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The copper(II) complex, {[Cu(2,5-pdc)(H2O)4]·H2O} (1) [2,5-pdc = pyridine-2,5-dicarboxylate], has
been synthesized and characterized by elemental analysis, IR spectroscopy, and X-ray crystallogra-
phy. The metal shows a distorted octahedral coordination sphere and in solid state the complex
forms a 3-D supramolecular network via hydrogen bonding and off-center anti-parallel π–π stacking
interactions between py rings. At room temperature, 1 exhibits fluorescence in methanolic solution
[λex = 226 nm, λem = 309, 330, and 341 nm]. The geometry optimization at the B3LYP/LanL2DZ
level led to a five-coordinate copper having a distorted square pyramidal geometry. The electronic
spectrum of this compound is compared with the results obtained by employing density functional
theory (DFT) and time dependent density functional theory calculations.
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1. Introduction

One of the important goals of crystal engineering is targeted at the expected assembly of
molecular species into extended architectures [1]. Inorganic crystal engineering [2] is
focused on the functionalization of material in the solid state and the properties of com-
pounds depend on the entire crystalline aggregate that is controlled by weak interactions.
Therefore, one of the purpose of research in this field is the development of supramolecular
self-assembly controlled by covalent or non-covalent interactions, which can lead to materi-
als with a variety of potential applications such as mesoporous material [3] and molecular/
optoelectronic devices [4]. Among weak non-covalent interactions, hydrogen bonds are
commonly used as “structure directing” and hence allow speculating on application in crys-
tal design [5]. Thus, considerable interest is devoted to the synthesis of supramolecular
assemblies employing various types of hydrogen bonds, such as O–H⋯O, N–H⋯O,
N–H⋯N, N–H⋯S, and C–H⋯O [6], beside coordination bonds between metal ion and
ligands [7]. In addition stacking between aromatic rings plays an important role for tuning
the crystal structure topology [8]. In fact intermolecular attraction energy through parallel
face-to-face (also off-center arrangement of aromatic rings) and edge-to-face (T-shaped
arrangement of aromatic planes) orientations contributes up to 10 kJ/M [9].

Carboxylate groups, acting in a variety of coordination modes, have been extensively
applied in the synthesis of complexes with the aim to form large, tightly bound metal clus-
ter aggregates, often with specific and directional hydrogen bonds to modulate the molecu-
lar architecture [10]. Over the last few years we have been actively engaging in the
synthesis of metal-carboxylate coordination networks [10(a), 10(g), 11].

The pyridine 2,5-dicarboxylate dianion (2,5-pdc) with a 180° angle between the carbox-
ylate groups has been used as an efficient coordinating agent (chart 1) in designing inor-
ganic supramolecular systems for its versatile coordination modes as well as for its
hydrogen bonding capability [12]. During the course of our investigations of supramolecu-
lar assemblies by using pyridinyl carboxylates, we have isolated a copper(II) compound,
{[Cu(2,5-pdc)(H2O)4]·H2O} (1) [2,5-pdc = pyridine-2,5-dicarboxylate], possessing a 3-D
network structure realized by hydrogen bonding and off-center anti-parallel interactions of
py rings [9(d)]. A study of the electronic spectra and time-dependent density functional the-
ory (TD-DFT) calculations shows that electronic spectral transitions of 1 at 226 and 266 nm
correspond to intra-ligand charge transfer transitions of the coordinated 2,5-pdc ligand.

2. Materials and methods

High-purity pyridine-2,5-dicarboxylic acid (Aldrich) was purchased and used as received.
All other chemicals were of analytical grade. Solvents used for spectroscopic studies were
purified and dried by standard procedures before use [13].

