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Abstract: Hirshfeld surface analysis, a suitable tool for investigating intermolecular interactions, has been
widely used in crystallography in recent years. A breakdown of related fingerprint graphics is presented as a
color  chart,  allowing  a  quantitative  analysis  of  intermolecular  interaction  types.  In  this  study,  the
intermolecular  interactions  of  diaqua-bis(4-cyanobenzoato-κO)bis(nicotinamide-κN1)cobalt(II)  (I),
diaquabis(4-cyanobenzoato-κO)bis(nicotinamide-κN1)copper(II)  (II),  diaquabis(4-cyanobenzoato-
κO)bis(nicotinamide-κN1)nickel(II)  (III),  triaqua(4-cyanobenzoato-κ2O,O')(nicotinamide-κN)zinc(II)  4-
cyanobenzoate (IV),  diaquabis(4-cyanobenzoato-κO)bis(N,N’-diethylnicotinamide-κN)cadmium(II)  (V),
diaquabis(4-cyanobenzoato-κO)bis(N,N’-diethylnicotinamide-κN)zinc(II)  (VI)  and  catena-poly[[aquabis(4-
cyanobenzoato-κO)copper(II)]-μ-N,N’-diethylnicotinamide-κ2N1:O] (VII)  complexes,  crystal  structures  were
previously  determined and investigated by using Hirshfeld surface analysis  via  CrystalExplorer  Program
Version 17.5. In addition, the intermolecular interaction energies of the complexes were calculated using CE-
HF/3-21G and CE-B3LYP/6-31G (d,p) energy models that involved in CrystalExplorer (CE) software. Related
to the obtained Hirshfeld surface analysis results, H…H, H…C/C…H, H…O/O…H, H…N/N…H, C…C, C…N/N…C and C…

O/O…C  constitute  the  intermolecular  interactions  of  the  complexes.  Additionally,  N…O/O…N  and  N…N
interactions only in I, II, III, IV and VII complexes, H...Cu/Cu...H, O...Cu/Cu...O only in complexes II and VII and
O...O interactions only in complexes II, V and VI were also found. The most significant interactions of all of
the complexes were found as the H…H interactions.  These results support the existence of π-π interactions
between benzene and pyridine rings and medium strength hydrogen bonds which contribute to the stability
of the crystal  packing of the complexes that are determined by single crystal  X-ray diffraction method.
Depending on the intermolecular  interactions  and the energy-framework analysis the O-H...O and N-H...O
hydrogen bonds, and  π···π stacking and C−H···π interaction energies are the most significant forces in the
crystal packaging. The estimation of the intermolecular interactions and electrostatic energy values of the
complexes  are  very  important  for  the  classification  of  them  for  their  electrical,  magnetic  and  optical
properties.  
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INTRODUCTION

