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Abstract
A new mixed ligand copper(II) complex, [Cu(2,4-pydc)(pic)(H2O)] · H2O (1) (where 2,4-pydc = pyridine-2,4-dicar-

boxylate, pic = 2-picolylamine) has been synthesized and characterized by elemental analysis, FT-IR and UV-Vis spec-

troscopic and thermogravimetric methods. Single crystal X-ray diffraction analysis reveals that copper(II) atom in the

title complex adopts distorted square-pyramidal geometry. Structural characterization also reveals that interplay of 

O–H···O, N–H···O, C-H···O, and C–H···π interactions between lattice and coordinated water and ligands significantly

contribute to the crystal packing leading to the formation and strengthening of three dimensional supramolecular as-

sembly. Hirshfeld surface analysis employing 3D molecular surface contours and 2D fingerprint plots have been used to

analyze intermolecular interactions present in the solid state of the crystal. 
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1. Introduction

Metal-organic coordination compounds based on
aromatic multicaboxylic acid have been studied extensi-
vely due to their interesting geometrical and topological
features along with their potential applications in many
areas including gas storage, separation, catalysis, magne-
tism and optics.1 The nature of the metal ions, selection of
the appropriate aromatic multicarboxylic acid, and modu-
lation of the reaction conditions are the important factors
to achieve a desire target compound with specified physi-
cal properties.2 Among various aromatic multicarboxylic
acids, the class constituting N-heterocyclic multicarboxy-
lic acids such as pyridine-, pyrazine-, and pyrazole-poly-
carboxylic acids and/or their derivatives3–12 have been ex-
tensively employed for their simultaneous chelating capa-
bility and diverse coordination abilities. In this regard,
pyridine-2,4-dicarboxylate ligand demands special atten-
tion not only for both the carboxylate group and nitrogen
atom but also for not providing steric hindrance, which
makes it versatile for the formation of novel metal-organic
frameworks.1 However, the introduction of nitrogen-con-

taining neutral organic spacers containing two or more
pyridyl groups separated by rigid or flexible spacers, 
such as 4,4'-bipyridine, 1,2-bis(4'-pyridyl)ethane/ethene,
1,2-bis(4'-pyridyl)propane etc. have been used to generate
an affluent variety of metal organic architectures.13–16

On the other hand, introduction of nitrogen-containing 
organic blocker containing two nitrogen atoms such 
as 2,2'-bipyridine,17 1,10-phenanthroline,2,18 and
N,N,N',N'',N''-pentamethylethylenetriamine16 etc, have of-
ten been used to achieve restricted structures. Thus, de-
monstration of the auxiliary co-ligand plays an important
role in determining the final architectures. 

Moreover, due to the presence of various nitrogen
and oxygen atoms and rich aromatic backbone, N-hete-
rocyclic multicarboxylic acids often act as molecular buil-
ding block for self-assembly through various intermolecu-
lar interactions as hydrogen bonding, π-π stacking,
etc.19–21 Analysis of these interactions is important to un-
derstand how molecules interact with their direct environ-
ment and focus insight into crystal packing behavior.
Hirshfeld surface based tools appear as a novel approach
to this problem.22–27 The central element in this method is

DOI: 10.17344/acsi.2015.2024



130 Acta Chim. Slov. 2016, 63, 129–137

Shit et al.:  Synthesis, Crystal structure, and Hirshfeld Surface   ...

the derivation of the Hirshfeld surface, an immediately in-
terpretable visualization of a molecule within its environ-
ment, and the decomposition of this surface to provide a
šmolecular fingerprint’- a directly accessible 2D map22,28,29

that provides the full distribution of interactions. The for-
mer, in addition to being an invaluable visualization tool,
provides a basis for quantitative analysis of molecular
properties for comparison with bulk measurement while
the latter allows convenient comparison between molecu-
les in different environments.20