Elemental analyses (carbon, hydrogen, and nitrogen) were performed using a
Perkin-Elmer 240C elemental analyzer. IR spectra were recorded as KBr pellets on a Bruker
Vector 22FT IR spectrophotometer operating from 400 to 4000 cm−1. Electronic absorption
spectra were obtained with a Shimadzu UV-1601 UV–vis spectrophotometer at room tem-
perature. Quartz cuvettes with a 1 cm path length and a 3 cm3 volume were used for all
measurements. Emission spectra were recorded on a Hitachi F-7000 spectrofluorimeter.
Room temperature (300 K) spectra were obtained in methanolic solution using a quartz cell
of 1 cm path length. The slit width was 2.5 nm for both excitation and emission.
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2.1. Synthesis of [Cu(2,5-pdc)(H2O)4]·H2O (1)

A methanolic solution (10 mL) of pyridine-2,5 dicarboxylic acid (1 mM, 0.167 g) was
allowed to react with a methanolic solution (10 mL) of Cu(ClO4)2·6H2O (1 mM, 0.370 g)
and stirred for 5 min. Then, a methanolic solution (5 mL) of triethylamine (2 mM) was
slowly poured with stirring. The whole green-colored reaction mixture was stirred for 2 h
and filtered. The filtrate was kept in a CaCl2 desiccator and green single crystals suitable
for X-ray determination were obtained after a few days. Yield: 0.254 g (80%). Anal. Calcd
for C7H13CuNO9 (%): C, 26.35; H, 3.45; N, 4.39%. Found: C, 26.33; H, 3.41; N, 4.42.
The infrared spectra exhibited the following absorptions: 3000–3500 (br), 2974 (w),
1628 (s), 1560 (vs), 1470 (s), 1412 (s), 837 (w), and 538 (vw) cm−1.

2.2. Single-crystal X-ray diffraction

The X-ray data collection for 1 was carried out at 293(2) K with MoKα radiation
(λ = 0.71073 Å) on a Bruker Smart Apex diffractometer equipped with CCD. Cell refine-
ment, indexing, and scaling of the data-sets were done by using programs Bruker Smart
Apex and Bruker Saint packages [14]. The data were corrected for absorption with
SADABS program [15]. The structure was solved by direct methods and subsequent
Fourier analyses [16] and refined by the full-matrix least squares method based on F2 with
all observed reflections [16]. Hydrogens of water molecule, first detected in the ΔFourier
map, were refined with constraints on O–H distances (0.85 Å). Graphical programs used are
those included in theWinGX System, Ver 1.80.05 [17] and Diamond [18]. Crystal data and
details of refinements are given in table 1.

Table 1. Crystal data and details of refine-
ments of 1.

Empirical formula C7H13CuNO9

Formula weight 318.72
Temperature (K) 293
Crystal system Triclinic
Space group P�1
a (Å) 6.756(6)
b (Å) 8.436(5)
c (Å) 10.801(5)
α (°) 84.66(9)
β (°) 83.16(8)
γ (°) 67.79(7)
V (Å3) 565.1(7)
Z 2
Dc (g) cm

−3 1.873
μ MoKα/mm−1 1.98
F (000) 326
θrange (°) 1.9–25.4
Reflections collected 8582
Unique reflections 2054
Rint 0.064
Observed [I > 2σ(I)] 1615
Parameters 175
Goodness of fit (F2) 1.052
R1, wR2 [I > 2σ(I)]a 0.0580, 0.1601
Δρ/e Å−3 1.734, −0.608

aR1 = Σ ||Fo| − |Fc||/Σ|Fo|, wR2 = [Σw(Fo2 − Fc2)2/
Σw(Fo2)2]½.
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2.3. Theory and computational methods

All computations were performed using the Gaussian 09 (G09) software package, [19] by
using the Becke’s three-parameter hybrid exchange functional and the Lee–Yang–Parr non-
local correlation functional (B3LYP) [20]. In the calculation, the 6-31G (d-p) basis set was
assigned to all elements with the exception of copper, for which the Los Alamos effective
core potentials plus the Double Zeta (LanL2DZ) [21] basis set were employed. The geomet-
ric structure of the complex in the ground state (doublet) was fully optimized at the B3LYP
level. The Vibration frequency calculations were performed to insure that the optimized
geometries represent local minima associated with positive eigen values only.