Non-covalent interactions such as hydrogen bonds,
halogen  bonds,  CH···π  and  π···π  interactions  play
important  roles  in  chemical,  catalytic,
photochemical,  crystal  engineering,  and
supramolecular  processes  (1–4).  Particularly,
hydrogen bonding interactions such as the O⋯H and
N...H interactions lead to an increase in the stability
of crystal packaging (5). Van der Waals interactions
also  play  a  key  role  in  the  formation  of  the
supramolecular  structures.  To  understand  the
nature  of  non-covalent  interactions,  many
theoretical and experimental researches have been
carried  out  in  recent  years  (3).  As  a  new  trend,
many of studies were done in the field of theoretical
chemistry to investigate the structural, physical and
biological  properties  of  materials  (6).  The
CrystalExplorer  software is a theoretical calculation
program  that  has  been  widely  used  in
crystallography  for  the  last  decade.  Hirshfeld
surface  analysis  presents  a  visual  picture  and  2D
fingerprint plots of crystalline packaging types and
intermolecular  interactions  (7). Thanks to Hirshfeld
Surface  analysis,  by  determining  a  surface,  it  is
possible  to  partition  the  electron  density  of  the
crystal  into  molecular  parts  and  to  describe  the
region in which the molecule is located. In this way,
the  differences  among  the  complexes  related  to
their intermolecular interactions can be determined.
With  this  analysis,  both  of  the  contribution  of
intermolecular interactions to crystal packaging and
whether  there  are  the  differences  at  the
intermolecular interactions depending on the crystal
structures  of  the complexes  can  be identified  (8).
Besides,  a  new  feature  has  been  added  to  the
Crystal  Explorer  17.5  software for  calculating  the
pair-wise  interaction  energies  within  a  crystal.
Energy models of the software can be used at the
calculations  of  the  interaction  energies  of  neutral
organic  molecules,  organic  salts,  solvates,
coordination  compounds,  and  radicals  (9–11).
Herein,  the  Hirshfeld  Surface  analysis  and
Interaction  Energy  Analysis  of  diaquabis(4-
cyanobenzoato-κO)bis(nicotinamide-κN1)cobalt(II)
(I)  (12),  diaquabis(4-cyanobenzoato-
κO)bis(nicotinamide-κN1)copper(II)  (II)  (13),
diaquabis(4-cyanobenzoato-κO)bis(nicotinamide-
κN1)nickel(II)   (III)  (13),  triaqua(4-cyanobenzoato-
κ2O,O')(nicotinamide-κN)zinc(II)  4-cyanobenzoate
(IV)  (14),  diaquabis(4-cyanobenzoato-κO)bis(N,N'-
diethylnicotinamide-κN)cadmium(II)  (V)  (15),
diaquabis(4-cyanobenzoato-κO)bis(N,N'-
diethylnicotinamide-κN)zinc(II) (VI) (16) and catena-
poly[[aquabis(4-cyanobenzoato-κO)copper(II)]-μ-

N,N’-diethylnicotinamide-κ2N1:O] (VII)  (17)
complexes,  which  we previously  synthesized  them
and  determined  their  crystal  structures,  were
performed  using  the  CrystalExplorer  software.  In
order to interpret the intermolecular interactions of
the complexes,  dnorm,  shape-index,  curvedness,  2D
fingerprint, and fragment patches of the molecules
were plotted. For the energy frameworks analysis of
the  complex,  electrostatic  energy  (E_ele),
polarization  energy  (E_pol),  dispersion  energy
(E_dis),  exchange-repulsion  energy  (E_rep),  and
total  intermolecular energy (E_tot) were calculated
using two energy models, which were notified as CE-
HF/3-21G and CE-B3LYP/6-31G (d,p).

MATERIALS AND METHOD

Hirshfeld surface analysis  (9,11) was performed  to
investigate  the  visualization  of  intermolecular
interactions  of  the  complexes  that  we  previously
synthesized and characterized (see Figure 1 for the
structures)  (18).  Hirshfeld  surface  (7,  10),  2D
fingerprint  (11) plots,  and  interaction  energy
analysis  were  obtained  using  CrystalExplorer
Version  17.5  software  based  on  the  input
crystallographic information file (CIF) (7). The Tonto
Quantum  Chemistry  package  involving  in  the
CrystalExplorer  (CE)  software was used to achieve
more accuracy  on intermolecular  interactions  with
energy frame analysis (8,19,20). The intermolecular
interaction  energies  of  the  complexes  were
calculated  using CE-HF/3-21G and CE-B3LYP/6-31G
(d,p) energy models in CrystalExplorer software.

RESULTS AND DISCUSSION

Hirshfeld Surface Analysis
Hirshfeld  surface  analysis,  short  or  long  contacts,
and  intermolecular  interactions  are  visualized  by
different  colors  and  color  intensity  (11).  The  dnorm

maps of the complexes were given in Figure 2. On
the  dnorm map  of  the  complexes,  contacts  with  a
distance  shorter  than  the  Van  der  Waals  radii  (in
close contact)  and longer than the Van der Waals
radii (in distant contact) were seen as red and blue
surfaces,  respectively.  In  addition,  distances  equal
to the sum of the Van der Waals radii were observed
as white surfaces  (11). 3D Hirshfeld surfaces of the
complexes were mapped over dnorm in the range of -
0.5248-1.5120 a.u (for I), -0.6299-1.4753 a.u (for II),
-0.5207-1.4833 a.u (for  III), -0.6210-1.4544 a.u (for
IV), -0.6169-1.6478 a.u (for  V), -0.5667-1.5939 a.u
(for VI) and -0.7415-1,5447 a.u (for VII) (21).
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Figure 1. Crystal structure of the complexes.

