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A series of new complexes of copper(II): [Cu(CH2¼C(Me)CO2)2(dpa)] �H2O (1),
[Cu(CH2¼CHCO2)2(dpa)] �H2O (2), Cu(CH3CH¼CHCO2)2(dpa)(H2O) (3) (dpa¼ 2,20-dipyri-
dylamine) have been prepared and characterized by elemental analysis, IR spectra, thermal
analysis, density functional theory (DFT) calculations and X-ray structure analysis. The crystal
structures of 1 and 2 consist of neutral [Cu(L)2(dpa)] (L¼CH2¼C(Me)CO�

2 and CH2¼CHCO�
2 )

units and one lattice water molecule in the unit cell, while in 3 the water molecule is found
to coordinate to copper(II). The mononuclear units of 1 and 2 are linked via a similar triple-
hydrogen-bonding uncoordinated water molecule into different supramolecular structures,
1D double chains for 1 and a 2D supramolecular network for 2. A detailed crystal structure
analysis of 2 revealed that the presence of the C–H� � �O and C–H� � �C hydrogen bonds
appear to be responsible for the difference in supramolecular structures differences between
1 and 2. In 3, 1D double chains are formed through hydrogen bonds and weak �–� stacking
along the a-axis. In this context, we addressed the questions concerning the molecular energies,
stabilities and atomic charges. The DFT calculation results proved that the water molecules
coordinate to copper(II) atoms in complex 3, while the water molecules in complexes 1 and 2

are free.

Keywords: Copper(II) complexes; DFT calculations; 2,20-Dipyridylamine; Hydrogen bond;
Crystal structure

1. Introduction

The development of supramolecular architectures of inorganic, organic hybrid
molecules with various shapes and sizes formed through control and manipulation of
weak interaction via non-covalent forces is an exciting area of research that has impli-
cations for the rational design of functional materials [1–4]. Self-assembly of suitable
molecular components is an efficient way for facile tuning of structural and electronic
functions in materials research and in the interpretation of electron/energy transport
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in bioactive molecules [4, 5]. 2,20-Dipyridylamine (dpa) is important in this regard
because of its ability to form hydrogen bonded networks through active amine
(–NH–) hydrogen [6–9] and to coordinate to metal atoms in a variety of ways [6–13],
for example as bidentate ligand through its two pyridyl nitrogen atoms and as a
bridging ligand after removal of the amine hydrogen. Additionally, considering the
special bioactive and biocatalytic functions of copper(II) carboxylate complexes
along with their interesting supramolecular structures, we focused our work on the
�,�-unsaturated carboxylate copper(II) and dpa system. We reported 1D chain supra-
molecular complexes of copper(II) �,�-unsaturated carboxylate Cu2(CH2¼CHCO2)4
(H2O)2 in 1999 [14], then in 2000 synthesized 2D network supramolecular complexes
of �,�-unsaturated carboxylate with trimethyl phosphate – a copper protein model
containing lecithin [15]. In this article, as part of our current research, we have
synthesized and characterized three mononuclear [Cu(CH2¼C(Me)CO2)2(dpa)] �H2O
(1), [Cu(CH2¼CHCO2)2(dpa)] �H2O (2) and Cu(CH3CH¼CHCO2)2(dpa)(H2O) (3)
(dpa¼ 2,20-dipyridylamine) complexes, which show self-assembled superstructures via
noncovalent interactions in the solid state. The individual units in 1 and 2 have a similar
triple-hydrogen-bonding water molecule leading to different supramolecular structures,
1D double chains for 1 and a 2D supramolecular network for 2. The presence of the
C–H� � �O and C–H� � �C hydrogen bonds appear to be responsible for the supra-
molecular structures differences between 1 and 2. In 3, the 1D double chains are
formed through N–H� � �O and O–H� � �O hydrogen bonds and weak �–� stacking
along the a-axis. Interestingly, though the three �,�-unsaturated carboxylate complexes
are similar, the structures of these complexes are different in whether water coordinates
to copper. Therefore, DFT calculations were carried out on these three complexes,
and the results of theoretical calculations proved the water molecules coordinate to
copper(II) atoms in complex 3, while the water in complexes 1 and 2 are free.

