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      Iron is one of the most important elements in biological systems and related processes to the oxygen transfer. Although the inadequate 
level of iron leads to physical disability, a high level of iron also plays a role in several diseases, including heart disease, diabetes and 
cancer. Iron chelators are species that facilitate iron removal. Experimental results have shown that iron chelators have strong antiplatelet 
properties against many cancers. In this study, for the first time, Deferasirox is conjugated to the superparamagnetic iron oxide 
nanoparticles (SPIONs) with the aid of APTMS linker, yielding iron-ligand complex (ligand = SPION-APTMS-DFX). The terminal methyl 
groups are considered as the substitutes for nanoparticles. Theoretical calculations were performed at M062X/6-311G(d,p) level to obtain 
the optimized structures of the iron complex in quintet, triplet, and singlet multiplicities. Natural bond orbital and quantum theory of atoms 
in molecules analyses were carried out to understand the nature of the complex bond character and electronic transitions in the complexes. 
The obtained results confirm a high affinity of Deferasirox to iron and show that the bond of metal ion and donor atoms of the ligand is 
covalent.  
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INTTRODUCTION 

 
One of the most important nanoparticles that are of great 

interest to researchers is the superparamagnetic iron oxide 
nanoparticles (SPIONs) [1]. SPINs are the only metal oxide 
nanoparticles approved for the clinical trials that have a 
great potential in various biomedical applications, such as 
magnetic resonance imaging (MRI) [2], targeted drug or 
gene delivery [3], tissue engineering [4], magnetic 
transfections [5], iron detection [6] and chelation therapy 
[7]. Modifying surface properties in SPIONs is a powerful 
tool for targeted drug delivery [3].  

Iron is one of the most important elements that are 
particularly useful for many tasks in the human body, 
including the high variability reductive potential of 
Fe2+/Fe3+, which can be well regulated by the type of 
selected    ligand.   The   ligand-iron   complexes  can   have  
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potentials in the biological range (from -0.5 mv to + 0.6 mv) 
[8]. If iron is not properly bonded to proteins in body, it 
may participate in harmful free radical reactions (Fenton or 
Haber-Weiss) or hydrolysis [9]. Living organisms adapt 
efficient storage and transport mechanisms for the safe 
handling of iron and prevention of toxicity of free unbound 
iron. Since the human body does not have an effective iron 
disposal system, the depletion of iron sources due to 
exfoliation is related to mucosal cells and red blood cells. 
The iron balance is mainly determined by the iron uptake, 
so the iron uptake increases due to the decrease in iron 
stores [10].  

The term "iron overload" refers to the condition that 
excess iron is stored in human body. Excess iron is mainly 
found in the parenchymal tissue in the liver, heart, and 
endocrine system, causing injury and ultimately organ 
failure [11]. Chelation therapy has been used for many years 
to treat iron overload in the body using chelators that            
are selective and have a high  tendency to  absorb  iron  and 
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are excreted through the urine and feces [12].  
Chelation therapy involves the use of ligand-capable 

drugs that are highly bonded to iron that are used to treat 
diseases caused by iron overload. By the coordination of 
these ligands to intracellular and extracellular iron, removal 
of this intermediate metal from biological systems is 
promoted [13]. Deferasirox is a tridentate chelator 
containing triazolyl nitrogen and two phenolic oxygen as 
donor groups. Deferasirox has been accepted by the FDA in 
fall 2005 and is meantime in use in more than 70 countries 
[14]. Considering the Deferasirox usage in medicine, the 
stability constants of the Deferasirox complexes with Al3+, 
Mg2+, Ca2+, Fe2+, Fe3+, Cu2+ and Zn2+ have been recently 
determined [15]. To gain a more comprehensive 
understanding of sophisticated experimental measurements 
and to guide novel experimental investigations, it is 
necessary to study the relationship between the biological 
and nanoparticle domains in terms of theoretical 
calculations [16]. It should be noted that in previous studies, 
the thermodynamic equilibrium constants related to the 
iron-chelating by Deferasirox have been studied 
theoretically. Due to time and cost management, as well as 
the possible harms associated with excessive consumption 
of drugs on the body, to avoid spending time and cost, 
firstly, it should be confirmed through theoretical 
calculations and then focuses on project implementation in 
laboratory and clinic [17]. In this project, the peripheral 
carboxylate group closed by APTMS linker [FeL] can be 
protonated once. Thus L2- acts as a bidentate coordinating 
ligand, somewhere binding of the metal center happens 
through the two phenolate groups and one of the nitrogen 
atoms of the heterocycle. However, there has been a big 
effort to recognize these chelator actions to reduce the Fe 
concentration in the clinical investigates; however, there are 
little attempts carried out to understand the mechanism of 
these compounds as a chelator, theoretically [18,19].  