Figure 2. View of the 3D Hirshfeld surfaces of the complexes which were mapped over dnorm.

In the shape indexes of the complexes, the acceptor
and donor groups have been represented by red and
blue regions, respectively (Figure 3). As seen from
Figure 3, adjacent red and blue triangles confirm the
existence of interactions resulting from π-π stacking
among the aromatic rings in the crystal structures of
the complexes (21).

In the Hirshfeld surface analysis of the complexes, in
Curvedness  maps,  relatively  large  green  planes

separated  by  blue  edges  were  observed  in  the
regions  where  benzene  rings  of  4-cyanobenzoate
ligands  and  pyridine  rings  of  nicotinamide/N,N'-
diethylnicotinamide  ligands  are  located.  These
green  planes  give  us  an  idea  of  the  flatness  of
complexes  related  to  π-π  stacking  and  C…C
interactions  of  the  rings.  The  larger  green  planes
were seen in complex  VII with a monoclinic crystal
system compared to complexes  I-VI that crystallize
in the triclinic system (Figure 4) (21).
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Figure 3. Hirshfeld surface of the complex plotted over shape-index

Figure 4. Curvedness maps of the complexes.

2D  fingerprint  plots  for  all  of  the  investigated
complexes were given in Figure 5. Complexes  I,  II
and  III are isostructure. Intermolecular interactions
that  contribute  to  the  crystal  packaging  of  these
three complexes were almost similar (Table 1). The
main interaction contribution to the stability of these
structures  were  causing  by the  H...C/C...H contacts
with 27.2 at %. H...H and H...O/O...H were the second
and third major interactions, and they contributed to
the interactions by approximately 24.0 at % and 19
at %, respectively. According to the crystal structure
analysis, C-H···O and O-H⋯O hydrogen bonds linked
the layers together in three dimension networks. As
a  result,  these  findings  present  matchings.  The
contribution  ratios  of  intermolecular  interaction  of
the  three  complexes  to  the  crystal  package  were
very close. Differently, only in the complex  III, the
interactions  of  H...Cu/Cu...H  and  O...Cu/Cu...O  were
observed  with  very  small  proportion.  The  most
important  interaction  in  complex  IV,  which  was
another  complex  with  nicotinamide  ligand,  whose
structure was different from these three complexes,
is H...H interactions with 32.6 at %. H ... O / O ... H and
H ... N / N ... H interactions contributed with 20.5 at %
(second important interaction)  and with 16.2 at %
(third  important  interaction)  to  the  intermolecular
interactions  in  complex  IV,  respectively.  These
results  support  the  presence  of  N-H···O,  O-H...O
hydrogen bonds, which bind molecular components

in  the  crystal  structure  and  make  the  crystal
structure  more  stable.  It  was  estimated  that  the
H...C/C...H  interactions  were  the  most  dominant
interaction in the other three complexes containing
nicotinamide ligand, and these interactions are the
fourth major interaction with 13.3 at % in complex
IV.  All  of  the  other  interaction  percentages  that
contribute to the crystal architecture were given in
Table 1 and plotted in Figures 6 and 7. Although the
structures of the three complexes containing  N,N'-
diethylnicotinamide ligand were different from each
other,  the  most  important  intermolecular
interactions for all of the three complexes were the
H...H interactions (46.8 at % (for  V), 45.9 at % (for
VI) and 33.2 at % (for VII). In the complexes 5 and
6, the second important interactions were the H...O/
O...H  interactions  with  18.4  at  %  and  19.2  at  %,
respectively,  while  the  second  important
interactions  in  the complex VII  were the H...N/N...H
interactions with 19.5 at % . H...N/N...H interactions
with 15.2 at % and 15.3 at % were third important
interactions for complex V and VI, respectively. H...C/
C...H interactions with 16.7 % were third important
interactions  for  complex  VII.  The fourth important
interactions  were  H...C/C...H  interactions  for  the
complexes  V and  VI and H...O/O...H interactions for
the complex  VII. In complex  VII, just like complex
III,  the central  atom was copper.  Similarly,  in  the
complex  VII,  H...Cu/Cu...H  and  O...Cu/Cu...O
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interactions were also found. H...N/N...H and H...O/O...H
interactions confirm the existence of N-H...O and O-
H...O  hydrogen  bonds  in  crystal  structures,  while

