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 Abstract: Three complexes ([CuL2(H2O)2], [NiL2(H2O)2], and [ZnL2Cl2]) have been 
synthesized through the reaction of metal salts and levofloxacin and characterized by 
spectrophotometers. The morphology of the complexes was investigated using field 
emission scanning electron microscopy (FESEM). The physicochemical properties of these 
complexes were evaluated using the Brunauer-Emmett-Teller (BET) and Barrett-Joyner-
Halenda (BJH) techniques. Furthermore, the storage capacity of these complexes was 
verified using the H-sorb 2600 analyzer at a temperature of 323 K and varying pressure 
conditions. The obtained data substantiates that the synthesized complexes exhibit 
favorable attributes for CO2 absorption. The surface area reaches 24.97 m2/g with 
capacities of 123.073 m3/g and 34.400 m3/g to adsorb CO2. The escalating levels of CO2 in 
the atmosphere, primarily resulting from the combustion of fossil fuels to meet the surging 
energy requirements, pose a pressing environmental challenge. Consequently, there has 
been a surge in research focused on the development of novel materials aimed at 
facilitating CO2 storage. 
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■ INTRODUCTION 

According to several chemical methods, abundant 
porous materials have been synthesized [1]. Such of these 
materials are zeolites, carbons, porous polymers and 
metal-organic frameworks (MOFs). Many properties, 
such as pore size and surface area of porous materials, 
might be affected according to functional groups (e.g., 
hydroxyl groups), heteroatoms, aromatic rings, polar 
groups, and polymeric chains which these materials 
contain, and could increase the interactions with gas 
molecules [2-3]. Recently, many studies applied porous 
materials in different fields, including catalysis, 
environmental protection, biology, energy saving and 

conserving [1]. Over the past years, many MOF 
materials have been prepared, characterized, and applied 
in different fields. MOF materials could be produced 
from the formation of coordination bonds between 
metal and organic molecules [3]. The affinity of the 
metals to bind with different organic molecules makes 
the possibility to prepare thousands of these compounds 
[4].  

Over time, several developments were made in the 
chemistry of MOF materials, which included geometric 
shapes such as octahedral and tetrahedral. This, in turn, 
can be affected by the expansion of coordination bonds 
between a metal and organic molecules [5]. The organic 
molecules might be carboxylates, phosphate, sulfonate 
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and N-containing heterocyclic [6]. In 1990, the first 
investigation of the porosity of MOF materials was 
achieved at high pressure to force the gas molecules to be 
absorbed on the material’s surfaces [7]. The adsorption 
and desorption measurements of molecules of gas at high 
and low pressure and temperature prove the permanent 
porosity of the materials. The first proof was carried out 
on zinc terephthalate MOF by measuring the nitrogen 
and carbon dioxide (CO2) isotherms [8-9]. 

One of the most common applications of MOF 
materials is gas storage media [6,10-12]. In the last 
decades, thousands of studies were performed on the 
ability of MOFs to absorb and store H2, CO2, and CH4 [13-
15]. In particular, CO2 capture has become the focus of 
many studies because the industrial revolution and 
consumption of fossil fuels lead to the increase in the 
levels of CO2, which is the major greenhouse as well as 
leads to “global warming” [16]. In 2015 the National 
Oceanic and Atmospheric Administration (NOAA) 
reported that the concentration of CO2 in the atmosphere 
reached 403 ppm, which increase of about 25% than in 
1958 [17]. In a recent study, several materials have been 
synthesized which can absorb, store and regenerate 
greenhouse gases to reduce their level in the atmosphere 
[18-21]. 

