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1 Introduction

Over the recent years, porous coordination polymers (PCPs) 
have garnered significant interest, standing out as particu-
larly captivating and promising subjects of research within 
various scientific investigations [1]. PCPs are materials 
distinguished by their expansive network architectures, 
intricately crafted through the coordination bonds that link 
metal nodes—comprising both metal ions and clusters—
with organic ligands. This assembly results in a complex 
and extensive framework that defines the unique character-
istics of PCPs within the realm of materials science [2–4]. 
In contrast to conventional inorganic porous materials like 
zeolite molecular sieves and micro-porous silica, PCPs 
offer distinct advantages in terms of both structural and 

  Ibragimov Aziz Bakhtiyarovich
aziz_ibragimov@mail.ru

  Muhammad Nadeem Akhtar
nadeemchem@yahoo.com; m.nadeemakhtar@iub.edu.pk

1 Institute of General and Inorganic Chemistry, Uzbekistan 
Academy of Sciences, M.Ulugbek Str., 77a,  
Tashkent 100170, Uzbekistan

2 Division of Inorganic Chemistry, Institute of Chemistry, The 
Islamia University of Bahawalpur, Bahawalpur  
63100, Pakistan

3 Department of Chemistry, School of Science, The University 
of Jordan, Amman 11942, Jordan

4 School of Materials Science and Engineering, Zhejiang Sci-
Tech University, Hangzhou 310018, China

Abstract
In this work, we report Na-Fe(III) coordination polymer, Na[Fe(C10H12N2O8)(H2O)]·2H2O (1), derived from Ethylene-
diaminetetraacetic acid (EDTA) and the compound exhibits distorted octahedral coordination geometry. The polymeric 
structure is generated when octahedral sodium is connected with five oxygens comes from five EDTA molecules and one 
water molecule. The specific surface area (SBET) of the compound was measured by Brunauer-Emmett-Teller (BET) which 
is 1036.9653 m²/g that value is consider as impressive. Further, thermal stability, sorption properties of nitrogen, water 
and benzene were also examined. In addition, electrical conductivity, the amount of ions and Hirshfeld surface analy-
sis were also studied. The N2 adsorption isotherm displays two distinct stages at low relative pressures (P/P0 = 0-0.02), 
indicating the presence of two distinct types of nanopores within the material structure. In case of adsorption of water 
molecules, the adsorption capacity, reaching nearly 29 mol/kg, and achieves saturation at water vapor pressure while the 
benzene primarily adsorbs onto the outer surface of the sorbent material at 1.38 mol/kg but its adsorption capacity is 
lower in comparsion to water. This observation indicates that delineating the adsorption texture of the adsorbent material. 
The cleavage of certain bonds between the polymerized metal and the ligand in the coordination compound is confirmed 
through electrical conductivity and the amount of ions. The Hirshfeld surface analysis provided information about various 
types of surfaces interactions in this compound.
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compositional diversity and stand out for their customizable 
porosity and ease of functionalization [5]. Within the realm 
of 2D polymers, 2D coordination polymers (CPs) represent 
a distinctive subclass of organic materials. They are crafted 
by systematically arranging organic ligands alongside metal 
ions, creating a two-dimensional landscape. In the literature, 
these 2D CPs are frequently denoted by various terms such 
as 2D metal-organic frameworks (2D MOFs), coordination 
nanosheets (CONASHs), and metal-organic layers (MOLs) 
[6]. CPs showcase dimensionality and porosity as promi-
nent features. These characteristics stem from the diverse 
arrays formed through the repetition of metal-ligand bound 
units, giving rise to networks that can manifest in one, two, 
or three dimensions [7]. CPs are regarded as an appeal-
ing subject of research owing to their diverse structures 
and noteworthy applications, particularly in photocatalysis 
[8–10], ion exchange [11], magnetism [12–14], and signifi-
cant contributions to areas such as adsorption, separation, 
and sensing [15–17]. Moreover, CPs exhibit proficiency as 
effective adsorbents, with the potential for adsorption taking 
place on surfaces, within encapsulated spaces, in interstices, 
interiors, or through chemical reactivity [18]. Furthermore, 
a multitude of CPs showcase notable sorption capacities. 
For instance, the MOF-177 compound demonstrates the 
capability to adsorb over 1.3 g of nitrogen at 77 K [19]. The 
presence of expansive cavities in these frameworks, cou-
pled with the low heats of sorption [20]—characterized by 
van der Waals sorbent-sorbate interactions—facilitates the 
achievement of sorption-desorption cycles under standard 
conditions [21].

