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ABSTRACT

A novel hybrid material, blending organic and inorganic components (NH3(CH2)2CO2H)2 [MnCl4(OHy)2], has
been successfully synthesized and meticulously examined. This intriguing compound crystalizes in monoclinic
system, with C2/c space group. The unit cell dimensions are as follows: a = 21.497 (8) 10\, b=17.212(2) A, c=
11.149 ;\, B =109.09 (2)°, with a unit cell containing four entities (Z = 4). The asymmetric unit consisted of a
combination of one half of %4[Cl;Mn(OHs),]% and an organic * NH3(CHy)2CO4H cation. The structural integrity
is upheld through an intricate three-dimensional hydrogen network, serving as a stabilizing force for the crystal
lattice.

Notably, the resolved structure unveils a stratified arrangement along the b-axis, creating distinct layers within
the material, separating the organic and inorganic components. The intricate interplay of intermolecular forces,
specifically involving H---Cl, O---O, and H---H interactions, has been thoroughly examined using Hirschfeld
surface analysis. Furthermore, we employed Density Functional Theory (DFT) calculations to optimize the
molecular structure.

To gain deeper insights into its properties, we conducted micro-Raman spectroscopy measurements to
elucidate the vibration modes exhibited by the compound. Additionally, the material’s characteristics were
probed using a Vibrating Sample Magnetometer (VSM), the compound exhibits ferromagnetism. The UV-visible
absorbance spectroscopy, providing comprehensive information about its optical properties (energy gap is about
4.0 eV).

1. Introduction

In recent years, hybrid-like perovskites have garnered significant

the structural versatility and flexibility offered by organic sub-networks
[4-8]. It’s important to note that the hybrid nature of these materials not
only allows for the combination of organic and inorganic properties but

attention within the scientific community due to their remarkable
physical properties. These compounds belong to a unique semi-
conductor family that exhibits exceptional optoelectronic characteris-
tics, making them promising candidates for applications in photovoltaic
(PV) devices and light-emitting diodes (LEDs) [1-3]. What sets these
materials apart is their ability to combine the desirable features of both
inorganic and organic components into a single hybrid compound.
Within this intriguing family, researchers can harness the electronic
properties, robust thermal stability, and luminescent efficiency inherent
to inorganic sub-networks. Simultaneously, they can take advantage of

* Corresponding author.
E-mail address: a.kaiba@psau.edu.sa (A. Kaiba).

also holds the potential to yield entirely new properties through syner-
gistic interactions.

The perovskite AMX3 family has been extensively investigated for
over 80 years. In this notation, ‘A’ represents the organic cation, ‘M’ can
include elements like Fe?*, Cu®t Co?*, cr®*, sn®*, or Mn?*, and X’
denotes a halogen atom. Researchers have conducted comprehensive
studies on their magnetic, electrical, optoelectronic (both photo- and
electroluminescence), and nonlinear optical characteristics [9-15].

These hybrid perovskites provide a unique opportunity to combine
the advantageous traits of organic and inorganic components at a
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Table 1
Crystal structure data refinement.

Empirical formula C6 H20 Cl4 Mn N2 06

Formula weight 412.98

Temperature 293 (2) K

Crystal system Monoclinic

Space group C2/c

Unit cell dimensions a=21.497 A
b=7.2124
c=11.149 A
p = 109.09°.

Volume 1633.5 A®

z 4

Density (calculated) 1.679 Mg/m*>

Absorption coefficient 1.481 mm™!

F (000) 844

Theta range for data collection 3.385-27.621°.

Index ranges —27 <h<=27, -9 < k<=9, -14 < I<=14
Reflections collected 3330

Independent reflections 1862 (Rj; = 0.0208)
Data/restraints/parameters 1862/2/80

Goodness-of-fit on F2 1.027

Final R indices [I > 2 sigma(I)] R; (0.0384), wR, (0.1093)

R indices (all data) R; (0.0531), wR5 (0.122)1

Largest diff. Peak and hole 0.515 and —0.480 e.A™3

9.00x10*
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Fig. 1. The whole XPS spectrum of CgHzoCl4MnN2Op.