Several processes have been used to synthesize novel 
MOFs with high surface areas by using huge and longer 
organic molecule structures [22]. The studies revealed 
that the high gravimetric gas uptake by MOFs is 
proportional to the high surface area and porosity under 
high pressure [23-25]. As an illustration, M-MOF-74 (M 
= Mg, Co, Fe, Zn, or Ni) has been synthesized with a large 
surface area that is measured using the BET method, 
making it able to capture CO2 [26]. The acid-base and 
dipole-quadrupole interactions between the N sites and 
CO2 gas molecules would stimulate CO2 absorption when 
using the N-containing ligands [12]. On the other hand, 
the electrostatic interactions with the CO2 quadrupole 
moment would be enhanced by the presence of water 
molecules that coordinated with metal. The metal acts as 
Lewis acid by having partial positive charges on its sites, 
resulting in a strong interaction between the coordinately 
unsaturated metal sites and CO2 molecules [27]. The 

structural characteristics of MOF materials that have a 
large capacity for strong binding sites, which facilitate 
strong interactions with gas molecules, are distinguished 
by the hybridization of metal [28]. 

Zeolite, a CO2 capture material, has garnered 
significant attention among researchers. Previous studies 
have highlighted its notable capacity for adsorbing CO2 
under conditions of 25 °C and low pressure [29-30]. 
Levofloxacin complexes were considered for gas capture 
and the inspiration for our research since these 
compounds' capacities to adsorb gas vary depending on 
their physical and chemical characteristics. In the 
pursuit of novel adsorbents for CO2 capture, our 
research focus shifted towards heterocyclic compounds, 
owing to their inherent utility as biologically active 
substances. Given the potential benefits of these 
attributes in the realm of CO2 adsorption, we embarked 
on synthesizing fresh levofloxacin metal complexes, 
followed by an extensive investigation into their 
applicability in the field of CO2 capture. 

■ EXPERIMENTAL SECTION 

Materials 

The materials used in this study were levofloxacin, 
metal salts (ZnCl2, NiCl2·6H2O, CuCl2·6H2O), and 
methanol, which were ordered from Sigma-Aldrich 
(Schnelldorf, Bavaria, Germany). 

Instrumentation 

The Fourier transform infrared (FTIR) spectra of 
the metal complexes were carried out on FTIR 8300 
Shimadzu spectrophotometer using KBr pellets at 400–
4000 cm−1 (Tokyo, Japan). Shimadzu UV-1601 
spectrophotometer was utilized to examine the metal 
complexes' UV-visible absorption spectra in methanol 
(Tokyo, Japan). Furthermore, a typical portable 
conductivity meter, the WTW ProfiLine Oxi 3205, 
(Xylem Inc., Weinheim, Germany), was used to measure 
the conductivity of the metal complexes in ethanol at a 
temperature of 25 °C. In addition, a Bruker BM6 
magnetic balance (Bruker, Zürich, Switzerland) was 
employed to test the magnetic susceptibilities of the 
metal complexes. Finally, in order to analyze the surface 
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morphology of the metal complexes, ZEISS was applied in 
conjunction with dispersive X-ray (EDX) and field 
emission scanning electron microscopy (FESEM) 
investigations. 

Procedure 

Metal complexes preparation 
A suitable amount of metal salts of ZnCl2 (1.0 mmol, 

0.1363 g), NiCl2·6H2O (1.0 mmol, 0.2377 g) or 
CuCl2·6H2O (1.0 mmol, 0.2425 g) was dissolved in 5 mL 
of methanol and then added to a solution of levofloxacin 
(5 mL of MeOH, 2.0 mmol (0.7228 g) of levofloxacin) as 
illustrated in Schemes 1 and 2. The mixture was heated for 
3 h under reflux. After cooling, the solid was filtered, 
washed with MeOH, and then recrystallized from ethanol 
to produce the required metal complex. The complexes' 
measured yield percentages, colors, and melting points 
are displayed in Table 1. 

Porosity and surface area of complexes 
The MicroActive for TriStar II Plus Version 2.03 

model of Micromeritics analyzers was utilized to 
investigate the nitrogen adsorption-desorption isotherms 
for the complexes. The Brunauer-Emmett-Teller (BET) 
method and the Barrett-Joyner-Halenda (BJH) theory 
were employed to analyze and estimate the specific pore 
volumes, diameter, and pore size distribution of the metal 
complexes. 