Herein we have reported a new mixed ligand cop-
per(II) coordination complex [Cu(2,4-pydc)(pic)(H2O)] ·
H2O (1), derived from 2,4-pydc and a neutral N,N-donor
pyridyl blocker, 2-pycolylamine (pic), and characterized by
elemental analyses, FT-IR and UV-Vis spectroscopic, and
thermogravimetric methods. Single crystal X-ray structural
analysis of 1 reveals five coordinated distorted square-pyra-
midal geometry for copper(II) atom. The molecular unit is
involved in extensive hydrogen bonding to each other lea-
ding to interesting supramolecular structures which are
further stabilized by weak C–H···π interaction. Hirshfeld
surface analysis is used to analyze the intermolecular inte-
ractions present in the solid state of the compound.

2. Experimental Section

2. 1. Materials and Instrumentations
All chemicals and solvents used for the synthesis

were of AR grade. Triethylamine, copper(II) nitrate trihy-
drate, were obtained from E. Merck, India. Pyridine-2,4-
dicarboxylic acid and 2-picolylamine (2-aminomethylp-
yridine) were purchased from Aldrich Chemical Co. All
chemicals were used without further purification. Ele-
mental analyses (carbon, hydrogen and nitrogen) were
performed with a Perkin Elmer 2400 II Elemental Analy-
ser. Copper(II) content of 1 has been estimated quantitati-
vely by standard iodometric procedure. The Fourier trans-
form infrared spectrum was recorded on a Perkin Elmer
RX-I FT-IR spectrophotometer, with solid KBr disc, in
the range 4000–400 cm–1. Solid state UV–Vis spectrum of
the title complex was recorded on a Perkin Elmer Lambda
35 UV–Vis system in the range 1100–200 nm. TG analy-
sis was performed with a Perkin–Elmer (Singapore) Pyris
Diamond TGA unit. Thermal study was performed at the
temperature range 35–800 °C by maintaining the heating
rate at 5 °C min–1 in a stream of nitrogen flowing at the ra-
te of 50 mL min–1 with the sample in a platinum crucible.
Powder X-ray diffraction was performed on a Bruker D8
instrument with Cu-Kα radiation.

2. 2. Synthesis of [[Cu(2,4-pydc)(pic)(H2O)]]  ·
H2O (1) 
Pyridine-2,4-dicarboxylic acid (1.0 mmol, 0.167 g)

was dissolved in 25 mL of water with the dropwise addi-

tion of triethylamine (2.0 mmol, 0.105 g). To the resulting
solution a methanolic solution (20 mL) of copper(II) ni-
trate trihydrate (1.0 mmol, 0.242 g) was slowly added
with constant stirring. After 10 minutes, a methanolic so-
lution (10 mL) of 2-picolylamine (1.0 mmol, 0.180 g,)
was added dropwise. The pH of the mixture was adjusted
to ∼7–8. The resulting solution was refluxed for 1 hour
and then filtered. The filtrate was left undisturbed. Blue
plate shaped crystals of 1 suitable for X-ray diffraction
were obtained after five days. Yield: 84% with respect to
the metal substrate. C13H15CuN3O6 (FW: 372.83): Calcd.
C, 41.88; H, 4.06; N, 11.27, Cu, 17.04%. Found: C, 41.82;
H, 4.01; N, 11.26; Cu; 17.00%. 

2. 3. X-ray Crystallography

Diffraction quality, air stable, plate shaped blue cry-
stal of 1 was mounted on Bruker SMART APEX CCD
diffractometer equipped with fine focus sealed tube grap-
hite-monochromator bearing molybdenum target (λMoKα =
0.71073 Å). Crystal data for 1 were collected using Bru-
ker SMART software30 at 100(2) K using ω scan techni-
que. Cell refinement for 1 was carried out using Bruker
SMART program.31 No significant intensity variations
were observed during the data collection. Multi-scan ab-
sorption correction was applied to the intensity values
(Tmax = 0.7259, Tmin = 0.5611) empirically using SAD-
ABS.31 Data reduction for 1 were performed using Bruker
SAINT.32 Crystal structure of 1 was solved by direct met-

