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ABSTRACT 

The present paper has been focused on the ability of the glyoxime ligand to chelate to the 

[MX2] inorganic moieties in which M and X  refer respectively to ndx transition metal(x = 6,7 

and 8) and halogenated ligand(X =Br or Cl). The geometry optimizations at  B3LYP/GEN 

level(LanL2DZ and 6-311+G (d,p) respectively  for ndx transition metals (as well as halogen 

atoms) and for others atoms) have integrated the alteration of  the multiplicity in each study 

media (gas phase and water). The passage from the fourth period transition metals to the sixth 

period ones enhances the reactivity of the complexes obtained regardless in gas phase. The 

metal-nitrogen bonds within  higher multiplicity ndx (x=7,8) transition metal complexes are  

most unstable in both media. The [glyoxime ligand] ….[MX2] interaction strength increases 

in the following order: Fe2+< Co2+< Ni2+(3d series); Pd2+< Rh2+< Ru2+ (4d series) and Pt2+< 

Ir2+< Os2+ (5d series). For lower multiplicity bromide complexes exclusively, the 

enhancement of the donor character of the organic glyoxime ligand is promoted by its 

solvation except for nd6 transition metal complexes. 

mailto:Bikelemama@yahoo.fr


Keywords: ndx (x= 6,7 and 8) transition metal, QMAIM, Charge Decomposition Analysis, 

Energy Decomposition Analysis and DFT. 

1-INTRODUCTION 

Vic glyoxime ligands possess many applications in many fields (industries, agriculture and 

medicine) [1-4]. Dichloroglyoxime ligand exhibits a sensitive activity against (gram-positive 

and gram-negative) bacteria [5]. The investigation on new antibacterial bioactive justifies the 

enrichment of quinoline compound by glyoxime [6]. Due to their importance, glyoxime 

ligands are extensively used in many areas in chemistry. Currently, considered as  model 

molecules to mimic the reduction of the vitamin B12 [7], vic-dioxime ligands are amphoteric. 

This is due to the simultaneous presence of mildly hydroxyl group and slightly basic nitrogen 

atom. Numerous biological and semiconducting properties[8, 9]  justify the great attention 

given to their metal complexes. The remarkable usage of  the nickel vic-dioxime in 

voltammetry, thermal decomposition and spectrophotometry is worthy of  notice [10-11].  

The outstanding stability observed strengthened by the formation of hydrogen bonds is a 

result of the planar configuration  of  complexes. For  an adequate analysis of the stability of 

these complexes, the isomeric parameters of vic-dioxime ligands depending on the symmetry 

of the molecules must be integrated. For instance, three structural  suggestions (syn, anti and 

amphi) need to be taken into account for a scrutiny of  symmetrical molecular structures. In 

ordinary way,  the stability follows the following decreasing order: anti ˃amphi ˃ syn 

configuration.  Experimentally, a relationship has been established between two parameters: 

the colour of the complexes synthesized and the configuration of vic-dioxime ligand [11-12].  

For example, oxime ligands (in the anti-configuration) yield brightly coloured complexes with 

nickel and others transition metal(TM) ions. With nickel ions particularly, complexes formed 

are blood red. Although, the numerous experimental works devoted to vic-oxime complexes, 

the explanation on this relationship between the colour of complexes and the configuration of 

vic-dioxime is still lacking.  Fortunately, the computational chemistry tools can be used to 

overcome such an experimental limitation. But, the careful survey of the computational 

literature displayed few researches on this point [13-14].  In sake of the continuation, 

structural, spectral and thermodynamic properties of 3rd row transition metal (II) chloride 

complexes of glyoxime and its derivatives were investigated by the mean of computational 

tools ( DFT and TD-DFT) [15]. Higher affinity of these ligands towards Ni (II) and Fe (II) 

and the thermodynamical feasibility of all complex reactions have been revealed. In the same 

vein, an extension of this analysis focused on chelation  of divalent d8 transition metal (II) 



cation to dioxime ligands highlights the high ability of   the latter to eliminate the agents in 

solution[16].  In the present works, we have  investigated the coordination ability of  divalent 

(nd6, nd7 and nd8)  TM cations to chelate these ligands. This choice of  divalent transition 

metal(II) cations is guided by the previous experimental investigation on oximes as 

spectrophotometric reagents[17]. For sake of simplicity, the dimethylglyoxime ligand is the 

main focus of our interest. This choice is practically motivated by its wide capacity to capture 

heavy metals from wastewater using the dimethylglyoxime ligand[18]. But, the accurate range 

of heavy metals caught by this ligand remains unknown.  The depollution tests requires a 

comparative grid of the stability of the complexes formed which is not regrettably established. 