Ethylenediaminetetraacetic acid (EDTA) is a tetraba-
sic acid featuring ten potential donor atoms, comprising 
eight oxygen atoms and two nitrogen atoms [22]. Further, 
it has capacity to create up to five-membered metal-N, 
N and metal-N, O chelate rings underscores its acknowl-
edged capability as a hexadentate chelator with numerous 
metal ions. Furthermore, the conformational flexibility of 
the metal-N, N’-ethylenediamine ring appears to contribute 
to the augmentation of coordination mode diversity [23]. 
EDTA is widely recognized as an economical and biocom-
patible organic molecule [24]. Given its numerous N and O 
coordination sites, coupled with flexible connection modes, 
it has proven to be an exceptionally intriguing candidate for 
the construction of metal-organic coordination polymers 
and complexes. Furthermore, it has been established that 
coordination compounds based on EDTA play crucial roles 
in electrochemistry, magnetism, and the detection of toxic 
metal ions [25–27].

We utilized the disodium salt of ethylenediaminetet-
raacetic acid (EDTA-H2Na2), known for its facile forma-
tion of coordination bonds with iron ions. Consequently, 
a 2D coordination polymer was synthesized, showcasing 

suitability for applications in the previously mentioned 
fields. To enhance the formation of the 2D polymer, a surfac-
tant (5-sulfosalicyl acid) was introduced as an additive. This 
addition significantly contributed to the interaction between 
the iron ions and the ligand, resulting in the formation of 
a distinct 2D polymer. The surfactant played a pivotal role 
in orchestrating a unique polymerization process, leading to 
the creation of a polymer with a substantial surface area. 
Comprehensive studies were conducted on the compound, 
including an examination of its structure, thermal stability, 
electrical, sorption properties, and Hirshfeld surface area.

2 Experimental

All chemicals used in this study were sourced from Sigma-
Aldrich and employed in their original form. The elemen-
tal composition, expressed as a percentage, was calculated 
using the Dumas method with ELEMENTARY UNICUBE® 
IZI equipment. FT-IR spectrum was recorded on a Bruker 
Invenio S-2021 spectrometer. The UV spectrophotomet-
ric technique, Cary 5000 UV-Vis-NIR instrument, Agilent 
Technologies, was employed to examine the structure of the 
compound across a wavelength range of 200–1100 nm. TG/
DTA were measured on Simultaneous DTG-60, DTA-TG 
apparatus from Shimadzu. In this research, we applied low-
temperature nitrogen adsorption at 77 K, utilizing a Quanta-
chrome® ASiQwin™- Automated Gas Sorption unit, to 
analyze and characterize the porous properties of the com-
pound. Nitrogen partial pressure was systematically varied 
between 0.005 and 0.995 P/P0 throughout the experiments, 
corresponding to nitrogen adsorption and desorption curves. 
To process the adsorption curves and extract key parameters 
such as micropore volume and average pore diameter, we 
employed well-established analytical methods including 
the BET (Brunauer-Emmett-Teller), Langmuir, Dollimore 
and Heale (DH), Dubinin Radushkevich (DR), t-graph, and 
As-graph methods. To provide a comprehensive charac-
terization of the porous structure, we applied the Barrett-
Joyner-Halenda (BJH) method to estimate the volume of 
mesopores within the samples. For a more detailed analy-
sis, pore volume and size distribution information were 
obtained using both the Density Functional Theory (DFT) 
method and the Barrett-Joyner-Halenda (BJH) method. 
The average pore diameter (Dav), as calculated using the 
BET formula, is determined by the equation: Dav = 4 V/S, 
where Dav represents the average pore diameter, V signifies 
the volume of adsorbed nitrogen, and S corresponds to the 
surface area. Electrical conductivity and ion concentration 
were determined using a Bante510-DH Benchtop Conduc-
tivity/TDS Meter for the aqueous solution.
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2.1 Materials