Although several works have been carried out on DFO-
Fe and Deferiprone-Fe complexes [20], there are a few 
reports about the Deferasirox-Fe complex based on our 
knowledge [18,19,21]. The main reason for conducting this 
theoretical study is that the presence of toxic metals daily 
entering the body is one of the problems of industrial life. 
One of these toxic metals is iron, which is removed from  
the body by  Deferasirox  in  this  project.  Since  theoretical  

 
 

calculations are a prelude to laboratory and clinical tests, an 
attempt has been made to examine this project in theory so 
that in the case of obtaining the desired results, in the same 
research group, practical experiments are of interest. 
Considering the high capacity of nanoparticles and 
Deferasirox, this research aims at a comprehensive study on 
the high affinity and specificity of the nanoparticle-
Deferasirox-Fe and predicting the equilibrium constant of 
their complexes in the gas phase and solvent (water). 
Finally, the chemical properties of the obtained complex, 
bonding properties, and electron transfer were investigated 
using the NBO (natural bond orbital) [22] and QTAIM 
(quantum theory of atoms in molecules) approaches [23]. 
As discussed, compounds containing SPIONs are known as 
one of the newest research fields in recent years. This is 
because compounds containing SPIONs are used as contrast 
agents in MRI to diagnose and treat diseases. In this study, 
to synthesize a compound containing a contrast agent and a 
therapeutic agent, for the first time, Deferasirox was placed 
on the SPION substrate using APTMS linker. The 
promising results obtained encouraged us to synthesize this 
compound in vitro and evaluate its diagnostic and 
therapeutic effects. 

The presence of SPIONs in the studied complex leads to 
binding the drug to the desired tissue. Another reason for 
doing this project is to achieve a combination for use as 
targeted delivery, which is one of the newest areas of 
research, recently [24,25].   
 
THEORETICAL METHODS 
 
      All quantum chemistry calculations were performed 
using the Gaussian 09 computational package. To simplify 
and decrease the computational cost, a 1:1 molar ratio of the 
Fe ion to DFX was considered in all complexes. DFT 
calculations were used to optimize the structures of the DFX 
and their complexes with Fe2+. All calculations were 
performed using the M062X/6-311G(d) level of theory. 

To estimate the zero-point vibrational energies as well as 
the corresponding thermodynamic parameters, frequency 
calculations were performed. Solvation Gibbs energies and 
solvent effects were calculated by the polarizable continuum 
model (PCM) [26]. The NBO analysis was applied to 
explore  the  distribution  of the electrons into the molecular  



 

 

 

Complexation of Modified Deferasirox/Phys. Chem. Res., Vol. 9, No. 1, 31-42, March 2021. 

 33 

 
 

orbitals and appropriate scheme for the analysis of the 
donor-acceptor interactions [27]. QTAIM analysis [28] was 
performed to elucidate the nature and strength of the 
bonding interactions of different complexes.  To predict the 
effect of the solvent on the affinity of Deferasirox ligand to 
Fe2+ ion, solvent-solute interactions were calculated in the 
gas phase and water.  
 
