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Um estudo DFT nos
complexos Dicloro
{CExgãgdimetilaminogN,g
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Móf CM = Znv Cuv Niv Fev
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Resumen Resumo

âa geometría molecular de la Mñyg]g
dimetilaminogN′g[MpiridingNgily metilidenog
𝜅N] benzohidrazida Má4zw4HN]Oy
acomplejada con iones 7NS M7fZnL áuL NiL
xeL 7nL áa y áoy se calculó usando la teoría
funcional de densidad Mq[âYPy empleando un
conjunto de bases Hg[4TMdL py( âas
frecuencias vibracionales fueron calculadas
con el propósito de comprobar la ausencia de
frecuencias vibracionales imaginariasL hecho
que confirma el mínimo global en la
optimización de la geometría( âos parámetros
de la geometría molecular Mlongitudes de
enlace y ángulosy para los complejos de áuNS

y ZnNS fueron comparados con datos
cristalográficos previamente reportadosL
mostrando una buena correlación( âas
energías de asociación para todos los
complejos fueron determinadas a un nivel de
teoría q[âYPEHg[4TSSMdL py mostrando que
el complejo menos favorable es áugâL
correspondiente al catión más pequeño del
estudio( Por otro lado áagâL uno de los menos
establesL corresponde al catión más grande
analizado( Se llevó a cabo un análisis de
orbitales moleculares en el cual los complejos
exhibieron diferentes valores de Δ𝐸wO7O
−âU7O en función del metal empleado(

The molecular geometry of Mñyg]g
dimethylaminogN′g[MpyridingNylymethylideneg
𝜅N]benzohydrazide Má4zw4HN]Oy complexed
with 7NS M7fZnL áuL NiL xeL 7nL áa and áoy
ions was calculatedL using density functional
theory Mq[âYPy with Hg[4TMdL py basis set(
Vibrational frequencies were computed in
order to verify the absence of imaginary
vibrational frequenciesL fact that confirms the
global minimum in geometry optimization(
7olecular geometry parameters Mbond lengths
and anglesy for áuNS and ZnNS complexes were
compared with crystallographic data
previously reportedL showing good
correlation( qinding energies for all
complexes were computed at the
q[âYPEHg[4TSSMdL py level of theory( These
calculations indicate that áugâ is the lowest
favorable complexL áuNS corresponds to the
smallest cation on the present study( On the
other handL áagâL one of the less favorable
complexL corresponds to the largest cation
analyzed in the present study( 7olecular
orbital analysis was carried out showing
variations in Δ𝐸wO7O−âU7O values as a
function of the metallic ion employed(

G geometria molecular da Mñyg]g
dimetilaminogN′g[MpiridingNgily metilidenog
𝜅N] benzohidrazida Má4zw4HN]Oy
acomplexada com íons 7NS M7fZnL áuL NiL
xeL 7nL áa y áoy foi calculada usando a
teoria funcional da densidade Mq[âYPy
utilizando um conjunto de bases Hg[4TMdL py(
Gs frequências vibracionais foram calculadas
com o objetivo de comprovar a ausência de
frequências vibracionais imagináriasL fato que
confirma o mínimo global na otimização da
geometria( Os parâmetros da geometria
molecular Mlongitudes de enlace e ângulosy
para os complexos de áuNS y ZnNS foram
comparados com dados cristalográficos
previamente reportados e mostraram boa
correlação( Gs energias de associação para
todos os complexos foram determinadas ao
nível de teoria q[âYPEHg[4TSSMdL py
mostrando que o complexo menos favorável é
áugâL correspondente ao cátion mais pequeno
do estudo( Por outro lado áagâL um dos
menos estáveisL corresponde ao cátion mais
grande analisado( xoi feita uma análise de
orbitais moleculares no qual os complexos
exibiram diferentes valores de Δ𝐸wO7O−âU7O
em função do metal utilizado(
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A DFT study on Dichloro{CEx-4-dimethylamino-N′-[Cpyridin-2-ylxmethylidene-𝜿N]benzohydrazide-𝜿O} M2R CM = Zn, Cu, Ni, Fe, Mn, Ca and Cox complexes