The variation of this stability provoked by the electronic excitation following possible solar 

exposure is not integrated in any experimental analysis. In this paper, we have focused 

exclusively on the influence of this excitation on the geometrical and thermodynamic 

parameters by means of the multiplicity variation of the formed complexes. More accurately, 

the influence of  spin multiplicity states on the geometrical, thermodynamic and bonding 

properties has been scrutinized in two media (gas phase and water). The electronic and other 

properties of these complexes have been examined in other forthcoming studies.  

2-COMPUTATIONAL DETAILS  

The geometry optimization (without any symmetry constraints) of each structure of the 

molecular library has been done using the Gaussian 09W program [19]. They have been 

always followed by a frequency calculation.  B3LYP functional chosen has been associated to 

a generic basis set (GEN: LanL2DZ for ndx (x= 6,7 and 8) transition metals (also for halogen 

atoms (Br and Cl)]) and polarized and diffuse triple Pople basis set (6-311++G(d,p)). Because 

of the lack of experimental data, the reliability of geometry prediction has not been done by 

adding the Grimmes’s dipersion correction (GD3) to the geometry optimization 

constraints[20].  The complexation thermodynamic parameters denoted    (Z = E(total 

energies),H (enthalpies)  and G (free energies) have been estimated according to the equation 

(1):  

                                                                                                             (1) 

 The species symbolized by        (complex formed), L(glyoxime ligand),    (divalent ndx 

(x = 6,7 and 8) TM cation) and X- halogen anion (Cl- and Br-) are involved in the formation of 

complexe (2):                                                                                              (2) 



 

Through the QTAIM (quantum theory of atoms in molecules) approach[21] implemented in 

the Multiwfn program [22], the M…N and M…X interactions have been explored. For this 

purpose, the local kinetic electron energy density (3) and the potential energy density (4) 

respectively denoted      and      were used.  These two main descriptors depend on two 

factors: the electron density (    ) and Laplacian at bond critical points (      ).               ⁄       ⁄                                                                                             (3)                                                                                                                         (4) 

The sign of Laplacian reveals the nature of the interactions:  covalent (         ) and 

electrostatic (         ) interactions. For further information on this nature, the ratio (-

G(r)) ⁄(ν(r)) may be an another topological tool to specify the interaction: non-covalent (the 

ratio greater than 1) and partially covalent (the ratio between 0.5 and 1) interactions. By 

combining of the sign of Laplacian to the value of the said ratio, the detection of intermediate 

(         ⁄                 ) and closed shell (         ⁄                ) 

interactions can be done. An another approach to examine the stability of the metal-ligand 

interaction has been performed by means of metal ion affinity estimation (MIA). The choice 

of the B3LYP functional for the said analysis lies on its ability to produce results significantly 

closer to the experimental ones [23-24]. The MIA (negative of the enthalpy during the 

formation process (2) of  the [MLX2] complexes) is defined according to equation (5) : 

                                                                                                                                                                                                          (5)                           

The electronic energy (Eel) results from a calculation of the SCF. The search for vibrational 

frequencies allows the prediction of the vibrational contribution (Evib) which includes the zero 

point energy and the temperature correction from 0 to 298 K [23].Further quantitative 

information on intramolecular interactions [L]...[MX2] was calculated through an energy 

decomposition (EDA)  [24-25] in term of interaction energy (6) denoted       between the 

two fragments involved:                                                                                                                 (6)  



     

The first term refers to the electrostatic interaction energy between the fragments [26]. The 

prohibition to put two electrons with the same spin in a quantum cell generates the second 

term representing the repulsive interactions between the fragments (       ). The last term (      ) designates the stabilizing orbital interaction contribution including the Heitler-London 

resonance phenomenon [27]. For noncovalent interaction, a general equivalent rising the gap 

between mathematical conception of the charge (and that of polarization) and physical reality 

is always blurred. 