Vertical electronic excitations based on B3LYP were obtained with the TD-DFT formal-
ism [22] in methanol using the conductor-like polarizable continuum model (CPCM) [23].
GaussSum [24] was used to calculate the fractional contribution of various groups to each
molecular orbital. Calculated coordination geometries of methanol-solvated complex and
the data in gas phase using LanL2DZ basis set are reported in table 2.

3. Results and discussion

3.1. IR, electronic spectral studies, and photoluminescence properties

The most important absorption bands in IR spectroscopy of 1 are summarized in the experi-
mental section and tabulated in table 1S, see online supplemental material at http://
dx.doi.org/10.1080/00958972.2014.909035. The spectrum of 1 exhibits bands at 1628 and
1412 cm−1, corresponding to νas(OCO) and νs(OCO), respectively. Aromatic ν(C=C, C=N)

Table 2. Experimental and calculated †coordination bond lengths (Å) and angles (°) for 1.

Bond lengths X-ray data

Calculated†

CPCM in methanol: basis set LanL2DZ In gas phase: basis set LanL2DZ

Cu–O1 2.052(4) 1.979 1.963
Cu–O5 2.105(4) 2.256 3.379
Cu–O6 2.035(4) 2.019 2.136
Cu–O7 2.085(4) 1.991 1.976
Cu–O8 2.061(4) 4.113 3.436
Cu–N1 2.072(4) 1.986 2.009

O1–Cu–O6 92.32(17) 94.08 90.64
O1–Cu–O7 173.18(14) 161.92 165.05
O1–Cu–O8 91.07(17) – –
O1–Cu–N1 79.46(16) 81.92 82.57
O6–Cu–O7 94.12(17) 87.84 90.13
O6–Cu–O8 87.78(18) – –
O6–Cu–N1 171.74(16) 173.61 164.09
O7–Cu–O8 86.96(17) – –
O7–Cu–N1 94.12(17) 94.42 100.12
O8–Cu–N1 93.12(18) – –
O5–Cu–O1 93.19(17) 100.54 45.82
O5–Cu–O6 87.80(19) 78.07 45.40
O5–Cu–O7 89.29(17) 97.44 131.05
O5–Cu–O8 173.99(15) – –
O5–Cu–N1 91.84(18) 107.48 128.07

†CPCM = Conductor-like polarizable continuum model.

Copper PDC supermolecule 1177

D
ow

nl
oa

de
d 

by
 [

In
st

itu
te

 O
f 

A
tm

os
ph

er
ic

 P
hy

si
cs

] 
at

 1
5:

36
 0

9 
D

ec
em

be
r 

20
14

 

http://dx.doi.org/10.1080/00958972.2014.909035
http://dx.doi.org/10.1080/00958972.2014.909035


stretching vibrations appear in the region at 1470–1560 cm−1. The band at 2974 cm−1 corre-
sponds to the aromatic ν(C–H) stretching vibrations. A strong broad band in the region
3000–3500 cm−1 is due to the ν(O–H) stretching vibration of water molecules [25]. The IR
spectrum of 1 also shows the band corresponding to ρr(H2O) (at 837 cm

−1) and to ρw(H2O)
(at 538 cm−1) indicating the presence of coordinated water molecules. Theoretically possible
IR spectral bands of optimized structures (using LanL2DZ as basis set in gas phase, and
using CPCM model in methanol), listed in table 1S, are in good agreement with the experi-
mental results.

The electronic spectrum of 1 (figure 1), recorded in methanol, shows significant transi-
tions at 226 nm (ε ~3.52 × 102LM−1 cm−1) and 266 nm (ε ~2.68 × 102LM−1 cm−1)
assigned to intra-ligand charge transfer of the coordinated 2,5-pdc ligand.

Figure 1. Theoretical (red line) and experimental (black line) electronic spectra (left) of 1. The most prominent
MOs involving transitions (right) and their diagrams (see http://dx.doi.org/10.1080/00958972.2014.909035 for
color version).