Gas adsorption analysis 
An H-sorb 2600 high-pressure volumetric 

adsorption analyzer was applied to calculate the 
volumetric amount of CO2 gas that the complexes 
adsorbed. 

■ RESULTS AND DISCUSSION 

Characterizing Metal(II) Complexes 

The synthesized complexes are characterized by 
FTIR and UV-vis spectroscopy. The mean data of FTIR 
spectra  are  summarized  in  Table 2.  FTIR  spectrum of  

Table 1. Physical properties and yield percentages of the 
complexes 

Compounds Color M.P. (°C) Yield% 
L White 213–218 (dec.) - 
[CuL2(H2O)2] Blue 280–282 81 
[NiL2(H2O)2] Green 300 (dec.) 79 
[ZnL2Cl2] White 220 (dec.) 83 

Table 2. Ligand and synthetic complex FTIR data values 

Compounds 
Wavenumber (cm−1) 

C=O(sym) C=O(asym) Δν(asym-sym) 
L 1440 1614 - 
[CuL2(H2O)2] 1445 1612 167 
[NiL2(H2O)2] 1454 1611 157 
[ZnL2] 1468 1613 145 

 

 
Scheme 1. Synthesis of Cu and Ni complexes 

 
Scheme 2. Synthesis of Zn complexes 
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ligand, where observed the resonance frequency of 
symmetry and asymmetry of carbonyl carboxylic acid at 
1440 and 1614 cm−1. The synthesized complexes spectra 
show the difference between asymmetry (ν(asym)) and 
symmetry (ν(sym)) ranging from 145 to 167 cm−1, which 
indicates that the ligand was bidentate.  

The mean data of UV-vis spectroscopy are tabulated 
in Table 3. The absorption bands of the ligand spectrum 
observed at 34,843 and 33,557 cm−1 correspond to π→π* 
and n→π* transitions. The spectrum of the Cu(II) 
complex shows bands at 29,674 cm−1 due to the LMCT 
(ligand to metal charge transfer), and 27,027 belong to 
2Eg→2T2g transition. These bands are attributed to 
distorted octahedral geometry. The electronic spectrum 
of the Ni(II) complex reveals a band at 29,940 cm−1 for the 
3A2g (F)→3T1g (P) transition, while the 3A2g (F)→3T1g (F) 
transition occurs at 26,882 cm−1 for high spin octahedral 
geometry with magnetic susceptibility 2.9 BM. In the end, 

the electronic spectrum of the Zn(II) complex displays 
bands at 29,674 and 27,248 cm−1 due to the charge 
transfer. The suggested geometry is tetrahedral with the 
magnetic susceptibility value zero. Based on the molar 
conductivity (Λm) measurements, the results reveal that 
the complexes were nonelectrolytes [31], and the values 
ranged from 5 to 22 μS/cm. The UV-vis spectra, 
magnetic susceptibility (μeff.) and conductivity of the 
complexes indicate the suggested geometries. 

Surface Morphology of Metal(II) Complexes 

FESEM was used to examine the complicated 
surfaces. Fig. 1 presents the FESEM images of the 
synthesized complexes at 1 μm magnification level. It is 
evident from the images that the surfaces of the 
complexes exhibit a uniform structure and feature 
various porous formations characterized by distinct 
particle sizes. 