molecular scale, forming a single crystalline composite. Most of these
systems exhibit perovskite-type structures, with inorganic layers
composed of octahedral anion (MXg) or tetrahedral anion (MX4) coor-
dinated elements, such as zinc and cobalt. The organic cation’s ammo-
nium group NH3 plays a crucial role in connecting the organic molecule
to the halogen X through hydrogen bonds, ensuring the cohesion of the
molecular crystal. This linkage can occur in two distinct configurations:
one hydrogen atom bridging the halide while two hydrogens attached to
the terminal halogens (terminal halogen configuration), or vice versa,
with two bridging and terminal hydrogens, as seen in the case of cobalt
metal. Previous studies have also explored composites involving amino
acids instead of monoamine or diamine ligands [16-20].
Understanding and controlling these structures are pivotal for
tailoring their physical properties, both for fundamental research and
prospective applications. The thermal, magnetic, electrical, and optical
attributes of these materials hold significant promise for various tech-
nological applications, especially within the realm of solar energy
storage and photovoltaic cells [21-26]. Notably, the most efficient of
these materials to date employ lead as the metal, monoamines ligand,
and iodine [21-23,27-30]. However, these materials come with their
own set of challenges, including environmental concerns due to the

presence of lead, susceptibility to moisture-induced degradation over
time, and sensitivity to oxygen. In this context, we have opted to employ
B-Alanine (NH»-(CHj3),—CO2H) and Manganese chloride MnCls.

2. Experimental
2.1. Instrumental techniques and materials synthesis

Obtaining single crystals of the perovskite-type compound titled
“CeH20Cl4MnN30g¢” was achieved through a diffusion method involving
carefully prepared solutions at room temperature. The formation of this
molecular crystal took place as the solutions gradually evaporated.

The process for obtaining these single crystals can be summarized as
follows: First, a solution of hydrochloric acid (1 ml) (HCI) with a con-
centration of 37 % was utilized to protonate an aqueous solution con-
taining the amino acid alanine NHy(CH3)2CO,H (1 g, 11.2 mm ).
Subsequently, this protonated solution was slowly introduced into an
aqueous solution of manganese chloride (0.7 g, 5.6 mm 1). The light pink
homogeneous solution was formed, and after a few days at room tem-
perature, a single crystal suitable for X-ray diffraction analysis was
formed.

2(NH2(CH2)2C02H+2HC1 + MnClz - (NH3(CHz)2C02H)2[MHC14(0H2)2]

To ensure the material’s purity, X-ray Photoelectron Spectroscopy
(XPS) analyses were conducted using the K-Alpha XPS System. This
system employs a micro-focused monochromatic Al Ka X-ray source
with an energy of 1486.6 eV. Additionally, further investigation was
carried out using the SENTERRA II Raman Microscope spectroscopic
technique.

To evaluate the magnetic properties, a Vibrating Sample Magne-
tometer analysis (VSM) was performed under ambient temperature
conditions. The analysis of selected single crystals was conducted using
the Nonius Kappa CCD diffractometer, which is equipped with a Mo (A =
0.71073 A) anticathode. During the measurement process, both ¢ and o
scan modes were utilized, and the crystal-detector distance was set at 35
mm. The collected data was processed using the DENZO-SMN program.

2.2. Crystal structure

The crystal structure hypothesis was initially generated using the SIR
97 program [31]. Subsequently, the SHELX 97 program was employed
for the comprehensive refinement of all structural parameters. This
refinement utilized the well-known method of full-matrix least squares
based on squared structural factor F2 [32]. It is important to mention
that these software applications were included within the WINGX soft-
ware suite [33].

During the refinement process, hydrogen atoms were placed theo-
retically and subjected to isotropic refinement. Their placement was
based on geometric considerations, taking into account the typical
lengths and angles of covalent bonds. The final resolution of the struc-
tural analysis resulted in a residual electronic density ranging from
—0.480 to 0.515 e/A3. The reliability factors of the refinement demon-
strate its high quality.

For the creation of graphical representations, the MERCURY soft-
ware [34] was utilized. A comprehensive summary of all data can be
found in Table 1. To preserve the structural data, it has been archived
under the CCDC (No. CCDC 2212204). Note that all bond lengths, an-
gles, torsion angles, and atom positions are provided in the supple-
mentary data file.