H...C/C...H  interactions  support  the  interaction  of
benzene and pyridine rings and π-π stacking for all
investigated complexes. 

Figure 5. All interactions of two-dimensional fingerprint plots for the complexes I-VII.  

Table 1. Intermolecular Interactions of the Complex I-VII.
Interaction Complex

I II III IV V VI VII

H…O/O…H 18.5 20.2 18.6 20.5 18.4 19.0 16.7

N…O/O…N 0.6 0.5 0.5 0.5 0.2

C…O/O…C 1 1.1 0.9 3.4 0.2 0.2 0.6

H…H 25.4 23.5 25.6 32.6 46.8 45.9 33.2

H…N/N…H 16.3 16.1 16.2 16.2 15.2 15.3 19.5

H…C/C…H 27.2 27.4 27.1 13.3 14.3 14.7 17.7

N…N 2.0 1.8 1.9 0.4 0.8

C…N/N…C 3.6 4.1 3.8 4.4 2,3 2.2 2.7

C…C 5.4 4.6 5.4 8.7 2,6 2.6 6.3

O…Cu/Cu…O 0.4 1.4

H…Cu/Cu…H 0.2 0.2

O…O 0.1 0,2 0.1 0.8

129



Öztürkkan FE et al. JOTCSA. 2021; 8(1): 125-136. . RESEARCH ARTICLE

Figure 6. Comparison of the intermolecular interactions of the complex I-IV.

Figure 7. Comparison of the intermolecular interactions of the complex V-VII.

Interactions Energy Analysis
The total intermolecular energy E_tot (kJ/mol), which
correlative to the reference molecule, is the sum of
four  main  energy  component  comprising

electrostatic (E_ele), polarization (E_pol), dispersion
(E_dis)  and  exchange-repulsion  (E_rep).  Scale
factors,  k_ele,  k_pol,  k_disp,  k_rep,  for  B3LYP/6-
31G(d,p)  electron  densities  and HF/3-21G electron

130



Öztürkkan FE et al. JOTCSA. 2021; 8(1): 125-136. . RESEARCH ARTICLE

densities are used as: 1.057, 0.740, 0.871 and 0.618
kJ/mol  and  1.019,  0.651,  0.901  and  0.811  kJ/mol,
respectively.  As  seen  from  Table  3,  energy
calculations were made by using CE-HF/3-21G, and
CE-B3LYP/6-31G(d,p).  Two different  energy models
of  the  CrystalExplorer  software were  used  to
increase  the  accuracy  of  the  estimation  of  the
energy values.  E_tot values of  each energy model
have shown  very similar results in  themselves. For
complex  V,  the  Tonto Quantum Chemistry package
could not calculate  the  B3LYP/6-31G(d,p) model. It
was clearly seen from Table 2 that the dispersion
(E_dis), polarization (E_pol) and exchange-repulsion
(E_rep)  and  total  intermolecular  energy  (E_tot)
values  have  close  for  all  of  the  models  for
isostructural  complexes  I and  III.  The total  energy
values  which  were calculated  for  the  complex  II,
which have the same structure as these complexes,
are different from those of the I and III complexes.
This difference in E_tot  value can be attributed to
the similarity of the electron configuration of the Co
and  Ni  central  atoms  in  complexes  I and  III,
respectively.  While  the  values  of  the  two  energy
models are close to each other for the IV complex,