RESULTS AND DISCUSSION 
 
Structural Analysis 

Optimized structures of the studied L (SPION-APTMS-
DFX) and Fe-L complexes are depicted in Fig. 1. It is 
important to be noted that the iron complexes were 
considered in three states of quintet, singlet, and triplet 
multiplicity for iron with the multiplicities of 5, 1 and 3, 
respectively. Table S1 shows the geometrical parameters of 
the L-Iron complexes. The main structural parameters of the 
complexes, reported in Table S1, are the Fe-O and Fe-N 
distances and O-Fe-O and O-Fe-N angles, indicating an 
efficient interaction between the Fe ion and oxygen/nitrogen 
atoms of Deferasirox. The obtained results show that in the 
[FeL] complex, the presence of solvent has not an important 
effect on the bond lengths in all complexes. The bonding 
angles of O2-Fe-N4 and O3-Fe-N4 (for atom numbering see 
Fig. 1) decrease in the solvent in the quintet multiplicity, 
whereas the bond angles in the singlet and triplet 
multiplicity modes did not change significantly that are in 
good agreement with the experimental results. The reason 
for this behavior is that in the quintet multiplicity, the 
electrons enter the eg orbitals that are in the Z-axis direction 
leading to increase in the bond length. Increasing the length 
of the bond will create a spatial barrier and the structure will 
reduce the bond angle to counter this spatial structure 
[18,19]. Also, the angles of O69-Fe-O71 and O2-Fe-O3 are 
about 180°, and O2-Fe-N4 and O67-Fe-O71 angles are 
close to 90° in the obtained complexes indicating that these 
complexes have an octahedral structure. 
 
Equilibrium Constants 

The formation of the Fe(II)-L complexes was 
investigated and the results of the equilibria studies are 
summarized in Table 1. Thermodynamic parameters of the 
complex formation reactions show their  exothermic  nature  

 
 

in the gas phase and water (∆H298 < 0). Negative characters 
of ∆H298 confirm that Fe-L binding is an enthalpy driven 
process [29]. ∆G298 values show the spontaneous nature of 
the complex formation. 

According to Table 1, the reactivity of the Deferasirox in 
different multiplicities of Fe2+ is according to triplet > 
singlet > quintet, in the gas phase, and triplet > quintet > 
singlet in the solvent, confirming a greater affinity of 
Deferasirox towards Fe2+ in the triplet multiplicity. Higher 
stability constants of the [Fe-L] complexes in the triplet 
multiplicity show a greater affinity of the ligand towards 
Fe2+. Furthermore, these values confirm that all complexes 
are more stable in the gas phase than water in the triplet 
multiplicity.  

In the case of 1:1 complexes, the equilibrium equation 
can be shown by Eq. (1) and the stability constant values 
(logK1) are calculated according to Eq. (2).  

 
Fe2+ + L2- ↔ FeL                                                          (1) 
 

RT
GK

303.2
log 1


                                                           (2) 

 
NBO Analysis 

NBO analysis was used to quantify the metal cation 
atomic charges, the occupancy of atomic orbitals, and the 
atomic orbital contributions to the molecular orbitals. This 
analysis is also used in studies for determination of the 
electronic charges on the atoms at the center of the 
complexes and estimation of the main donor-acceptor 
interactions. Therefore, NBO analysis was performed on the 
optimized structures. In this analysis, the electronic wave 
function is elucidated in terms of the occupied Lewis and 
unoccupied Lewis localized orbitals. The strength of the 
donor-acceptor energies, E(2), is evaluated by the second-
order perturbation theory [30], which is due to the 
delocalization of electrons from the donor to the acceptor. 
The main donor-acceptor interaction energies of the 
complexes are related to the interaction of the lone pair 
electrons of the oxygen atom of the chelator (LPO) and 
antibonding orbital (LP*) of the Fe2+, represented in     
Table 2. The stronger donor-acceptor interaction is equal to 
the higher interaction energy values, showing a greater 
charge transfer from the oxygen atom of  the  ligand (donor)  
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Fig. 1. Optimized structures of (a) Deferasirox (L2-) and (b) [FeL]. 

a 
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Table 1. The Calculated logK Value for NP-APTMS-Fe(II)-Deferasirox Complexes 
 

logK Gas phase  Water 

 Quintet 

multiplicity 

Triplet 

multiplicity 

Singlet 

multiplicity 

 Quintet 

multiplicity 

Triplet  

multiplicity 

Singlet 

multiplicity 

logK1[FeL] 0.6040 0.6282 0.6244  0.4164 0.4312 0.0854 

ΔH (kJ) -1292.00 -1335.32 -1325.87  -862.73 -879.27 -147.55 

ΔG (kJ) -1371.82 -1426.69 -1418.03  -945.70 -979.31 -194.00 

ΔS (J mol-1 k-1) -64.44 -73.89 -74.13  -71.90 -79.89 -71.80 
 
 
 
