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ARTICLE INFO ABSTRACT

Keywords: In this study, a novel series of LaCaMo-based metal-organic framework (MOF) materials was synthesized and
LaCaMo named LCM1, LCM2, LCM3 and LCM4 MOFs. The X-ray diffraction (XRD) confirmed the formation of a single-
XRD

phase tetragonal scheelite-type structure with a crystalline size of 12, 30, 37 and 67 (nm). The FTIR spectra show
the peaks of Mo—O at 733 and 766 (cm’l) and a band observed at 425 and 527 (cm’l) corresponds to the
absorption of Ca—O. The scanning electron microscopy (SEM) and transmission electron microscopy (TEM) show
the spherical agglomerated images with increasing diameter. The selected area electron dispersive (SAED) an-
alyses confirmed high polycrystalline phase purity. The XPS spectra validated the oxidation states of Ca%*, Mo®™,
and La®* elements, confirming the substitution of La ions for CaMo MOF. The magnetic measurements using
vibrating sample magnetometry revealed a systematic increase in magnetization (0.002 to 0.018 emu/g) from
LCM1 to LCM4 MOFs, indicating soft ferromagnetic behavior.

Polycrystalline phase
Soft ferromagnetic behavior

1. Introduction

MOFs are a class of crystalline materials constructed from metal ions
or clusters coordinated with organic ligands to form porous networks
[1]. These materials have attracted immense interest due to their
remarkable structural tunability, high surface area, and diverse func-
tionalities, finding applications in gas storage, separation, catalysis,
drug delivery, sensing, and magnetism [2]. Among various MOFs,
calcium-based MOFs (Ca-MOFs) are emerging as promising candidates
for magnetic, biomedical, and environmental applications owing to the
abundance, biocompatibility, and low toxicity of calcium ions. Howev-
er, Ca%" typically exists as a diamagnetic ion with a closed-shell
configuration, which limits its magnetic properties. The introduction
of molybdenum into Ca-MOFs can induce substantial changes in their

* Corresponding author.

electronic and magnetic behavior due to the distinct electronic config-
uration and multiple oxidation states of molybdenum ions [3]. As a 4d
transition metal, molybdenum (Mo) can exhibit unpaired electrons,
leading to paramagnetic or ferromagnetic behavior, and its incorpora-
tion into the MOF framework introduces local magnetic moments that
may couple through organic linkers to generate long-range magnetic
ordering or complex magnetic phenomena [4]. In addition, Mo substi-
tution can influence the structural and electronic properties of the MOF,
indirectly affecting magnetic interactions [5].

Mo substitution has been extensively employed to tailor the elec-
tronic, catalytic, and magnetic properties of metal oxides and hybrid
frameworks. In ferrites and transition-metal oxides, Mo incorporation
enhances magnetic coupling, coercivity, and superparamagnetic
behavior, highlighting its role as an effective dopant. Extending this
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strategy to calcium-based MOFs offers a new route to engineer magnetic
functionality. In MOFs, magnetic behavior originates from unpaired
electrons in the metal centers and their exchange interactions mediated
by organic linkers, with Fe, Co, Ni, Mn, Cu, and rare earth elements
exhibiting phenomena such as ferromagnetism, antiferromagnetism,
superparamagnetism, and single-molecule magnetism [6]. The substi-
tution of Mo in Ca-MOFs can introduce localized magnetic moments that
interact through organic bridges, potentially giving rise to complex re-
sponses such as spin-glass states, metamagnetic transitions, or weak
ferromagnetism [7]. These effects are highly sensitive to Mo concen-
tration, oxidation state, distribution uniformity, and coordination ge-
ometry. At low substitution levels, isolated paramagnetic centers
dominate, whereas higher concentrations promote spin-spin in-
teractions and long-range ordering [8]. In addition, Mo incorporation
can modify the electronic structure of Ca-MOFs by introducing states
near the Fermi level, thereby influencing band dispersion, charge
transport, and indirectly, magnetic interactions in low-dimensional or
conjugated systems [9,10]. Thus, Mo-doped Ca-MOFs emerge as multi-
functional candidates with coupled magnetic and electronic properties.