2. Experimental

2.1. Preparation

All chemicals were purchased commercially and were used as received. Cu2[CH2¼

C(Me)CO2]4(H2O)2, Cu2(CH2¼CHCO2)4(H2O)2 and Cu2(CH3CH¼CHCO2)4(H2O)2
were prepared according to the literature method [14].

2.1.1. [Cu(CH2=C(Me)CO2)2(dpa)] EH2O (1). A methanol solution (10mL) of dpa
(0.38 g, 2mmol) was added to a solution of Cu2[CH2¼C(Me)CO2]4(H2O)2 (0.50 g,
1mmol) in the same solvent (10mL). The mixture was filtered and the green resultant
solution was kept in air for slow evaporation. After a few days, blue crystals of 1 were
obtained, washed with toluene and dried in vacuo over silica gel indicator. The single
crystal of 1 suitable for X-ray crystallography is recrystallized from methanol and
acetone (1 : 5 v/v). Anal. Calcd for C18H21CuN3O5(%): C, 51.07; H, 4.97; N, 9.93.
Found: C, 51.11; H, 5.00; N, 9.90.

2.1.2. [Cu(CH2=CHCO2)2(dpa)] EH2O (2) and Cu(CH3CH=CHCO2)2(dpa)

(H2O) (3). The two complexes were prepared according to the above procedure,
using Cu2(CH2¼CHCO2)4(H2O)2 and Cu2(CH3CH¼CHCO2)4(H2O)2 instead of
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Cu2[CH2¼C(Me)CO2]4(H2O)2. For 2, Anal. Calcd for C16H17CuN3O5(%): C, 48.62;
H, 4.31; N, 10.64. Found: C, 48.78; H, 4.25; N, 10.60. For 3, Anal. Calcd for
C18H21CuN3O5(%): C, 51.07; H, 4.97; N, 9.93. Found: C, 51.01; H, 5.10; N, 10.02.

2.2. X-ray crystal structure determination

Data collection for 1 and 3 were performed at 293(2)K on a Bruker SMART APEX
CCD-based diffractometer equipped with graphite monochromated Mo-K� radiation
(�¼ 0.071073 nm). Diffraction data for 2 were obtained on a Rigaku AFC7R diffract-
ometer, employing graphite monochromated Mo-K� radiation (�¼ 0.071073 nm).
The structures were solved by direct methods and refined by full-matrix least-squares
on F 2 with the SHELXTL program. The non-hydrogen atoms were located with
difference Fourier synthesis, and the hydrogen atoms were generated geometrically.
Crystallographic data are summarized in table 1, and selected bond distances and
bond angles are given in table 2 for 1–3. Hydrogen bonds are displayed in table 3
for 1–3.

2.3. Physical measurements

C, H and N elemental analyses were performed on a PE 2400 Elemental analyzer.
IR spectra were recorded using KBr pellets with a Bruker EQUINOX 55 spectrometer.
UV-Visible spectra were recorded on a PE – Lambda 40 P spectrophotometer.

Table 1. Summary of the crystallographic data for 1–3.

1 2 3

Empirical formula C18H21CuN3O5 C16H17CuN3O5 C18H21CuN3O5

Formula weight 422.92 394.87 422.92
Temperature (T ) 293(2) 293(2) 293(2)
Radiation (Å) Mo-K�, 0.71073 Mo-K�, 0.71073 Mo-K�, 0.71073
Crystal system Monoclinic Monoclinic Monoclinic
Space group P21/n P21/n P21/n
a (Å) 8.3715(9) 14.349(3) 7.1113(7)
b (Å) 15.723(2) 14.486(2) 16.8303(15)
c (Å) 15.541(2) 8.402(2) 15.9850(14)
� (�) 101.478(2) 97.21(2) 91.291(2)
DCalcd (Mgm�3) 1.401 1.514 1.469
Crystal size (mm3) 0.531� 0.314� 0.226 0.30� 0.25� 0.21 0.38� 0.26� 0.19
Crystal colour Blue Blue Blue
Z 4 4 4
V (Å3) 2004.7 1732.6 1912.7
� (mm�1) 1.122 1.292 1.176
Index ranges �11� h� 10; �20� k� 19;