          Table 2. Significant  Donor-acceptor  Interactions  of  the NP-APTMS-Fe(II)-Deferasirox Complex in Different  
                         Media within the Second-order Perturbation Stabilization Energies, E(2), (kcal mol-1) 

 

Natural bond orbital 

interactions 

E(2) (Quintet 

multiplicity) 

E(2) (Singlet 

multiplicity) 

E(2) (Triplet 

multiplicity) 

 

Donor Acceptor Gas-

phase 

Water Gas-

phase 

Water Gas-

phase 

Water  

LPO2 LP*
Fe 21.96 21.52 96.41 88.99 35.7 32.78 

LPO3 LP*
Fe 7.83 14.68 101.43 92.96 37.58 35.36 

LPN4 LP*
Fe 12.85 11.56 80.13 75.31 36.2 34.79 

LPO67 LP*
Fe 11.19 11.31 60.22 61.97 24.86 27.3 

LPO69 LP*
Fe 11.42 12.21 69.83 70.13 8.77 8.78 

LPO71 LP*
Fe 9.85 10.22 70.07 73.01 7.88 9.6 

[FeL] 

LPO2 LP*
Fe 14.35 14.86 54.59 60.39 13.82 12.59 

LPO4 LP*
Fe 14.29 14.89 55.27 51.32 19.23 21.99 

LPO6 LP*
Fe 14.31 14.91 37.89 58.51 13.61 27.08 

LPO8 LP*
Fe 13.78 14.87 54.61 60.75 13.83 12.59 

LPO10 LP*
Fe 14.03 14.87 55.32 61.52 19.24 21.99 

LPO12 LP*
Fe 13.88 14.88 37.88 58.59 13.61 27.09 

[Fe(H2O)6]2+ 
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to the metal ion (acceptor). In the case of [FeL], the 
interaction between the lone pair electron of the oxygen 
(LPO3) atom and antibonding orbital of the metal ion (LP*

Fe) 
is strong at the singlet multiplicity than the triplet and 
quintet multiplicities. This value in singlet and triplet 
multiplicities and in the gas phase is greater than that in 
corresponding multiplicities in solvent while in quintet 
multiplicity, this value in solvent is greater than that in gas 
phase.  

According to the obtained results, the metal center is 
considered as a strong electron acceptor and the metal ion-
coordinated atoms (O and N) as the electron donors to iron 
ion. The rate of electron transfer from the nitrogen and 
oxygen atoms to the central atom is nearly equal in all 
multiplicities, confirming that the coordinated iron is a 
divalent ligand.  

According to the NBO results, the main interactions in 
the [FeL] complexes are related to electron transfer from the 
non-bonding electrons of the oxygen atoms (LPO2) to the 
anti-bonding orbitals of Fe2+ (LP*

Fe) in the singlet 
multiplicity, non-bonding electrons of the oxygen atoms 
(LPO3) to the anti-bonding orbitals of the iron atom (LP*

Fe) 
in the singlet multiplicity, non-bonding electrons of the 
oxygen atoms (LPO3) to the anti-bonding orbitals of the iron 
atom (LP*

Fe) in the triplet multiplicity. The electronic 
charge transport is affected by the solvent, therefore the 
amount of interaction energies is different in the gas phase 
and water.  
 
