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Abstract A chiral 2D coordination polymer, {[Cu2(tart)2(H2O)2]Æ4H2O}n 1, was synthesized by the

reaction of tartaric acid (tartH2), acridine (acr) andCu(NO3)2 and characterized by elemental analysis,

spectral (IR, UV–Vis), electrochemical and X-ray single crystal diffraction. The acridine has not been

incorporated in the crystal structure. Compound 1 has infinite two-dimensional network and such 2D

networks were linked by complicated O�HÆÆÆO hydrogen bonds to form 3D supramolecular network.

In this polymer the tartrate ligands chelate two Cu(II) atoms at opposite ends using one carboxylate

oxygen atom and one hydroxyl oxygen atom therefore each Cu(II) atom is chelated by two halves of

tartrate dianions. The Cu1 and Cu2 centers are coordinated by five oxygen atoms from two tartrate

ligands and one oxygen atom of water molecule therefore both Cu(II) centers adopt distorted octahe-

dral geometries. The protonation constants of tartaric acid (tart) and acridine (acr), in all of the prob-

ability protonated forms, the equilibrium constants for the tart–acr proton transfer system and the

stoichiometry and stability constant of the complexation of this system with Cu2+ ion in dioxane/

water (1:1 V/V) solvent were investigated by the potentiometric pH titration method. The stoichiom-

etries of the complex species in solution were compared with the corresponding crystalline complex.
ª 2013 King Saud University. Production and hosting by Elsevier B.V. All rights reserved.
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1. Introduction

The design of metal organic coordination polymers (MOCPs)

has attracted great interests not only for their potential appli-
cations in catalysis, storage, conduction, non-linear optics
(NLOs), luminescence, ferroelectricity and magnetism, but
ier B.V. All rights reserved.
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also for their captivating architectures and topologies
(Eddaoudi et al., 2001; Batten and Robson, 1998; Férey,
2008; Moulton and Zaworotko, 2001; Vittal, 2007; James,

2003; Zhang and Chen, 2008; Kitagawa et al., 2004; Zhang
et al., 2009). Construction of chiral coordination polymers
from organic molecules and metal ions have attracted consid-

erable attention due to their intriguing structures and potential
utility in asymmetric catalysis (Seo et al., 2000; Fujita et al.,
1994; Sawaki et al., 1998) chiral separation (Evans et al.,

2001; Kepert et al., 2000) and nonlinear optical materials
(Xiong et al., 2001; Holman et al., 2001; Wu et al., 2003).
For this intention choosing a good ligand is very important.
Tartaric acid (hereafter tartH2) is a colorless, diprotic organic

acid that occurs naturally in many plants, particularly grapes,
bananas, and tamarinds, and is one of the main acids found in
wine. It has many applications such as in making silver

mirrors, in the manufacture of soft drinks, to provide tartness
to foods, in tanning leather, and in making blueprints also
tartaric acid has optical activity (Synoradzki et al., 2008).

The tartH2 as carboxylate derivative has drawn extensive
attention in coordination chemistry (Al-Dajani et al., 2010;
Meng et al., 2008). This ligand has been used as building

blocks to construct 1D, 2D and 3D frameworks due to the
diversity of binding modes of the carboxyl group and hydroxyl
group in the tartaric acid (Meng et al., 2008; Du and Han,
2011; McCanq et al., 1997).

Herein, we described the synthesis, characterization,
spectroscopic, crystal structures, electrochemical behavior of a
chiral 2D metal–organic coordination polymer, {[Cu2(tart)2
(H2O)2]Æ4H2O}n 1. In addition the behavior of Cu2+ in the
presence of tartH2/acr 1:1 M mixtures in dioxin/water
(1:1 V/V) solution has also been investigated.

2. Experimental

2.1. General methods and materials

Allmaterialswerepurchased fromMerck.Solventsused through-

out the reactions were of high purity. IR spectroscopy was
performed applying on a Perkin-Elmer Spectrum RXI FT-IR
spectrophotometer in the 4000–400 cm–1 region usingKBr pellet.