�15� l� 20
0�h� 18; �18� k� 0;

�10� l� 10
�8� h� 9; �22� k� 21;

�19� l� 21
Reflections collected 11652 3932 11098
Independent reflections 4348 [R(int)¼ 0.0780] 3786 [R(int)¼ 0.0308] 4164 [R(int)¼ 0.0645]
Refinement method Full-matrix

least-squares on F 2
Full-matrix

least-squares on F 2
Full-matrix

least-squares on F 2

Absorption correction Empirical Psi-scans Empirical
Final R indices

[I>2�(I )]
R1¼ 0.0478,

wR2¼ 0.1285
R1¼ 0.0374,

wR2¼ 0.0941
R1¼ 0.0398,

wR2¼ 0.0924
R indices (all data) R1¼ 0.0634,

wR2¼ 0.1348
R1¼ 0.0959,

wR2¼ 0.1230
R1¼ 0.0556,

wR2¼ 0.0977
Residual extreme (e Å�3) �0.252, 0.570 �0.462, 0.349 �0.357, 0.327
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Differential thermogravimetric analyses (TGA) and differential scanning calorimetry

(DSC) were performed on a Netzsch STA 449C microanalyzer under flowing air

with a heating rate of 10�Cmin�1.

2.4. Computational details

The quantum chemical calculations have been performed with Density Functional
Theory (DFT) at the B3LYP level using Gaussian 03 program suite. We employed

Table 2. Selected bond distances (Å) and angles (�) for 1, 2 and 3.

Complex 1

Cu–O3 1.966(2) Cu–N1 1.973(2)
Cu–O1 1.978(2) Cu–N2 1.978(2)

O3–Cu–N1 153.97(10) O3–Cu–N2 93.13(10)
O3–Cu–O1 92.13(9) N1–Cu–N2 92.68(9)
N1–Cu–O1 93.76(9) O1–Cu–N2 153.79(9)

Complex 2

Cu–O2 1.987(3) Cu–N1 1.972(3)
Cu–O4 1.978(2) Cu–N3 1.977(3)

O2–Cu–O4 92.9(1) O4–Cu–N1 151.4(1)
O2–Cu–N1 92.8(1) O4–Cu–N3 95.3(1)
O2–Cu–N3 152.6(1) N1–Cu–N3 92.3(1)

Complex 3

Cu–O3 1.9436(2) Cu–N1 1.9956(2)
Cu–O1 1.9948(2) Cu–N3 2.022(2)
Cu–O5 2.211(3)

O3–Cu–N1 175.66(8) O3–Cu–O1 86.98(8)
N1–Cu–O1 89.20(7) O3–Cu–N3 92.38(8)
N1–Cu–N3 90.31(7) O1–Cu–N3 156.82(8)
O5–Cu–O3 93.13(9) O5–Cu–O1 96.85(12)
O5–Cu–N1 89.39(9) O5–Cu–N3 106.32(11)

Table 3. Hydrogen bonds for 1–3.