To the best of our knowledge, no systematic studies have yet been
reported on calcium-based MOFs. Thus, this study aims to synthesize La-
substituted CaMo MOFs. The synthesized MOFs are coded LCM1, LCM2,
LCM3, and LCM4 MOFs, and their structural, morphological, surface,
and magnetic properties are investigated. The LCM1, LCM2, LCM3, and
LCM4 MOFs were investigated using XRD, FT-Raman, FTIR, XPS, SEM,
and TEM studies. Among all these synthesized MOFs, the LCM4 series
exhibits the most promising magnetic behavior, demonstrating strong
magnetic ordering, enhanced magnetic susceptibility, and thermal sta-
bility. These magnetic enhancements are attributed to the synergistic
interplay between La, Ca, and Mo ions, the presence of oxygen vacancies
that influence spin alignment.

2. Experimental section
2.1. Materials

Calcium nitrate tetrahydrate [Ca(NOs)2-4H20], lanthanum nitrate
hexahydrate  [La(NOs)s-6H20], sodium molybdate dihydrate
[NazMo0O4-2H20], and 2-methylimidazole (CsHeN2), were obtained from
Sigma-Aldrich and used as received without further purification. The
distilled water and ethanol were purchased from Hyma Chemicals and
used as solvents throughout the synthesis.

2.2. Synthesis of LaxCaMoj_,, MOF

A series of LaxCaMoj.x MOFs was synthesized via a precipitation
route, wherein the calcium source was maintained at a fixed concen-
tration, and the ratios of lanthanum and molybdate precursors were
systematically varied to investigate their influence on MOF formation
and crystallinity. Initially, 1 M calcium nitrate tetrahydrate was dis-
solved in 25 mL of distilled water under constant magnetic stirring at
ambient temperature. In parallel, aqueous solutions of lanthanum ni-
trate hexahydrate and sodium molybdate dihydrate were prepared in
equimolar volumes (25 mL each) at concentrations described in Table 1.
Each lanthanum-molybdate solution (50 mL) was added dropwise to the
calcium nitrate solution (25 mL) under magnetic stirring, followed by
the addition of 0.1 M 2-methylimidazole to the resulting 75 mL reaction

Table 1
Different ratios of lanthanum nitrate and sodium molybdate.

Sample Code [La(NOs)s] (M) [Na:MoOa] (M)
LCM1 0.1 (1 %) 0.9 (99 %)
LCM2 0.2 (2 %) 0.8 (98 %)
LCM3 0.3 (3 %) 0.7 (97 %)
LCM4 0.4 (4 %) 0.6 (96 %)
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mixture. The solution was stirred continuously for 30 min at room
temperature to ensure uniform mixing and precursor complexation. The
homogeneous solution was subsequently kept under magnetic stirring at
60 °C for 2 h under stirring conditions. The resulting precipitate was
collected, washed repeatedly with ethanol, and finally dried in a hot air
oven at 80 °C overnight. The obtained materials were labelled according
to the precursor ratio as LaxCaMoj.x MOFs, coded LCM1, LCM2, LCM3,
and LCM4 MOFs.

2.3. Materials characterization

The phase purity of the synthesized materials was confirmed by XRD
using a Bruker D8 diffractometer equipped with Cu-Ka radiation (A =
1.514 A). The FTIR spectra were recorded using a PerkinElmer spec-
trometer to identify functional groups. The Raman spectra were ob-
tained using a Bruker RFS 27 spectrometer. The surface morphology and
microstructure were examined using SEM (Zeiss Scanning Electron Mi-
croscope) and high-resolution transmission electron microscopy (HR-
TEM, JEM-2100 Plus). The surface chemical composition and oxidation
states of the elements were analyzed using XPS (Thermo Fisher Scientific
K-Alpha). The Lakeshore 7410 vibrating sample magnetometer (VSM)
was used to analyse the magnetic properties of the sample through VSM
studies.