Elemental analysis was performed with a Heraus CHN Pro

apparatus. The X-ray data was obtained with a Bruker
SMART 1000 CCD diffractometer. The UV–Vis spectrum of
the polymer was recorded on a JELWAY 6505 UV–Vis

spectrophotometer in the range of 200–900 nm at room
Scheme 1 Preparation r
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temperature. A Model 794 Metrohm Basic Titrino was
attached to an extension combined glass–calomel electrode
mounted in an air-protected, sealed, thermostated jacketed cell

maintained at 25.0 ± 0.1 �C by circulating water, from a
constant-temperature bath Fisherbrand model FBH604,
LAUDA, Germany, equipped with a stirrer and a 10.000-ml-

capacity Metrohm piston buret. The pH meter-electrode
system was calibrated to read �log [H+]. Electrochemical
experiments were performed using an Autolab modular elec-

trochemical system (Eco Chem., Utrecht, The Netherlands)
equipped with PSTA 20 model and driven by GPES software
(Eco Chem.). A conventional three-electrode cell was used
with a saturated Ag|AgCl as reference electrode, a Pt wire as

counter electrode and a modified carbon paste as working
electrode. All experiments were carried out at ambient
temperature of 20 ± 1 �C. A Metrohm pH-meter (model

691) was also applied for the pH measurements.

2.2. Synthesis of {[Cu2(tart)2(H2O)2]Æ4H2O}n(1)

An aqueous solution of Cu(NO3)2.3H2O (120 mg, 0.5 mmol)
in water (5 mL) was added to a solution of tartaric acid
(150 mg, 1 mmol) in water (20 mL) and acridine (358 mg,

2 mmol) in methanol (5 mL) under stirring in a 1:2:4 M ratio,
shown in Scheme 1. The solution was heated very slightly
(80 �C) for 1 h. After 2 weeks, prism blue crystals of the poly-
mer were obtained by slow evaporation of the solvent at room

temperature. Anal. Calc. for C8H20Cu2O18: C, 18.06; H, 3.76.
Found; C, 18.04; H, 3.78%. IR (KBr disk, v/cm�1): 3415 (s),
3357(s), 3103(b), 2976(s), 2786 (w), 2643(w), 2568(w), 1621(s,

sh), 1580(s), 1433(s), 1390(s), 1365 (s), 1327(s), 1301(m),
1274(s), 1220(s), 1101(w), 1074(s),1060(s), 1012(s), 943(w),
917(m), 888(m), 824(s), 795(m), 748(s), 688(m), 645(s), 539(s),

489(s), 428(s). UV–Vis (aqueous solution) (k, nm): 730.

2.3. Crystal structure determination and refinement

Unit cell determination and data collection of the polymer were
collected on a Bruker SMART 1000 CCD area detector system
(Bruker, 2007) using the Mo Ka radiation (k = 0.71073 Å). The
structure was solved and refined by full-matrix least-squares

techniques on F2 using SHELX-98 (SHELXL program pack-
age) (Sheldrick, 2008). The absorption correction type was mul-
ti-scan. The hydrogen atoms bonded to O atoms (further H(O))

were found in difference Fourier synthesis. The H(C) atom posi-
tions were calculated. The H(O) hydrogen atoms were refined in
oute of compound 1.
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Table 1 Crystallographic data for 1.

Compound 1

Empirical formula C8H20Cu2O18

Formula weight 531.32

Crystal system Monoclinic

Space group P21
a (Å) 8.3488(10)

b (Å) 8.7335(11)

c (Å) 12.0342(15)

a (�) 90

b (�) 104.104(2)

c (�) 90

Z 2

V (Å3) 851.01(18)

Dcalc (Mg m–3) 2.073

F(000) 540

Reflections 9877

Rint 0.0317

Theta range (�) 1.74–30.03

Goodness-of-fit on F2 1.003

Final R indices [I> 2r(I)] R1 = 0.0325, wR2 = 0.0758

R indices (all data) R1 = 0.0398, wR2 = 0.0801

Table 2 Selected bond lengths (Å) and angles (�) for 1.