3. Results and discussion
3.1. XPS measurement

The compound’s purity was verified through XPS analysis, which
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Fig. 2. (a) Unit asymmetric view. (b) Octahedron connection through hydrogen bonds (OH2-:--Cl) along the b-axis. (d) Connection between organic and inorganic
sheets via N-H---Cl, C=0--Cl, C-O---OH,, and CH---O hydrogen bonds (dashed lines). Crystal packing view along the b-axis illustrating the layered system along the
a-axis.

Table 2
Hydrogen bonds length (a) and angles (b) between the
unit cell and neighboring atoms of CgH20Cl4MnN,Og.

(a)

Hydrogen bond Length A)

Op....... O3 2.767 (2)

Op ... .. cl, 3.209 (4)

Np ... O3 3.143 (2)

Ny Cly 3.375 (3)

Np oo oo Cl, 3.384 (2)

Np...... Cly 3.237 (2)

Np...... Cly 3.526 (2)

(b)

Hydrogen bonds Angle (°)

Ni-Hia ... ... ch 135.5 (2)

Ni-Hjp ..o oo Cly 124.9 (3) Fig. 3. Electrostatic surface potential of CgH2Cl4MnN2O¢ obtained with the
Ni-Hza ... oo 03 145.4 (1) DFT/B3LYP/LANL2MB method.

N;-Hszp ... .0 Cly 127.7 (3)

Ni-Hop ... ... cl, 161.1 (1) . . L

Ol-Hyy ... 0 146.6 (2) 3.2. X-ray diffraction investigation

Os-Has ... ... 0, 166.77

C3-03 ... ... Cl, 117.6 (3) The compound exhibits a monoclinic configuration with a space

group designated as C2/c. The unit cell parameters are as follows: a =
21.497 (8)A,b=7.212(2) A, c=11.149 (2) A, p = 109.09 (2)°, and Z =
4. Within the asymmetric unit, there are two moieties: "NHs-
(CH3)2-COOH and one half of % [Cl4Mn(OHz)s] 2 (shown in Fig. 2a).
Hydrogen atom placement was theoretical.

In the unit cell, there is a single organic chain of TNH;3-(CHz),~COOH
in a trans conformation, with torsion angles approximating 180°. The
Mn atom is centrally positioned with an occupation factor of 0.5,
forming a trihedral coordination with four Cl atoms and two HyO mol-
ecules. In the packing, the Mn forms isolated octahedrons [Cl4Mn
(OH2)2]2' connected via hydrogen bonds between H,O and Chlorine

provided conclusive evidence. The survey scan, shown in Fig. 1, clearly
displays distinct peaks corresponding to the presence of manganese,
chloride, oxygen, carbon, and nitrogen atoms. Specifically, significant
peaks for Mn2p, Cl2p, Ols, Cls, and N1s were observed at 642 eV, 199
eV, 532 eV, 286 €V, and 402 eV, respectively. The composition analysis
revealed the following percentages: 2.31 % manganese (Mn), 9.54 %
chloride (Cl), 20.25 % oxygen (0O), 57.53 % carbon (C), and 10.37 %
nitrogen (N).



Fig. 4. Comparison of Optimized structure of C¢HaoCl4MnN3Og calculated by the DFT/B3LYP/LANL2MB method and solved structure from X-ray diffraction.

Table 3
Comparison of theoretical and experimental (a) bond lengths and (b) angles for
C6H20C14MI1N206.

@
Bond length &)

Theoretical experimental

Mn;-Cl; 2.44747 2.498 (1)
Mn;-Cl, 2.54108 2.551 (7)
Mn;-O3 1.93405 2.223 (5)
Cx-C3 1.54289 1.485 (5)
C;1-Cy 1.5568 1.444 (4)
N;-C1 1.54968 1.480 (4)
C3-0, 1.47657 1.294 (4)
C3-0, 1.32589 1.178 (5)
(b)

Angle (°) Theoretical experimental
Cl;-Mn;-O3 151.83 90.9 (8)
03-Mn;—-Cl, 84.7089 85.9 (2)
Cl;-Mn;—-Cl, 86.2136 89.1 (3)
N;-C1-C» 110.282 114.1 (6)
C;-C2-C3 110.154 114.4 (6)
Cy-C3-0, 124.717 124.8 (2)
Cx-C3-02 114.119 112.9 (8)

along the c-axis, with bond lengths around 3.236 A (as shown in Fig. 2b).
The Mn—Cl bond lengths measure approximately 2.551 A and 2.498 A,
while the Mn—0 bond length is around 2.218 A. The bond angles around
the Mn atoms range from about 85.91° to 94.04°. A calculated distortion
parameter (¢ = 24.08°) indicates significant distortion, deviating from
90° for the 12 cis ® angles in the coordination sphere of the octahedron
[35].