Table 3. Electronic transitions, absorption band energies, magnetic moments, geometry, conductivity, and hybridization 

Complexes 
Λ 

(nm) 
Absorption band 

(cm−1) Transitions 
Λm 

(μS/cm) μeff. Geometry Hybridization 

L 
287 34,843 π→π* 

- - - - 298 33,557 n→π* 

CuL2·2H2O 

285 35,088 π→π* 

22 1.8 Distorted 
Octahedral 

sp3d2 296 33,784 n→π* 
337 29,674 LM CT 
370 27,027 2Eg→2T2g 

NiL2·2H2O 

283 35,336 π→π* 

5 2.9 Octahedral 
sp3d2 

high spin 
296 33,784 n→π* 
334 29,940 3A2g (F)→3T1g (P) 
372 26,882 3A2g (F)→3T1g (F) 

ZnL2 

286 34,965 π→π* 

13 0 Tetrahedral 
sp3 

diamagnetic 
296 33,784 n→π* 

337 29,674 
CT 

367 27,248 

 
Fig 1. FESEM images of (a) Cu(II), (b) Ni(II), and (c) Zn(II) complexes 



Indones. J. Chem., 2023, 23 (5), 1384 - 1393    

 

Hadeel Adil et al. 
 

1388 

EDX analysis was used to determine the elemental 
composition of complex surfaces. SEM, a common 
technique in chemical microanalysis, is combined with 
EDX to determine the chemical structure of produced 
compounds. The elemental composition of the synthesized 
complexes was determined based on the EDX mapping, 
as summarized in Table 4. The EDX data exhibited highly 
abundant absorption bands corresponding to the carbon 
atoms, as well as those for N and F from levofloxacin, but 
in lower proportions. 

In order to corroborate the findings of atomic force 
microscopy (AFM) experiments regarding the porosity of 
materials exhibiting notable average roughness, 
characterized by rough surfaces and a prominent porous 
structure, emphasis was placed on complexes 
incorporating elevated levels of heteroatoms and aromatic 
residues. These particular complexes demonstrated 
enhanced efficacy in reducing surface roughness. 
Employing this method enables the acquisition of precise 

information pertaining to the geometric attributes of 
particles. Zn complex, specifically, exhibits a marked 
degree of porosity and possesses a high Rq value. The 
AFM images of the complexes are presented in Fig. 2. 

Levofloxacin metal complexes with a high level of 
heteroatoms and aromaticity resulted in greater 
improvement in the Rq. 

Gas Adsorption Isotherm Measurements 

The specific surface area, porosity, and storage 
capacity were evaluated by N2 and CO2 isotherms 
measurement. The adsorption of N2 on the solid surface of 
the produced complexes  determines the specific surface  

Table 4. EDX data for levofloxacin metal complexes 
Complex %C %N %F %M 
CuL2·2H2O 52.8 10.2 4.6 7.7 
NiL2·2H2O 53.1 10.3 4.6 7.2 
ZnL2 55.0 10.6 4.8 8.3 
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Fig 2. AFM images of (a) Cu(II), (b) Ni(II), and (c) Zn(II) complexes 

 
area and porosity parameters based on BET and BJH 
techniques [32]. The measurements were carried out at 
77 K and 88 kPa. The complexes' N2 adsorption-
desorption isotherms are shown in Fig. 3, where the 
amount of gas absorbed rises as pressure is increased. 
According to the IUPAC recommendation, the 
adsorption-desorption isotherms of the Cu(II) and Zn(II) 
complexes belong to the type IV isotherm, while the 
Ni(II) complex has a type V isotherm. Hysteresis 

attributed to the materials' mesoporosity can be 
recognized in types IV and V isotherms [33]. 

Fig. 4 shows the relationship between pore size 
distribution and pore size width. The pore diameter 
ranged between 2.1 and 83.9 nm, corresponding to 
mesopores [34]. As tabulated in Table 5, the specific 
surface area of the complexes varies from 0.818 to 
24.97 m2/g, while the best amount uptake of N2 is carried 
by the Zn(II) complex, which reaches 123.073 m3/g. 