Bond distances

Cu1–O7 1.921 (2) Cu2–O5 1.935 (2)

Cu1–O1 1.934 (2) Cu2–O11 1.937 (2)

Cu1–O1W 1.974 (2) Cu2–O12ii 1.972 (2)

Cu1–O3 2.007 (2) Cu2–O10 2.025 (2)

Cu1–O8i 2.317 (2) Cu2–O2W 2.356 (2)

Cu1–O9 2.425 (2) Cu2–O4 2.409 (2)

Bond angles

O7–Cu1–O1 173.13 (9) O5–Cu2–O11 172.94 (9)

O7–Cu1–O1W 95.07 (10) O5–Cu2–O12ii 99.62 (9)

O1–Cu1–O1W 89.73 (9) O11–Cu2–O12ii 86.91 (9)

O7–Cu1–O3 92.24 (9) O5–Cu2–O10 92.27 (8)

O1–Cu1–O3 82.55 (9) O11–Cu2–O10 81.03 (9)

O1W–Cu1–O3 170.96 (9) O12ii–Cu2–O10 167.45 (9)

O7–Cu1–O8i 94.65 (8) O5–Cu2–O2W 88.42 (9)

O1–Cu1–O8i 90.08 (9) O12ii–Cu2–O2W 85.95 (8)

O1W–Cu1–O8i 91.97 (9) O10–Cu2–O2W 98.44 (9)

O3–Cu1–O8i 92.74 (8) O5–Cu2–O4 76.97 (8)

O7–Cu1–O9 75.82 (8) O11–Cu2–O4 99.81 (8)

O1–Cu1–O9 99.16 (8) O12ii–Cu2–O4 96.23 (8)

O1W–Cu1–O9 91.85 (9) O10–Cu2–O4 82.50 (8)

O3–Cu1–O9 84.78 (8) O2W–Cu2–O4 165.39 (8)

O8i–Cu1–O9 170.01 (8)

Symmetry codes: (i) �x, y+ 1/2, �z; (ii) �x+ 1, y + 1/2, �z+ 1.
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isotropic approximation with O�H distances restrained to
0.85 Å, the H(C) atoms were refined in the riding model. The
isotropic thermal parameters of hydrogen atoms were set to

1.2 Ueq(A), where U(A) is the equivalent thermal parameters
of the atom to which corresponding H atom is bonded.

2.4. Potentiometric measurements

The jacketed cell containing test solution was equipped with a
magnetic stirrer and a tightly fitting cap, through which the elec-

trode system and 10-ml capacity Metrohm piston buret were in-
serted and sealed with clamps and O-rings. The atmospheric
CO2 was excluded from the titration cell with a purging steam

of purified nitrogen gas. The concentration of tart and acr was
set at 3.33 · 10�3 M, for the potentiometric pH titrations of tart,
acr and tart–acr in the absence andpresence of 1.67 · 10�3 Mme-
tal ion. A standard carbonate-free NaOH solution (0.0968 M)

was used in all titrations. The ionic strength was adjusted to
0.1 MwithNaClO4. Before an experimental point (pH)wasmea-
sured, sufficient time was undergone for the establishment of the

equilibrium. Protonation constants of ligands and stability con-
stants of proton transfer system and their metal complexes were
evaluated using the BEST program described by Martell and

Motekaitis (1992). The value of autoprotolysis constant for diox-
ane/water (1:1 V/V) solvent (Ks = [H+][OH�]) was calculated
according to the literature (Martell and Motekaitis, 1992).

3. Results and discussion

3.1. The spectroscopic studies

The IR spectrum of compound 1 shows an intense band at
3415 cm�1 attributed to the hydroxyl groups of tartrate

ligands, which are involved both in the intra and intermolecu-
lar hydrogen bonds. The spectrum exhibits also the bands at
3357, 3103, and 2976 cm�1 indicating several hydrogen bond-

ing interactions between water molecules and carboxyl groups
in 1. The IR spectrum of the polymer exhibits no absorption
near 1700 cm�1, confirming the complete deprotonation of

the carboxyl groups. The carboxylic groups exhibit strong
bands in the region 1621–1580 cm�1. The bands in 1621 and
1390 cm�1 correspond to the asymmetric and symmetric
stretching of carboxyl groups, respectively. The value of

D[vas � vs] is 231 cm�1, comparatively larger than 200 cm�1,
indicating the monochelation of the carboxylic group to the
metal ion (Shi et al., 2006). The bands at 489 and 428 cm�1

are attributed to the Cu–O vibrations.