All chemicals were used without further purification. Iron 
(III) nitrate nonahydrate (99.5%), disodium salt of ethylene-
diaminetetraacetic acid dihydrate (Trilon B, 99%), 5-sulfo-
salicylic acid (99.5%) and distilled water.

2.2 Synthesis

Firstly, the first solution was prepared by dissolving the 
disodium salt of ethylenediaminetetraacetic acid dihydrate 
(EDTA-H2Na2·2H2O) (22.32 g, 0.06 mmol) in distilled 
water (0.3 mol). Subsequently, the second solution was pre-
pared by dissolving Fe(NO3)3 • 9H2O (20.2 g, 0.05 mmol) 
in distilled water (0.3 mol). Next, the third solution was pre-
pared by dissolving 5-sulphosalicylic acid (C7H6O6S) (20 g, 

0.092 mmol) in distilled water (0.3 mol). After preparing the 
solutions, the first and second solutions were slowly added 
together, and then the third solution was gradually added to 
the resulting mixture. After a certain period, a brown solu-
tion was formed. Subsequently, the solution was placed in 
a teflon autoclave at 323 K for 72 h. Following this, the 
solution was kept in a thermostat at 303 K for 10 days to 
allow crystal growth. Dark brown cubic crystals were 
obtained after 3–4 days. Yield: 65% (based on Fe and Na): 
Anal.calcd. for 1: C10H19N2O11FeNa: C, 28.436%, found: 
C, 28.112% Found: C, 28%; H, 4.2%; O, 41.3%; N, 6.1%. 
FTIR (cm− 1): 3380 (br), 3084(m), 1612 (s), 1477(w), 1352 
(s), 1244 (s), 1175(s), 1127(m), 1088(m), 1037 (m), 927(w), 
878(w), 834(w), 807(w), 719(m), 657(m), 585(m), 567(m), 
510(m), 471(m).Scheme 1

Scheme 1 Synthesis of 1 
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pairs of the oxygen atoms in the molecule to n→σ* tran-
sitions, resulting in a different electronic rearrangement 
within the coordination compound (Fig. 1b).

3.2 X-ray crystallography

The compound (1) Na[Fe(C10H12N2O8)(H2O)].2H2O is 
composed of iron(III) with distorted octahedral coordina-
tion (Fig. 2). The iron is bonded with the two nitrogens and 
the three oxygens of the EDTA and a molecule of water 
to complete the sphere. One -COO− is connected with the 
Fe from one oxygen and to a sodium from the other. The 
sodium is octahedral coordinated with five oxygens from 5 
EDTA molecules and one water molecule to make a poly-
meric structure. The distances and angles around the Fe 
are, for Fe-O: Fe1-O3 = 1.977(2) Å, Fe1-O5 = 2.122(2) Å, 
Fe1-O6 = 1.969 (2) Å and Fe1-O7 = 2.099(2) Å, and for 
Fe-N: Fe1-N1 = 2.319(2) Å nd Fe1-N2 = 2.318 (2) Å. The 
long distances Fe1-O5 is for Fe-OH2, the long distances in 
case of Fe-N can be explained by the high spin state in Fe. 
These bond distances are in agreement with other published 
data for complexes with EDTA [31–33]. Porosity data for 1 
showed a void of 1513.37 Å³ (96.34%) per unit cell (Fig. 3). 
A search of the Cambridge Structural Database indicated 
that López-Alcalá, et al. [31] and Altaba et al. [33] reported 
same compound as discrete complex but in fact it is coor-
dination polymer. The selected bond distances, angles and 
H-bonds are listed in Tables S2 and S3 (Supplementary 
Material), respectively.