D–H� � �A d(D–H) d(H� � �A) d(D� � �A) ff(DHA)

Complex 1

O5–H21� � �O4A 0.890(18) 1.94(2) 2.787(3) 158(3)
O5–H20� � �O2 0.914(19) 1.81(2) 2.701(4) 166(4)
N3–H19� � �O5B 0.86 1.99 2.837(3) 169.8
A: x� 1, y, z; B: �xþ 1, �y, �zþ 1

Complex 2

O5–H16� � �O1 0.921(19) 1.88(3) 2.758(5) 160(5)
N2–H11� � �O5A 0.80(4) 2.00(4) 2.795(5) 170(4)
O5–H17� � �O3B 0.91(2) 1.92(3) 2.779(5) 159(6)
C2B–H1B� � �C11 0.965(1) 2.841(3) 3.368(4) 115.45
C3B–H3B� � �O3 0.991(1) 0.2722(3) 3.488(4) 134.41
C2B–H1B� � �O3 0.965(1) 3.0604(4) 3.556(4) 113.71
A: �xþ 3/2, yþ 1/2, �zþ 1/2; B: x, y, z� 1

Complex 3

O5–H21� � �O2A 0.833(18) 1.908(19) 2.732(3) 170(3)
N2–H9� � �O2B 0.806(15) 2.002(16) 2.805(3) 175(2)
O5–H20� � �O4 0.868(19) 1.78(3) 2.584(3) 153(4)
A: xþ 1, y, z; B: �x, �yþ 1, �zþ 1
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the 6-31G(d) basis set for H, C, N and O, and the LANL2DZ effective core potential
(ECP) set of Hay and Wadt for Cu [16]. Geometry optimization was performed for
each complex, and the attainment of energy minimum was verified by calculating
the vibrational frequencies that result in absence of imaginary eigenvalues. After
calculations, relative energies of the three complexes given include zero-point
corrections (ZEP), Ecomplex 1¼�1434.22 (Hartree), Ecomplex 2¼�1279.50 (Hartree),
Ecomplex 3¼�1434.46 (Hartree).

3. Results and discussion

3.1. Crystal structure

The ORTEP diagrams of complexes 1–3 are shown in figures 1–3, respectively. In the
crystal structure of 1, there is one copper(II) atom, two carboxylate ligands, one dpa
and one lattice water. Each copper(II) atom in 1 is coordinated by two oxygen atoms
from two monodentate �-methacrylate ligands (Cu1–O1 1.978(2) and Cu1–O3
1.966(2) Å) and two nitrogen atoms from a chelating dpa ligand (Cu1–N1 1.973(2)
and Cu1–N3 1.978(2) Å) to furnish a distorted square-planar geometry (figure 1).
The pendant carboxy oxygen atoms have weak bonding interactions with the
copper(II) atom at axial sites (Cu1–O2 2.467(2), Cu1–O4 2.589(2) Å) due to the
Jahn–Teller effect. The dpa ligand is slightly folded, as the value of the dihedral angle
between the planar pyridine rings is 7.190(2)�, smaller than that of free dpa (23�). The
Cu1–O(water) bond length is 3.955(3) Å, which is great longer than that of

Figure 1. The molecular structure of 1. The thermal ellipsoids are drawn at the 30% probability level.
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Cu1–O(carboxyl), indicating water is free in the crystal lattice. However, from our
previous investigations, the water of Cu(CH2¼C(Me)CO2)2(bipy)(H2O) (bipy¼ 2,20-
bipyridine) coordinates to copper(II) (the Cu1–O(water) is 2.301(2) Å), and the
copper(II) atoms are square-pyramidal [17]. Recently, complex [Cu(ndc)(dpa)] �H2O
(ndc¼ 1,4-naphthalenedicarboxylate) was reported to be composed of a copper
centered dimer where the copper(II) atoms are square-pyramidal [11].

Figure 2. The molecular structure of 2. The thermal ellipsoids are drawn at the 30% probability level.