3.2. Description of the crystal structure

The crystal structure of the title compound was previously re-
ported by other authors (Jian et al., 2005) but here we provided
some details of solid state packing. The single crystal X-ray

diffraction analysis shows that 1 crystallized in the monoclinic
space group P21 with a chiral 2D network. The crystallo-
graphic data, bond lengths and angles and selected intermolec-
ular hydrogen bond parameters are listed in Tables 1–3,

respectively. The molecular structure with atom numbering
of 1 is presented in Fig. 1. As shown in Fig. 1 each tartrate che-
lates two Cu(II) atoms at opposite ends using one carboxylate

oxygen atom and one hydroxyl oxygen atom. Therefore each
Please cite this article in press as: Rashidipour, M. et al., A 2D metal-organ
characterization, spectroscopic, crystal structure, solution studies and ele
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Cu(II) atom is chelated by two halves of tartrate dianions.

One of the tartrate ligands bridges two Cu(II) atoms and an-
other one bridges four Cu(II) atoms to each other, forming
2D coordination polymer (Fig. 2). In 1, the asymmetric unit

contains two crystallographically independent Cu(II) centers.
The Cu1 and Cu2 centers are coordinated by five oxygen
atoms from two tartrate ligands and one oxygen atom of water

molecule, (O1, O3, O7, O8A, O9 and O1W for Cu1 and O4,
O5, O10, O11, O12A and O2W for Cu2 atom). Both Cu(II)
centers adopt distorted octahedral geometries. Each Cu(II)
atom in the dinuclear motif is coordinated in the axial posi-
ic coordination polymer of Cu(II) based on tartrate ligands; synthesis,
ctrochemical behavior. Arabian Journal of Chemistry (2014), http://

http://dx.doi.org/10.1016/j.arabjc.2013.12.010
http://dx.doi.org/10.1016/j.arabjc.2013.12.010


Table 3 The hydrogen bond geometry of 1.

D–H� � �A D–H H� � �A D� � �A D–H� � �A
O1W–H1WBÆÆÆO4Wi 0.844 (10) 1.859 (12) 2.693 (3) 169 (4)

O1W–H1WAÆÆÆO2ii 0.838 (10) 1.957 (18) 2.754 (3) 159 (4)

O2W–H2WAÆÆÆO6W 0.847 (10) 2.486 (17) 3.289 (4) 159 (3)

O2W–H2WBÆÆÆO6iii 0.856 (10) 1.866 (16) 2.694 (3) 162 (4)

O3–H3OÆÆÆO4Wiv 0.847 (10) 1.856 (14) 2.680 (3) 164 (3)

O3W–H3WBÆÆÆO4v 0.845 (10) 1.863 (11) 2.705 (3) 174 (4)

O3W–H3WAÆÆÆO2W 0.842 (10) 1.982 (17) 2.790 (4) 161 (4)

O4–H4OÆÆÆO9 0.837 (10) 2.02 (2) 2.738 (3) 144 (3)

O4–H4OÆÆÆO3 0.837 (10) 2.16 (3) 2.704 (3) 123 (3)

O4–H4OÆÆÆO10 0.837 (10) 2.52 (3) 2.938 (3) 112 (3)

O4W–H4WBÆÆÆO3W 0.850 (10) 1.904 (11) 2.754 (3) 178 (4)

O4W–H4WAÆÆÆO2vi 0.850 (10) 2.046 (15) 2.866 (3) 162 (3)

O5W–H5WBÆÆÆO5 0.850 (10) 1.936 (17) 2.746 (3) 159 (4)

O5W–H5WBÆÆÆO6 0.850 (10) 2.52 (3) 3.178 (3) 135 (3)

O5W–H5WAÆÆÆO3Wvii 0.846 (10) 1.904 (16) 2.722 (3) 163 (4)

O6W–H6WAÆÆÆO1viii 0.844 (10) 1.965 (14) 2.795 (3) 168 (4)

O6W–H6WBÆÆÆO5W 0.850 (10) 1.915 (16) 2.735 (4) 162 (4)

O9–H9OÆÆÆO6Wv 0.847 (10) 1.808 (11) 2.654 (3) 175 (4)

O10–H10OÆÆÆO5Wiii 0.857 (10) 1.702 (11) 2.558 (3) 175 (4)

Symmetry codes: (i) x, y, z � 1; (ii) �x+ 1, y � 1/2, �z; (iii) �x, y � 1/2, �z + 1; (iv) �x, y+ 1/2, �z + 1; (v) �x + 1, y � 1/2, �z+ 1; (vi) x,

y � 1, z+ 1; (vii) x, y+ 1, z; (viii) x, y, z + 1.