3.3 TG and DTA analysis

The initial step involved holding the sample at 25 °C under 
argon, flow rate of 80 ml/min for 10 min and afterward 
temperature was increased at a rate of 10 °C/min, span-
ning from 25 °C to 800 °C. The analysis revealed that the 
compound experienced a total mass loss of approximately 
67.567%. The remaining 32.433% primarily consists of iron 

2.3 X-ray crystallography

Single XRD measurements was performed on Rigaku 
Oxford Diffraction, data collection and cell refinement 
were executed with a sealed CuKα (λ = 0. 1.54184Å) X-ray 
source on a four-circle diffractometer using HyPix3000 
detector. The structure was solved through SHELXTL [28, 
29], implemented in OLEX2 [30]. The deposited cif has 
CCDC No. = 2336258 for 1 and the crystallographic data is 
depicted in Table S1 (Supplementary Material).

3 Results and discussion

3.1 UV-visible spectral studies

The incidence of ultraviolet (UV) light waves on the aqueous 
solution of a coordination compound led to the absorption of 
light at a wavelength of λmax = 478 nm. In this spectral region, 
the Fe3+ ion caused the electrons in the 3d orbitals to undergo 
d-d electron transitions, moving from the lower energy d orbit-
als to the higher energy d orbitals (Fig. 1a).

Moreover, the absorption of UV light with a wavelength of 
λmax = 309 nm led to ligand-to-metal charge transfer (LMCT) 
within the coordination compound. This LMCT process 
involved the transfer of an electron from the highest occupied 
molecular orbital (HOMO) of the Trilon B ligand to the lowest 
unoccupied molecular orbital (LUMO) of the Fe3+ ion.

Furthermore, the absorption of light with a wavelength of 
λmax = 260 nm, which falls in the short-wavelength ultravio-
let (UVA) region, caused direct n→π* electronic transitions 
involving the unshared electron pairs in the C = O groups of 
the Trilon B molecule within the coordination compound. 
This electromagnetic light energy pushed the lone pairs of 
oxygen towards the relaxing orbitals of the π bonds, altering 
the electronic configuration of the molecule.

Additionally, light waves with a wavelength of 
λmax = 222 nm led to the transfer of the unshared electron 

Fig. 1 UV-Vis spectra for 1. (a) d-d transition region for iron ion; (b) ligand-metal charge transfer (LMCT) and specific transition domains in 
ligands
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compound. The endothermic process is elucidated by a DTA 
peak at 97 °C, indicating an activation energy of 56.13 J/g. 
Within this range, a mass decrease of 46.554% (theoreti-
cally 45.97%) was observed, corresponding to the desorp-
tion of crystalline hydrate H2O molecules within the pores. 
As the temperature increases, the structure of the compound 
is gradually compromised, ultimately leading to the disinte-
gration of carboxyl groups within the ligand. This process is 
exothermic, reaching its maximum DTA peak at 308.64 °C, 
and is concluded with an activation energy of 791.55 J/g. 