Cu
O6

O7

O8

O9

O3

O4
C7

C5

C4

C3

O2 C1
O1

N1

C6

C2

O5

Figure 2. ORTEP diagram (ellipsoids at 50% probability) of 1.
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On excitation at 226 nm, 1 exhibits luminescence bands at 309, 330, and 341 nm in meth-
anol at room temperature (figure 1S). These band positions remain unchanged when λex is
varied between 216 and 236 nm.

3.2. Description of crystal structure

Complex [Cu(2,5-pdc)(H2O)4]·H2O (1) crystallizes in the triclinic space group P�1 and an
ORTEP view of the asymmetric unit is shown in figure 2. In the discrete complex the copper
ion is chelated by the pyridyl nitrogen and a carboxylato oxygen of 2,5-pdc and bound to four
water molecules in a slightly distorted octahedral geometry. The Cu–O bond lengths vary in
the range 2.035(4)–2.105(4) Å and the Cu–N bond distance is 2.072(4) Å. The coordination
bond angles of cis located donors show values in the range 86.96(17)°–94.12(17)°, while the
chelating N1–Cu–O1 angle is 79.46(16)° (table 2). The packing view down the b-axis reveals
that adjacent copper complexes are alternately arranged to form a supramolecular 1-D chain
via off-center anti-parallel π–π stacking interactions (centroid-to-centroid distance 3.805(5)
Å, slippage of 1.818 Å table 2S) and connected by pairwise coupling of O–H⋯O interactions.
Although the term π–π interactions is widely overused in the literature, the antiparallel-dis-
placed geometry for py rings was shown to be the most stable interaction between these het-
erocycle rings [9(d)]. Hydrogen bond interactions form a R4

2(12) supramolecular synthon
[26] (figure 3) giving rise to a 2-D layer parallel to the ac plane. The O(donor)–O(acceptor)
distances are in the range 2.704(6)–2.719(5) Å (table 4S). These 1-D chains are again
involved in H-bonding interactions with the lattice water molecule O(9) to form a 3-D supra-
molecular architecture. The formation of the 3-D supramolecular network evidences also the
formation of R6

4(24) synthons (figure 4). A C=O(4)⋯π distance of 3.775(6) Å was measured
in the structure, but being the carbonyl almost parallel to the 2,5-pdc face (7.29°, table 3S),
the interaction should be rather weak or even repulsive [27].

The pyridine-2,5-dicarboxylic acid represents a versatile molecule to be used as ligand
for the construction of coordination polymers, but here the presence of coordinated aqua
ligands at the copper center led to a discrete complex and hampered the participation of a
second 2,5-pdc carboxylate in coordination. In fact a reduced number or lack of water
molecules led to 1-D polymers [Cu(2,5-pdcH)2] [28], 2-D coordination networks
([Cu(2,5-pdc)(H2O)] [29] and [Cu2(2,5-pdc)2(H2O)2]·4H2O [30, 31]), and 3-D in the

Figure 3. π–π interactions and R4
2(12) H-bonded synthon in 1 giving a 2-D supramolecular layer.
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Figure 4. The R6
4(24) hydrogen bonded synthon formed in 1 with lattice water O(9).

Table 3. Structure of copper-(2,5-pdc) complexes with ligand coordination mode.

Compound Structure

2,5-pdc
coordination mode
(see chart 1) Ref.

[Cu(2,5-pdc)(H2O)4]·H2O Mononuclear complex, 3-D supramolecular
structure through H-bonding and π–π stacking

η2 (NO) This
work

[Cu(2,5-pdcH)2] 1-D coordination polymer with Cu–O contacts of
2.70 Å

μ-η3 (cis-NO,O′) [27]

[Cu(2,5-pdc)(H2O)] 2-D coordination polymer with Cu–O bonds of
2.57 Å, 3-D supramolecular structure through
H-bonding

μ-η3 (trans-NO,O′) [28]

[Cu2(2,5-pdc)(H2O)]·2H2O 2-D coordination polymer with Cu–O bonds of
2.63 Å

μ5-η2:η:η:η (NO,
O,O′,O′′)

[29, 30]

[Cu3(2,5-pdc)3(H2O)3]·6H2O 3-D coordination polymer with Cu–O bonds of
2.67 Å

μ5-η2:η:η:η (NO,O,
O′,O′′)

[30]

Figure 5. Optimized geometry of 1 (using CPCM model in methanol) with Mulliken charge distribution.
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polymorph of formula [Cu3(2,5-pdc)3(H2O)3]·6H2O [31]. The solid-state structures are gov-
erned by long Cu⋯O contacts (Jahn–Teller distorted arrangement), which emphasize the
tendency of solvothermal synthesis to generate extended lattices if possible. Details of the
mentioned structures are summarized in table 3.

