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ronmental aspects. This technique could save gas to the need time and contribute to
solving the CO2 and global warming problems. In this work, the structure and physico-
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and solution states using spectroscopic techniques. These examination methods include
ultraviolet-visible (UV-Vis), Fourier transform infrared (FTIR), metal and elemental
analyses, and measurements of magnetic susceptibility and conductivity at room tem-
perature. Also, findings on the surface morphology and surface area were provided
via Field emission scanning electron microscopy (FESEM) and Brunauer—-Emmett—
Teller (BET) techniques, respectively. High-pressure adsorption measurements were
investigated by storing carbon dioxide, and the results proved that such materials own
remarkable gas adsorption properties that make them a good option for gas separation
and storage. Gases uptake at 323 K for the complexes leads to the highest CO2 uptake.

The prepared material could pave the road for further exploitation of similar materials.
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INTRODUCTION

Sodium fusidate, commonly called Fusidic acid (FA), is a hydrophobic antibiotic used to
treat bacterial infections of sensitive osteomyelitis, skin, and soft tissues [Fernandes, 2016].
Fusidic acid is crucial in clinics due to its reliability in combining with a wide range of antibiotics
[Whitby, 1999]. This could be explained as the drug shows fine toxicity and bacterial resistance
[Curbete and Salgado, 2015]. Yet, FA is assumed as the most important component among
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the fusidane group. This group is considered a small class of tetracyclic nor-triterpenes that
possesses a cyclopentanoperhydrophenanthrene ring and belongs to the steroid compounds
[Curbete and Salgado, 2015].

The increasing global need for energy is associated with the growing number of populations,
where fossil fuel (oil, gas, and coal) is considered the dominant energy source until now.
However, this fuel negatively contributes to air quality and health; global warming is one of the
resulting problems that links several recent natural disasters worldwide [Mahmood et al., 2021;
Owusu and Asumadu-Sarkodie, 2016; Al-Furaiji et al., 2020]. Over time, oil and natural gas
consumption shows an increase due to the increasing energy demand, and carbon emissions are
raising to unrivaled levels. High CO, concentration in the air is attributed to multiple serious
problems [Lim et al., 2010], global warming is the main one, followed by pollution, climate
change, and natural disasters [Owusu and Asumadu-Sarkodie, 2016; Al-Furaiji et al., 2018;
Waisi et al., 2015].

The utilization of solids for gas storage is a recent technology that gains attention because of
its wide applications [Morris and Wheatley, 2008]. This technology presents a reliable solution
to handle the fluctuation in demand and supply. With this technology, gas could be injected
into a storage material at low demand periods and released when the demand increases [Safarov
and Atkinson, 2017]. Furthermore, high CO, concentrations might be mitigated via carbon
capturing and storage (CCS) techniques [Benson and Orr, 2008]. Compared with alternative
methods, this technique is a cost-effective option that efficiently reduces CO, emissions and,
ultimately, climate change [Xenias and Whitmarsh, 2018].

In this paper, sodium fusidate was used as a ligand to prepare a new metal complex by
reacting with metal ion Pd(II). The prepared complex was employed as a storage media for
carbon dioxide. Different techniques were utilized to examine the physical, chemical, and
morphological properties of the prepared composite. Results showed a promising approach for
this type of materials in gas storage, which presents a proper solution for gas pollution and
global warming issues.

MATERIAL AND METHODS

Sodium fusidate was equipped by SPAIN company as a white, crystalline, and odorless powder
of 99.5% purity; it was used without any further purification. The products were characterized
by CHNS elemental analysis, ultraviolet-visible (UV-Vis) spectroscopy, Fourier transform
infrared (FTIR) spectroscopy, and melting point determination devices. The microanalytical
data of the CHNS were collected using AA-680 Shimadzu atomic absorption spectroscopy and
Euro EA3000. FTIR spectra of the prepared products were detected via a CsI disc of a Shimadzu
and Perkin Elmer spectrometer. Electronic spectra of complexes and their ligands in solution
state were recorded on a UV-Vis device of 1800 PC Shimadzu Spectrophotometer.

A 0.177 gm of PdCl, solid salt was dissolved in ethanol and added to 10 ml of L-ethanolic
solution in a molar ratio of 1:2 with stirring. During the synthesis process, the mixture was
heated and refluxed for 3 hr until a precipitate was formed, which was then filtered and multiply
washed with DI water to terminate traces of the salt. Finally, the product was dried under a
vacuum and crystallized from ethanol, where it was identified using different analytical and
physical techniques.