3-RESULTS AND DISCUSSION 

3.1 GEOMETRICAL DETAILS 

The complexes studied are labeled according to Fig.1. The relevant geometrical parameters 

are presented in Table 1.  The majority of halide complexes have adopted preferentially the 

square planar configuration. Such a preferential square planar environment adopted has been 

confirmed experimentally by Yildirim et al [28].  Six notable exceptions (in which the plane 

containing the two halogen atoms and the TM (II) atom rotate around the M-N) have been 

revealed. This angle of rotation is variable: 4a (31.4°), 5a (19.2°), 5c (29.4°), 3A (36.7°), 4A 

(40.1°) and 5A (16.4°). Exceptionally for 3d TM chloride complexes, this configuration 

around the central metal is sensitive to multiplicity changes. This impact of multiplicity was 

highlighted by Minglian et al [29] during the study focused on the effects of structural 

modification on the ground state of metallabenzenes. This fact is attributed to the 

enhancement of electrostatic interaction.  M-N and M-Cl bond distances within chloride nd6 

TM complexes are identical. The increase of the electronegativity of the counterion 

significantly induces those of the distances of the M-N bonds. The estimated average 

difference equal to 0.017Å is the result of the rise of the atomic radius. The solvation in the 

whole provokes a significant rise in the M-X bond distances with an average of the difference 

(in bond length) between the two media equal to 0.069 Å. The greater lability of M-X bonds 

in aqueous solution is thus disclosed. This lability more accentuated within the chloride 

complexes highlights the polarization effect of the counterion.  This fact is in agreement with 

the drop of M...X interaction energy (in water) predicted by Canterford et al [30]. The inverse 

increase in M-X bond strength in the gas-phase complexes is consistent with Gaydon's [31] 

prediction arising from the analysis of microwave spectra of rotational features.  Due to the 

lack of experimental data, the accuracy of our approach is only made by examining the FT-IR 

frequencies of the C=N stretching vibrational mode within 3d TM(II) complexes of (4-



methylbenzyl) aminoglyoxime ligand. Yildirim et al[28] reported that the frequency of this 

vibrational mode within the 3d TM complexes derived from glyoxime ligand falls in the range 

1605-1610Hz. For B3LYP structures, the predicted frequencies are equal to 1647.9 and 

1681.7 Hz for 3b and 3c respectively in gas phase. The N-M-N bond angles of chloride 

complexes involving TMs (II) of the same period are almost identical. For the 3d, 4d and 5d 

metal chloride series, the average is equal to 80.4, 77.4 and 78.1° respectively. But when the 

atomic number of the central metal rises along the period, the values of Cl-M-Cl bond angles 

become versatile. But, this fact provokes rather a drop in the Br-M-Br bond angle. For each 

bromide series, the highest values are observed for the nd6 TM complexes.  

Insert Figure 1 

Insert Table 1 

3.2. COMPLEX STABILITY  

The total energy of each complex formed in various states (singlet (S) versus triplet (T) or 

doublet (D) versus quartet (Q)) is inserted in Table 2. With the Exception of bromide iron (II) 

complexes, the negative energy difference between two spin states ((                     ) of the majority of nd6 TM complexes denotes the greater stability of higher 

multiplicity ones. Beyond 3d TM complexes, nd7 and nd8 TM complexes of both series prefer 

to adopt lower multiplicity state (Fig 2 (a) and (b)). Two plausible reasons can be determined: 

the strong overlap between the large xd orbitals (x= 4 and 5) and the ligand responsible for 

the drop in the pair energy of the electrons in these orbitals [32]. When atomic number of 

central TM rises, we detect an increase of        values is detected in both cases. Overall, the 

thermodynamic parameters of complexation reported in Table 2 are the energy, the enthalpy 

and the free energy complexation. Except for iron (II) complexes, nd6 TM chloride complexes 

have the lowest are classified the following increasing order:                                        . This trend remains the same for bromide complexes. Table 2 

also shows the increasing of complexation thermodynamic energies (enthalpy and free 

energy) with the increasing electronegativity of  counterion in gas phase.  For each identical 