Figure 3. The molecular structure of 3. The thermal ellipsoids are drawn at the 30% probability level.
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When acrylate, a �,�-unsaturated carboxylate ligand of smaller size, was used instead
of �-methacrylate, analogous neutral molecules are formed (2, figure 2). Similar to 1,
the copper(II) atom in 2 is also primarily coordinated by two oxygen atoms
from two monodentate acrylate ligands (Cu1–O1 1.978(2) and Cu1–O3 1.966(2) Å)
and two nitrogen atoms from a chelating dpa ligand (Cu1–N1 1.973(2) and Cu1–N3
1.978(2) Å) to furnish a distorted square-planar coordination, the Cu1–O1
(2.505(3) Å) and Cu1–O3 (2.566(3) Å) distances show some weak interactions between
the copper center and the carboxy oxygen atoms at axial sites. Like 1, the water
molecular is free in the crystal lattice with the distance of Cu–O(water) 4.399(7) Å.
The dihedral angle between the planar pyridine rings of dpa is 4.426(5)�, which is
smaller than that of 1.

For complex 3, the copper(II) atom is primarily ligated by two oxygen atoms from
two monodentate crotonate ligands (Cu1–O1 1.995(2) and Cu1–O3 1.944(2) Å) and
two nitrogen atoms from a chelating dpa ligand (Cu1–N1 1.996(2) and Cu1–N3
2.022(2) Å) to furnish a distorted square-planar coordination, an aqua oxygen atom
(Cu1–O5W 2.211(3) Å) occupies an apical position and Cu1–O2 (2.835(2) Å) distances
show some weak interactions between the copper center and the carboxy oxygen atoms
at the axial sites (figure 3). The value of the bond length of Cu1–O5W is significantly
shorter than that of Cu–O(water) of 1 and 2, and similar to the length range
of Cu–O(carboxyl) and shorter than that of Cu(CH2¼C(Me)CO2)2(bipy)(H2O)
(the Cu–O(water) is 2.301(3) Å) [17], indicating coordinated water. The dihedral angle
between the planar pyridine rings of dpa is 12.614 (6)�, larger than that of 1 and 2.

The significant difference among the three complexes is the number of lattice water
molecules, the arrangement of the neutral mononuclear units and the hydrogen-
bonding patterns. Both 1 and 2 contain one lattice water molecule in the unit cell.
As indicated in figures 4 and 6, each mononuclear unit of 1 and 2 affords
one hydrogen-bond donor (N–H) and two hydrogen bond acceptors (O), and each
water molecule has one hydrogen-bond acceptor and two hydrogen-bond donors.
However, the structures of 1 and 2 significantly differ in the arrangement of the neutral
mononuclear units. In 1, the neutral mononuclear units are linked via a triple-
hydrogen-bonding water molecule to form 1D columnar double chains. As show in
figure 4, the lattice water molecules are hydrogen bonding to two adjacent carboxyl
oxygen atoms of different units (2.701(4), 2.787(3) Å for O5� � �O2, O5� � �O4A
respectively) and one adjacent amido nitrogen atom of the third unit (2.837(3) Å

Figure 4. One-dimensional double chains formed through strong hydrogen bonding in complex 1.
Hydrogen atoms are omitted for clarity.
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for N3� � �O5B) (table 3). It can be seen that the plane of the dpa ring of one unit
is located trans to the other adjacent units. The hydrogen bond contributes much to
the stabilization of the lattice. As can been seen from figure 5, every four adjacent
columnar double chains stack to form an interesting cavity in the supramolecular
structure.

The neutral mononuclear units in 2 are linked via a triple-hydrogen-bonding
water molecule to form 2D network (figure 6). The lattice water molecules are
hydrogen-bonding to two adjacent carboxyl oxygen atoms of different units
(2.758(5), 2.779(5) Å for O5� � �O1, O5� � �O3B respectively) and one adjacent amido
nitrogen atom of the third unit (2.795(5) Å for N2� � �O5A) (table 3). Significantly
different from 1, the plane of the dpa ring of one unit is located cis to other adjacent
units in the network. Interestingly, detailed crystal structure analysis of 2 revealed
that the hydrogen bond appears to be responsible for the significant supramolecular
structural differences between these two complexes. Because the smaller acrylate
group leads to less steric hindrance, an acrylate group of one unit enters the void
space between two dpa ligands of the adjacent units. The ethenyl carbon (C2B) of an
acrylate group is hydrogen-bonded to the dpa carbon atoms of adjacent unit
(3.368(4) Å for C2B� � �C11), and the ethenyl carbon (C2B and C3B) of an acrylate
group are hydrogen bonded to the carboxyl oxygen atom (O3) of adjacent unit with