RESULTS AND DISCUSSION

The synthesized complexes formed as colored powder that showed long-time stability
when exposed to an open atmosphere. The analytical data and other physical properties of the
palladium complex and ligand (L) are summarized in Table 1.
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Table 1. Analytical data for the palladium and ligand complex

Elemental analysis

Comp. Color M.P.°C Yield% Molar ratio Found (Calc.)
(M:L) C H N
L White 204-206d --- --- (69.05) (8.72) ----
65.12 7.81 8.64
PdL Brawn 158-160 80 1:2

(65.46) (8.27) (9.36)

Table 2. FTIR Absorption data for the ligand and palladium complex

v C=0
Formal v OH vCOO (asym.) (sym.) v C-OH
(aster)
L 3487, 3417 1712 1550, 1388 1269
PdL 3487, 3417 1716 1529, 1377 1261

The FTIR spectra show beneficial data for the morphology functional groups reflected from
the structural compounds. The characteristic frequencies of free ligand and palladium complex
were compared and readily designated to the literature [Nakamoto, 2009]. The infrared bands of
L showed sharp and medium characteristic absorption bands which occurred at 1550 and 1388
cm™; these were assigned to the stretching asymmetric and symmetric v COO, respectively.
The change in the frequency Av was equal to 162 cm™, and three bands at 3487-3417, 1712, and
1269 cm™ resulted in via hydrogen and carboxyl ester groups’ vibration. The IR spectra of the
complexes A(COO") were very useful in describing the structure of the prepared compound.
The Vim (COO) stretching appeared at 1529 cm ', while a vibration was observed at 1377 cm™,
which is explained as vsym(COO'). The difference Av (COO") proposes bidentate coordination,
where Av value was less than the ionic compound [Xiao et al., 2019] as shown in Table 2. More
evidence of new medium or weak bands appeared at 1261 cm 'in the prepared palladium
complex, which is attributed to the v (C-OH) as shown in Table 2.

The electronic spectrum of the free ligand (L,) showed three major bands. The first absorption
band was at 225 nm and attributed to the inter-ligand transition (n> n*) located on the pi-
system. The other absorption band was located at 242 nm and was also gained from the n->m*
transition from another group. The last absorption band is assigned to the n> m* electronic
location transition on oxygen atoms of carboxylate, ester, and OH groups that appears at 270
nm [Lotfy et al., 2015].

PdL: The electronic spectra of brown complex show bands at 24154 cm™ for PdL that is
attributed to 'A g>'B g transition (v ) and at 26246 cm™ that is attributed to 'A g>'Eg(v,)
transitions for square planer geometry [Lotfy et al., 2015]. Another band appeared at 31746 cm'
that could be assigned to charge transfer L>PdCT of L. The measured magnetic moment is zero
B.M.; this indicates the formation of a low spin complex. However, conductivity measurements
indicate that the complex is nonionic [Lotfy et al., 2015].

Mode of the ligand and complex are also provided by the 'HNMR and "CNMR spectra,
which were recorded in DMSO d°. The information is reported in Table 4.

The outer surface morphology of the fusidate metal complex was examined via the FESEM
technique. Figure 1 shows that the palladium complex has a heterogeneous and porous structure.
Furthermore, the FESEM images indicate a mitigated agglomeration of different shapes and
sizes of particles. From images, particle size clearly ranged between 44.09-56.29 nm for the
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Table 3. Electronic spectra, conductance in DMF solvent, and magnetic moment (B.M.) for the synthesized palla-
dium-ligand complex

Comp. Absorption c¢cm™ Assignments Conduit ity Suggested
us geometry
37037 n>m
L 41322 > -- ----
44444
24154 'Aig>'Big
PdL 26246 'Aig>'Eg 30 square planner

31746 L>PdCT

Table 4. 'HNMR and "CNMR spectra data of ligand (L)

L: 'HNMR 'HNMR

L: 'HNMR(DMSO- de)3 ppm

$ 0.83-0.93 ppm (s,3H,Hz0-Hx» and d,3H,Hz3) (CHs cyclic of L), § 1.03-1.93ppm to (s,Hi-
Hio) ppm except peaks in the range § 3.51-3.59 as (s,Hs and Hs)ppm to protonon (-CH-
OH) groups. Also shows signal as peaks in 6 1.75 and 1.88 ppm to alphatic methyl
protonVas a § 1.75(s,3H,His) and & 1.88(s,3H,His) ppm. Also shows at & 2.07(s, Hi2 and
His)ppm to aliphatic methylene (CH»>-CH,) proton®), and at &8 5.30-
5.35(t,H,H1s His)ppm. The peaks on § 2.26 and 2.28(s, 1H, Hi7)ppm which is ascribed
alphatic methyl on ester group (CHs-COO-) proton, and peak which appeared on § 4.28-
4.30ppm which corresponding to proton on (-OH) group. The comparison of "HNMR
spectra of Pd(II) complex formed with the ligand spectrum position of the proton about

confirming the coordination, a very little shifting in the proton position of the ligand with
these metal complex

BCNMR

L:*CNMR(DMSO-de)Sppm

15.51 (Ci and Ci2 CHs cyclic of sodium fusidate), 18.74 (Cso and Cs1 CHs cyclic of ligand
(L),22.14 and 24.94 (Ca,Cy7and Cy CHs- aliphatic),28.74,29.69 (C»2 and Cps CH»z- CH:
aliphatic), 31.29-35.80 (Cs, Cs,Co,C14 and Cis CHa- cyclic of ligand (LI), 41.94 and 42.14
(Czand C¢ CH- cyclic of ligand (LI),45.66 (Ci, and Ci7), 48.14(C7, and Cis C- cyclic of
ligand (LI), 55.71( C11), 68.15( Ci3, C-OH), 77.75 and 78.94( Cs and Cis C-OH), 125.55
and 132.21 (Casand C,s CH=C(CHa3)2), 139.51 (Cz C=C), 170.75 and 171.94 (Cz and Czs
COO carboxyl ).