Figure 1 View of repeating unit in the coordination polymer, 1.
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tions by O1, O7 and O5, O11, for Cu1 and Cu2, respectively,

while the equatorial positions are taken by O3, O8A, O9, O1W
for Cu1 and O4, O10, O12A, O2W for Cu2 atoms. The axial
Cu–O distances are shorter than the equatorial Cu–O distances

(Table 2). The Cu1–O1W bond distance [1.974(2) Å] is signif-
icantly shorter than the Cu2–O2W bond distance, [2.356(2) Å].
The bond angle around Cu(II) atoms involving trans pairs of

donor atoms is in the range of 170.01(8)�173.13(9)� for Cu1
and 165.39(8)�172.94(9)� for Cu2, and in the range of
75.82(8)–99.16(8) for Cu1 and 76.98(8)–99.81(8)� for Cu2 for

the cis pairs of donor atoms. The two Cu(II) atoms in 1 are
alienated by a distance of 5.276 Å, representing no interaction
between them and this distance. Water clusters (H2O)n are
studied to understand the anomalous behavior of bulk water
Please cite this article in press as: Rashidipour, M. et al., A 2D metal-organ
characterization, spectroscopic, crystal structure, solution studies and ele
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for probing its possible roles in the stabilization and function

of biomolecules and designing new material (Joannopoulous,
2001; Atwood et al., 2001). As shown in Fig. 3 there are four
uncoordinated and two coordinated water molecules in the

asymmetric unit which connected via O�HÆÆÆO hydrogen bond
to each other and form six-membered chain water clusters. The
OÆÆÆO distances are in the range of 2.693(3)–3.289(4) Å, also in

the structure of 1 the complicated network of strong O�HÆÆÆO
hydrogen bonds of crystal water molecules and polymeric
complexes results in an interesting 2D sheet of structure as

shown in Fig. 3. Hydrogen bonding between the water mole-
cules [O1W, O2W, O3W, O4W, O5W and O6W] and oxygen
atoms [O1, O2 and O5] of carboxylate groups of polymeric
complex form two alternately annular R4

5 (12) I and R5
7 (17)
ic coordination polymer of Cu(II) based on tartrate ligands; synthesis,
ctrochemical behavior. Arabian Journal of Chemistry (2014), http://
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Figure 2 2D coordination network of 1 built up of tartrate and copper (II) ions.

Figure 3 (a) A view of 2D sheets formed by O�HÆÆÆO hydrogen bonds between polymeric complexes and crystal water molecules. Two

fused R4
5 (12) I and R5

7 (17) II hydrogen-bonding motifs can be envisaged in the hydrogen-bonding pattern. (b) (H2O)6 water clusters

formed by the lattice water molecules.
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Figure 4 Packing diagram of 1, showing the intermolecular hydrogen bonds in the 3D network.

6 M. Rashidipour et al.
II patterns. The hydrogen bond parameters are shown in Ta-
ble 3. These hydrogen bond interactions extend the 2D chain
structure of 1 to a 3D supramolecular network (Fig. 4).

3.3. Solution studies

It was discovered that acridine and some of its derivatives are

slightly soluble in acidic and insoluble in neutral or alkaline aque-
ous solutions. These compounds are soluble in some organic sol-
vents. Therefore, the solution study was achieved in dioxane/
water (1:1 V/V) solvents as that has been reported in our previous

works (Attar Gharamaleki et al., 2011; Mirzaei et al., 2011a,b).
The completely protonated forms of tart and acr as the build-

ing blocks of the proton transfer system, were titrated with a

standard NaOH in a dioxane/water (1:1 V/V) solvent to obtain
some information about their protonation constants preliminary.
The result for tart is shown in Fig. 5a. The protonation constants

of tart and acr in dioxane/water (1:1 V/V) solvent were calculated
by fitting the potentiometric pH data to the BEST program. The
1

3

5

7

9

11

13

0 1 2 3 4 5

pH

VNaOH(ml)

a

tart

Cu2+

Figure 5 Potentiometric titration curves of tart (a) in the absence a

(1:1 V/V) solution at 25 ± 0.1 �C and l = 0.1 M NaClO4 and distrib
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results are summarized in Table 4. The protonation constant of
acr was reported in our previous paper (Mirzaei et al., 2011b).
The observed difference between these results and those reported

in aqueous solution for tart (Sajadi, 2010; Piispanen andLajunen,
1995) andacr (Brown, 1955) is due to the conditionof the solution
and specially effect of solvent on the stability constants. Distribu-
tion diagram for tart is shown in Fig. 5b.