Introduction

Åydrazones are compounds with interesting properties in various
research fields such as pharmacology D1-3F antibiotics D4FU analytical
purposes D5F among others D6-7FB %n this particular caseU the interest is
specially focused on the multiple hydrazones dynamics that are
important features to the configurational dynamics Dimine bondF and
the ability to coordinate DterpyridineVlikeFB These characteristics
confer applicability in the development of molecular machines and
systems for information storage D8-9FB PyridineV3VcarboxaldehydeU
aroyl or acyl hydrazone derivatives exhibit thermal or photoVinduced
reversible W'Z isomerization where the ZVisomer is in a
thermodynamic metastable state stabilized by an intramolecular
hydrogen bond D10-12FB :dditionallyU the terpyridineVlike framework
of most hydrazones allows them to coordinate metal centers D9, 13FB
%nduced isomerization and metal coordination constitute
configurational changes in the short termB Reversible chemical
identity modifications are available as well and represent
constitutional dynamicsU which are especially useful for longVterm
information storage applications D14FB

9ensity –unctional Theory D9–TF methods have been widely
used for calculating molecular optimized geometries and spectral
propertiesU for instance NMR D15FU UV D16FU %R D17F and Raman
D18FU with good correlations with those obtained experimentallyB %n
this senseU one of the most widely used method in computational
chemistry is the qeckeRs threeVparameter hybrid D19F and LeeU Yang
and Parr correlation functional Dq6LYP F D20FB This method has
proven to be an especially useful approach in the computational
study of inorganic D21F and organometallic complexes D22FU as well
as organic compoundsB –or instanceU in a previous work it was found
good correlation between the experimental data of a 3V
pyridinecarboxaldehyde derivative and its computed results at two
levels of theory D12FB

TypicallyU 9–T studies may or may not use diffuse s and p
functions for nonVhydrogen D+V6Y7MF atoms and also hydrogen
atoms D+V6Y7MMFU but the use of dVpolarization functions at least for
nonVhydrogen atoms D+V6Y7 DdFF D23F in organic systems seems
mandatory in order to obtain reasonable accuracy] the use of basis
that employ polarization functions for all atoms D+V6Y7 DdU pFF is
common D24, 25FB

–urthermoreU Sangeetha et al. D26F reported the crystal structure
and other spectral properties of DWFV1VdimethylaminoVN′V[DpyridinV3V
ylFmethylidene]benzohydrazide copper D%%F complexB PreviouslyU the
crystal structure of the same ligand participating in a Zn D%%F complex
was reported by this research group D27FB NeverthelessU as far as it is
knownU there are no theoretical studies for the titled complexes
reported in literatureB %n that wayU in order to understand the effect of
metallic ion over complex propertiesU the fullVoptimized geometric
parameters of the titled ligand D0YGÅY+N1OF uncomplexed and
associated with four transition metallic ions in the ground stateU
association energiesU and Åighest OccupiedV and Lowest Unoccupied
Molecular Orbitals DÅOMOVLUMOF energy gaps were calculatedB %n
this order of ideasU improving the comprehension about complex
formation may lead to the development of coordination brakes
capable of performing a controlled movement or result in the rational
use of certain metal ions in dynamic combinatorial chemistryB
ThereforeU these results may show the possible use of this kind of
complexes in supramolecular structures with specific applications
among them in metaloVsupramolecular chemistryU coordination
polymers based on hydrazones and molecular machinesB
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Calculations

Molecular geometries of the free ligand and its M3M DM 5 ZnU 0uU NiU
–eU MnU 0a and 0oF complexes in the ground state were optimized
by 9–T[q6LYP method with +V6Y7 DdU pF basis setB Theoretical %R
spectra were computed at the same level of theory to confirm the
absence of imaginary frequenciesU and singleVpoint energy
calculations were performed using q6LYP'+V6Y7MM DdU pF
employing 7auss View G as a graphic interface D28F and 7aussian
L4W+1 D29F for running the calculationsB qinding energies were
calculated as described by Lee D30F using equation [Y]B

[Y]

where 𝐸𝑐𝑜𝑚𝑝𝑙𝑒𝑥 is the singleVpoint energy DSPWF of the
complexU 𝐸𝑀

3M is the computed SPW for the chloride salt of each
metal and 𝐸 is the ligand SPWB

Δ𝐸 = 𝐸𝑐𝑜𝑚𝑝𝑙𝑒𝑥 − (𝐸𝑀2+ + 𝐸C15H16N4O)