TM, the average of the thermodynamic parameter difference reaches 421.3 and 416.9 kJ/mol 

respectively for complexation enthalpy and free energy values in this environment. All the 

negative values of these two thermodynamic parameters illustrate that the complexation 

process is exothermic and spontaneous in gas phase.  Controversially, Table 2 exhibits that 

the nature of this process depends on the type of halide complexes in water: this process 



remains exothermic and spontaneous for chloride complexes. Meanwhile, contrary facts are 

obtained for bromide complexes. In the whole, the solvation of complexes analyzed conduct 

to the drastic drop of thermodynamic complexation parameters. For instance, the 

complexation enthalpies of chloride complexes  are in the range 49-173 and 883-1011 kJ/mol 

in aqueous solution and gas phase respectively. This drastic reduction in complexation 

enthalpies due to the solvation process previously illustrated by Orzel et al [33] is due to the 

metal-counterion-solvent interaction. The negligible      values (Table 2) in comparison to 

the complexation enthalpies (    ) values exhibit the fact that these the complexation 

enthalpies are the dominant driving factors of complexation in solution. 

Insert Table 2 

Insert Figure 2 

The additional descriptor of complex stability adopted is the metal ion affinity (MIA). Except 

for lower multiplicity complexes in the gas phase (Fig 3(a) and 4(b)), an augmentation of the 

MIA values is observed when the atomic radius of the divalent TM cation declines along a 

period:          (n =3,5 for X= Cl) and          (n =4,5 for X= Br). For the 

single exception of palladium complex, we have recorded an augmentation of the MIA in the 

following order:          (chloride complex) and          (bromide complex). 

Overall, an agreement with the augmentation of MIAs reported by de Shanka et al [34] 

observed within cysteine complexes with metal cations (Li+, Na+, K+, Be2+, Mg2+ and Ca2+) is 

to be reported. But, this concordance is disrupted for the higher multiplicity complexes in 

each environment: for chloride complexes;                                and 

for bromide complexes;                  and         . This discordance (Fig 

3(a), 4(b)) is more visible when moving from the fourth period to the sixth period in both nd7 

and nd8 series:                            chloride complexes)                and                (bromide homologues). For higher multiplicity nd6 

metal complexes, we have rather the following sequence:          (chloride 

complexes) and                        ). Respectively for 3d and 4d TM chloride 

complexes at lower multiplicity, the solvation causes a very significant increase in MIA 

values with an average of 0.291 and 0.243 kcal/mol (Fig 4). The difference between the MIA 

values in aqueous solution and those in gas phase equal respectively on average to 0.309 and 

0.243 kcal/mol is due to the steric repulsion effect ligand-ligand [35]. This repulsion effect is 

governed by the number of hydration molecules. The willingness to explore a possibility to 

correlate the retained charge on the central TM and the value of MIA is reflected in the 



graphic junction of both parameters (Fig 1S). A proportional relationship between these two 

parameters is obtained for the chloride (nd6 and nd8) TM complexes except for  3d TM 

complexes (Fig 1S (a) and (b)): 3a and 3c. A similar trend is only observed for the nd8 TM 

(bromide) complexes (Fig 1S (b)). On the contrary, an inverse proportionality is observed for 

nd7 transition metals(bromide) complexes in gas phase. Similarly, the solvation of the 

complexes makes these two parameters inversely proportional for chloride (Fig 1S (c)) and 

bromide (Fig 1S (d)) nd8 transition metal complexes. Within other aqueous complexes, a 

versatile correlation is observed. 

The increase in the HOMO-LUMO gap in the lower multiplicity complexes (when the atomic 

number of the TM rises) is indicative of the drop in reactivity in the gas phase. (Fig 5 (a)). 

The majority of 3d TM complexes show more reactivity in this medium.  The solvation of 

these 3d TM complexes (with the exception of the cobalt complexes in both series) has been 

shown to alter their reactivity  (Fig 5 (b)). Due to this solvation, the HOMO-LUMO gap drops 

on average by 31 kJ/mol. This disturbance of the reactivity by solvation is found to be more 

emphasized within the bromide complexes. Overall, larger HOMO-LUMO gap values  have 

been observed for the lower multiplicity molecular systems. The average difference in 

calculated HOMO-LUMO deviations is around 63.8 and 61.4 kJ/mol for the chloride and 

bromide complexes, respectively. This suggests that the electrostatic attraction is more 

pronounced in the lower spin state. 