There are three types of hydrogen bonds observed: N-H---Cl with
bond distances ranging from 2.345 A to 2.839 A, N-H.--OH, between the
NHj3 group and the HyO of the octahedron with a bond length of
approximately 2.287 fk, and OH---Cl and C=0---OH; involving the acid

(a)

function of the "NH3-(CH2)>-COOH chain and the [Cl4Mn(OH,)>]*
octahedron with bond lengths of around 3.220 A and 2.761 A, respec-
tively (as shown in Table 2 and Fig. 2c).

The hybrid structure exhibits a layered architecture with alternating
organic and inorganic sheets along the a-axis. The inorganic sheet
consists of isolated octahedrons [Cl4Mn(OHy),]%, while the organic
sheet is formed by ™ NH3-(CH2),—COOH chains. The cohesion between
these sheets is maintained through hydrogen bond interactions. The
interlayer distance between two adjacent inorganic layers is approxi-
mately 10.157 A (refer to Fig. 2d).

3.3. DFT calculation

DFT calculations using the Gaussian 16w program [36] were per-
formed to optimize the molecular geometry of the compound, utilizing
the unit cell parameters (a = 21.497 (8) ;\, b=7.212(2) i\, c=11.149 A,
B = 109.09 (2)°, and Z = 4) and atomic positions as input. The elec-
trostatic potentials were also calculated. The computational procedures
employed a combination of the B3LYP correlation functional, LANL2MB
basis set, and Becke’s three-parameter exchange functional [37-42].
Visualization of the results was done using Gauss View 6.1.1 software
[43].

In the calculated electrostatic surface potential (ESP), the negative
regions representing hydrogen bond acceptors are depicted in red, while
the positive regions representing hydrogen bond donors are shown in
blue. Fig. 3 visually demonstrates that the N atom of the amino acid acts
as a hydrogen bond acceptor.

Fig. 4 presents a comparison between the unit cell structure obtained
from X-ray diffraction and the optimized structure calculated using the
DFT method for CgH20Cl4sMnN2Og. The bond lengths, bond angles, and
torsion angles are compared with those obtained from the structural
resolution (refer to Table 3). Notably, there is a more significant
disparity observed in the inorganic part. The bond lengths vary from
0.009 A to 0.289 A, and the bond angles range from 0.1° to 61°.

Lol {

060802 T4+ 618202227

(b)

Fig. 5. Hirshfeld surface mapped over dnorm (a) of the asymmetric unit and 2D fingerprint plot (b) for the title compound.
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Fig. 6. 2D fingerprint plot C¢H20Cl4MnN>Og showing contributions from different contacts.

However, the bond length and bond angle agreement is good for the are approximately 88.6°, 43.6°, and 161.1°, respectively, indicating the
organic cation. Specifically, the C-C bond length ranges from 1.549 Ato deformation of the organic part.

1.556 A, and the N-C bond length is approximately 1.542 A. The C-O
and C=0 bond lengths are 1.476 A and 1.325 A, respectively. The
N-C-C, C-C-C, C-C-0O, and C-C=O0 angles in the organic chain are
approximately 110.3°, 110.2°, 114.1°, and 124.7°, respectively. The
torsion angles N-C-C-C, N-C-C-0, and N-C-C=0O0 in the organic chain

3.4. Hirshfeld surface analysis of CsH20Cl4MnN20¢

The crystal packing interactions were analyzed using Hirshfeld sur-
face analysis, aided by the Crystal Explorer software [44]. Fig. 5



Table 4
Closest contacts and their percentage contributions to the
Hirshfeld surface.

Type of contact Contribution (%)

H.---Cl/Cl---H 52.6 %
H--H 22.7 %
cl--cl 0.7 %
H--0/0--H 19.3 %
0---Cl/Cl---0 1.6 %
0--0 1.7 %
H---C/C---H 1.3%
25000
22500 —— 100 mW
20000 —50mw
= —25mW
'E 17500 —10mwW
= —1mW
5 15000
—
©
— 12500
= .
2 10000
2
£ 7500
5000
2500 =
0

areas on the dyom surface align with the interactions observed in the
crystal structure.