(III) oxide, sodium oxide, and residual graphite within the 
compound (Figure S1, Supplementary Material). The TG 
and DTA curves exhibited a close correspondence, mutu-
ally reinforcing each other. Within the temperature range of 
30 °C to 800 °C, mass loss occurred predominantly in two 
distinct regions on the graph. The initial region was observed 
within the temperature range of 30 °C to 407.43 °C. Con-
sidering the hydrophilic nature of the compound, this ini-
tial loss can be attributed to the evaporation of a minimal 
amount of absorbed gases and moisture present within the 

Fig. 3 Representation of porosity 
of 1
 

Fig. 2 Labelled ball-and-stick 
of 1
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polymers have high porosity, therefore, the property of 
absorbing or separating gases is considered important [34–
37]. The BET surface area of these compounds with dif-
ferent spatial dimensions differs sharply from each other. 
For example, the average surface for one-dimensional (1D) 
compounds is 250–550 m2/g [34, 38] average surface area 
for two-dimensional (2D) compounds is 300–1200 m2/g and 
for three-dimensional (3D) compounds the average surface 
area is 1000–10,000 m2/g comes. As can be seen from the 
above data, the morphology of metal organic polymers has 
a great influence on its porosity [39]. Such compounds hold 
the potential to exhibit remarkable adsorption properties, 
particularly concerning nitrogen adsorption. Investigat-
ing the nitrogen adsorption behavior on this compound not 
only deepens our understanding of its textural and structural 
attributes but also uncovers potential applications, particu-
larly in pharmaceutical domains. Figure 4 presents the N2 
adsorption characteristics for the synthesized material. The 
analysis reveals a significant capacity for N2 adsorption. The 
adsorption isotherm displays two distinct stages at low rela-
tive pressures (P/P0 = 0-0.02), indicating the presence of two 
distinct types of nanopores within the material’s structure. 
Subsequently, there is a further increase in the volume of 
adsorbed nitrogen, extending to values P/P0 = 0-0.02. Table 
S4 (Supplementary Material), in conjunction with Figure S3 
(Supplementary Material), provides critical parameters such 
as surface area, pore sizes, and their volume distribution. 

The second region is characterized by temperatures above 
407.43 °C, where 21.013% (theoretically 22.043%) of the 
weight loss is attributed to the remaining ligand. This pro-
cess is also exothermic, with the polymer structure undergo-
ing its most significant transformation, as indicated by the 
highest DTA peak at 471.64 °C. The thermal stability of the 
compound at 600 °C was re-examined because there was 
almost no change between 600 °C and 800 °C. The obtained 
residue was analyzed using PXRD, and the results indicated 
that the final product consists of iron and carbon (Figure S2, 
Supplementary Material).

3.4 Adsorption property of the coordination 
polymer

The examination of nitrogen adsorption and the determina-
tion of textural characteristics are actively pursued fields of 
scientific research. This is particularly relevant in the con-
text of developing new materials with enhanced properties. 
Textural attributes such as surface area, porosity, and pore 
size play pivotal roles in shaping the functional properties of 
materials. They significantly influence adsorption capacity, 
activity, and stability. In recent times, there has been signifi-
cant interest in the domain of coordination polymer, espe-
cially those involving the combination of iron (III) nitrate 
and EDTA-H2Na2. These combinations stand out due to their 
unique chemical and structural compositions. Metal-organic 

Fig. 4 Nitrogen adsorption iso-
therms on 1
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nanometers, a consistent reduction in their prevalence is 
observed. Their volume within the size range of 7.0-15.1 
nanometers is calculated to be approximately 0.0095 cm³/g. 
As the pore diameter continues to increase, their presence 
on the material’s surface gradually diminishes. The rela-
tive volume ratio of L-pores to S-pores within the analyzed 
sample is a matter of notable significance. This ratio spans a 
range from 1 nm to 17.7–20 nanometers, thereby highlight-
ing the multifaceted distribution and proportion of pores 
inherent to the material. These insights into the distribution 
of pore sizes assume pivotal importance as they greatly con-
tribute to our comprehension of the material’s adsorption 
properties and, consequently, have substantial implications 
for its potential applications across a myriad of fields.