Insert Figure 3 

Insert Figure 4 

Insert Figure 5 

3.3. BONDING PROPERTIES 

The topological parameters of M…N interactions within optimized complexes (instantaneous 

interatomic interaction energy, electron density, laplacian of electron density, kinetic energy 

density G(r), potential energy density V(r), total energy of electron (H(r) and ellipticity of the 

metal-ligand bond (ɛ)) are presented in Table 3. A second derivative at critical points (BCP)) 

of the electron density calculated in terms of values of the Laplacian is positive in both media. 

The electron densities of the M-N bond are found to be lower within the higher multiplicity 

chloride complexes (gas phase (Fig 2S (a)) and water (Fig. 2S (b)). This fact is evidence that 

the weakest bonding strength in this higher multiplicity state. The great importance of the M-

N interatomic interaction within the higher multiplicity chloride complexes agrees with the 



geometrical reality (Table 1 and 3). This fact is evidence that this higher multiplicity 

corresponds to the lowest bonding strength. Similar observations have been found within the 

bromide complexes. Collectively, the M-N electron density values are less than 0.1 a.u. The 

gradient values range from 0.2356 to 0.6962 (a.u) in vacuum and from 0.2583 to 0.7219 (a.u) 

in water (Table 3). From these positive values, we can conclude that the electron density is 

concentrated towards the basin around each atomic partner of the said interaction. Therefore, 

the net repulsion forces is acting on the involved nuclei (N and M). The average ratio 

(         ⁄ ) equal to 0.7667(vacuum) and 0.8435(water) is comprised between 0.5 and 1 

for the M...N interactions within the chloride complexes. For bromide complexes, the 

averages of these ratios are  respectively equal to 0.8560 and 0.8880. In the whole, the three 

above-mentioned constraints (                                       ⁄   ) are 

confirming the intermediate partially covalent nature  of the M-N bond. Regardless of the 

counterion adopted, the exceptional rise (in both study environments) of this ratio beyond 1  

for the both series reveals  the pure non-covalent nature of the M... N bond for Co2+ and Ni2+ 

complexes at higher multiplicity. In both study media, the geometrical optimizations are 

dominated by H...X interaction (X = Cl, Br) with the exception of the Fe2+ bromide complex 

(3A) in which this interaction is completely null (in vacuum). The different X...H binding 

energies (Fig 6 (a, b, c and d)) ranging from 3 to 10 kcal/mol prove that these interactions are  

vander Waal type. Three factors influencing the sensitivity of the bonding strength have been 

found: (i) the nature of the halogenated ligand (ii) the spin multiplicity, (iii) the study 

medium. The H...X bonding strength have shown to be most pronounced for higher 

multiplicity complexes in aqueous solution (Fig 6 (b) and (d)) with three specific exceptions 

of chloride complexes (Fe2+ (3a), Ir2+(5b) and Pt2+(5c) complexes: (Fig 6 (b)). Overall, the 

negative λ1 and λ2 eigenvalues of the Hessian matrix at the critical point of the M-X bonds 

(Table 1S: X=Cl and Br) is a sign that the curvature of the electron density is perpendicular to 

the M-X bond in the both study media. Consequently, the local concentration of the electronic 

charge within the interatomic region is covalent or polarized. For comparative measurement 

of the stability of  bonds, the ellipticity  has been adopted as a descriptor. The highest value of 

ellipticity agrees with the most unstable bond  [36]. The metal-halogen bonds within the lower 

multiplicity complexes are found to be the most unstable compared to their metal-nitrogen 

counterpart in both media (Fig 7 (a), (b), (c) and (d)). This greater lability of the former is due 

to the high electronegativity of halogen atoms. For both counterion series, the instability of 



metal-nitrogen bonds within the higher multiplicity nd7 TM complexes is more accentuated in 

vacuum  (Fig 7 (a) and (b)). The metal-halogen bonds of higher multiplicity complexes 

remain the most unstable in aqueous solution. Some exceptions of bromide complexes (3C, 

4B and 5B) are worth mentioning (Fig 7 (c), and (d)).  In addition, The TM-nitrogen bonds 

within nd7 and nd8 (higher multiplicity) TM complexes of both series are more unstable in 

both media.  