3. Results and Discussion

XRD analysis was performed to determine the phase purity, crystal
structure, and crystallinity of the synthesized LCM1, LCM2, LCM3, and
LCM4 MOFs. Fig. 1 shows the XRD spectra of the LCM1, LCM2, LCM3
and LCM4 MOFs. The XRD spectra of the LCM1, LCM2, LCM3 and LCM4
MOFs displayed sharp, well-resolved diffraction peaks without any
indication of impurity phases, confirming their high crystallinity and
single-phase nature. The patterns were matched using X’Pert HighScore
software with the JCPDS database and showed excellent agreement with
the standard pattern for calcium molybdate (CaMoOa4), corresponding to
Reference code: 96-157-0755. This phase is known as powellite, which
crystallizes in a tetragonal scheelite-type structure with space group 141/
a (No. 88), a well-established framework for molybdate materials
[11-13]. The XRD does not show any La peaks, indicating that La>* ions
can be successfully substituted into Ca®* sites without causing signifi-
cant lattice distortion. This substitution is structurally tolerated due to
the close ionic radii of La®* (1.16 A) and Ca?* (1.12 A) in eightfold
coordination [14,15]. Notably, the XRD patterns of LCM2 also matched
ICSD code 060552, which includes patterns obtained under non-
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Fig. 1. XRD spectra of the LCM1, LCM2, LCM3 and LCM4 MOFs.
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ambient conditions, suggesting high structural stability even under po-
tential synthesis-related strain. The most intense diffraction peak for all
samples was consistently observed at 20 ~ 28.8°, corresponding to the
(112) plane of the tetragonal CaMoOs structure. Additional reflections
appearing at 18.86°, 31.18°, 34.35°, 39.22°, 47.11°, 49.25°, 53.83°,
59.28°, 75.95°, 79.42°, 80.60°, and 82.08 were indexed to (011), (004),
(020), (211), (024), (220), (031), (017), (141), (332), (037) and (420)
planes, respectively. The absence of peak splitting or shifting beyond
0.05° indicates uniform lattice parameters across the series, implying
the successful formation of LaCaMo solid solutions without phase sep-
aration [16]. The slight variations in peak intensity among LCM1 to
LCM4 could be attributed to differences in preferred orientation, local
strain, or crystallite size distributions. Using the following equations.
Debye Scherrer eq

ni

- pCoso M

Dislocation density

1
8= D2 ()]
Microstrain

CosO
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4 3)

where A = X-ray wavelength, p = FWHM (in radians, after instrumental
correction) and 0 = Bragg angle. The average crystallite sizes of LCM1,
LCM2, LCM3, and LCM4 MOFs are 12, 30, 36, and 67 nm, respectively,
indicating a clear trend of growth with varying processing conditions.
The smallest crystallites (12 nm) exhibit significant quantum confine-
ment and a large fraction of grain boundaries, while the larger crystal-
lites (67 nm) indicate improved coalescence and enhanced structural
ordering. The corresponding microstrain values of LCM1, LCM2, LCM3
and LCM4 MOFs are 7.6 x 1072,1.4 x 1073,1.1 x 1073, and 2.6 x 107,
respectively, revealing that lattice distortion is strongly size-dependent.
The highest strain in the smallest crystallites reflects dominant internal
stresses and lattice distortions, whereas its reduction with increasing
size suggests relaxation of these stresses and better lattice periodicity. A
slight increase at the largest size may be attributed to defect redistri-
bution or secondary interactions during growth. Similarly, the disloca-
tion density values of LCM1, LCM2, LCM3 and LCM4 MOFs are 2.6 x
10’3, 1.1 x 10’3, 0.9 x 10’3, and 0.4 x 10’3, respectively, showing an
inverse correlation with crystallite size, confirming that smaller crys-
tallites accommodate more defects, while larger ones possess improved
crystalline quality. Further, the Williamson-Hall (W—H) equation is
used to calculate the size/strain contribution of LCM1, LCM2, LCM3,
and LCM4 MOFs using the equation.