Table 1. Crystal data and structure refinement parameters for 1

Crystal data 1
Empirical formula C13H15CuN3O6

Formula weight (g mol–1) 372.83

Crystal size (mm3) 0.22 × 0.28 × 0.42

Cell setting, Space group Monoclinic, P21/c
Unit cell dimensions a = 10.556(2) Å

b = 19.379(4) Å

c = 7.0474(14) Å

β = 94.02(3) °

Unit cell volume 1438.1(5) Å3

T (K) 100(2)

Z, Density [g/cm–3] 4, 1.722

Absorption coefficient 1.556 mm–1

F (000) 764

Reflection collected/ unique 11304/ 2927 [Rint = 0.045]
Observed data [I > 2σ(I)] 2692 

Nref; Npar 2927; 224

Final R indices [I > 2σ (I)](a) R1 = 0.0445 

wR2 = 0.0970 

R indices (all data)(a) R1 = 0.0498

wR2 = 0.0996

Goodness-of-fit on F2 1.14

Largest diff. Peak and hole 0.50 and –0.45

(a) R = ∑(|Fo-Fc|)/∑|Fo|, wR = {∑[w(|Fo-Fc|)
2]/∑[w|Fo|

2]}½.



131Acta Chim. Slov. 2016, 63, 129–137

Shit et al.:  Synthesis, Crystal structure, and Hirshfeld Surface   ...

hods using the program SHELXS-9733 and refined with
full-matrix least-squares based on F2 using SHELXL-
97.33 The non-hydrogen atoms were refined with anisotro-
pic displacement parameters. Water hydrogen atoms were
treated freely while all other hydrogen atoms were first lo-
cated in the Fourier difference map, then positioned geo-
metrically and allowed to ride on their respective parent
atoms and refined with isotropic thermal parameters. The
molecular graphics and crystallographic illustrations were
prepared using ORTEP34 and Bruker SHELXTL.35 Details
concerning crystal data and refinement parameters for 1
are summarized in Table 1.

2. 4. Hirshfeld Surfaces Calculations

Hirshfeld surface analysis serves as a powerful tool
for gaining additional insight into the intermolecular inte-
raction of molecular crystals. The size and shape of Hirsh-
feld surface allows the qualitative and quantitative investi-
gation and visualization of intermolecular close contacts
in molecular crystals.36 The Hirshfeld surface enclosing a
molecule is defined by a set of points in 3D space where
the contribution to the electron density from the molecule
of interest is equal to the contribution from all other mole-
cules. Molecular Hirshfeld surfaces are constructed based
on electron distribution calculated as the sum of spherical
atom electron densities.24,37 Thus, an isosurface is obtai-
ned, and for each point of the isosurface two distances can
be defined: de, the distance from the point to the nearest
atom outside to the surface, and di, the distance to the nea-
rest atom inside to the surface. Moreover, the identifica-
tion of the regions of particular importance to intermole-
cular interactions is obtained by mapping normalized con-
tact distance (dnorm), expressed as: dnorm = (di – ri

vdw)/ri
vdw +

(de – re
vdw)/re

vdw ; where ri
vdw and re

vdw are the van der
Waals radii of the atoms.23 The value of dnorm is negative
or positive when intermolecular contacts are shorter or
longer than rvdw, respectively. Graphical plots of the mole-
cular Hirshfeld surfaces mapped with dnorm employ the
red–white–blue colour scheme where red colour indicates
the shorter intermolecular contacts, white colour shows
the contacts around the rvdW separation, and blue colour is
used to indicate the longer contact distances. Because of
the symmetry between de and di in the expression for
dnorm, where two Hirshfeld surfaces touch, both will dis-
play a red spot identical in colour intensity as well as size
and shape.38