Table 3 

Insert Figure 6 

Insert Figure 7 

The comparative analysis of the Wiberg indices of these two bonds  displays the superiority of 

the bond strength of the TM-halogen bonds in the two media studied (Table 2S and Fig 8(a) 

and (b)). Regardless of the medium, the passage from the chloride complex to the bromide 

one of the same TM causes a non-significant alteration in the M-N bonding strength: the 

average of the differences between the Wiberg index of the chloride complex and that of the 

bromide one of the same TM is equal to 0.01758 and 0.003178 in gas phase and in water, 

respectively, for the chemical library. The OH...X (X=Cl and Br) interactions in the bromide 

complexes are found to be slightly stronger than their chloride counterparts (Table 2S and Fig 

8 (c)). In both media, this interaction is exceptionally stronger within the fourth period TM 

chloride complexes. This reinforcement of this interaction is observed when the atomic 

number of the TM increases along the period. For the Ruthenium complex, the huge gap 

(0.0568: Table 2S and Fig 8 (c)) in Wiberg index between the chloride and bromide structures 

expresses the remarkable strengthening of the OH... X interaction. The higher Wiberg index 

values of the low-multiplicity structures further confirm the higher bonding strength of the M-

N and M-X bonds  (Table 2 and (Fig 8(d)).  In order to obtain a more explanation of the       interaction, we have proceeded by energy decomposition of the total                         interaction energy by means of an adaptive EDA(Fig 9).  The 

minor contribution the energy required (ΔEprep) to promote the two fragments in the estimates 

has been neglected in this analysis The different contributions of this total interaction energy 

are reported in the Table 4.   

Insert Figure 8 

Insert Figure 9 

Except for chloride iron complex (3a), the differences between the interaction energies of  

lower multiplicity complexes and those of higher multiplicity ones with the same counterion 



are found to be negative (Fig 10 (a) and (b)). Therefore, the stronger interaction within the 

lower multiplicity complexes explains our exclusive limitation to them in the further analysis 

of this decomposition. For       values of TM complexes of the same period, an 

enhancement of the                         interaction strength is noticed in the 

following order  (Fig 11: (a), (b), (c)   and (d)):                                        and                     Regardless of the environment, these interaction 

forces augment within a column of the periodic table for a selection of  central TM carried 

from top to bottom in both series. Overall, the observed negative electrostatic contribution 

(     ) reflects the overcoming of the singular nuclear repulsion. This overcoming causes an 

interpenetration effect of charge clouds at a very short distance                         
[37]. The lower multiplicity complexes in both series exhibit                        interactions that are more electrostatic than orbital regardless of the media studied 

(Table 4). In the gas phase, the electrostatic contribution (     ) ranges from 51.4-99.4 % and 

45.2-99.2% for chloride and bromide complexes respectively. These ranges become 

respectively equal to 51.7- 99.4 % and 45.7-96.4 % in aqueous solution. The electrostatic 

interaction strength appears to be higher for the chloride nd7 and nd8 TM complexes (Table 

4). Therefore, the poor coordination of the bromide ligand to the central TM reported by Jaga 

[38] is confirmed.  An exceptional closeness between the two ( electrostatic and orbital) 

interaction forces within the nd6 TM complexes has been detected. Except for the palladium 

complexes (4x: x = c and C), this closeness of the two forces is extended within all the 

complexes examined by solvation.  

Table 4   

Insert Figure 10 

Insert Figure 11 

In general, the orbital contributions are very minor.  For exceptional cases found, the maximal 

orbital contributions match up with the osmium complexes of the series : 5a (-856.9 kJ/mol) 

5A (-1088.2 kJ/mol) in gas phase and 5a (-878.7 kJ/mol) and 5A (-1106.5 kJ/mol) in water. 

Our results demonstrate that these maximal orbital contributions are correlated to maximal 

dissociation and interaction energies. In both environments, the prudence to make a 

generalisation of this fact, emitted by Frenking et al [39], remains valid for all the complexes 

of the two series: For the 3d transition metals chloride complexes in the gas phase, the 

maximal orbital contribution (3a: -19.8kJ/mol) corresponds instead to a minimal parameters ( 

dissociation energy (361 kJ/mol) and interaction energy (-359.5kJ/mol) (Fig 11(a)). Similarly, 



for chloride 4d TM complexes in water, the palladium complex with its maximal orbital 

contribution (-92.9821 kJ/mol) displays instead a minimal dissociation (444 kJ/mol) and 

interaction(-442.728kJ/mol)  energy values (Fig 11(c)). The break of correlation may be due 

to the simultaneous involvement of electrostatic attraction and Pauli repulsion compensating 

the small difference in      [40]. 