pCosh = % + 4¢Sin0 (C)]

To construct the WH plot, the term pCos is plotted on the y-axis
against 4Sin6 on the x-axis (Fig. 2). The resulting plot should yield a
straight line of the form y = ax - b. Here, a = € represents the strain. Once
the strain is obtained, the residual stress in the material can be calcu-
lated using Hook’s law, given as.

c=¢E 5)

where E is the Young’s modulus of the material (taken from literature).
Since the exact value of the Young’s modulus of elasticity for CaMo MOF
is not reported in the literature, an approximate value was estimated by
considering the reported moduli of its constituent phases. Specifically,
the Young’s modulus of Ca-MOF has been reported as ~11.6 GPa, while
that of Mo is ~7.8 GPa. By combining these values, the effective
modulus for CaMo MOF was approximated to be ~19.4 GPa [17]. Based
on this reference modulus, the calculated stress for LCM1, LCM2, LCM3,
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Fig. 2. WH plot of the LCM1, LCM2, LCM3 and LCM4 MOFs.

and LCM4 MOFs were found to be 9.1 x 1072 GPa, 2.9 x 1072 GPa, 4.9
x 1072 GPa, and 4.8 x 1072 GPa, respectively. These values suggest a
significant reduction in the effective elastic modulus compared to the
estimated bulk CaMo modulus, which may be attributed to factors such
as crystallite size, microstrain, lattice distortions, and defect density
within the prepared nanostructures.

Further, the structural model of the synthesized LCM1 MOF was
refined against the experimental powder X-ray diffraction data using the
Rietveld method. The refinement process involved simultaneous opti-
mization of lattice parameters, atomic coordinates, scale factors, peak-
shape parameters, and background contributions in order to minimize
the difference between the calculated and observed diffraction in-
tensities. The refinement profile is presented in Fig. 3(a), where the
experimental data (blue crosses) are in close agreement with the
calculated pattern (green line). The difference curve (cyan line) remains
close to zero, and the vertical tick marks correspond to the allowed
Bragg reflections of the CaMoOa phase, confirming the correctness of the
structural model. The refinement converged with wR = 11.98 %,
goodness-of-fit (GOF) = 1.12, and reduced X2 = 1.24. These values fall
well within the generally accepted limits for high-quality Rietveld re-
finements (WR < 15-20 %, Xz ~ 1-2), indicating a robust structural fit.
Fig. 3 (b) shows the reference crystal structure of the LCM1 MOF. The
refined structure matches well with the JCPDS card for powellite, which
crystallizes in the tetragonal scheelite-type lattice (space group 14+/a,
No. 88). In this framework, Mo is tetrahedrally coordinated by oxygen to
form isolated MoQOa units, while La/Ca cations occupy distorted eight-
fold coordination environments. Such a configuration inherently limits
direct Mo—Mo interactions, as the rigid MoOa tetrahedra are spatially
separated and connected only through oxygen bridges. This structural
feature suppresses strong exchange coupling and long-range magnetic
ordering, leading instead to a soft ferromagnetic response. In addition,
the low residual values and the random distribution of difference in-
tensities demonstrate that the theoretical structural model has been
reliably adjusted to match the experimental diffraction data. This con-
firms both the phase purity of the material and the accuracy of the
refined La-substituted CaMo MOF crystal structure.