these  values  are very  different  from those  of  the
other three complexes which have got nicotinamide
ligands.  In  the  VI complexes  which  involved  N,N'-
diethylnicotinamide ligand, the energy values were
calculated in both models, and they revealed close
values with each other (Table 3). The agreement at
the values of different models for each molecule can
be  explained  by  the  stability  of  the  reference
molecule. However, these values differ significantly
in  the  VII complex.  According  to  the  results  of
previous studies, we consider that the results of the
B3LYP model  are  more accurate  for  this  complex,
which has a polymeric structure. On the other hand,
it was determined that electrostatic energy (E_ele)
values  affect  the  total  energy  values.  In  previous
studies,  it  was  reported  that  the  hydrogen  bonds
contributed to the electrostatic energy. In this study,
N-H···O and O-H...O hydrogen bonds and weak C-H...π
interactions  significantly  contribute  to  electrostatic
energy. Like the structures of the three complexes
containing  N,N'-diethylnicotinamide  ligand,  their
energy  values  are  also  different  from each  other
(20,22–24).

Table 2. Interaction energy values of the complexes I-IV.

N Symop R Electron Density E_ele E_pol E_dis E_rep E_tot

I

2 x, y, z 13.42 B3LYP/6-31G(d.p) -31.6 -10.7 -38.3 35.8 -52.6

2 x, y, z 14.32 B3LYP/6-31G(d.p) -69.8 -17.5 -21.0 66.5 -64.0

2 x, y, z 7.65 B3LYP/6-31G(d.p) -73.9 -20.8 -58.7 91.0 -88.5

2 x, y, z 10.28 B3LYP/6-31G(d.p) -2.8 -5.8 -55.2 27.1 -38.6

2 x, y, z 9.93 B3LYP/6-31G(d.p) -67.4 -28.3 -82.6 87.6 -110.0

-245.5 -83.1 -255.8 308 -353.7

1 x, y, z 13.42 HF/3-21G -34.4 -12.6 -38.3 26.5 -56.3

0 x, y, z 14.32 HF/3-21G -66.7 -20.5 -21.0 48.2 -61.1

1 x, y, z 7.65 HF/3-21G -91.3 -29.3 -58.7 66.6 -110.9

1 x, y, z 10.28 HF/3-21G 1.1 -6.1 -55.2 20.4 -35.9

0 x, y, z 9.93 HF/3-21G -73.3 -35.9 -82.6 68.0 -117.3

-264.6 -104.4 -255.8 229.7 -381.5

II
1 - 2.49 B3LYP/6-31G(d.p) -107.4 -30.9 -21.3 118.6 -81.6

1 - 2.49 HF/3-21G -106.7 -44.7 -21.3 77.2 -94.3

III

2 x, y, z 7.64 B3LYP/6-31G(d.p) -71.0 -20.4 -59.8 94.3 -84.0

2 x, y, z 14.24 B3LYP/6-31G(d.p) -70.5 -17.6 -21.3 64.7 -66.1

2 x, y, z 10.25 B3LYP/6-31G(d.p) -2.4 -6.1 -55.4 27.4 -38.4

2 x, y, z 9.86 B3LYP/6-31G(d.p) -71.4 -30.8 -82.9 89.6 -115.1

2 x, y, z 13.41 B3LYP/6-31G(d.p) -32.4 -11.0 -38.8 35.5 -54.2

Total -247.7 -85.9 -258.2 311.5 -357.8

2 x, y, z 7.64 HF/3-21G -90.6 -29.3 -59.8 68.4 -109.8
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2 x, y, z 14.24 HF/3-21G -67.7 -20.5 -21.3 46.7 -63.7

2 x, y, z 10.25 HF/3-21G 1.7 -6.0 -55.4 20.6 -35.5

2 x, y, z 9.86 HF/3-21G -75.1 -37.9 -82.9 69.7 -119.3

2 x, y, z 13.41 HF/3-21G -34.5 -12.7 -38.8 26.3 -57.0

Total -266.2 -106.4 -258.2 231.7 -385.3

IV 1 - 8.55 B3LYP/6-31G(d.p) -94.7 -15.0 -13.4 181.3 -11.0

1 - 8.55 HF/3-21G -82.7 -31.6 -13.4 121.0 -18.8

E:interaction energies components, Symop: rotational symmetry operations with respect to the reference
molecule, R: the centroid-to-centroid distance between the reference molecule N: interacting molecules as
well as the number of pair(s) of interacting molecules with respect to the reference molecule (20).