C15H16N4O

Results and discussion

The crystal morphology of 3Vpyridine–carboxaldehydeV1V
dimethylaminobenzoylhydrazone is monoclinic with space group
P3Y'c and it is presented as an ethanolic solvate with cell dimensions
a 5 +B+;L D1F ÅU b 5 34B;;S D6F ÅU c 5 SBLYL D3F Å and V 5 YG;GB4+
Å6 D31FB The optimized geometry was calculated at the 9–T[
q6LYP ' +V6Y7 DdU pF level of theory with a good theoreticalV
experimental correlationU the relative error was lower than 3B;Z for
bothU bond lengths and anglesB

On the one handU the crystal structure of the copper complex is
monoclinic with an space group 0'3c and cell dimensions a 5 Y4BS14
D6F ÅU b 5 Y;B+;G D3F ÅU c 5 YYBS;+ D3F Å and V 5 66S+B4Y Å6 D26FB
LikewiseU the zinc complex exhibits a monoclinic geometric
structure with an space group P3Y'c and cell dimensions a 5 Y4BS14
D6F ÅU b 5 Y6BGS+ DGF ÅU c 5 ;BG4S D4F Å and V 5 Y+;LB6+ Å6 D27FB
Since there are no crystallographic reports for the aforementioned
ligand complexed with more metals than copper and zincU
theoreticalVexperimental correlation is only possible for the
mentioned metals] correlation graphs of selected geometrical
parameters are shown in –igure YB

:ccordinglyU linear regression is an useful tool in comparative
studies of two set of data where the slope is a proportion between
response variation and input variablesU thusU a perfect correlation
would have a slope equal to oneB Åigher or lower values represent
over or underestimation of the calculated values regarding the
experimental dataU respectivelyB The intercept isU by definitionU the
value of the response variable when the input is equal to zeroU henceU
negative or positive intercept values represent quantitatively the
overV or underestimation of calculationsB



Figure 1. Theoretical Py/axis’ – Experimental Px/axis’ correlation graphs of selected molecular
geometric parameters: A* Zinc complex bond lengths* B* Zinc complex bond angles* C* Copper
complex bond lengths* D* Copper complex bond angles*

Figure 2. Fully optimized structures of A* Zinc+ B* Copper+ C* Calcium+ D* Manganese
complexes and at the center+ the ORTEP representation of the zinc complex’s structure*

Table 1. Metallic center geometry parameters and association energy values Cu42 and Zn42 bond angle and length dataLerror percentage respect to crystallographic results*
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ºinally1 R% values provide the percentage of response variability
that is explained by the variation of the independent variable1 thus1
the difference between R% value and one represents an indirect
measure of random error ·32Ck In that way1 the calculations in this
research are slightly overestimated for bond angles and bond lengths
in the zinc complex and underestimated in the copper complexk The
latter showed the higher random errork

The biggest discrepancies for both complexes are related with
the angle and length of the chlorine]metal bondk This error is
explained by the high influence of intermolecular interactions in
solid phase1 neglected in these computational calculations1 which
assume an isolated molecule in the gas phase/ N—H···9l along
[446] direction stackingk

Therefore1 we excluded the aforementioned bonds in error rate
calculationsk On the one hand1 copper complex showed acceptable
average errors of 6k6% and 6kPDN for bond lengths and angles
respectivelyk On the other hand1 zinc complex report 4kBS and 4kDDN
for bond lengths and angles1 respectivelyk

Results from SPA calculations were performed at 7ºTY
5SLYPOD]S6*00·d1 pC level of theory for the full]optimized
geometries of the titled ligand1 the ligand complexed with zinc1
copper1 nickel1 manganese1 iron1 calcium and cobalt1 and the chloride
of each metal without restrictions1 as well as metallic center
geometry parameters are presented below in Table 6k The optimized
structure of each complex along with the ORTAP representation of
the zinc complex’s structure is shown in ºigure %k

7istance ·ÅC

5ond Ni%0 9u%0 Zn%0 9o%0 ºe%0 Mn%0 9a%0

N6]M 6kBBD %k4ESO4kSL %k%EPO%k%4B 6kL4B 6kLSE 6kLBE %kD%:

N%]M 6kBP6 %k6B:O64kSS %k%OPk44 6kBD% 6k:BL 6kB%4 %kD4S

O6]M 6kL%4 %k6L%OEkBL %k%E%O%k%% 6kL:6 %k4%6 %k4PE %kPE:

