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Abstract. A new 1D polymeric copper(Il) complex [{Cu(L)(CF;COO)},], has been synthesized using a
potentially tetradentate Schiff base ligand, HL,, ((E)-2-((pyridin-2-yl)methyleneamino)-5-chlorobenzoic acid)
and characterized by different spectroscopic methods. Single crystal X-ray structural characterization reveals
that the side arm carboxylate group of the coordinated Schiff base exhibits a . 3-bridging mode and connects
the neighbouring copper(Il) ions leading to a zigzag 1D chain structure where the copper(Il) ions display
distorted square pyramidal geometries. Variable temperature magnetic susceptibility measurement reveals a
weak antiferromagnetic exchange (J = —0.4740.01 cm™") prevails between copper(I) ions in the chain
mediated by the bridging carboxylate group, is also supported by the room temperature EPR spectral study.

Electrochemical property of the complex is also reported.

Keywords.

1. Introduction

The design and construction of coordination polymers
based on transition and non-transition metal ions are of
long standing interest to chemists and material scien-
tists for their rich structural features and potential appli-
cations as functional materials.'~!! Careful selection of
ligands having capacities to combine more than one
metal centre or by using different spacer ligands for
connecting metals in combination with other co-ligands
are considered as important strategies for the synthesis
of these complexes in addition to the effect of reaction
conditions and solvents.”™ Sometimes, suitable sec-
ondary building units (SBU) are also used as important
tools for the design and synthesis of these coordination
polymers.® Schiff bases owing to their facile syntheses,
tunable steric and electronic properties have also been
extensively employed over the years for this purpose,
leading to coordination polymers of fascinating struc-
tures and rich topological features. Role of various
Schiff bases/blockers and azide as bridging ligand in a

*For correspondence

1D copper(II) polymer; Schiff base; crystal structure; electrochemistry; EPR; magnetic properties.

number of copper(Il) poly-clusters/assemblies may be
mentioned in this regard not only for the structural
diversities of the resulting complexes but also for their
potential applications in the field of molecular mag-
netism.”:® The role of the Schiff base ligands with free
carboxylate arm also deserved attention in this regard
for their abilities to act simultaneously as chelator and
bridge to the metals leading to wide varieties of struc-
tures. Amino acid-based Schiff bases, a class of the
Schiff bases with carboxylate side arm, and their metal
complexes were synthesized and studied extensively
for their wide applications in biology, pharmacy and
industry.'>=> However, little focus has been given to the
class of amino acid Schiff bases obtained by condensa-
tion of carbonyl compounds and aromatic amines with
carboxylic acid side arm in spite of bearing similar free
carboxylate end which is considerably flexible from the
point of view of the steric orientation in the formation
of less strained covalent bonds with the metal centers
with potential to show versatile bridging modes.

As a contribution to the work on metal complexes
derived from Schiff base ligands incorporating a car-
boxylate side arm, we have reported a few complexes
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Scheme 1. Schiff base ligand (HL): (E)-2-((pyridin-2-
yl)methyleneamino)-5-chlorobenzoic acid.

in recent past.*° As a continuation of the work on
metal complexes based on Schiff bases incorporating a
bridging carboxylate, we report herein a new 1D cop-
per(Il) complex, [{ Cu(L)(CF;COO0)},],, derived from a
Schiff base ligand HL, ((E)-2-((pyridin-2-yl)methylene-
amino)-5-chlorobenzoic acid) (scheme 1), and charac-
terized by micro-analytical, FT-IR, UV-Vis, and EPR
spectroscopic methods.

Single crystal X-ray structural characterization reveals
that polymeric chain propagates in a zigzag manner
through . ;-carboxylato bridging in a syn-anti fashion
incorporating copper(Il) ions in distorted square pyra-
midal geometry. Low temperature susceptibility mea-
surements reveal its weak antiferromagnetic behavior
(J = —0.47 £+ 0.01 cm™!) which is well-supported
by the EPR studies. Its redox properties were also
investigated.