 
Fig 3. Metal complexes' N2 adsorption-desorption isotherms on a) Cu(II), b) Ni(II), and c) Zn(II) 
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Fig 4. Metal complex's pore size and pore-volume distribution 

 
In another hand, the CO2 adsorption isotherm for 

the complexes of the metals has been determined at 323 K 
and 50 bar, as exhibited in Fig. 5. The Zn(II) complex 
observed high efficiency in storing CO2 with a capacity of 
34.40 cm3/g, as illustrated in Table 5. The presence of 
heteroatoms and aromatic rings enhances the interactions 
with gas molecules [35]. The metals play a very important 
role in making the complexes more sufficient to capture 
the gas molecules. In the case of the unsaturated metal 
sites, a strong interaction with CO2 molecules could 
occur, as exhibited by Zn(II) complex [27]. Ultimately, 
within the context of acid-base chemistry, the metals 
function as Lewis acids, while CO2 acts as a Lewis base 
[36-37]. This interaction is characterized by the inherent 
acid-base properties of CO2. 

The complexes that were produced performed 
remarkably well as CO2 gas adsorbent surfaces. This is 
because the surface of synthetic materials and CO2 

molecules form robust van der Waals and dipole-dipole 
interactions. 

The capacity for gas absorption of the synthesized 
complex was evaluated using a high-pressure volumetric 
adsorption apparatus of type H-sorb 2600. To eliminate 
any solvent or water traces that may have been trapped 
inside  the  pores,  the  complexes  were  degassed  under  

 
Fig 5. CO2 adsorption isotherm of metal(II) complexes 

Table 5. Porosity properties, specific surface area, and capacity storage of metal complexes and other materials for 
different studies 

Complexes SBET 
(m2/g) 

N2 adsorption 
(cm3/g) 

Average pore 
diameter (nm) 

Total pore  
volume (cm3/g) 

CO2 adsorption 
(cm3/g) 

Ref. 

CuL2·2H2O 12.188 61.77 31.357 0.0116950 23.1 Current 
project NiL2·2H2O 0.818 14.00 66.640 0.0033791 12.9 

ZnL2 24.970 123.07 30.493 0.0418390 34.4 
NiL2·2H2O 22.750 85.45 12.470 0.1080000 34.5 [10] 
COF-1 4.682 2.71 34.901 0.0100720 26.3 [38] 
Schiff base 1 17.990 5.50 17.020 0.0083000 31.4 [39] 
Coumarins - - - - 31.0 [40] 
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vacuum and heat using an oven that was run at 50 °C for 
1 h. The gas absorption examination was repeated under 
similar circumstances for the prepared complex to 
achieve precise data and determine the ideal pressure. The 
degree of interactions between the adsorbent and 
adsorbate, such as hydrogen bonds and van der Waals 
forces, as well as the kind of ligand and the size of the 
pores, all affect the adsorption of gases. Due to the high 
quadrupole moment of CO2, high uptake of CO2 may also 
be facilitated by electrostatic forces (van der Waals forces 
and the polarization force and surface field-molecular 
dipole interactions). The capacity storage of metal 
complexes and other materials for different studies is 
presented in Table 5. 

■ CONCLUSION 

The relevant complexes were produced via the 
reaction of levofloxacin with metal salts. Recrystallization 
was used to purify the products, and FTIR and UV-vis 
spectroscopy were performed to confirm the chemical 
composition of the pure chemicals. The peaks required to 
demonstrate the levofloxacin metal complexes' chemical 
structure were all adequately validated. Levofloxacin 
metal complexes with a levofloxacin moiety are produced 
using a quick and easy procedure. Three complexes were 
synthesized, characterized and applied as gas storage 
media. SEM images of the produced materials exhibited a 
variety of porosity diameters. Additionally, they showed a 
small collection of particles of various sizes and shapes. 
The gas adsorption isotherms observed that these 
complexes are suitable for CO2 uptake. The Zn(II) 
complex has a high efficiency to adsorb gas molecules 
compared to Cu(II) and Ni(II) complexes, due to its high 
surface area and affinity towards the gas molecules. 
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