The investigation of adsorption isotherms pertaining to 
water and benzene vapors on CP (1) was conducted under 
controlled conditions within a high-vacuum McBen-Bakr 
balance, maintaining room temperature as the standard. 
This instrumental setup is distinguished by its inclusion 
of a quartz coil, boasting an impressive sensitivity level of 
1.78 × 10^-3 kg/m. The determination of the specific surface 
area (S) of the sorbent was achieved by meticulous utiliza-
tion of the BET theory equation, which relies on the struc-
tural parameters of adsorption. From the resultant adsorption 
isotherms concerning benzene and water vapors, crucial 
parameters, including the monolayer capacity (αm), satura-
tion volume (Vs), and their respective relative surface areas 
(S), were ascertained. These determinations provide critical 
insights into the behavior of the sorbent material. Figure 5 
serves as a graphical representation of the isotherm eluci-
dating the adsorption of water on the compound. The verti-
cal axis is dedicated to the measurement of adsorbed water, 
denoted in mol/kg, while the horizontal axis correlates with 
the relative pressure of saturated water vapor under stan-
dard room temperature conditions. Upon meticulous scru-
tiny of the data embedded within the adsorption isotherms, 
it becomes apparent that the adsorbent material exhibits a 
distinct affinity for water molecules. Notably, it manifests 
an impressive adsorption capacity, reaching nearly 29 mol/
kg, and achieves saturation at water vapor pressure.

The hydrophilic nature of the sorbent is evident, and the 
occurrence of capillary condensation phenomena is mini-
mal. The active centers that reside within the adsorption 
pores of each cell of the adsorbent material actively and 
participate indirectly in the adsorption of water molecules. 
Adsorbates engage with these active centers, culminating in 
the formation of ion-molecular aqua complexes. The clas-
sification of the adsorption isotherm for this sample aligns 
with type III, as per the established categorization proposed 
by Brunauer. The markedly high adsorption coefficient 
observed within the relative pressure range, spanning from 
the initial saturation pressure of the adsorbate to its ultimate 

These parameters were determined using appropriate 
adsorption isotherm models. These findings significantly 
contribute to our understanding of the material’s textural 
characteristics and have substantial implications for poten-
tial applications.

Table S4, Supplementary Material, presents vital infor-
mation regarding the textural characteristics of the porous 
material [C10H19FeN2NaO11]n, highlighting its outstanding 
surface properties. Specifically, the specific surface area 
(SBET) measures an impressive 1036.9653 m²/g, a value of 
immense importance for these materials. This extensive sur-
face area has the potential to enhance bonding with active 
compounds or other molecules, providing notable advan-
tages across various applications. Remarkably, the presence 
of micropores, with a micropore area of 263.48 m²/g, under-
scores the material’s efficiency in adsorbing small mol-
ecules. Conversely, the external surface area of the material, 
excluding micropores, may play a role in adsorbing larger 
molecules or facilitating fluid transport. The determina-
tion of mesopore volume using the Barrett-Joyner-Halenda 
(BJH) method yields a value of 1.525 cm³/g. This under-
scores the predominantly microporous nature of the material, 
characterized by a higher volume of micropores compared 
to mesopores. The maximum pore volume (HK) is recorded 
as 7.551467 cm³/g, indicating the substantial capacity of the 
material to accommodate adsorbed substances. Addition-
ally, the mean hydraulic pore radius, as determined by the 
MP (Macropore) method, measures 10.4423 Å. These tex-
tural properties hold particular significance for pharmaceu-
tical and various other applications, as they can significantly 
influence the material’s adsorption capacity, dissolution 
rate, bioavailability, and other critical attributes. Materi-
als with high surface area and pore volume may exhibit 
enhanced adsorption of active compounds, making them 
potentially valuable in controlled-release formulations and 
various applications.