DFT Reactivity Indices 

The highest occupied molecular orbital- lowest 
unoccupied molecular orbital (HOMO-LUMO) analysis was 
performed to evaluate the DFT reactivity indices. Based on 
this analysis, the electronic chemical hardness, η, electronic 
chemical potential, μ, and the global electrophilicity index, 
ω, were calculated [31]. Electronic chemical hardness (η) 
[32], defined as the resistance to electron cloud change of a 
chemical molecule, is defined according to Eq. (3): 

 

)(
2
1

HUMELUMOE                                                            (3) 

 
The tendency to separate electrons from the ground state 

of a species is determined by the chemical electron potential 

 
 

(μ) [33], expressed by Eq. (4): 
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2
1

LUMOEHUMOE                                                           (4) 

 
The global electrophilicity index, ω [34], that indicates 

the relationship between η and μ, is also determined 
according to Eq. (5): 

 



2

2

                                                                           (3) 

 
The results are presented in Table 3. Also, the frontier 

molecular orbitals of the complex in all multiplicities in the 
gas phase and solvent were investigated and are illustrated 
in Figs. 2 and 3, respectively. The complex in the quintet 
multiplicity has the lowest energy gap and highest 
electronic chemical hardness. The lower energy gap for the 
complex in the quintet multiplicity indicates that the 
interactions between the ligand atoms and the metal ion are 
affected by the charge transfer interaction more than the 
electrostatic interactions. It is worth noting that the presence 
of solvent leads to an increase in the HOMO-LUMO gap in 
the quintet and triplet multiplicity, indicating that the 
solvent hurts the chelating process. The increase in η, due to 
the presence of solvent, leads to an instability of the 
complex. The electrophilicity of the free ligand is lower 
than that of the complex. The higher electrophilicity index 
for the quintet multiplicity shows that it was less inclined to 
form the complex with Fe2+, whereas the singlet and triplet 
multiplicites have a similar tendency to form the complex. 

  
QTAIM Analysis 

QTAIM introduced by Bader characterizes the chemical 
bonding of a system based on the topological parameters at 
the bond critical point (BCP), such as electron density (ρ(r)) 
and Laplacian of the electron density (L(r)). This analysis 
was performed to study the effect of solvents on the strength 
of interactions [35]. QTAIM analysis at the BCPs was 
performed on the [Fe-L] and [Fe(H2O)6]2+ complexes, at 
three multiplicities in the gas phase and water. The results 
of the topological analysis for the electronic charge density 
of the reactants and products at the BCPs including            
the   values  of  the   electron  density  (ρ(r))  for  [FeL]   and  
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                Table 3. HOMO-LUMO Energies and Energy Gap of Complexes (a.u.) in Singlet, Triplet and Quintet  
                               Multiplicity in [Gas Phase] and {Solvent} 
 

Complex HOMO LUMO η -μ -ω 

Singlet 

multiplicity 
[-0.268] [-0.218] [0.025] [0.243] 1.18 

 {-0.268} {-0.218} {0.024} {0.24} 1.18 

Triplet 

multiplicity 
[-0.231] [-0.209] [0.011] [0.243] 2.68 

 {-0.240} {-0.211} {0.014} {0.225} 1.78 

Quintet 

multiplicity 
[-0.226] [-0.211] [0.007] [0.218] 3.35 

 {-0.230} {-0.210} {0.009} {0.22} 2.66 

Ligand [-0.309] [-0.208] [0.050] [0.258] [0.659] 

 {-0.311} {-0.208} {0.051} {0.259} {0.657} 
 

 

Fig. 2. Electron density distribution of boundary molecular orbitals of the complexes within the HOMO-LUMO gap (a.u.)  
            in the gas phase. 
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[Fe(H2O)6]2+ complexes are summarized in Table 4. This 
table shows that the electron density values for the bonds 
involved in complexation are higher than the electron 
density values for these bonds in the free state, suggesting 
the interaction between the metal ion and the ligand. For 
example, ρ(r) values for Fe-O2 in the gas phase and water, 
in quintet multiplicity are 0.055 and 0.056 while after the 
complexation of ligand to Fe, these values increased to 
0.076 and 0.075. Based on the ρ(r) value, the strength of the 
bond and the extent of bond formation between the ligand 
and Fe ion could be determined. The nature of the bond is 
also explained by Laplacian and H. The electronic charge 
density changes in the complex in different environments 
for the Fe-X bond (X = O, N) show the effect of the solvent. 
According to Table 4, in the case of [FeL], the electron 
density of Fe-N4 bond in triplet and singlet multiplicities in 
the gas phase and water, are greater than the other bonds, 
indicating that the strength of this interaction is the greatest 
at the complex which in turn confirms that the Fe-N bond  is  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
stronger than Fe-O. The ratio of the potential energy density 
to the kinetic energy density, |V|/G, is used as a parameter to 
describe the nature of the bond [36]. If this ratio is greater 
than one, it indicates the covalent nature of the bond. In all 
cases, the calculated value of ρ(r) is positive in the [FeL] 
complexes, which indicates the formation of an effective 
bond between the metal and drug [37]. The electron density 
decreases in the presence of the solvent for the Fe-N bond in 
comparison with the Fe-O bond confirming that the Fe-N 
bond is stronger than Fe-O. For example, the value of this 
quantity for Fe-N4 bond in the gas phase and quintet 
multiplicity is 0.063 and in the solvent is 0.059, while this 
quantity for Fe-O2 bond in the gas phase and the same 
multiplicity is equal to 0.076 and in the solvent is equal to 
0.075. The comparison of these two bonds in the triplet 
multiplicity showed that the electron density changes from 
0.086 to 0.083 by changing from the gas phase to the 
solvent for the Fe-N4 bond, while it does not change for the 
Fe-O3 bond (0.083), as shown in Table 4.  