2. Experimental
2.1 Materials and Methods

2-Amino-5-chlorobenzoic acid and 2-pyridinecarbox-
aldehyde were purchased from Aldrich Chemical Co.
and used without further purification. Hydrated cop-
per(Il) trifluoroacetate was prepared by the treatment
of basic copper(Il) carbonate, CuCO;-Cu(OH), (AR
grade, E. Merck, India) with 60% trifluoroacetic acid
(AR grade, E. Merck, India) followed by slow evapo-
ration on steam-bath, filtration through a fine glass frit,
and storage in CaCl, desiccator for subsequent use. All
other chemicals and solvents were of analytical reagent
grade and used as received. Elemental analyses (car-
bon, hydrogen and nitrogen) were carried out with a
Perkin Elmer 2400 II elemental analyzer. The copper
content of the complex was estimated quantitatively
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by standard iodometric procedure. The FT-IR spectra
(4000—400 cm™') were recorded on a Perkin Elmer
Spectrum RX I FT-IR system with solid KBr pellets.
The electronic spectra were recorded on a Perkin Elmer
Lambda 40 UV-Vis spectrometer using HPLC grade
acetonitrile as solvent. Electrochemical measurements
were performed using a PAR VersaStat-potentiostat/
Galvanostat II electrochemical analysis system under
dry argon using conventional three electrode configura-
tion in acetonitrile with tetrabutylammonium perchlo-
rate as the supporting electrolyte. Platinized platinum
millielectrode and saturated calomel electrode (SCE)
were used as working and reference electrodes, respec-
tively, along with a platinum counter electrode in cyclic
voltammetry, performed at various scan rates (v = 30,
50, 70, 100, 150, and 200 mV sec™!). Variable tempera-
ture magnetic susceptibility measurements were carried
out with a Quantum Design MPMS-5S SQUID mag-
netometer under an applied magnetic field of 5000 Oe
on a polycrystalline sample in the temperature range 5—
300 K. Diamagnetic corrections were estimated from
Pascal’s tables and magnetic data were corrected for
diamagnetic contributions of the sample holder. X-—
band EPR spectrum was recorded at room temperature
on the solid sample using a Jeol JES—FA 200 ESR spec-
trometer. Powder X-ray diffraction was performed on a
Bruker D8 instrument with Cu Ko radiation.

2.2 Synthesis of Schiff base and its copper(Il) complex

The Schiff base (HL, ((E)-2-((pyridin-2-yl)methylene-
amino)-5-chlorobenzoic acid)) was prepared following
our published procedure.*® The complex was prepared
as follows: 10 mL of the methanolic solution of the
Schiff base HL (0.261 g, 1 mmol) was added to another
methanolic solution (10 mL) of copper(Il) trifluoroac-
etate (0.290 g, 1 mmol) hydrate with slow stirring
over a period of 30 min. The resulting blue colored
solution was filtered and the filtrate was kept undis-
turbed at room temperature for seven days. Light blue
crystals suitable for X-ray diffraction were obtained
by slow evaporation of the mother liquor. Yield:
82% (based on metal substrate). Anal. Caled (%) for
C30H6CL,CuFgN,Og: C, 41.30; H, 1.85; N, 6.42; Cu,
14.57; Found (%): C, 41.22; H, 1.81; N, 6.39; Cu, 14.56.

2.3 X-ray crystallography

A plate shaped blue crystal of the complex was mounted
on a Bruker APEX2 CCD diffractometer equipped
with graphite monochromatized fine focus sealed
tube molybdenum target (MoKa = 0.7107310%). Data
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collections were performed at 294(2) K using @ scan
technique. Data collection was performed with the
APEX23! software while cell refinement and data
reduction were performed with the SAINT program.’!
Multi-scan absorption corrections were applied to the
intensity values (Tj. =0.908 and T, = 0.780) using
SADABS.?! The structure was solved by direct meth-
ods with SIR97°? and refined by full-matrix least square
method based on F? with SHELXL-97% programs.
All non-hydrogen atoms were refined with anisotropic
thermal parameters. The hydrogen atoms were placed
geometrically and refined with isotropic thermal param-
eters using a riding model approximation. The carbon
and flourine atoms (C30, F4, F5, and F6) of one tri-
fluomethyl group were rotationally disordered over two
orientations with occupancy ratio of 0.70: 0.30. During
the refinement, the C—F bond lengths and F...F sepa-
rations within the disordered group were constrained to
be 1.32(1) and 2.16(2) A, respectively. The disordered
atoms were also restrained to have similar U; com-
ponents using the SIMU command in SHELXL-97.%

Table 1. Crystal and structure refinement data for
[{Cu(L)(CF3CO0)}2 1.

