer in both C¼N groups, as kinetics favored the
isomer with less internal strict repulsion effect. This forces the S-
heterocyclic rings and the C¼N groups to be in the same plane but
opposite in their directions making the structure suitable for two
metal ions coordination as can be seen in Scheme 1.

3.4. Hirshfeld surface analysis for N2S2 ligand

The Hirshfeld surface of N2S2 ligand ise shown in Fig. 4. The red
spots over the surface reveal the inter-contacts involved in
hydrogen bond bonds [41e45]. The dark-red spots on dnorm surface
appear as a result of the short interatomic, i.e., strong H-bonds,
while the other weak intermolecular interactions are in light-red
spots.

The 2D Finger print plots over the Hirshfeld surfaces show the
presence of inter-contacts H…H > H…S > H…Br > H…N > H…C.
The major contribution is from an H…H, whereas the least
contribution is from H…C as depicted in Fig. 5.

3.5. EDS investigations

The compositions of N2S2 ligand and its complex were deter-
mined by EDS analysis, as shown in Fig. 6. The change in the EDS of
the ligand before and after coordination with Cu(II) supported the
L/M complexation formed and allowed to differentiate their
chemical compositions. Data from Fig. 6a showed that the ligand
contains only C, N, S, and Br, whereas the complex contains C, N, S,
Br, and Cu atoms as shown in Fig. 6b, which confirms complexation.
On the other hand, the absence of uncited peaks reflected the purity
of both the ligand and its complex. Absence of oxygen atom signs in
the ligand or the complex indicate the stability of such compounds
against atmospheric O2 pressure.

3.6. 1H and 13C NMR investigation of the ligand

Experimental 1H NMR analysis of N2S2 ligand was performed in
CDCl3 and the spectrum is illustrated in Fig. 7a. A typical 1H NMR
spectrum showed a sharp broad signal at d 3.86 ppm due
Fig. 6. EDS spectra of N2S2 ligand (a) and [CuBr(N2S2)]Br complex (b).



Fig. 7. NMR spectra of N2S2 ligand dissolved in CDCl3 at RT (a) 1H NMR and (b) 13C NMR.

Fig. 8. HOMO/LUMO molecular orbitals plots of N2S2 ligand.
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to¼NCH2CH2N¼. The thiophene protons resonated as two doublets
at d 6.99 and 7.01 ppm, with average 3JAB ~4.80 HZ, whereas the
azomethine proton N¼CH appeared as a singlet at 8.20 ppm.

The 13C NMR spectrum of the ligand is shown in Fig. 7b. 13C NMR
spectrum revealed a signal at d 60.6 ppm (CH2N¼), in addition to
the four thiophene aromatic carbons resonated as singlets at
d 116.9, 130.3, 130.5, and 143.9 ppm. The signal observed at
155.2 ppm was attributed to the N¼CH carbon.

3.7. Ligand frontier molecular orbital calculation

Calculation of the HOMO/LUMO energy levels are very helpful to
predict the chemical behavior of the desired compounds. Several
chemical parameters such as hardness, electrophilicity, symmetry,
quantum chemistry terms, chemical potential, electronegativity,
and local reactivity can be evaluated from the HOMO/LUMO energy
gap [38,39]. Fig. 8 pictorially represents the HOMO/LUMO orbital
shapes in the gaseous phase, the HOMO response at �0.2728 eV
while the LUMO is located at �0.1728 eV with 0.100 eV energy gap.
The value of the calculated energy gap indicates the easiness of
HOMO to LUMO electron excitation, which shows that HOMOs are



Fig. 9. UVeVis. Spectroscopy spectra of 1 � 10�5 M of N2S2 ligand (a) experimentally
in ethanol at RT, (b) TD-DFT/B3LYP/6e311þþ (d,p) theoretically (in gaseous state) and
(c) 1 � 10�5 M of [CuBr(N2S2)]Br complex dissolved in water at RT.
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the dominant molecular orbitals which is consistent with the
overall nature of the pentadentate ligand as a strong electron-
donor with high degree of nuclophilicity. In addition, results
reveal that it is very easy to excite electrons from ground to excited
state with such small energy gap. HOMO and LUMO gap is related
to the chemical reactivity or kinetic stability, since they both have
negative values, which decides the chemical stability of the ligand
[46].
Fig. 10. TG/DTG thermal curves of: (a) the ligand and (b) [CuBr(N2S2)]Br complex.
3.8. UVevis. TD-DFT/B3LYP/3e21 spectral

The electronic absorption behavior of N2S2 ligand and its com-
plex are measured at room temperature. The absorption bands of
the ligand are calculated bymeans of TD-DFT/B3LYP/6e311þþ(d,p)
in gaseous state. The spectrum of the ligand (N2S2) demonstrated
high intense transitions at lmax ¼ 295 nm (sharp) with
(ε ¼ 6.5 � 104 M�1L�1) ascribed to p-p* electron transition, as
shown in Fig. 9a, the shoulder at 265 nm mostly attributed to n-p*/
s* electron transition. Furthermore, time-dependent DFT UVevis
spectrum absorption maximum was found at 297 nm (sharp) as
displayed in Fig. 9b.