4-CONCLUSION 

In the present paper, we have studied the [MLX2] complexes resulting from chelation of   ndx 

(x = 6,7 and 8) transition metal(M) to glyoxime ligand (L) and to two halogen ligands (X = Cl 

and Br). A tailoring basis combined to B3LYP functional: ndx (x= 6,7 and 8) transition metals 

and halogen atoms (Br and Cl) has been used while other atoms are described using polarized 

and diffuse triple Pople basis set (6-311++G(d,p)). The square planar configuration has been 

preferred by the lower multiplicity optimized structures in their majority. Highest X-M-X 

bond angles have obtained for nd6 bromide complexes traducing the highest repulsion 

between the two bromide atoms. The multiplicity changes lead to the alteration of this 

coordination sphere with exception for 3d chloride complexes. Such an alteration is due to the 

enhancement of electrostatic interaction. The sensitive augmentation of the M-X bond 

distances induced by solvation highlighting its higher lability in aqueous solution may be the 

polarization effect of halide ligands. The energy complexation of the complexes in both series 

can be classified according the period of the TM:  fourth period < fifth period< sixth period. 

For majority of lower multiplicity complexes in gas phase, an augmentation of the MIA 

values when the atomic radius of the divalent TM cation declines along a period:          (n =3,5 for X= Cl) and          (n =4,5 for X= Br). The solvation of the complexes 

makes the retained charge on the central metal is inversely proportional to the values of MIA 

for both nd8 TM complexes. In the basis of the ellipticity as a descriptor, the TM-halogen 

bonds within the lower multiplicity complexes have shown to be the most unstable than their 

metal-nitrogen counterpart in both media. The Energy decomposition of Morokuma indicates 

that the                         interaction strength is  growing in the following order                                        and                     It 

also demonstrates that that these  interaction strengths in a column of the periodic table tends 

to increase from the top to the bottom in both series regardless of the environment.  
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Figures

Figure 1

Figure 1:  Molecular library and numbering systems adopted   for complexes analyzed



Figure 2

Figure 2: Predicted ΔEI-J (I-J =S-T, D—Q) values of   ndx (n = 3-5; x = 6-8) chloride ((a)  bromide (b)
complexes.



Figure 3

Figure 3 : Comparative in�uence of multiplicity on metal ion a�nity for chloride (a) and bromide (b)
complexes at B3LYP/Gen level in gas phase.



Figure 4

Figure 4 : Comparative in�uence of multiplicity on metal ion a�nity at B3LYP/Gen level for chloride
complexes in both study media



Figure 5

Figure 5: HOMO-LUMO gap (in kj/mol) of   ndx (n = 3-5; x = 6-8) halide complexes in gas phase (a) and
water (b).



Figure 6

Figure 6: X …H ((X= Cl (a,b) or Br (c,d))) bonding energies within optimized complexes at B3LYP/GEN

Figure 7



Figure 7: ellipticity of chloride and bromide transition metal complexes at various multiplicities.

Figure 8

Figure 8: M…N, M…X and O-H…X (X= Cl and Br) Wiberg bond indexes of halide complexes in various
media.

Figure 9



Figure 8: Graphical illustration of fragments considered for EDA to explore [glyoxime ligand] …. [MX2]
interaction within complexes.

Figure 10

Figure 8: Graphical illustration of fragments considered for EDA to explore [glyoxime ligand] …. [MX2]
interaction within complexes.



Figure 11

Figure 9: Graphical illustration of fragments considered for EDA to explore [glyoxime ligand] …. [MX2]
interaction within complexes.

Figure 12



Figure 10: Interaction energies ( ) of the complexes of the two series in lower multiplicity (or in higher
multiplicity) in the study environment.

Figure 13

Figure 11: Graphical comparative interaction energy contribution of chloride (a and c) and bromide (b and
d) complexes in gas phase (a and b) and in water (c and d).

Figure 14



Figure 11: Graphical comparative interaction energy contribution of chloride (a and c) and bromide (b and
d) complexes in gas phase (a and b) and in water (c and d).
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