Formula C30H16C12CUQF6N408

Formula weight 872.45
Crystal dimension (mm) 0.06 x 0.11 x 0.16

Crystal system Orthorhombic

Space group P2,2,2; (No. 19)

a(A) 8.8555(16)

b(A) 16.944(3)

c(A) 21.303(3)

V(A3) 3196.5(9)

Z 4

T (K) 294(2)

AMo-ke (A) 0.71073

D.(g cm™d) 1.813

w(mm™) 1.592

F(000) 1736

0 range (°) 1.9-25.5

Index ranges —10 < h <10,
—20 <k <20,
-25<1<25

Total data 35503

Unique data 5796

Observed data [ > 20 ([)] 4701

Nref; Npar 5796; 506

Final R Indices [I > 20 (1)] R1 = 0.0455
wR2 = 0.1037

R indices (all data) R1 =0.0581
wR2 =0.1113

Rin 0.057

Goodness—of—fit on F? 1.039

Apmin(e-A73) —-0.39

Apmax(e.A73) 2.32

The structure was refined as an inversion twin, the
refined ratio of the twin components obtained by the
TWIN/BASF procedure®® being 0.614(17):0.386(17).
All calculations and graphical illustrations for the com-
plex have been done using WinGX,** ORTEP,® and
SCHAKAL?® programs. Selected crystallographic data
and some important structure refinement parameters of
the complex are summarized in table 1.

3. Results and Discussion
3.1 Crystal structure of the complex

An ORTEP view of the asymmetric unit of the com-
plex with atom numbering scheme is shown in figure 1
and relevant bond lengths and angles are summarized in
table 2. The asymmetric unit consists of two chemically
similar but crystallographically independent copper(Il)
centers.

Each copper(Il) center is penta-coordinated in a dis-
torted square-pyramidal geometry by similar donor
sets, where the Schiff base ligands act as tridentate with
respect to one copper centre, whereas they are in fact
tetradentate when the bridging mode of the carboxy-
lato groups is considered. The basal plane about Cul is
provided by the pyridine nitrogen (N2), the imine nitro-
gen (N1), and one carboxylato oxygen atoms (O1) of
the same Schiff base and one oxygen atom (O3) of a
monodentate trifluoroacetae ion, and the apical position
is occupied by one carboxylato oxygen of a symmetry
related ligand (06, i = —1+x, y, z). Similarly, the basal
plane of the square pyramidal geometry about Cu?2 is

Figure 1. An ORTEP view of the asymmetric unit of the
complex with displacement ellipsoids drawn at the 40%
probability level. Only the major component of disorder
affecting one trifluoromethyl group is shown. Symmetry
code: (i) —1+x, vy, z.
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occupied by the N4, N3, O5 and O7 atoms and the api-
cal position by the O2 atom of the Schiff base ligand
coordinated to the Cul centre. The O2 and O1 carboxy-
lato oxygen atoms of the Schiff base ligands are coordi-
nated to two adjacent copper(Il) ions in a p 3-, syn—anti
fashion. The donor atoms occupying the basal sites are
coplanar within £0.05 A for Cul and +0.008 A for
Cu2, indicating electron delocalization over the ligand.
The metals are displaced from the least squares mean
basal plane by 0.2634(5) and 0.2159(5) A toward the
apical oxygen atom for Cul and Cu2, respectively. The
distortion of the coordination polyhedra is also evident
from the values of the bond angles (table 2).

The 7 value,” an index of degree of trigonality, is
0.07 and 0.03 for Cul and Cu2, respectively, which

Table 2. Selected bond lengths (A) and angles (°).