Table 3. Interaction energy values of the complexes V-VII

N Symop R Electron 
Density

E_ele E_pol E_dis E_rep E_tot

V

2 x, y, z 7.51 HF/3-21G -47.2 -16.5 -110.3 50.0 -117.7

2 x, y, z 8.67 HF/3-21G -28.4 -10.4 -111.9 48.4 -97.3

2 x, y, z
15.3
7 HF/3-21G -0.3 -1.2 -9.8 1.5 -8.7

2 x, y, z 9.86 HF/3-21G -91.4 -28.1 -33.3 65.7 -88.1

2 x, y, z
17.1
6 HF/3-21G -0.2 -1.6 -20.4 4.3 -16.1

-167.5 -57.8 -285.7 169.9 -327.9

VI

2 x, y, z 7.49
B3LYP/6-
31G(d.p) -41.5 -14.3 -112.2 72.7 -107.2

2 x, y, z 8.59 B3LYP/6-
31G(d.p)

-29.1 -7.9 -112.2 65.1 -94.1

2 x, y, z
15.0
7

B3LYP/6-
31G(d.p) 0.1 -0.9 -10.7 3.0 -8.1

2 x, y, z 9.76 B3LYP/6-
31G(d.p)

-73.9 -17.9 -35.7 70.8 -78.7

2 x, y, z
16.8
2

B3LYP/6-
31G(d.p) -0.1 -1.7 -20.8 6.2 -15.6

-144.5 -42.7 -291.6 217.8 -303.7

2 x, y, z 7.49 HF/3-21G -45.0 -16.6 -112.2 54.3 -113.7

2 x, y, z 8.59 HF/3-21G -29.7 -9.9 -112.2 52.3 -95.4

2 x, y, z
15.0
7 HF/3-21G 0.4 -1.3 -10.7 2.0 -8.5

2 x, y, z 9.76 HF/3-21G -84.7 -25.6 -35.7 54.1 -91.2

2 x, y, z
16.8
2 HF/3-21G 0.3 -1.6 -20.8 4.6 -15.8

Total -158.7 -55 -291.6 167.3 -324.6

1 -x, -y, -z 6.75 B3LYP/6-
31G(d,p)

-
554331.1

-189.8 -103.5 -3606.6 -
588552.7
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VII

2 -x+1/2, y+1/2, -
z+1/2

7.40 B3LYP/6-
31G(d,p)

-
443441.9

-246.6 -83.9 -4100.8 -
471639.7

2 x, y, z
16.6
7

B3LYP/6-
31G(d,p)

-
357281.4 -59.7 -22.7 8301.7

-
372689.6

1 -x, -y, -z 7.51
B3LYP/6-
31G(d,p)

-
577535.4 -67.8 -44.5

-
27937.
6

-
627974.2

2
x+1/2, -y+1/2, 
z+1/2

12.0
4

B3LYP/6-
31G(d,p)

-
343411.2 -33.3 -8.0 -524.5

-
363444.2

2 -x+1/2, y+1/2, -
z+1/2

14.4
7

B3LYP/6-
31G(d,p)

-
461902.7

-48.9 -12.9 -990.7 -
489029.1

2 x, y, z
14.6
2

B3LYP/6-
31G(d,p)

-
373681.0 -68.7 -14.4 -1281.6

-
395947.9

1 -x, -y, -z 13.0
7

B3LYP/6-
31G(d,p)

-
344634.1

-38.8 -54.8 -679.6 -
364877.9

1 -x, -y, -z
16.9
9

B3LYP/6-
31G(d,p)