The comparison of *CNMR spectra of Pd(II) complex formed with the ligand spectrum.
There is a shifting in the peak of C=C group to § 165.61 ppm, and the peak of COO to §
178.78 ppm group in the ligand with these metal complexes; this is confirming the

coordination compound.

prepared complex.

Energy dispersive X-ray spectroscopy (abbreviated as EDS or EDX) was employed to analyze
elements and chemically characterize the sample [Mahmood et al., 2021; Ahmed et al., 2018]. It
is a type of spectroscopies in which a sample is investigated through interactions between matter
and electromagnetic radiation. The X-ray emitted by the matter is analyzed by this technique
when reflected from charged particles [Gangadhar et al., 2015]. The spectrum is displayed in
Figure 2, and the detected structural peaks are listed in Table 5.

The Brunauer-Emmett-Teller (BET) method was utilized to calculate the specific surface area
via nitrogen (N,) adsorption-desorption isotherms [Vergis et al., 2019]. The adsorbent’s porosity
gives beneficial information on its physicochemical interactions with adsorbed gas. Thereby, the
pore size distributions and nitrogen isotherms of the prepared palladium complex are shown in
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Fig. 1. FE-SEM images of (a) L, (b) PdL complex.
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Fig. 2. EDX pattern of Pd complex

Table 5. Energy dispersive X-ray spectroscopy results of Pd complex

Comp. Carbon Oxygen Chloride Metals

PdL 68.68 19.62 0.43 10.98

Figure 3, where the nitrogen adsorption-desorption curves are overlaid. From the curve, the Pd
complex has an adsorption curve of type III and no monolayer formation is identified.

The pore volume and BET surface area were estimated from the nitrogen adsorption-
desorption isotherms at P/Po = 0.9. However, the size and volume of pores were calculated via
the Barrett-Joyner-Halenda (BJH) method, and the numerical values were listed in Table 6. It
is good to mention that the BET surface area and pore volume were calculated from nitrogen
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Fig. 3. N, adsorption-desorption isotherms and pore size distribution of the Pd-L complex

Table 6. Surface area and pore size distribution of palladium complex obtained by the N, adsorption-desorption

isotherms
Average pore diameter
Comp. SBET (m*.g™) Pore Volume (cm?.g™") gep
(nm)
PdL 29.321 0.029 2.898
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Fig. 4. Adsorption isotherms of CO, for PdL complex

adsorption, while the BJH average pore diameter was estimated based on the desorption data.
The gas uptake capability of the synthesized complex was identified via a high-pressure
volumetric adsorption apparatus of type H-sorb 2600. The complex was degassed under
vacuum and heat using an oven operated at 50 °C for 1h to terminate any trapped solvent or
water traces inside the pores. In order to obtain accurate results, the gas uptake examination was
replicated using identical conditions for the prepared complex to detect the optimum pressure.
Gas adsorption depends on the pore size, metal charge, ligand type, and interaction strength
between the adsorbate and adsorbent, such as the hydrogen bonds and Van der Waal forces
[Khadilkar and Chavan, 2009; Kalash et al., 2020]. The pore volume plays an important role
to find the gas uptake capacity of adsorbent materials, where a large pore volume results in
storing higher amounts of gases [Peng et al., 2013]. CO, owns a strong quadrupole moment;
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Table 7. Gas uptake capacities at 323 K of palladium complex

Comp. CO, Uptake (cm?.g™) CO, Uptake (wt%)
PdL 25.58 5.2

this conducts a remarkable adsorption capacity as it is highly diffusible [Razavian et al., 2014].
The high attraction forces, such as electrostatic (polarization force and surface field-molecular
dipole interactions) and Van der Waals forces, may also fulfill high CO, uptake [Ahmed et al,
2018; Omer et al., 2020; Satar et al., 2019; Najim et al., 2020; Mousa et al., 2020]. The adsorbed
gas volume relationship with pressure for the Pd-L complex is shown in Figure 4 and Table 7.

CONCLUSION

Herein, a palladium complex containing fusidate moiety was synthesized and its chemical
structure was established. The palladium complex has particles that vary in shape, size, and
diameter. Based on the characterization techniques, the complex had a surface area of 29.321 m?
/g, which makes it suitable for many applications. In gas storage, the gas uptake depended on the
type of gas, structural metal, surface pore volume, and pore diameter. The synthesized complex
was tested for CO, uptake and the results show an uptake of 25.58 cm’/g, which equals 5.2 wt.%
of the complex. Further investigation is recommended to employ this type of complex for gas
storage, which may contribute to finding a solution for the recent CO, high levels problem and
global warming.
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