Bond lengths

Cul-O1 1.904(3) Cu2-02 2.162(4)
Cul-03 1.941(3) Cu2-05 1.895(3)
Cul-N1 2.011(3) Cu2-07 1.939(3)
Cul-N2 2.006(4) Cu2-N3 2.017(3)
Cul-06 2.178(3) Cu2-N4 2.008(4)
Bond angles

0O1-Cul-03 92.43(15) 02-Cu2-05 93.10(15)
O1-Cul-N1 92.44(15) 02-Cu2-07 106.64(14)
O1-Cul-N2 161.37(16)  02-Cu2-N3 86.68(13)
01-Cul-06! 93.21(15) 02-Cu2-N4 98.27(14)
03—Cul-N1 165.20(14)  O5-Cu2-07 92.94(14)
03-Cul-N2 89.31(14) 05-Cu2-N3 92.57(14)
03-Cul-06' 105.10(14)  O5-Cu2-N4  167.09(16)
N1-Cul-N2 81.69(15) 0O7-Cu2-N3  165.27(14)
06'—Cul-N1 88.56(13) 07-Cu2-N4 89.65(14)
06'-Cul-N2  104.24(14)  N3-Cu2-N4 82.06(14)

Symmetry code: '—1+x, y, z

Shyamapada Shit et al.

indicates the distortion from the ideal square-pyramidal
geometry. The bond lengths involving the two inde-
pendent copper ions (mean values: Cu-N(pyridine) =
2.0075(9) A; Cu-N(azomethine) = 2.014(3) A; Cu-
O(carboxylato, basal) = 1.899(5) A; Cu-O(carbox-
ylato, apical) = 2.170(9) A; Cu-O(trifluoroacetato) =
1.9399(9) A) are not significantly different.

The crystal packing also shows that the bridging Cu—
O-C-0O-Cu pathway leads to a helical chain polymer
running parallel to the crystallographic a axis as shown
in figure 2. The polymeric chains are linked into a
2D sheet structure through weak inter-chain C-H- - - O
hydrogen bond interactions (table 3).

The complex reported herein may be compared to our
earlier reported one,”® as both were derived from Schiff
base ligands having the same donor sets with slight vari-
ation of the ligand backbone. Both are helical 1D poly-
meric in nature but the complex reported herein consists
of dimeric asymmetric unit with two crytallographically
independent copper(Il) ions compared to the unique
type of copper(Il) atom in the earlier one. The pres-
ence of an electron withdrawing chlorine substituent in
the ligand backbone of the complex may be responsible
for strengthening the association of the two copper(Il)
ions in the asymmetric unit.*® This is also evident from
the slightly shorter Cu- - - Cu separation (5.2650(10) A)
in the polymeric chain compared to the separations of
5.2827(19) A in the complex reported earlier.20

3.2 Infrared spectra

In the FT-IR spectrum of HL (figure S1 in Sup-
plementary Information), an intense absorption band

Figure 2. The crystal packing of the complex showing the polymeric chains
parallel to the a-axis. Hydrogen bonds are shown as dashed lines. Only the
major components of the disordered trifluromethyl groups are shown.
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Table 3. Hydrogen bonding parameters (A, °).

D-H---A dD-H) dH---A) dD---A) Z([D-H---A)

C8-H8- - - 044 0.93 2.24 3.121(5) 158

Cl1-H11---02¢ 0.93 2.53 3.144(6) 124

C13-H13---03 0.93 2.50 2.973(6) 112

C23-H23.--08% 0.93 2.23 3.109(5) 158

C26-H26- - - 06" 0.93 2.59 3.261(6) 129

C28-H28.--O7 0.93 2.54 2.998(6) 111

Symmetry codes: (¢) 1—x, 1/2+4y, 1/2—z (*) 2—x, —1/2+y, 1/2—z
corresponding to v_c_n_ (imine group) was observed at ——30 mvis
1642 cm™'. Strong bands corresponding to v,(COO) -0.0003 4 A ——50mV/s
and v(COO) vibrations of the free ligand were ] A\ - :gom:\r;s
observed at 1695 and 1414 cm™', respectively. A broad -0-00027 —— 150 mV/s
band corresponding to v(O-H) stretching vibration cen- ] —— 200 mVis
tered around 3338 cm™! was also observed in the spec- §— -0-0001+
trum of the free ligand. Strong sharp bands attributed E 0.0000 |
to the pyridine skeleton of the Schiff base ligand, were 5 ’
observed at 1586, 1491 and 1430 cm™'.% ]