The combination of de and di in the form of a 2D fin-
gerprint plot provides summary of intermolecular contacts
in the crystal and are in complement to the Hirshfeld sur-
faces.22 Such plots provide information about the intermo-
lecular interactions in the immediate environment of each
molecule in the asymmetric unit. Moreover, the close con-
tacts between particular atom types can be highlighted in
so-called resolved fingerprint plots,23 which allows the fa-
cile assignment of an intermolecular contact to a certain

type of interaction and quantitatively summarize the natu-
re and type of intermolecular contacts. Two additional co-
loured properties (shape index and curvedness) based on
the local curvature of the surface can also be specified.39

The Hirshfeld surfaces are mapped with dnorm, shape-in-
dex, curvedness and 2D fingerprint plots (full and resol-
ved) presented in this paper were generated using Crystal-
Explorer 3.1.40

3. Results and Discussion

3. 1. FT-IR Spectra
The FT-IR spectrum of 1 shows a broad band cente-

red around 3424 cm–1 assignable to υ−str(O–H) vibration of
coordinated and/or lattice water.16 The observed position
of υ−str(O–H) vibration indicates that lattice and coordina-
ted water molecules are involved in hydrogen bonding
which is confirmed by X-ray structure determination of
the complex. The characteristic band corresponds to car-
boxyl stretching of free 2,4-pydc (appears at 1708 cm–1 in
the spectrum of the pyridine-2,4-dicarboxylic acid) is ab-
sent in the spectrum of 1 indicatingd its coordination to
the metal. The υ−asym(COO–) stretching vibration of the
carboxylate group appears as two strong bands at 1651
and 1605 cm–1. The υ−sym(COO–) stretching vibration of
the carboxylate group for 1 appears as single strong band
at 1367 cm–1. The difference in wavenumber (Δυ−) bet-
ween the asymmetric and symmetric vibrations are grea-
ter than 200 cm–1 (284 and 238 cm–1 for 1), indicating that
carboxylate group adopts unidentate coordination to the
metal ion.2,41 The splitting of asymmetric stretching vibra-
tion to two well separated bands also indicates altogether
different behavior of the carboxylate group.2 These suppo-
sitions are verified by structural analysis of the complex
which reveal that one carboxylate group chelates the me-
tal in a unidentate manner while the other craboxylate
group remains uncoordinated. Several strong bands obser-
ved in the range 2914–3318 cm–1 may be assigned to υ−
(N–H) stretching vibration of NH2 group (Supplementary
Information: Figure S1).42

3. 2. UV-Visible Spectra

Solid-state electronic spectrum of the title complex
is recorded at room temperature in the wavelength
1100–200 nm. Spectrum of 1 (Supplementary Informa-
tion: Figure S2) shows two strong bands at 266 and 288
nm corresponding to π→π* transition of the coordinated
ligands. A shoulder band around 369 nm corresponds to
the n→π* transition of the coordinated ligand is also ob-
served in the spectrum of 1. In addition, a low intensity
broad band centered around 610 nm is observed in the
spectrum of 1 which is attributed to the d→d transition
of the copper(II) atom with distorted square-pyramidal
geometry.
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3. 3. Crystal Structure 
An ORTEP view of 1 with atom labels is shown in

Figure 1. Asymmetric unit of 1 consists of a copper(II)
atom, a neutral ligand (pic), a dianionic ligand (2,4-pydc)
and two water molecules. 

Copper(II) ion is bis chelated by both pic and 2,4-
pydc and a water molecule is coordinated in monodentate
fashion. Thus, copper(II) ion is five coordinated and the
geometry is best described as distorted square-pyramid
where two basal coordination sites are occupied by one
pyridine nitrogen (N2) and primary aliphatic amine nitro-
gen (N3) of the chelating pic ligand while the other two
basal coordination sites are satisfied by pyridine nitrogen
(N1) and one oxygen atom (O2) of the ortho-positioned
carboxylate group of the 2,4-pydc. The apex position of
the square-pyramid is occupied by oxygen atom (O1) of
the coordinated water. The basal Cu1–N(pyridine) bond
distances vary in the range 1.991(3)–1.989(3)Å while the
other basal and apical Cu1–O bond distances vary in the
range 1.970(2)–2.244(2)Å. The trans basal angles (vary in
the range 164.87(10)–176.84(10)°) and cis angles (vary in
the range 83.03(9)–101.10(9)°) deviate from their ideal
values of 180° and 90°, respectively (Table 2). 