 

Fig. 3. Electron density distribution of boundary molecular orbitals of the complexes within the HOMO-LUMO gap (a.u.)  
             in the solvent. 
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            Table 4. Topological  Properties (a.u.) for  the  Fe-X  Bonds (X = O,N) in  [Fe(H2O)6]2+ and [FeL]  
                          Complexes in Different Spin States 
 

   Gas   Water   
Quintet 
multiplicity [Fe(H2O)6]2+  ρ L |V|/G ρ L |V|/G 

  Fe-O2 0.055 -0.085 0.963 0.056 -0.089 0.976 
  Fe-O4 0.054 -0.084 0.975 0.056 -0.088 0.976 
  Fe-O6 0.054 -0.085 0.963 0.056 -0.089 0.976 
  Fe-O8 0.052 -0.080 0.974 0.056 -0.089 0.976 
  Fe-O10 0.053 -0.082 0.962 0.056 -0.088 0.976 
  Fe-O12 0.053 -0.082 0.962 0.056 -0.088 0.976 
 [FeL]        
  Fe-O2 0.076 -0.11 1.035 0.075 -0.110 1.026 
  Fe-O3 0.069 -0.097 1.030 0.061 -0.084 1.011 
  Fe-N4 0.063 -0.085 1.044 0.059 -0.080 1.036 
  Fe-O67 0.045 -0.065 0.984 0.045 -0.064 0.983 
  Fe-O69 0.050 -0.071 0.985 0.051 -0.081 0.974 
  Fe-O71 0.044 -0.060 0.983 0.044 -0.064 0.984 
Triplet 
multiplicity [Fe(H2O)6]2+  ρ L |V|/G ρ L |V|/G 

  Fe-O2 0.053 -0.091 0.966 0.049 -0.083 0.975 
  Fe-O4 0.060 -0.111 0.962 0.064 -0.122 0.966 
  Fe-O6 0.047 -0.090 0.963 0.053 -0.103 0.927 
  Fe-O8 0.052 -0.091 0.955 0.049 -0.083 0.975 
  Fe-O10 0.060 -0.111 0.962 0.064 -0.122 0.966 
  Fe-O12 0.047 -0.090 0.927 0.053 -0.103 0.927 
 [FeL]        
  Fe-O2 0.077 -0.129 1.022 0.073 -0.123 1.008 
  Fe-O3 0.083 -0.139 1.034 0.083 -0.140 1.034 
  Fe-N4 0.086 -0.150 1.068 0.083 -0.146 1.058 
  Fe-O67 0.058 -0.108 0.971 0.058 -0.112 0.963 
  Fe-O69 0.040 -0.054 0.981 0.040 -0.054 0.981 
  Fe-O71 0.038 -0.048 1.000 0.040 -0.055 1.000 
Singlet 
multiplicity [Fe(H2O)6]2+  ρ L |V|/G ρ L |V|/G 