Results obtained from these Figures reveal an excellent agree-
ment between the theoretical-TD-DFT and experimental UV-
measurement was observed; the slight ~2 nm shift may be due to
solvent effect [47e49]. In water, the complex [CuBr(N2S2)]Br
revealed two signals; a sharp one in the UV region at lmax¼ 275 nm
(ε ¼ 1.2 � 104 M�1L�1) attributed to ligand p-p* electron transition
shifted down from 295 nm in the free N2S2 ligand due to the N2S2
/Cu(II) coordination, and a second broad band in the visible re-
gion at lmax ¼ 630 nm (ε ¼ 6.4 � 102 M�1L�1) due to DMSO-d6
electron transition that belongs to the square pyramid geometry
around Cu(II) centers [22] as seen in Fig. 9d.
3.9. Thermal analysis investigation

Thermal analyses (TG/DTG) were performed to obtain infor-
mation about the stability of the ligand and its copper complex.
This was achieved increasing the temperature from 0 to 1000 �C at
a rate of 10 �C/min and under an open atmosphere. Displayed in
Fig. 10a and b are TG/DTG curves for the ligand N2S2 and its com-
plex, respectively. For the ligand, TG curve (Fig. 10a) revealed that
there is a 100% mass loss over the temperature range of 60e110 �C.
The ligand may simply sublimed or decomposed to light elements
such as SO2, NO2, and CO2, in a broad step (with ~100% Wt. lost)
since no residue or intermediate degradation steps were observed.
Therefore, the ligand undergoes a simple one-step thermal
decomposition.

On the other hand, TG/DTG curve of the complex [CuBr(N2S2)]
Br undergoes three main decomposition steps as depicted in
Fig. 10b. Results revealed a mass loss of 2.7% in the range 60e80 �C
attributed to loss of uncoordinated H2O molecule; this agrees with
IR results. In the temperature range of 260e370 �C, the complex
loses N2S2 from the backbone of the complex to give pure CuBr2 as
indicated by a mass loss of 63%. In the temperature range of
580e680 �C, the complex loses 21.3% of its mass which is due to
the oxide/bromide replacement reaction on CuBr2 which eventu-
ally leads to production of copper oxide (CuO) with 14% of the
mass.



Fig. 11. Cyclic voltammogram recorded at 100 mV/s for reduction of a 0.10 mM of the
complex [CuBr(N2S2)]Br at a platinum electrode in DMF containing 0.1 M TBAP.
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3.10. Electrochemical behavior of the complex

Cyclic voltammetry was employed to investigate the electro-
chemical behavior of the [CuBr(N2S2)]Br complex. Potential was
scanned from 0.1 to �2.6 V versus Ag/AgCl. Depicted in Fig. 11 is a
cyclic voltammogram recorded at a scan rate of 100 mV/s for
reduction of a 0.1 mM solution of the complex [CuBr(N2S2)]Br at a
freshly polished platinum electrode in DMF containing 0.1 M TBAP.
The voltammogram shows the reversible copper (II)ecopper(I)
redox couple with a cathodic peak potential (Epc) of�1.40 V and an
anodic peak potential (Epa) of�1.15 V;DEp¼ 250mV (DEp¼ Epae
Epc). Furthermore, the ratio Ipa/Ipc is close to unity. The reversible
couple corresponds to a one electron-transfer as given in the
following equation:

h
CuIIBrðN2S2Þ

i
Br#

h
CuIBrðN2S2Þ

i

4. Conclusions

A new Schiff base ligand, (N1E, N2E)-N1,N2-bis((5-
bromothiophen-2-yl)methylene)ethane-1,2-diamine (N2S2) was
synthesized by condensation of 5-bromothiophene-2-carbalde-
hyde with ethylenediamine. The ligand has been characterized by
means of various spectroscopic methods and its structure was
confirmed by X-ray single crystal analysis as EE isomer for the first
time. DFT/B3LYP theoretical calculations for N2S2 ligand are in total
agreement with the experimental results. Additionally, the water
soluble square pyramid mono-cationic [CuBr(N2S2)]Br was pre-
pared and as square pyramid geometry around Cu(II) centers. TG
result showed the N2S2 free ligand and its complex are decomposed
by totally different mechanisms. The copper (II) complex,
[CuBr(N2S2)]Br, exhibits reversible one-electron reduction to the
corresponding copper(I) specie.
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Appendix A. Supplementary materials

“Crystallographic data for the structural analyses have been
deposited with the Cambridge crystallographic data center, CCDC
No. 1026142. These data can be obtained free of charge via www.
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