Figure S3, Supplementary Material, demonstrates a com-
prehensive depiction of the differential distribution of pores 
based on their respective diameters within the material 
under analysis. This systematic investigation has revealed 
the presence of two distinct categories of pores within the 
material: Micropores (S-pores): These micropores possess 
diameters that fall within the range of 1.1 to 1.9 nanometers. 
Mesopores: Mesopores are discerned with diameters that 
span from approximately 2 to 20 nanometers. An intriguing 
feature of this distribution is the marked augmentation in 
the abundance of S-pores as one progresses from smaller to 
larger diameters within the interval of 1.1–1.9 nanometers. 
Moreover, for pores bearing diameters of 2–20 nanome-
ters, the recorded volume is estimated to be approximately 
0.0084 cubic centimeters per gram (cm³/g). Nevertheless, 
upon examination of pores with diameters surpassing 2 
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comparsion to water, measuring at 1.381 mol/kg ( Fig. 6). 
This observation is further corroborated by indicators delin-
eating the adsorption texture of the adsorbent material.

3.5 Hirshfeld surface analysis

The Hirshfeld surface analysis of 1 was performed using 
CrystalExplorer 21.5 software [40]. This software gener-
ated the Hirshfeld surfaces, which provide valuable insights 
into the intermolecular interactions within the compounds. 
To determine the normalized contact distance (dnorm) in the 
analysis of Hirshfeld surfaces, the following equation was 
utilized:

dnorm =
di − rvdW

i

rvdW
i

+
de − rvdW

i

rvdW
e

If di in this equation represents the distance from the sur-
face to the nearest atom inside, the van der Waals (vdW) 
radius of this atom can be determined by ri. Similarly, de 
in the equation represents the distance to the nearest atom 
outside the surface, and re represents the van der Waals 
radius of this atom. The Hirshfeld surface 2D fingerprint 

saturation pressure, underscores the substantial specific 
surface area and the significant pore volume, as graphi-
cally represented in Fig. 5. The data acquired during these 
adsorption processes substantiate prior findings regarding 
the heterogeneous composition and structural attributes of 
the synthesized polymer. Moreover, these findings reaffirm 
the surface properties intrinsic to the adsorbent material. 
Within this context, it is noteworthy that water molecules 
predominantly adsorb onto active centers featuring oxygen, 
iron, and nitrogen elements. Shifting the focus to the adsorp-
tion isotherms pertaining to benzene, an intriguing obser-
vation arises concerning the rapid escalation in adsorption 
values, even at low relative pressures, up to R/Rs ≈ 0.1. Sub-
sequently, the adsorption converges gradually toward satu-
ration, displaying an undulating pattern. The steep ascent in 
adsorption isotherms at such low relative pressures (up to 
Р/Рs ≈ 0.1) implies the presence of a substantial adsorption 
potential at the initial saturation point.

Benzene molecules, upon initial adsorption, form T- 
and π-complexes, assuming a sandwich-like configuration 
with benzene on the outer surface of the adsorbent mate-
rial, and their bond strength is partially guaranteed. Given 
that benzene primarily adsorbs onto the outer surface of the 
sorbent material, its adsorption capacity is notably lower in 

Fig. 6 Benzene adsorption iso-
therms on 1
 

Fig. 5 Water adsorption isotherms 
on 1
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Among the total contributions, All-Na accounts for 5.8%, 
All-O accounts for 32.2%, All-H accounts for 60.6%, and 
All-C accounts for 1.4%. Conversely, Na-All contributes 
6.4%, O-All contributes 38.5%, H-All contributes 52.9%, 
and C-All contributes 2.2% to the overall interatomic inter-
actions within the Hirshfeld surface.

3.6 Electrical conductivity and the amount of ions

Initially, the compound was dissolved in water, yielding 
three distinct outcomes during the experiment. The temper-
ature was incrementally raised from 20 °C to 90 °C, result-
ing in a reduction of electrical conductivity from 4.29 mS to 
4.03 mS and a decrease in ion concentration from 2.14 ppt to 
2.04 ppt until the temperature reached 55 °C. Subsequently, 
as the temperature increased to 60 °C, both electrical con-
ductivity and ion concentration began to rise. At 90 °C, elec-
trical conductivity reached 5 mS, and the ion concentration 
equaled 2.54 ppt. This observation can be attributed to the 
cleavage of certain bonds between the polymerized metal 
and the ligand in the coordination compound (Fig. 9).