-
256442.5 -3.0 -10.8 -1855.2

-
272294.2

2 x, y, z 8.02 B3LYP/6-
31G(d,p)

-
475586.0

-40.5 -28.7 -4542.8 -
505698.1

Total
-
4188247,
3

-797,1 -384,2 -
37217,
7

-
4452147,
6

1 -x, -y, -z 6.75 HF/3-21G -297.8 -100.1 -103.5 235.3 -271.1

2
-x+1/2, y+1/2, -
z+1/2 7.40 HF/3-21G -38.1 -35.3 -83.9 79.2 -73.1

2 x, y, z 16.6
7

HF/3-21G -1.4 -7.9 -22.7 10.5 -18.5

1 -x, -y, -z 7.51 HF/3-21G -40.9 -23.6 -44.5 9.5 -89.4

2 x+1/2, -y+1/2, 
z+1/2

12.0
4

HF/3-21G 2.6 -4.0 -8.0 2.4 -5.2

2
-x+1/2, y+1/2, -
z+1/2

14.4
7 HF/3-21G 15.2 -6.2 -12.9 3.1 2.4

2 x, y, z 14.6
2

HF/3-21G -3.0 -4.1 -14.4 2.2 -17.0

1 -x, -y, -z
13.0
7 HF/3-21G 15.2 -13.0 -54.8 23.4 -23.4

1 -x, -y, -z 16.9
9

HF/3-21G 1.1 -3.3 -10.8 4.3 -7.3

2 x, y, z 8.02 HF/3-21G 1.5 -4.7 -28.7 12.8 -17.0

Total -345,6 -202,2 -384,2 382,7 -519,6

E:interaction energies components, Symop: rotational symmetry operations with respect to the reference
molecule, R: the centroid-to-centroid distance between the reference molecule N: interacting molecules as
well as the number of pair(s) of interacting molecules with respect to the reference molecule (20).
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CONCLUSION 

In this study, Hirshfeld surfaces and the relationship
2D fingerprint plots of seven complexes, metal(II) 4-
cyanobenzoate  nicotinamide/N,N'-
diethylnicotinamide, were investigated. According to
Hirshfeld Surface Analysis results, H…O/O…H, C…O/O…

C,  H…H,  H…N/N…H,  H…C/C…H,  C…N/N…C  and  C…C
interactions are found in Hirshfeld surface of all of
the  complexes.  H...H  interactions  provide  a
significant contribution to  the  crystal  packaging of
the complexes. H...O/O...H and H…N/N…H interactions
also provide a key contribution to the intermolecular
interactions of the complexes, and they support the
presence  of  hydrogen  bonds  in  the  crystal
structures.  On  the  shape-index  of  the  complexes,
presences of adjacent red and blue triangles were
supported  the  weak  C-H…π  and  π  -π  stacking
interactions between the benzene and pyridine rings
in crystal structures. As a result, it can be said that
the  results  obtained  from  single  crystal  X-ray
analysis  and  Hirshfeld  surface  analysis  have
supported  each  other.  The  polarization  (E_pol),
dispersion  (E_dis),  and  exchange-repulsion  (E_rep)
energies  were  calculated  by  using  two  different
models  of  the  CrystalExplorer  (CE)  software.  The
E_tot values calculated for  I,  II,  III,  IV,  VI, and  VII
complexes with the B3LYP/6-31G(d,p) energy model
were found to be -353.7, 81.6, -357.8, -11.0, -303.7
and  -4452147.6  kJ/mol,  respectively.  These  values
were also calculated for  I,  II,  III,  IV,  V,  VI and  VII
complexes  by  using  the  HF/3-21G  energy  model,
and they were also found to be -381.5, 94.3, -385.3,
-18.8, -327.9, -324.6 and 519.6 kJ/mol, respectively.
While the E_tot values of I and III complexes which
have similar  structures  are close to each other  in
both  models,  it  is  thought  that  the different  E_tot
values  of  the  complex  II, which  has  isostructural
with these complexes, cause by the nature of metal
cation. As a result, it was found that the complexes
with  different  structures  showed  different  energy
values.
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