The distorted square-pyramidal geometry of 1 is al-
so evident from the relative deviation of metal ion from
the mean-basal plane. The central Cu1 is slightly deviated
from the mean basal plane (donor atoms: N1, O2, N2, and

Table 2. Selected bond length (Å) and bond angle (°) for 1

Cu1–O1 2.244(2) O2–Cu1–N1 83.03(9)

Cu1–O2 1.970(2) N2–Cu1–N1 176.84(10)

Cu1–N1 2.002(3) N3–Cu1–N1 99.04(10)

Cu1–N2 1.989(3) O2–Cu1–O1 101.10(9)

Cu1–N3 1.991(3) N2–Cu1–O1 89.66(10)

O2–Cu1–N2 93.82(10) N3–Cu1–O1 93.87(10)

O2–Cu1–N3 164.87(10) N1–Cu1–O1 90.81(10)

N2–Cu1–N3 84.04(11)

Figure 1: An ORTEP view of 1. Displacement ellipsoids are drawn at 30% probability level.

N3) towards apical oxygen (O1) by 0.261 Å. All donor
atoms constructing the mean basal plane are coplanar wit-
hin ± 0.131 Å. The Cu–N and Cu–O bond distances found
for 1 are also very close to the similar complexes reported
in the literature.2,3,13,16,17 The distorted square pyramidal

geometry of copper(II) ion is evidenced by the trigonal in-
dex τ = 0.1996. The value of the trigonal index τ is defi-
ned as the difference between the two largest donor-me-
tal-donor angles divided by 60 to give a value of 0 for an
ideal square pyramid and 1 for a trigonal bipyramid.43

Crystal packing of 1 viewed along bc-plane (Figure
2) reveals interesting hydrogen bonding. The complex
contains several sufficiently electronegative centers ca-
pable of serving as proton donors/acceptors for the forma-
tion of several classical hydrogen bonds. These centers are
mainly carboxylate oxygen atoms, amine nitrogen atoms,
and the oxygen atoms of the coordinated and lattice water. 

Figure 2: Packing diagram of 1 viewed along bc-plane showing

different O–H···O and N–H···O hydrogen bonds.

Complex unit, lattice water and neighboring units
are connected to each other via various O–H···O and
N–H···O interactions (Table 3). Figure 2 shows two diffe-
rent intermolecular hydrogen bond motifs, a chain and
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ring. The chain motif is mainly created by hydrogen
bonds between lattice water and non-coordinated car-
boxylate oxygen. There are five different types of ring
motifs. According to Etter’s graph set notation,17 they are
designated as R5

3(12), R3
3(10), R2

2(18), R4
4(22), and R3

3(20).
The first ring motif involves non-coordinated carboxylate
oxygen, amine hydrogen and lattice water molecule. The
second ring motif involves lattice and coordinated water,
amine hydrogen and non-coordinated carboxylate oxy-
gen. The third ring motif involves coordinated water and
non-coordinated carboxylate oxygen. The fourth ring mo-
tif involves amine hydrogen, lattice water and non-coordi-
nated carboxylate oxygen while the fifth ring motif invol-
ves amine hydrogen, lattice and coordinated water and
non-coordinated carboxylate oxygen. These hydrogen
bonding is robust and lead to a three dimensional supra-
molecular structure which is further stabilized by C–H···O
and C–H···π interactions (Table 3). 

indicating atoms of the π-stacked molecule above them,
and the blue triangles represent by convex regions indica-
ting the ring atoms of the molecule inside the surfaces.
The red triangles on the shape index mapping are refer-
ring to the C11–H11···π interaction with the contribution
of 14.4% (Table 4) and the information conveyed by sha-