Figure 5. Crystal packing diagram of complex 1 viewed down a-axis. Hydrogen atoms are omitted
for clarity.
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distances of 3.556(4) and 3.488(4) Å, respectively (table 3). There are no �–� stacking
interaction in the molecular structures of 1 and 2.

Compared with 1 and 2, no free water molecule of 3 is involved in the unit cell. Each
mononuclear unit of 3 has two hydrogen-bond donors (N–H and O(water)–H) and one
hydrogen bond acceptor (O(carboxyl)). The oxygen atoms (O2) of one crotonate group
are simultaneously strongly hydrogen-bonded to the amido nitrogen atom N2 of dpa
and the aqua oxygen atom O5 of the adjacent units with distances of 2.732(3) and
2.805(3) Å (table 3), respectively. As a result, 1D double chains are formed through
hydrogen bonding (figure 7). Furthermore, the 1D double chain is strengthened
by face-to-face weak �–� interactions (Cg(py)� � �Cg(py) 3.862(0) and 4.190(2) Å).
Different from 1, the 1D chain in 3 is formed by strong hydrogen bonds and weak
�–� interaction. Similar to 1, every four adjacent columnar double chains in 3 stack
to form an interesting cavity (figure 8).

3.2. IR spectra

In the IR spectra, all three complexes show strong bands corresponding to �as(COO)
and �s(COO) at 1555 and 1358 cm�1 for 1, 1553 and 1355 cm�1 for 2, and 1584 and
1385 cm�1 for 3. The �� of the three complexes are 197, 198 and 199cm�1, larger
than the corresponding values for CH2¼CHCO2Na, CH2¼C(Me)CO2Na and
CH3CH2¼CHCO2Na, indicating that the �,�-unsaturated carboxylate groups behave
as monodentate ligands in the complexes [18]. The NH stretches of dpa of 1–3 (3395,
3455, and 3450 cm�1 shift towards higher wavenumbers indicating coordination [19].

3.3. Thermal analysis

To study the thermal stability of complexes 1–3, thermogravimetric analyses and
differential scanning calorimetry (TGA and DSC) were performed. The TG
curves showed the first stage of weight loss from 80 to 110�C in 1 (70–90�C for 2 and

Figure 6. Two-dimensional network structures of complex 2. Hydrogen atoms are omitted for clarity.

Copper(II) complexes 737

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
2
:
2
4
 
2
3
 
J
a
n
u
a
r
y
 
2
0
1
1



110–130�C for 3), mainly due to the release of one water molecule per formula unit.
The observed weight loss (4.50% 1; 4.58% 2; 4.25% 3) is close to the calculated one
(4.26%, 1; 4.56% 2; 4.26% 3). The temperatures for weight loss of hydration and
coordinated water molecules are consistent with other compounds described in the
literature, suggesting that the water molecules in 1 and 2 are hydration water and
3 is coordinated water.

Figure 8. Crystal packing diagram of complex 3 viewed down a-axis. Hydrogen atoms are omitted for clarity.

Figure 7. One-dimensional double chains formed through strong hydrogen bonding in complex 3.
Hydrogen atoms are omitted for clarity.
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Between 180 and 450�C the weight loss is noticeable for 1 and 2, accompanying
amassing of heat, corresponding to the decomposition and oxidation of �,�-unsatu-
rated carboxylate and 2,20-dipyridylamine. For 3, in the temperature range of
180–400�C, DTA curve shows an exothermic peak at 316.3�C, and the complex
underwent a large weight loss step. However, there is also an exothermic peak at
644.5�C, with a noticeable weight loss. The total observed weight loss and heating
effects belong to 2,20-dipyridylamine and �,�-unsaturated carboxylate groups together.
The final product of 1–3 is CuO. The experimental residual percentage weights
(obsd. 17.77% for 1, 20.42% for 2 and 20.66% for 3) at the end of the decomposition
of the polymers are consistent with the calculated values of 25.65% for 1, 28.19% for 2
and 18.79% for 3. The analysis results showed the three complexes have no accurate
melting point because of decomposition.