The determination of equilibrium constants for interactions
between tart and acr in this medium was accomplished
through the comparison of calculated and experimental pH

profiles obtained with both tart and acr present in a 1:1 ratio,
respectively, as described before (Sharif et al., 2006; Moghimi
et al., 2005; English et al., 1997). The results are shown in

Table 1. The corresponding species distribution diagram for
tart–acr is shown in Fig. 6.

It is obvious that, the most abundant proton-transfer species

present at pH > 6.9 (38.94%), 4.8 (25.94%), 4.2 (8.13%) and
<2.5 (23.42%) are: [tart] [acr] (logK= 2.5), {[tartH] [acr]
(logK = 2.83), [tart] [acrH] (logK= 3.23)}, {[tartH] [acrH]
0

20

40

60

80

100

2 4 6 8 10 12
-Log [H+]

%

b
L

LH

LH2

nd presence of Cu2+ ion with NaOH 0.0968 M in dioxane/water

ution diagram of tart (L) (b).
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Figure 6 Distribution diagram of proton transfer interactions

between tart (L) and acr (Q) in several protonated forms.

Table 5 Overall stability constants of tart/acr/Cu2+(q/l/m)

binary and ternary systems in a dioxane/water (1:1 V/V)

solvent at 25 ± 0.1 �C and l = 0.1 M NaClO4.

System m l q h logb Max% At pH

Cu2+–tart 1 1 0 0 5.10 29.42 4.0

1 1 0 �1 0.34 68.02 5.8

1 1 0 �2 �5.93 100 >8.1

1 2 0 0 7.33 Negligible –

1 2 0 1 8.50 Negligible –

2 2 0 0 13.52 61.1 4.0

Cu2+–tart–acr 1 1 1 1 12.55 39.65 3.7

Figure 7 Distribution diagrams of tart(L)/M binary system.

M = Cu2+.

Table 4 Overall stability and stepwise protonation constants of tart, acr and recognition constants of tart with acr in several

protonated forms in dioxane/water (1:1 V/V) solvent at 25 ± 0.1 �C and l = 0.1 M NaClO4.

Stoichiometry logb Equilibrium quotient K logK Max% At pH

tart acr H

1 0 1 4.94 – 4.94 50.39 4.6

1 0 2 9.26 – 4.32 99.52 <2.4

0 1 1 4.54 – 4.56 99.7 <2.5

1 1 0 2.5 – 2.5 38.94 >6.9

[tartacrH]/[tartH] [acr] 2.83

1 1 1 7.77 25.94 4.8

[tartacrH]/[tart] [acrH] 3.23

1 1 2 11.74 [tartacrH2]/[tartH] [acrH] 2.26 8.13 4.2

[tartacrH2]/[tartH2] [acr] 2.48

1 1 3 15.89 [tartacrH3]/[tartH2] [acrH] 2.09 23.42 <2.5
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(logK= 2.26), [tartH2] [acr] (logK= 2.48)} and [tartH2] [acrH]
(logK= 2.09).

In order to evaluate the stoichiometry and stability con-
stant of Cu2+ complexes with the tart–acr association in a
dioxane/water (1:1 V/V) solvent, the equilibrium potentiomet-
ric pH titration profiles of tart, acr and their 1:1 mixture were

obtained in the absence and presence of the Cu2+ ion. The
resulting pH profiles are shown in Figs. 5a and 8a. It is seen
from Figs. 5a and 8a that the titration of tart, acr and tart–

acr in the presence of metal ions was stopped when the precip-
itate was observed.

The potentiometric titration curve of tart was depressed

considerably in the presence of Cu2+ ion and the similar curve
obtained from tart–acr–Cu2+ system, reveals that acr (Q) does
not play an important role in the mix system. The extent of
depression obviously depends on both the stoichiometries of

resulting complexes and the ability of the metal ion to bind
the binding sites of ligand. These results revealed that, Cu2+

ion has a weak interaction with acr, while forms much more

stable complexes with tart and tart–acr systems.
The cumulative stability constants of MmLlQqHh, bmlqh, are

defined in our previous publications (Sharif et al., 2006; Mogh-

imi et al., 2005). There are M, L, Q and H as metal ion, tart,
acr and proton, respectively and m, l, q, and h are the respec-
tive stoichiometric coefficients. The potentiometric pH titra-

tion curves of tart, acr (Mirzaei et al., 2011b) and their
corresponding 1:1 mixture in the presence of Cu2+ ion were
fitted to the BEST program in order to evaluate cumulative
stability constants of the likely complex species in the solution.
Please cite this article in press as: Rashidipour, M. et al., A 2D metal-organ
characterization, spectroscopic, crystal structure, solution studies and ele
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The results are summarized in Table 5 and the corresponding
distribution diagrams are shown in Figs. 7 and 8.