To further analyze the interactions, 2D fingerprint plots were
employed, emphasizing specific atom pairs and differentiating the
contributions from various overlapping interactions. Fig. 5b summarizes
this analysis, mapping the Hirshfeld surfaces with dporm for the titled
compound.

Within the crystal packing, hydrogen bonds (H---Cl) were the pre-
dominant interaction, accounting for 52.6 % of the observed in-
teractions. H---H hydrogen bonds were the second most prevalent,
contributing 22.7 % to the surface due to the presence of hydrogen
atoms on the molecular surface. The longer O---O interaction contrib-
uted 1.7 % to the surface, primarily at the center of the 2D fingerprint
maps. The O---H interaction constituted 19.3 % of the Hirshfeld surface.
Overall, the H---Cl connection was the most dominant from a quantita-
tive perspective, ensuring structural cohesion (refer to Fig. 6 and
Table 4).

Hirshfeld surface analysis holds significant importance and promise
in the field of crystal engineering as it allows for both quantitative and
qualitative assessments by vividly displaying all hydrogen-bond
interactions.

L] L] L] L] L] L]
500 1000 1500 2000 2500 3000 3500
Raman Shift (cm™)

Fig. 7. Raman spectrum of C¢H3oCl4MnN,Og obtained using a red laser with a
wavelength of 532 nm at different power levels (1, 10, 25, 50, and 100 mW).
(For interpretation of the references to colour in this figure legend, the reader is
referred to the Web version of this article.)

illustrates the Hirshfeld surface and its dyorm mapping, providing in-
sights into intermolecular contacts within the unit cell.

In Fig. 5a, the Hirshfeld surface visualization showcases different
types of interactions. The red patches represent the first type, charac-
terized by shorter distances and an abundance of N-H---Cl hydrogen
bonds. The blue and white regions correspond to the second type,
encompassing H---H, O---H, and O---O interactions. Notably, the red
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Table 5
Raman band assignment of CgHyoCl4MnN>Og.
wavenumber (cm 1) Assignments
175 and 200 [MnCl4(H20)] sym and assym Str vib
87 [MnCl4(H20)] binding vib
272 and 307 Mn-Cl sym and assym Str vib
550 Mn-O str vib
460 NH; twisting
663, 770 and 796 C-C=0, C-C-O def (within and out of the plane)
855 C-H rocking vib
954 C-C Str vib
969 O-H Str vib
156 C—C skeletal
1249 NH; def vib
1189 OH def vib
1336 -CH,-Wagging vib
1441 -CHa- def vib
1449 and 1489 -CH,- sym and assym def vib
1580 C=O0 str of COOH
2926 and 2941 sym and assym Str vib
2951 and 3000 Str vib
2000
1500
0
c
=
£
8 1000 4
2
‘@
c
9]
kS
500
0 T T T
500 1000 1500 2000 2500 3000 3500

Raman Shift (cm™)

(b)

Fig. 8. Raman spectrum of C¢H,oCl4MnN>Og obtained using a red laser with a wavelength of 786 nm at a power of 1 mW. The spectrum is shown in two ranges: (a)
50-400 cm ! and (b) 400-3500 cm 1. (For interpretation of the references to colour in this figure legend, the reader is referred to the Web version of this article.)
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3.5. Raman analysis

Raman spectroscopy is a valuable tool for examining material
structure and crystallinity. Here, we present the spectrum of
CeH20Cl4sMnN2Og crystal, obtained using a red laser with a wavelength
of 785 nm and various power levels. By adjusting the power, we over-
came fluorescence issues and obtained structural information for both
the organic and inorganic components.

Fig. 7 displays the Raman spectra at different laser powers (1-100
mW). The intensity of each peak is power-dependent, and the highest
resolution spectrum is observed at 100 mW. The spectra are divided into
two frequency ranges: 50-400 cm-1 for the inorganic component and
400-3500 cm-1 for the organic component. The reference spectrum for
attributing vibrational modes is obtained at 100 mW. Mode attributions
are shown in Fig. 8a and b, referencing literature data [17,45-48].
Table 5 summarizes all observed vibrational bands.