9l6]M %kPDL %k%EDO66kSL %k%PPO4kD: %kS%: %k%PS %k%%S %kD%B

9l%]M %k%46 %k%%%O4k:DE %k%%EO4k6SE %k%S: %k%SS %k%%: %kD%S

Mngle ·ºC

Mtom set Ni%0 9u%0 Zn%0 9o%0 ºe%0 Mn%0 9a%0

N6]N%]O6[ LLkSL 64SkL% 664k4D 646k4L 64Pk%S 64EkPS 66Pk%S

N6]M]O6 6D%k6S 6PDkBEOPkLP 6P6kBPO%kLS 6D%kBP 6DPkD% 6D%kDB 6%%kS4

N6]M]N% B%k:: :EkEBOPk%D :%O%k%% B%k4D B%kDB B6kED D6kB6

N%]M]O6 B6kB: :6k::OBk6% :4kBDO%kS6 B6k4: B6kLE B6k6% D%k%%

9l]M]9l 66%k4B 6P6kDDO%DkLP 6S6kPLO64k:% 6%Pk46 6PSkSB 6PSkD: 6SSkB6

Ionic radio
·ÅC

4k:: 4kE:4 4kD64 4kB6 4k:B 4kBS 6k6D

Mssociation
energy
·kcalOmolC

]PPkL ]%EkB ]%Dk% ]D6kB ]EEk4 ]:PkB ]S6k4D

vLigand showed 148*68º



Figure 3w Selected complexes HOMO-LUMO energy gap. ΔE values are presented in eV.

Conclusions

Yptimized geometries of the titled ligand and their respective
complexes of seven metallic L/ ions 4Zn5 Du5 çi5 Rn5 9e5 Da
and Do8 were calculated and compared with crystallographic
reports for the ligand5 zinc and copper complexes with good
theoretical6experimental correlationB
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A DFT study on Dichloro{+E=k4kdimethylaminokN′k[+pyridink2kyl=methylidenek𝜿N]benzohydrazidek𝜿O} M2, +M = Znx Cux Nix Fex Mnx Ca and Co= complexes

üssociation energy results showed that the most favorable
complex formation is the one formed between the ligand and
manganese 4öö8 46·TB[ kcal1mol8 while the less favorable complexes
are those formed with Dopper and Zinc L/ ions 46L3B[ and 6L—BL
kcal1mol5 respectively8B çoteworthily5 figures Lü and LK show that
although DuL/ and ZnL/ ions are capable of fitting in the ç6ç6Y
pocket of the ligand5 the small size of these ions results in longer
distances between the metal cations and atoms5 from the ligand5
participating in the coordination frameworkB

DaL/ is the largest ion under the present study and5 as observed
in figure LD5 is too voluminous fit in the ç6ç6Y pocket inducing
again longer distances5 decreasing the efectiveness of interaction and
therefore the complex stability in both casesB çickel 4öö8 complex
showed a particular behavior since exhibits the less çH6çL6YH angle
while çH6RYH angle and the çH6R5 YH6R and çL6R distances are
comparable to other complexes 4Do5 9e or Rn5 iB eB8 indicating an
especial structural modification of the ligand closing the çH6Y
distance5 probably to promoting the interaction ligand6metalB

Since áYRY6éURY is mainly a mathematical model that
represents electronic density around atoms and not directly
experimentally observable parameters5 usually they are physically
explained as the ionization potential and electron affinity5
respectivelyB áowever5 áYRY6éURY energy gap and other
interactions between both molecular orbitals studied in 9rontier
Rolecular Yrbitals Theory 49RYT8 are important for chemical
reactivity of molecular systemsB üs observed in figure U the ligand
and the zinc complex áYRY6éURY transitions are characterized
by a subtle electronic displacement from the phenyl6hydrazone
moiety to the pyridine ringB ön contrast5 other complexes have the
áYRY localized at the metallic center and their áYRY6éURY
transitions are characterized by an electronic displacement towards
the phenyl6hydrazone and pyridine ring moieties5 this is specially
observed for the copper complexB
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The main discrepancy between crystal and calculated
structures was found in the chloride6metal6chloride geometry
due to computed geometries that were carry out in gas phase for
an isolated molecule5 approach that neglects intermolecular
interactions observed in the solid state structure 4ç—á···Dl
along [SSH] direction stacking5 iB eB8B üssociation energy
calculations showed that the most favorable complex formation
occurs in presence of RnL/ while ZnL/5 DaL/ and DuL/ are the
less favorable complexesB
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