Fig. 4 shows the FT-Raman spectra of the LCM1, LCM2, LCM3 and
LCM4 MOFs. The FT-Raman spectra of LCM1, LCM2, LCM3, and LCM4
MOFs provide valuable insights into the structural evolution of the MOF
lattice with increasing Mo content. All samples show pronounced bands
within the 100-1200 (cm ™) regions. The Raman spectra of LCM1 MOF
show two different active modes (Ag, and Eg) observed at (Ag) 320 and
876, (Eg) 201, 388 and 792 (em™H corresponding to the Raman internal
modes (MoOQy4)2 [18]. The band near 110 and 142 (ecm™ D is assigned to
Ca2" cations [19]. The above-mentioned Raman peaks show increasing
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Fig. 4. FT-Raman spectra of the LCM1, LCM2, LCM3 and LCM4 MOFs.

intensity from LCM1 to LCM4 MOFs, suggesting stronger metal-oxygen
bonding and improved crystallinity. The Raman active modes agree well
with the tetragonal scheelite CaMoOs structure, consistent with the XRD
results.

Fig. 5 shows the FTIR spectra of the LCM1, LCM2, LCM3 and LCM4
MOFs. All samples exhibit characteristic absorption bands in the
fingerprint region (800-400 cm™!). The FTIR spectra show distinct
peaks at 425, 527, 733, 766 and 891 (cm™1). The main bands observed
at 733 and 766 (cm ') are related to the Mo—O antisymmetric
stretching vibrations of (M0O4)2, while a band observed at 425 and 527
(ecm™ corresponds to the absorption Ca—O band [20,21]. In addition, a
band at 891 cm™! is observed related to O-Mo-O asymmetric stretching
vibrations [22]. It is seen that with decreasing Mo content from LCM1 to
LCM4, minor shifts and intensity modulations are observed in the M-O
vibrational region. These spectral changes suggest successful incorpo-
ration of Mo into the lattice, accompanied by lattice distortion or
modified coordination geometries. The appearance of an additional
band at ~414 cm ™! in LCM4, absent in the lower Mo content samples, is
particularly notable. This band is attributed to Mo-O-Mo stretching
vibrations, indicating the formation of molybdenum-rich clusters or
altered metal-linker interactions resulting from higher substitution
levels. The FTIR spectra confirm the progressive substitution of
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Fig. 5. FTIR spectra of the LCM1, LCM2, LCM3 and LCM4 MOFs.

molybdenum within the calcium-based framework, influencing both the
vibrational signature and the chemical stability of the material. These
results are consistent with the FT-Raman and XRD results.

To gain detailed insight into the surface chemical composition and
oxidation states of the elements within the synthesized LCM1, LCM2,
LCM3 and LCM4 MOFs, XPS analysis of LCM1 MOF was carried out.
Fig. 6a shows the survey spectra of the LCM1 MOF. The XPS survey
spectra confirm the presence of carbon (C), oxygen (O), calcium (Ca),
and molybdenum (Mo) peaks along with their corresponding chemical
environments. Fig. 6b shows the deconvolution curve of the Ca peaks of
LCM1 MOF. The Ca 2p high-resolution spectrum reveals a well-resolved
spin—orbit doublet at binding energies of 347.2 eV (Ca 2p3,2) and 350.7
eV (Ca 2p;,2), with a spin-orbit splitting of approximately 3.5 eV. These
values are consistent with calcium in the +2-oxidation state (Ca®") in
oxide or carboxylate coordination environments [23]. Fig. 6¢ shows the
Mo peaks of the LCM1 MOF. The Mo 3d spectrum exhibits a charac-
teristic doublet corresponding to Mo 3ds/,» and Mo 3ds3/, at binding
energies of 232.7 eV and 235.8 eV, respectively, with a spin-orbit
splitting of 3.1 eV. These binding energies are attributed to molybde-
num in the +6 oxidation state (M06+), consistent with MoOs-like
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coordination environments [24]. The absence of additional peaks or
shoulders suggests no detectable presence of Mo in lower oxidation
states (e.g., Mo*t or MoO), confirming that Mo®" has been successfully
incorporated into the framework without reduction. Fig. 6d shows the
high-resolution XPS spectrum of La 3d peaks. The La peaks are observed
at 834.7 eV (La 3ds/>) and 851.5 eV (La 3ds/2), which correspond to the
spin-orbit components of trivalent lanthanum [25]. The presence of
additional satellite structures near both main peaks is characteristic of
La®" species, arising from final-state effects such as shake-up processes.
These results confirm the oxidation state of lanthanum as +3, indicating
its stable chemical integration in the oxide lattice or framework without
reduction or phase segregation. These deconvolution curves show suc-
cessful substitution of La and Mo in the LCM1, LCM2, LCM3 and LCM4
MOFs.