3.3. DFT calculations

Since the coordinated water molecules can markedly affect the hydrogen bonding of the struc-
ture [32], DFT and TD-DFT computations were performed on the [Cu(2,5-pdc)(H2O)4] (1A)
complex (thus excluding lattice water molecules) to establish its electronic structure and spec-
tral transitions. The geometric structure of the isolated 1A was fully optimized at the Becke’s
three-parameter hybrid exchange functional and the Lee–Yang–Parr non-local correlation
functional (B3LYP) level in the ground state (doublet). The optimized structure of 1A along
with Mulliken charge distribution is depicted in figures 5 and 2S, and calculated bond lengths
and angles along with the experimentally measured values are listed in table 2. It is interesting
to note that calculations led to an optimized structure where the copper(II) center is five-coor-
dinate with only three aqua ligands. Calculated (using CPCM model in methanol, LanL2Dz
basis set) distance of Cu(II) atom from the split (fourth) water molecule is 4.143 Å, indicating
no coordination interaction between the metal and this water molecule. The trigonality τ5
parameter [33] for five-coordinate complexes allows evaluation of deviations between regular
trigonal bipyramidal and square pyramidal geometry, calculated as (α − β)/60, where α and β
are the two largest coordination bond angles. Hence, a regular trigonal bipyramidal structure
with D3h symmetry has τ = 1 and a regular C4v square pyramidal geometry has τ = 0. From the
theoretical data of 1A, τ is calculated 0.19, indicating for the copper center a distorted square
pyramidal coordination sphere (SPY-5). The calculated structure in the gas phase shows a
four-coordinate copper(II) centre with two water molecules left aside. Calculated (in gas
phase, LanL2Dz basis set) distances of Cu(II) atom from these water molecules are 3.379 and
3.436 Å, indicating that no coordination interaction is operative between the metal and these
species. The corresponding calculated τ4 value for the gas phase structure is 0.218, indicating,
for the isolated complex, a structure closer to ideal square planar geometry.

The orbital diagram along with their energies and contributions from the ligands and
metal, are given in figure 3S and table 5S. The energies of the highest singly occupied
molecular orbital (SOMO) and lowest unoccupied molecular orbital (LUMO) for α-MOs
are −6.84 and −2.53 eV, respectively. Whereas for β-MOs, the corresponding values are
−6.85 and −3.67 eV, respectively. As a matter of fact, the SOMO–LUMO energy difference
for α-MOs is larger (ΔE = 4.31 eV) compared to the value of β-MOs (ΔE = 3.18 eV). The

N

O

OO

O

M M

M
M

N

O

OO

O

M

M
N

O

OO

O
M

N

O

OO

O

M

M

I II III IV 

Chart 1. Hapticity of pdc: μ5-η2:η:η:η, (NO,O,O′,O′′) (I); μ-η3, trans-(NO,O′) (II); μ-η3, cis-(NO,O′) (III) and
chelating η2, (NO) (IV).
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SOMO and LUMO of α-MOs have a contribution from 2,5-pdc of 97 and 99%, respec-
tively, while for β-MOs, SOMO has 98% contribution from 2,5-pdc and LUMO has 67%
contribution from copper function. In summary, SOMO’s of both α-MOs and β-MOs are
largely characterized by the 2,5-pdc ligand orbitals (≥97%), while LUMO of α-MOs has
entirely 2,5-pdc orbital character (99%), but LUMO of β-MOs is characterized by copper
orbitals (67%).

Table 4. Selected list of excitation energies of 1.