As it is obvious from Fig. 7 and Table 5 in the case of tart
(L), as ligand, the most likely binary species for Cu2+ is: CuL,
Cu2L2, CuLH�1 and CuLH�2. The species of Cu–acr was

reported in the previous paper (Mirzaei et al., 2011a).
Fig. 8b and Table 5, revealed the formation of a variety of

ternary complexes between the Cu2+ ion and the proton trans-

fer system at different ranges of pH. The predominant species
are MLQH (at pH 3.7) ternary species in the presence of M2L2

(at pH 4.5), ML (at pH 4.0–4.7), MLH�2 (at pH > 8.1) and
MLH�1 (at pH 5.7) binary species. It is interesting to note that

the isolated complex in the solid state is a binary complex
(Cu2L2) which is observed in the solution with high
abundance.
ic coordination polymer of Cu(II) based on tartrate ligands; synthesis,
ctrochemical behavior. Arabian Journal of Chemistry (2014), http://
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Figure 8 Potentiometric titration curves of tart+acr in the absence and presence of Mn+ ion with NaOH 0.0968 M in dioxane/water

(1:1 V/V) solution at 25 ± 0.1 �C and l = 0.1 M NaClO4, M= Cu2+ (a) and distribution diagrams of tart(L)/acr(Q)/M ternary systems

M = Cu2+(b).
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Figure 9 Cyclic voltammetric responses of unmodified carbon

paste electrode (a) and 1–CPE (b) at scan rate 50 mV s�1.
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3.4. UV–Vis spectra

Electronic spectra of the compound 1 were recorded in an
aqueous solution from 200 to 900 nm. In the spectrum of 1,
a broad bond was observed at 730 nm which can be assigned

to spin allowed d–d transition bonds (2Eg fi 2T2g) of copper
(II) complex.

3.5. Electrochemical behaviors

Cyclic voltammograms of the Cu(II) polymer carbon paste
electrode (1�CPE) were carried out at room temperature.

The modified 1�CPE was fabricated as follows: 10 mg of 1,
50 mg graphite powder and proper amount of anhydrous eth-
anol were mixed to form a uniform mixture, which was left to

evaporate the solvent at room temperature in the air. Then
20 ml paraffin oil was added to the graphite-1 mixtures. The
1�CPE was packed into a piston glass tube electrode (3 mm
in diameter). Prior to the measurements the 1�CPE was

smoothed out on a piece of transparent paper to get a fresh
surface. All the potentials reported in this work were versus
Ag|AgCl electrode. Unmodified carbon paste electrode was

prepared by adding 20 ml paraffin oil to 50 mg graphite
powder. A cyclic voltammograms of modified 1�CPE and
unmodified carbon paste electrodes at scan rate of 50 mV s�1

are shown in Fig. 9. There is no redox peak at the surface of
bare CPE in the potential range of �0.1 to 0.5 V. However,
a reversible redox peak with formal potentials 0.26 V versus

Ag|AgCl electrode is observed at 1�CPE, which attributed
to CuII/CuI.
Please cite this article in press as: Rashidipour, M. et al., A 2D metal-organ
characterization, spectroscopic, crystal structure, solution studies and ele
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4. Conclusion

We have synthesized and characterized a chiral 2D

coordination polymer of CuII atom with tartrate ligands.
The 2D networks are extended into 3D supramolecular
structure via hydrogen bonding between water molecules and

the carbonyl oxygen of tartrate anions. The coordinated and
uncoordinated water molecules are connected via O�HÆÆÆO
hydrogen bond to each other and form six-membered chain
water clusters. Moreover, the electrochemical behaviors

demonstrate the potential applications in the electrochemical
field. Also potentiometric studies confirmed the formation of
2:2 (tart/Cu2+) binary species in the presence of some ternary

species in the solution.
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