In the 50-400 cm ™! range (Fig. 8a), the organic external and inor-
ganic internal modes are concentrated. For example, vibrational

frequencies like vs = 175 cm™Y, vas = 200 em™ !, and vs = 87 cm ™!

correspond to bending vibrations of the octahedral [MnCl4(H20)2]
moiety. Stretching modes for Mn—Cl bonds are detected at 272 and 307
cm™L. Beyond 400 cm™! (Fig. 8b), various vibrational features are
identified. The band at 550 cm ™! corresponds to the stretching mode of
Mn-O. Other notable vibrations include twisting modes of NH3 groups
(460, 663, 770, and 796 cm™ 1), deformation vibrations within the plane
and out of the plane of C-C—=0 and C-C-0, rocking mode of C-H (855
cm’l), stretching modes of C-C and O-H (954 and 969 cm’l), and C-C
skeletal vibration (1056 cm ™ 1).

Additional frequencies include 1241, 1189, and 1336 cm™! for the
rocking vibration of NH3 groups, deformation modes of O-H groups, and
—-CH,- wagging vibration. The deformation vibration of -CHj- is
observed at 1411 cm™!, while 1449 and 1489 cm™! correspond to
asymmetric and symmetric deformation vibrations of -CHy- groups. The
C=O stretching vibration is marked at 1580 cm ™, and the frequencies
2926 and 2941 cm ! represent symmetric and asymmetric stretching
vibrations of the ~CHj- bond. Finally, the stretching vibration of NHj3 is
situated at 2951 and 3000 cm ™"

3.6. VSM magnetization curve

CgH2oCl4MnN,Og exhibits a distinct and robust ferromagnetic hys-
teresis loop with a remnant magnetization (Mr) of approximately 0.824
x 10~% emu. g~! and a magnetic saturation (Ms) value close to 2.48x
107% emu. g’l. The coercive field (Hc), which is the reverse field
required to nullify the magnetization after saturation, measures at 700
Oe. It is noteworthy that the magnetic properties of CgH2(Cl4MnN>Og
are predominantly influenced by the transition metals present in the
inorganic sheet.

Refer to Fig. 9 for a visualization of the Vibrating Sample Magne-
tometer hysteresis loop measurement of CgHyoCl4MnN;Og at room
temperature.

3.7. UV absorption properties

We employed a method relying on ultraviolet/visible light absorp-
tion to conduct diffuse absorbance measurements, as illustrated in
Fig. 10. The compound in question, CgH20Cl4MnN,Og, exhibited a sub-
stantial absorption edge observed at a wavelength of 325 nm, with a
noticeable absence of absorption at 400 nm.

To determine the energy band gap from the UV /visible spectroscopy,
we plotted (ahv)n against energy (with n values of % or 2) using the
method known as Tauc plot. Comparing the estimated energy band gap
value of 4.0 eV for our compound to that of similar compounds like
C6H20C16N204SH (3.5 eV) and C4H10C13N023n (2.85 eV). [18,19], it
becomes evident that our value is notably higher. It significantly sur-
passes the energy gap values reported in the literature, where energy
gaps around Eg = 1.2 eV are common [49].

For a visual representation, please refer to Fig. 10, showcasing the
UV/vis diffuse absorbance plots and the Tauc plot curve derived from
the UV/Vis analysis of CcHa9Cl4MnN2Og

4. Conclusion

In this study, we successfully determined the structure of
CgH20Cl4MnN3Og, a novel organic-inorganic hybrid compound, under
ambient conditions. The structure exhibits alternating layers of inor-
ganic and organic components stacked along the a-axis, forming a
layered system. Optimization calculations using the DFT/B3LYP/
LANL2MB method provided valuable insights into this compound.

Our analysis of the 3D Hirshfeld surface emphasized the crucial role
of hydrogen bonds in stabilizing the structure, with prominent hydrogen
interactions such as H:---Cl and H---H. We carefully identified all vibra-
tional bands by comparing their frequencies with those of similar
molecules.



At room temperature, this compound displays ferromagnetic prop-
erties, including a remaining magnetization of 0.824x 10~ emu. g1, a
coercive field close to 700 Oe, and a saturation magnetization of 2.48x
10~* emu. g~'. Notably, the determined energy gap of 4.0 eV exceeds
that of similar compounds, highlighting its unique characteristics.

These findings provide valuable insights into the structural and
magnetic attributes of this intriguing organic-inorganic hybrid
compound.
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