Table 3. Hydrogen bonding and π stacking interactions (Å, °) for 1

D–H…A d(D–H) d(H…A) d(D…A) ∠∠D–H…A
N3–H3A···O6 0.92 1.97 2.887(4) 176

N3–H3B···O5i 0.92 2.36 3.146(3) 144

O1–H80···O5ii 0.75(4) 1.98(4) 2.721(4) 169(4)

O1–H81···O3iii 0.76(4) 1.91(4) 2.671(4) 177(5)

O6–H82···O4iv 0.73(6) 2.08(5) 2.801(4) 170(5)

O6–H83···O4ii 0.74(5) 2.13(5) 2.837(4) 162(4)

C5–H5···O6 0.95 2.46 3.263(4) 142

C13–H13B···O1v 0.99 2.52 3.304(4) 136

C11–H11···π 0.95 2.76 3.575(3) 144

Symmetry codes: (i) –x, –y, 1 – z (ii) –x, –y, –z (iii) 1 – x, –y, –z (iv)

–x, ½ + y, ½ – z (v) x, ½ – y, ½ + z

3. 4. Hirshfeld Surface Analyses
The Hirshfeld surfaces are unique for a particular

crystal structure and its numbers also depend on the num-
ber of crystallographically independent molecules in the
corresponding asymmetric unit.44 The molecular Hirsh-
feld surface; dnorm, shape index and curvedness for 1 is il-
lustrated in Figures 3–5, respectively, and mapped over
dnorm ranges –0.7145 to 1.1610 Å, shape index ranges
–0.9954 to 0.9965 Å, and curvedness ranges –4.9685 to
0.4142 Å, respectively. The dnorm mapping indicates that
strong hydrogen bond interactions, such as O–H···O
hydrogen bonding between coordinated/lattice water and
carboxylato oxygen and N–H···O hydrogen bonding bet-
ween amino group and lattice water oxygen or carboxyla-
to oxygen, appear as primary interaction between the
complexes, seen as a bright red area in the Hirshfeld surfa-
ces (Figure 3). 

The shape index is the most sensitive to very subtle
changes in surface shape, the red triangles on them (above
the plane of the molecule) represent by concave regions

Figure 3: Molecular Hirshfeld surface: dnorm for 1.

Figure 4: Molecular Hirshfeld surface: Shape index for 1.

Figure 5: Molecular Hirshfeld surface: Curvedness for1.
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pe index is in agreement with the 2D fingerprint plot (Fi-
gure 6).45,46

The curvedness is a measure of the shape of the
surface area of the molecule. The flat areas of the surfa-
ce correspond to low values of curvedness, while sharp
curvature areas correspond to high values of curvedness
and usually tend to divide the surface into patches, indi-
cating interactions between neighboring molecules. The
large flat region which delineated by a blue outline refer
to the π···π stacking interactions. The curvedness of the
complex reveals that π···π stacking interaction is ab-
sent.45,46

The 2D fingerprint plots for 1 (Figure 6) show that the
intermolecular H···H, O–H···O, and C–H···π interactions
are well dominated and are in complement to the Hirshfeld
surfaces. The fingerprint plots can also be decomposed to
highlight particular atoms pair close contacts45 and enables
separation of contributions from different interaction types.
Two sharp spikes pointing towards lower left of the plot are
typical O–H···O hydrogen bonds. This portion corresponds
to H–O/O–H interactions comprising 36.7% of the total
Hirshfed surfaces for each molecule of 1. At the top left of
the plot, there are characteristic ššwings’’ which are identi-
fied as a result of C–H···π interactions. 