In the spectrum of the complex (figure S2 in 0.0001 -

SI), asymmetric (v,(COO)) and symmetric (v,(COQ)) ]
stretching vibrations of the carboxylate group were 0.0002-
observed at 1702 and 1406 cm™', respectively. The dif-

ference (Av) between v, (COO) and v, (COO) is 294
cm~! for the complex indicating the bridging coordi-
nation mode of the carboxylate group of the Schiff
base.?® The band corresponding to azomethine (v_c_n_)
stretching vibration is obscured in the spectrum of the
complex probably due to the very strong intensity of
the asymmetric stretching vibrations (v,,(COO)) of the
carboxylate group. Bands corresponding to the pyridine
skeleton of the Schiff base moiety were observed at
1587, 1484, and 1446 cm™!. Coordination of pyridine/
azomethine nitrogen to copper(Il) were substantiated by
very weak bands at 446 and 420 cm™'.

3.3 Electronic spectra

The spectrum of HL (figure S3 in SI) shows a relatively
weak band at 335 nm, assigned to the n — z* tran-
sition of the azomethine group. In addition, two strong
bands also appear at 211 and 258 nm, assignable to
7 — m* and intra-ligand charge transfer transitions.*

In the spectrum of the complex (figure S4 in SI),
a broad and low intensity absorption band centered
around 708 nm is assigned to the d-d transition for
the copper(Il) ion in a distorted square pyramidal
geometry.*! Ligand coordination is supported by the
appearance of a strong band at 345 nm, correspond-
ing to the ligand to metal charge transfer (LMCT)
transition.*” 7 — 7* and intra-ligand charge transfer
transition bands of the free ligand are shifted to the

— r r r 1 r T r T T
-1.5 -1.0 -0.5 0.0 0.5 1.0 1.5
Voltage (V vs.SCE)

Figure 3. Cyclic voltammograms of the complex recorded
in acetonitrile at room temperature.

higher energy region in the spectrum of the complex
and appear at 205 and 250 nm, respectively.

3.4 Electrochemical studies

Cyclic voltammogram of the complex (figure 3) was
recorded at room temperature in acetonitrile within the
potential range of —1.5 to +1.5 V using tetrabutyl
ammonium perchlorate as supporting electrolyte mea-
sured at different scan rate of 30, 50, 70, 100, 150,
200 mV sec™!. On cathodic scan, only one reductive
response corresponding to the Cu(Il)—Cu(I) process
was observed at —0.41, —0.47, —0.48, —0.51, —0.56,
and —0.58 V (versus SCE) for the respective scan
rates. Similarly, anodic scan shows only one oxidative
response due to the Cu(l)—Cu(Il) process observed
at —0.75, —0.61, —0.60, —0.45, —0.46, and —0.43 V
(versus SCE) for the respective scan rates. Thus, peak-
to-peak separations of 340, 180, 120, 60, 100, and
150 mV, respectively, suggest the irreversible nature of
the redox process. Upon increasing the scan rate, the
cathodic peak positions shifted to more negative values
and the anodic peak position to more positive values
while peak current increased in both scans and
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I/I,a >1 confirmed the irreversible nature of the redox
process. The presence of only one redox couple also
confirm that copper(II) centers present in the complex
are chemically similar. However, at a higher scan rate
(100, 150, and 200 mV sec™!), an additional peak was
observed at —0.11, 4+0.01, and +0.08 YV, respectively,
which tentatively can be assigned to the oxidation of the
coordinated Schiff base.*4

3.5 EPR spectrum

The X-band EPR spectrum of the complex recorded
in powder state at room temperature using a 9.5 GHz

R . E . . S R S E———
250 300 350 400
Field(mT)

Figure 4. X-band EPR spectrum of the complex recorded
at room temperature.
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field modulation, shows the presence of an elongated
axial symmetry signal without any resolved hyperfine
structure (figure 4). The values of the anisotropic para-
meters of the spectrum are g, = 2.215, g, =2.071,
which are typical values for copper(Il) ions with d,,_»
ground state. The‘“half-field” signal is absent which
suggests that the magnetic exchange interaction
between copper(ll) ions through carboxylato bridge is
very weak, also confirmed by cryomagnetic suscepti-
bility measurements.*+#6