Excited state Wavelength λ (nm) Oscillatory strength ( f ) Major contribution Assignment‡

1. 828.87 0.0003 SOMO-6(β) → LUMO(β) (35%) LMCT
2. 714.97 0.0008 SOMO-4(β) → LUMO(β) (31%) LMCT
3. 583.69 0.0001 SOMO-14(β) → LUMO (β) (20%), WMCT

SOMO-13(β) → LUMO (β) (27%) MMCT
4. 573.62 0.0016 SOMO-18(β) → LUMO(β) (34%) MMCT
5. 462.14 0.0056 SOMO(β) → LUMO(β) (98%) LMCT
6. 408.57 0.0028 SOMO-1(β) → LUMO(β) (87%) LMCT
7. 404.09 0.0039 SOMO-2(β) → LUMO(β) (88%) LMCT
8. 398.34 0.0104 SOMO-3(β) → LUMO(β) (77%) LMCT
10. 376.39 0.0013 SOMO-10(β) → LUMO(β) (19%), WMCT

SOMO-4(β) → LUMO(β) (53%) LMCT
14. 349.40 0.0007 SOMO-5(β) →LUMO(β) (82%) LMCT
18. 325.35 0.0387 SOMO-9(β) → LUMO(β) (14%), LMCT

SOMO-6(β) → LUMO(β) (25%) LMCT
19. 319.72 0.0045 SOMO-3(α) → LUMO(α) (19%), ILCT

SOMO-3(β) → LUMO+1(β) (54%) ILCT
20. 315.50 0.0079 SOMO-3(α) → LUMO(α) (16%), ILCT

SOMO-2(α) → LUMO(α) (28%), ILCT
SOMO-2(β) →LUMO+1(β) (40%) ILCT

22. 301.03 0.0059 SOMO-1(α) → LUMO(α) (45%), ILCT
SOMO-1(β) → LUMO+1(β) (45%) ILCT

23. 297.21 0.0002 SOMO-16(β) → LUMO(β) (17%), MMCT
SOMO-7(β) → LUMO(β) (58%) WMCT

25. 291.00 0.0013 SOMO(α) → LUMO+1(α) (25%), ILCT
SOMO(β) → LUMO+2(β) (62%) ILCT

ILCT
30. 270.02 0.0041 SOMO-10(β) → LUMO(β) (27%), WMCT

SOMO-9(β) → LUMO(β) (24%) LMCT
32. 266.77 0.0003 SOMO-2(α) → LUMO+1(α) (53%), ILCT

SOMO-2(β) → LUMO+2(β) (19%) ILCT
34. 259.45 0.007 SOMO-1(α) → LUMO+1(α) (42%), ILCT

SOMO-1(β) → LUMO+2(β) (52%) ILCT
35. 257.63 0.013 SOMO-4(β) → LUMO+1(β) (36%) ILCT
37. 253.56 0.0364 SOMO-11(β) → LUMO(β) (47%), WMCT

SOMO-10(β) → LUMO(β) (11%) WMCT
38. 248.31 0.1792 SOMO-5(α) → LUMO(α) (15%), ILCT

SOMO-5(β) → LUMO+1(β) (30%) ILCT
40. 243.53 0.1196 SOMO-12(β) → LUMO(β) (64%) WMCT
41. 241.63 0.0041 SOMO-13(β) → LUMO(β) (33%) MMCT
51. 223.59 0.1169 SOMO-9(α) → LUMO(α) (10%), ILCT

SOMO-5(α) → LUMO+1(α) (29%), ILCT
SOMO-4(α) → LUMO+1(α) (20%) ILCT

54. 217.65 0.0009 SOMO(α) → LUMO+3(α) (38%), ILCT
SOMO(β) → LUMO+4(β) (41%) LMCT

55. 213.94 0.0067 SOMO-14(β) → LUMO(β) (40%) WMCT
57. 208.66 0.0028 SOMO-10(α) → LUMO(α) (46%), WLCT

SOMO-9(α) → LUMO(α) (10%), WLCT
SOMO-10(β) → LUMO+1(β) (14%) WLCT

‡M=metal; L = 2,5-pdc; W = water; MMCT = intra-metal charge transfer; LMCT = 2,5-pdc to metal charge transfer; WMCT =
water to metal charge transfer; ILCT = intra-ligand charge transition in 2,5-pdc and WLCT = water to 2,5-pdc charge transfer.