The surface morphology of the LCM1, LCM2, LCM3 and LCM4 MOFs
was systematically examined by SEM (Fig. 7). The images reveal
agglomerated spherical particles of all the MOFs. It is seen that with
increasing La incorporation, the spherical domains become more
distinct and well-defined, while the reduction in Mo content leads to
stronger clustering and agglomeration. This progressive morphological
change from LCM1 to LCM4 highlights the critical role of the La/Mo
ratio in governing self-assembly behavior, and this structural variation
has direct implications for their magnetic properties. Fig. 8(a, b) shows
TEM images of LCM1 MOF. The TEM images resemble the SEM images,
which determines the consistency of results from a morphological point
of view. Fig. 8(c) shows the HRTEM images of the LCM1 MOF. The
HRTEM reveals that well-resolved lattice fringes are visible within the
particles, with fringe spacings of 0.324 nm for the high intensity peak
corresponding to (1 1 2) hkl planes. Fig. 8(d) shows the SAED pattern of
the LCM1 MOF. The crystallite sizes calculated from XRD using the
Debye-Scherrer equation are in close agreement with those obtained
from TEM analysis (using ImageJ software inserted in Fig. 8c), con-
firming the nanoscale dimensions of all LCM MOFs. The TEM

micrographs combined with SAED patterns revealed predominantly
polycrystalline particles with sharp concentric rings and occasional
discrete spots, consistent with randomly oriented nanocrystals inter-
spersed with a few larger crystallites. The average particle sizes
measured by ImageJ (approximately 6-8 nm) closely match the XRD-
derived crystallite sizes, indicating that most particles are single
crystalline.

The magnetic behavior of the LCM1, LCM2, LCM3 and LCM4 MOFs
was thoroughly investigated via VSM at room temperature, as shown in
Fig. 9(a) with a detailed low-field inset in Fig. 9(b). All the LCM1, LCM2,
LCM3, and LCM4 MOFs exhibit symmetric S-shaped hysteresis curves
typical of soft magnetic materials. Notably, LCM4 with the highest Mo
content achieves the greatest saturation magnetization (Ms ~ 0.012
emu/g), followed sequentially by LCM3 (—0.0085), LCM2 (—0.0039),
and LCM1 (—0.0024). This progressive Ms. enhancement is attributed to
the increase in Mo doping, which enhances magnetic exchange in LCM1,
LCM2, LCM3, and LCM4 MOFs. Fig. 10(a, b) Mo content versus
magnetization and magnetic retentivity of the LCM1, LCM2, LCM3 and
LCM4 MOFs. The plot shows that magnetization varies nonlinearly with
Mo content. As Mo decreases and La correspondingly increases, the
magnetization initially remains negative, suggesting weak diamagnetic
or antiferromagnetic behavior. At 7 % Mo, magnetization reaches a
sharp positive peak, indicating enhanced ferromagnetic ordering.
However, further decrease to 6 % Mo again leads to strong negative
magnetization, reflecting instability or competing magnetic interactions
between Mo and La ions. This non-monotonic trend suggests that mag-
netic ordering is highly sensitive to the La/Mo ratio in the LCM MOFs.
Fig. 10(b) shows magnetic retentivity vs Mo content of the LCM1, LCM2,
LCM3 and LCM4 MOFs. Here, magnetic retentivity increases consis-
tently as Mo content decreases. At higher Mo concentrations (9-8 %),
retentivity is very low, indicating weak magnetic ordering. With
decreasing Mo and increasing La (7-6 %), retentivity increases signifi-
cantly, indicating stronger ferromagnetic contributions and stabilization
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Fig. 7. SEM images (a-c) LCM1, (d-f) LCM2, (g-i) LCM3, and (j-1) LCM4 MOFs.