  Fe-O2 0.041 -0.102 -0.09 0.060 -0.125 0.950 
  Fe-O4 0.053 -0.132 -0.07 0.058 -0.124 0.949 
  Fe-O6 0.043 -0.107 0.907 0.059 -0.124 0.957 
  Fe-O8 0.041 -0.102 -0.09 0.060 -0.127 0.950 
  Fe-O10 0.053 -0.132 -.073 0.060 -0.124 0.957 
  Fe-O12 0.043 -0.106 -0.09 0.059 -0.124 0.957 
 [FeL]        
  Fe-O2 0.069 -0.128 1.000 0.066 -0.127 0.984 
  Fe-O3 0.074 -0.136 1.007 0.070 -0.143 0.985 
  Fe-N4 0.084 -0.153 1.049 0.081 -0.146 1.045 
  Fe-O67 0.056 -0.104 0.969 0.056 -0.111 0.952 
  Fe-O69 0.057 -0.107 0.962 0.056 -0.108 0.961 
  Fe-O71 0.055 -0.107 0.953 0.055 -0.110 0.946 

 



 

 

 

Izadyar et al./Phys. Chem. Res., Vol. 9, No. 1, 31-42, March 2021. 

 40 

 
 
Data Validity Analysis 

To investigate the theoretical procedure applied in this 
project, the comparison of the obtained data with the 
reported results is of importance to have a reasonable 
understanding of the accuracy of the theoretical methods. 

The calculated angles of O2-Fe-N4 and O3-Fe-N4 in the 
presence of solvent and in quintet multiplicity were reduced, 
which corresponds to the electron transmission into the eg 
orbitals. This behavior is in agreement with the reported 
data in previous work at high spin state [19]. 

In this work, the higher electrophilicity index for the 
quintet multiplicity shows a less tendency of complex 
formation with Fe2+, whereas in the previous work [19], this 
quantity at high spin state is lower than low spin state.  

 Steinhauser and coworkers claimed that the rate of 
electron transfer from the nitrogen atoms due to the sp2 
hybrid must always be lower than that of oxygen, in the 
case of trivalent ion. If the oxygen atoms were coordinated 
to a trivalent ion, they would have higher electron transfer 
than nitrogen [38]. This observation contradicts our 
previous works with the same ligand [18,19], in which 
nitrogen atoms have sp2 hybridization and their electron 
charge transfer is lower than that of oxygen atoms, 
indicating that they have a higher affinity for trivalent 
central metals, while in this project, the tendency to the 
divalent atom is preferred.  

The QTAIM analysis shows that the amount of the ratios 
of the potential energy density to kinetic energy density for 
Fe-O2, Fe-O3, and Fe-N4 bonds in quintet and triplet 
multiplicities, in both of gas and solvent phases, are slightly 
more than one, indicating that the bonding between the 
central metal ion with O2, O3 and N4 atoms is covalent, 
which is in agreement with the previous project with the 
same ligand [18,19]. This shows that loading this drug on 
the SPION substrate will not affect the type of created 
bonds. In all multiplicities, the value of |V|/G decreases in 
the presence of the solvent, which is in agreement with the 
previous work with the same ligand, in the low spin state 
[19].  

Based on the similarities and differences between 
different studies, it is well worth mentioning that the 
concept of the electron density and topological properties 
are good enough to predict the properties and behavior of 
the designed structures. 

 
 
CONCLUSIONS 
 

One of the most important chelators used to treat iron-
overload related diseases is Deferasirox, a drug that 
selectively binds to the iron and removes it from the body. 
In this research, the thermodynamic aspects of ion chelating 
process was comprehensively studied using computational 
chemistry. Moreover, the effect of the substrate on the 
nature of bonding was investigated by simulating the 
substrate of superparamagnetic iron oxide nanoparticles and 
its binding to the drug. To this end, the effect of some 
variables, such as the solvent effects and spin states on the 
equilibrium constant of Deferasirox-iron complexes were 
analyzed. Based on the results, the solvent plays an 
important role in the reaction thermodynamics. The 
obtained results from the QTAIM analysis confirmed the 
covalent nature of the Deferasirox-iron bond and 
consequently high affinity of Deferasirox to iron. According 
to NBO studies, the electron transfer from the chelating 
atoms to Deferasirox was significantly affected by the 
solvent. 
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