Following this, the solution was cooled from 90 °C to 
20 °C. As a result, when the temperature was lowered to 
25 °C, electrical conductivity increased until 7.24 mS, and 
the ion concentration rose until 3.6 ppt. However, when the 
temperature was further decreased to 20 °C, both electrical 
conductivity and ion concentration decreased (Fig. 10).

4 Conclusion

Na-Fe(III) based coordination polymer has been prepared 
under hydrothermal conditions and characterized by dif-
ferent spectroscopic techniques, TGA, elemental analy-
sis and X-rays diffraction method. The remarkable SBET 
1036.9653 m²/g of the compound has been identified and 
explored this polymer for variety of applications such as 
sorption of nitrogen, water and benzene. The N2 adsorption 
isotherm demonstrates about the nanopores within the mate-
rial structure. Further, water molecules indicate the good 
adsorption capacity (23 mol/kg) in comparison to the to the 
benzene (0.849 mol/kg) that describe about the adsorption 
texture of the adsorbent material. These findings contrib-
ute prominently about the textural characteristics and their 
potential applications particularly in pharmaceuticals. The 
electrical conductivity investigation provides information 
about the cleavage of certain bonds between the polymer-
ized metal and the ligand. Hirshfeld surface analysis indi-
cated that total surface volume (357.52 Å³) and total surface 
area (313.73 Å²) provide quantitative information about the 
extent and characteristics of the surface interactions exist in 
compound.

plot provides a visualization of the contribution of all atoms 
and interatomic interactions to the formation of the surface.

The Hirshfeld surface analysis of 1 was conducted on its 
asymmetric unit, excluding the outer space water molecule 
from the analysis. A normalized contact distance (dnorm) 
surface was generated and depicted using a color scheme 
that represents atomic dimensions ranging from − 0.6858 
to 1.5850. In the resulting picture, regions colored in red, 
white, and blue indicate different types of Hirshfeld surface 
contacts with fragments located within a distance of up to 
3.8 Å from 1 (Fig. 7).

The Hirshfeld’s total surface volume was determined to 
be 357.52 Å³, while the total surface area measured 313.73 
Å². These values provide quantitative information about the 
extent and characteristics of the surface interactions present 
in 1.

During the formation of the Hirshfeld surface, the di 
values were determined to range from 0.6825 to 2.8725 Å, 
while the de values ranged from 0.6864 to 2.6076 Å. In this 
case, the fact that di > de indicates that the Hirshfeld volume 
is relatively large compared to the level.

The contribution of both internal and external atoms to 
the formation of the Hirshfeld surface can be observed in 
the 2D fingerprint images of the surface (Fig. 8). According 
to these images, the primary contribution to the surface area 
arises from O‧‧‧H/H‧‧‧O interactions, accounting for 54.8% 
of the total. H‧‧‧H interactions contribute 27.7%, Na‧‧‧O 
interactions contribute 11%, H‧‧‧C interactions contribute 
2.3%, O‧‧‧O interactions contribute 1.9%, O‧‧‧C interactions 
contribute 1.2%, and Na‧‧‧H interactions contribute 1.1%. 
These interatomic interactions collectively shape the char-
acteristics of the Hirshfeld surface.

Furthermore, the contributions of elements in com-
pound-1 to the formation of the surface can be analyzed. 

Fig. 7 A dnorm representation of a Hirshfeld surface. Hirshfeld inter-
action of the surface with fragments up to a distance of 3.8 Å
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Fig. 8 A 2D fingerprint image of 
a Hirshfeld surface showing the 
percentage contribution of inter-
atomic interactions to the surface
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