of magnetic domains. The increase in the Mo content induces magnetism
through superexchange coupling across Mo-O-M bridge networks, and
the possibility of tuning magnetic order through metal-site substitution,
which in turn enables LCM MOF materials to transition from diamag-
netic to soft ferromagnetic regimes [26,27]. The expanded low-field
hysteresis loops show consistently low coercivity (Hc) across all the
LCM1, LCM2, LCM3, and LCM4 MOFs, confirming their soft magnetic

nature with minimal energy loss. The enhanced Mr. is also increased
with Mo content from LCM1 to LCM4, indicating improved spin align-
ment retention at zero field. The transformation from near-nonmagnetic
(LCM1) to moderately magnetic (LCM4) material highlights the
compositional tuning of magnetic behavior through Mo substitution.
This demonstrates that non-magnetic MOFs can be functionally modi-
fied to exhibit soft ferromagnetic character. The Mo incorporation into
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Fig. 8. (a, b) TEM images (c) HRTEM images and (d) SAED pattern of the LCM1 MOFs.
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Fig. 10. (a) Mo Content versus magnetization (b) Mo content versus Magnetic retentivity of the LCM1, LCM2, LCM3 and LCM4 MOFs.

calcium-based MOFs steadily enhances both saturation (Ms) and rema-
nent (Mr) magnetization while maintaining low coercivity, illustrating
that Mo plays a key role in establishing soft magnetic order through
superexchange pathways. These results align closely with recent studies
on Mo-doped oxides and emerging magnetic MOF research, revealing a
promising avenue for engineering magnetic functionality in porous
frameworks [28,29].

4. Conclusion

In summary, we have successfully synthesized and comprehensively
characterized a new series of La-substituted-CaMo MOFs. The La-
substituted CaMo MOFs are characterized using various experimental
techniques, including XRD, FTIR, Raman, XPS, SEM, and TEM studies.
The XRD confirmed the formation of a single-phase tetragonal scheelite-
type structure with a crystalline size of 12, 30, 37 and 67 (nm). The FTIR
spectra show the peaks of both Ca—O and Mo—O bands. The SEM/TEM
images show spherical agglomerates with increasing diameter. The XPS
spectra validated the oxidation states of Ca%*, Mo®*, and La>* elements,
confirming the substitution of La ions for CaMo MOF. The VSM mea-
surements showed a systematic increase in magnetization from 0.002 to
0.018 emu/g for LCM1 to LCM4 MOFs, confirming their soft ferro-
magnetic nature.

5. Key findings

La substitution in CaMo successfully produced a single-phase
tetragonal scheelite-type structure with crystallite sizes ranging be-
tween ~12 and 67 nm.

Spectroscopic analyses (FTIR, Raman, and XPS) confirmed the
incorporation of La into the CaMo lattice, leading to modifications in
the local bonding and electronic environment.

Morphological investigations (SEM and TEM) revealed uniform
nanostructures with polycrystalline features, and grain size estima-
tions from TEM were consistent with XRD results.

Magnetic measurements demonstrated that La doping significantly
affects saturation magnetization and coercivity, establishing a direct
correlation between Molybdenum content and magnetic behavior.

6. Future scope

Systematic studies on varying La doping levels and synthesis condi-
tions could further optimize the structural and magnetic properties
of CaMo-based materials.

e Exploration of electrochemical performance may expand the appli-
cation potential of these materials in energy storage and catalytic
systems.

e The tunable magnetic behavior suggests promising avenues for the
development of multifunctional materials in spintronic and related
advanced technologies.
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