1182 S. Manna et al.

D
ow

nl
oa

de
d 

by
 [

In
st

itu
te

 O
f 

A
tm

os
ph

er
ic

 P
hy

si
cs

] 
at

 1
5:

36
 0

9 
D

ec
em

be
r 

20
14

 



To gain detailed insight into the electronic transitions, TD-DFT calculation in methanol
using CPCM was performed. The theoretically possible spin-allowed doublet-doublet elec-
tronic transitions with their assignments are listed in table 4. For 1A, the TD-DFT results
show that [SOMO-10(α) → LUMO(α); SOMO-9(α) → LUMO(α); SOMO-10(β) →
LUMO+1(β)] and [SOMO-6(β) → LUMO(β)] are the possible highest and lowest energy
electronic transitions, respectively. The highest energy electronic transitions for 1A are
ILCT (intra-ligand charge transfer in 2,5-pdc) and WLCT (water to 2,5-pdc charge transfer)
in nature, and the lowest energy electronic transition is LMCT (2,5-pdc to metal charge
transfer) in nature. In 1, the experimental electronic transitions at 226 nm [SOMO-9(α) →
LUMO(α); SOMO-5(α) → LUMO+1(α); SOMO-4(α) → LUMO+1(α)] and 266 nm
[SOMO-2(α) → LUMO+1(α); SOMO-2(β) → LUMO+2(β)] may be attributed to ILCT
transitions (figure 1, table 5).

4. Conclusion

The crystal packing of Cu(pyridine-2,5-dicarboxylate) complex reported here shows a
supramolecular 3-D architecture built by a cooperative H-bonding scheme involving coordi-
nated and lattice water molecules as well as off-center anti-parallel π–π stacking interac-
tions. The network is a rare example of a supramolecular system comprising R4

2(12) and
R6

4(24) types of cyclic supramolecular synthons. DFT calculation on the isolated compound
shows significant deviations with respect to the structure derived from the X-ray diffraction.
TD-DFT calculation was performed and theoretically possible spin allowed doublet-doublet
electronic transitions along with their assignments have been discussed.

Supplementary material

Tables showing experimental and theoretical IR spectral data, off-center anti-parallel π–π
stacking interaction of py rings, C=O⋯π interaction data, H-bond parameters, MOs with
their energies and compositions, and figures of fluorescence spectrum, optimized geometry
in gas phase, and surface plot of some frontier molecular orbital. CCDC 957022 contains
the supplementary crystallographic data for the copper complex. This data can be obtained
free of charge via http://www.ccdc.cam.ac.uk/conts/retrieving.html, or from the Cambridge
Crystallographic Data Center, 12 Union Road, Cambridge CB2 1EZ, UK; Fax: (044) 1223-
336-033; or E-mail: deposit@ccdc.cam.ac.uk.

Table 5. Selected UV–vis energy transition at the TD-DFT/B3LYP level for 1 in methanol.

Excited
state

λcal (nm), εcal
(M−1cm−1), (eV)

Oscillator
strength ( f )

λexp (nm), εexp
(M−1cm−1), (eV) Key transition Character

D51 223.59, 14675.67,
(5.54)

0.1189 226, 352, (5.48) SOMO-9(α) → LUMO(α)
(10%),

ILCT

SOMO-5(α) → LUMO+1
(α) (29%),

ILCT

SOMO-4(α) → LUMO+1
(α) (20%)

ILCT

D32 266.77, 3593.12,
(4.64)

0.0009 266, 268, (4.66) SOMO-2(α) → LUMO+1
(α) (53%),

ILCT

SOMO-2(β) → LUMO+2
(β) (19%)

ILCT

Note: ILCT = intra-ligand charge transition in 2,5-pdc.
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