3.6 Magnetic properties

The temperature dependence of the molar magnetic sus-
ceptibility, xm, was measured on a polycrystalline sam-
ple in the temperature range 5-300 K. In figure 5 the
experimental points are shown as black squares and the
calculated curves in red. Data analysis was done on the
xmT versus T plot. The xuT value at room temperature
is about 0.425 cm® K mol™!, in good agreement with
one uncoupled spin § ='/, with a Landé factor g = 2.14.
The yuT value remains constant down to about 15 K. A
very small decrease in T was observed when the tem-
perature was further decreased below 15 K, to reach the
value of 0.40 cm?® K mol~! at 5 K (figure 5), indicating
weak antiferromagnetic nature of the complex.

Due to the chain structure of the complex, we have
used the model of equally spaced copper(Il) ions. The

n—1
spin Hamiltonian in zero-field is H = —J )_ S4,.S4
i=1
where the summation runs over the n sites of the chain.
When n tends to infinity, there is no analytical method

i+1

0.5 T T T T T
04 #F -
e 0,08
E 0.3 . .
- g 0,06
I e
o S 0,04
~ 02_ ~ ’ .
- k;
3 0,021
0,00 : : —— ‘
0.1 0 50 100 150 200 250 300 .
T/K
0.0 : : : : , .
0 50 100 150 200
T/K

Figure 5. Plot of y\T versus T for the complex. Insert: Plot of xy versus T
for the complex. The red solid line is the best fit to the data set.
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to determine the magnetic susceptibility. However, the
results can be fitted using the numerical expression for
J<0Y

N 2102
T = gkﬂ
0.25+0.0774975x +0.075235x2

*1.0+0.9931x+0.172135x2+0.757825x°
with x = —J/kT.

The best fit was obtained for Landé factor g = 2.14 and
isotropic interaction parameter J = — 0.47 +0.01 cm™".

Two copper(Il) ions are linked by a carboxylate func-
tion of the organic ligand. The COO™ bridging function
is linked by an oxygen atom to a square pyramid cop-
per(Il) atom in basal position, whereas the second oxy-
gen of the COO~ group is linked to a second square
pyramid copper(Il) ion in the apical position. The weak
coupling may be explained as follows: the magnetic
orbital describing the unpaired electron on a copper(Il)
ion in square pyramid is of the dy,_,» type (the x and
y axes being defined by the short equatorial bonds).
These orbitals have thus no component along the api-
cal direction of the square planar copper(Il) ion. As the
magnetic interaction between two copper(Il) ions takes
place through this apical direction, the overlap between
the magnetic orbitals of two neighbouring copper(Il)
ions is thus very small. As a consequence, the isotropic
interaction parameter J, roughly proportional to the
square of the overlap between the magnetic orbitals, is
expected to be very small.

3.7 Powder XRD data

The experimental powder XRD pattern of the bulk
product of the complex is in good agreement with the
simulated XRD pattern obtained from single crystal
X-ray diffraction, confirming phase purity of the bulk
sample (figure S5 in SI). The simulated pattern was cal-
culated from the single crystal structural data (cif file)
using the CCDC Mercury software.

4. Conclusions

Herein we have reported the synthesis, spectral and
structural characterization of a new 1D copper(Il) coor-
dination polymer derived from a potentially tetradentate
Schiff base with a bridging carboxylate side arm. The
structural characterization reveals that the differences
in the distorted square pyramidal geometry of the two
independent copper(Il) ions within the asymmetric unit,
which are embedded with same donor sets, are negligible.
It also reveals that in the polymeric chain neighbouring
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copper(Il) ions are connected to each other via p, 3-car-
boxylato bridging in a syn-anti fashion. Electrochemical
studies in acetonitrile indicated only one irreversible
redox couple. EPR and low temperature magnetic sus-
ceptibility measurements reveal weak antiferromagne-
tic behaviour of the complex (J/ = —0.47 £0.01 cm™!).

Supplementary Information (SI)

All additional information pertaining to characteriza-
tion of the ligand and complex using IR spectra (figures
S1, S2), electronic spectra (figures S3, S4), and simu-
lated and experimental PXRD patterns of the complex
(figure S5) are given in the supporting information
available at www.ias.ac.in/chemsci.
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