Figure 6: Fingerprint plot of 1: full and resolved into H···H, H···O and H···C contacts showing the percentages of contacts contributed to the total

Hirshfeld surface area.
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The decomposition of the fingerprint plots show that
H–C/C–H contacts comprise 14.4% of the total Hirshfeld
surface area for the molecule of 1. They correspond to all
C–H···C interactions of which C–H···π appear in the fin-
gerprint plot in a characteristic manner. The broad region
bearing short and narrow spikes at the middle of plot is
reflected as H···H interaction in 1 comprising 34.5% of
the total Hirshfeld surfaces for 1. Apart from these above,
the presence of N···H, C···O, N···O, O···O, C···C, H···M,
O···M, and N···C interactions were observed, which are
summarized in Table 4.46–48

3. 5. Powder XRD Data

The experimental powder XRD pattern of the bulk
product of the complex is in good agreement with the si-
mulated XRD pattern obtained from single crystal X-ray
diffraction, confirming phase purity of the bulk sample
(Supplementary Information: Figure S3). The simulated
pattern was calculated from the single crystal structural
data (cif file) using the CCDC Mercury software.

3. 6. Thermogravimetric Analysis

Thermogravimetric analysis (Supplementary Infor-
mation: Figure S4) reveals thermal stabilities of the
complex when heated in the temperature range 35–800
°C in dynamic nitrogen atmosphere. TG curve for 1 re-
veals that the complex is thermally stable up to 105 °C.
Then it undergoes a mass loss of ca. 9.62% (calcd.
9.66%) corresponds to the loss of both crystalline and
coordinated water in the temperature range 105–200 °C.
The dehydrated complex remains stable up to 226 °C.
Thereafter it undergoes a continuous weight loss up to
ca. 600 °C due to its decomposition. The mass loss of ca.
74.52% (calcd. 76.40%) corresponds well to the loss of
the coordinated ligand. Dehydrated complex decompo-
ses steadily in three steps, 226–252, 252–282, and
282–600 °C. No further weight loss is observed upon
heating up to 800 °C.

4. Conclusion 

In this paper we have reported the synthesis, charac-
terization and crystal structure of a new coordination
complex of copper(II) incorporating pyridine-2,4-dicar-
boxylate and 2-picolylamine. Structural characterization
reveals that copper(II) atom adopts distorted square pyra-
midal geometry. Structural characterization also reveals
that the primary structural motifs that constitute the back-
bone of the net supramolecular arrangement are dictated
by hydrogen bonds whereas weaker H···H and C–H···π
stacking interactions are found to govern the final solid-
state packing, resulting 3D supramolecular structure. The
molecular Hirshfeld surface and 2D fingerprint plots were
used for quantitative mapping out these interactions.
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Povzetek
Sintetizirali smo nov bakrov(II) kompleks z razli~nimi ligandi, [Cu(2,4-pydc)(pic)(H2O)] · H2O (1) (2,4-pydc = piridin-

2,4-dikarboksilat, pic = 2-pikolilamin) in ga okarakterizirali z elementno analizo, FT-IR in UV-Vis spektroskopijo in

termogravimetri~no analizo. Rentgenska monokristalna difrakcija razkriva, da ima bakrov(II) atom popa~eno kvadrat-

no-piramidalno koordinacijo. Strukturna karakterizacija ka`e na medsebojno delovanje O–H···O, N–H···O, C–H···O in

C–H···π interakcij med kristalno in koordinirano vodo ter ligandi, kar pomembno prispeva k kristalnemu pakiranju in

vodi do tvorbe in oja~enja tridimenzionalne supramolekularne strukture. Hirshfeldova povr{inska analiza z uporabo 3D

molekularnih povr{inskih kontur in 2D prstnih odtisov je bila uporabljena za analizo intermolekularnih interakcij, ki so

prisotne v trdnem stanju. 
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Figure S1: FT-IR spectrum of 1. 



 
 

Figure S2: Solid state UV-visible spectrum of 1. 
 
 

 

Figure S3: PXRD pattern of 1 (Black = single crystal simulated powder pattern and Red = experimental powder pattern). 

 

 



 
 

Figure S4: TGA curve for 1. 

 