3.4. Computational results and discussion

Some atomic net charges are listed in table 4. Mulliken charges of the Cu change
from þ2 to 0.588e (complex 1), 0.590e (complex 2) and 0.558e (complex 3) indicating
the Cu charge has been decreased by the ligands. The net atomic charge of most
acoordinated N and O atoms is negative, resulting in negative charge channels. These
data show strong interaction between Cu and its coordinated atoms. In complex 3,
the total mulliken charge of H2O is 0.077e, while the H2O in complexes 1 and 2

is �0.027 and 0.001e respectively, confirming that H2O coordinated to copper
in complex 3. In complexes 1 and 2, the charge of zero indicates H2O is free and not
coordinated.

According to molecular orbital theory, frontier and nearby molecular orbitals are the
most important factors to the activity. Larger differences in frontier orbitals give a

Table 4. Mulliken net atomic charge (e) for 1–3.

Atom Charge Atom Charge

Complex 1

Cu 0.588 N(1) �0.616
N(2) �0.560 N(3) �0.699
O(1) �0.520 O(2) �0.548
O(3) �0.574 O(4) �0.792
C(1) 0.123 C(10) 0.131
H2O �0.027

Complex 2

Cu 0.590 N(1) �0.611
N(3) �0.611 N(2) �0.806
O(2) �0.578 O(4) �0.806
O(1) �0.524 O(3) �0.518
C(7) 0.122 C(16) 0.123
H2O 0.001

Complex 3

Cu 0.558 N(1) �0.583
N(3) �0.604 N(2) �0.754
O(1) �0.566 O(3) �0.505
O(2) �0.603 O(4) �0.577
O(5) �0.738 C(1) 0.150
C(10) 0.116 H2O 0.077
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more stable structure [20]. �E (�E¼ELUMO�EHOMO) of complexes 1, 2, and 3 equals
3.514, 3.282 and 4.141 eV, all positive, showing the complexes are stable.

4. Conclusion

We have synthesized three new mononuclear complexes [Cu(CH2¼C(Me)CO2)2
(dpa)] �H2O (1), [Cu(CH2¼CHCO2)2(dpa)] �H2O (2) and Cu(CH3CH¼CHCO2)2
(dpa)(H2O) (3) (dpa¼ 2,20-dipyridylamine). The mononuclear units of the three
complexes have strong hydrogen bonding between the amine N of dpa, carboxylate
oxygen and aqua oxygen atom to form 1D double chains or a 2D network. The differ-
ences in 1–3 show the lattice water molecule and the arrangement of the neutral
mononuclear units may tailor topology with different architectures using strong and
weak non-covalent forces. A detailed crystal structure analysis of 2 revealed that the
intermolecular hydrogen bonding is responsible for the significant supramolecular
structural differences between 1 and 2. In addition, we addressed molecular energies,
stabilities and atomic charge, and the DFT calculations proved the water molecules
coordinate to copper(II) in complex 3, but are free in complexes 1 and 2.

Supplementary data

Crystallographic data (excluding the structure factors) for the structure reported
in this article have been deposited with the Cambridge Crystallographic Data Centre
as supplementary publication no. CCDC-26289, CCDC-262892 and CCDC-262893
for 1–3, respectively. Copies of the data can be obtained free of charge on application
to CCDC, 12 Union Road, Cambridge CB2 1EZ, UK (Fax: (þ44)1223-336-033;
Email: deposit@ccdc.cam.ac.uk).
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