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In the present work, Sm3+ doped spinel cobalt ferrite (CoFe2O4) nanoparticles [CoFe2-xSmxO4 (x = 0.00 to 0.10, with an increment of 

0.02)] were fabricated using glycine assisted sol-gel self-ignition method, to understand the effect of Sm3+. The single phase, cubic spinel 

ferrite phase of the prepared NPs was characterized with the X-ray diffraction (XRD). FTIR spectra confirm the appearance of absorption 

bands at 554-550 cm–1 and 401-389 cm–1. FE-SEM and HR-TEM observations revealed nearly uniform nanoparticles with slight changes 

in particle morphology upon Sm3+ incorporation. Elemental diffraction spectra (EDS) show the elements of cobalt (Co), ferric (Fe), 

samarium (Sm) and oxygen (O) ions with varying intensity. BET analysis demonstrated variation in the specific surface area associated 

with particle growth. Optical measurements showed a gradual decrease in band gap energy with increasing Sm3+ incorporation. Magnetic 

measurements confirmed the ferrimagnetic behavior of all samples. The saturation magnetization (Ms) decreased from 77.32 to 60.17 

emu g–1, while the coercivity (Hc) increased from 1279.0 to 1752.7 Oe. These changes indicate that Sm3+ substitution influences the 

magnetic response of CoFe2-xSmxO4 nanoparticles. Sm3+ doping at x = 0.10 improved the photocatalytic efficiency from 86.6% to 88.2%. 

The changes in structural, optical and magnetic characteristics with Sm3+ substitution were accompanied by improved photocatalytic 

performance, which support the suitability of CoFe2-xSmxO4 nanoparticles for photocatalytic applications. 
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INTRODUCTION 

 Spinel ferrites are ferrimagnetic materials that combine 

electrical insulating and magnetic conducting characteristics 

[1-3]. Their general chemical formula is MFe2O4, where M 

represents a divalent metal ion [4-6]. At the nanoscale, ferrites 

possess a high surface-area-to-volume ratio, which strongly 

influences their electrical and magnetic characteristics [7,8]. 

Spinel ferrite nanoparticles have been investigated for magnetic 

recording [9], microwave devices [10], sensors [11], catalysis 

[12], wastewater treatment [13], biomedical applications [14], 

energy storage [15,16] and photocatalysis [17]. Their chemical 

stability, low toxicity, corrosion resistance and relatively 
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simple synthesis further support their use in scientific and 

technological applications [18]. 

 Among spinel ferrites, cobalt ferrite (CoFe2O4) is one of 

the most extensively studied materials owing to its ferrima-

gnetic, electrical, dielectric, optical mechanical and catalytic 

properties [19,20]. It possesses high electrical resistivity, low 

eddy-current and dielectric losses, tunable magnetic charac-

teristics, good chemical stability and high mechanical hard-

ness [21], which are associated with its inverse-spinel struc-

ture [22]. The magnetic interactions between the tetrahedral 

(A) and octahedral [B] sites play an important role in deter-

mining its magnetic behaviour. CoFe2O4 further exhibits 

good thermal stability and electrical resistivity, making it 
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useful in permanent magnets, magnetic sensors, electromag-

netic interference shielding, biomedical applications, photo-

catalysis, and other multifunctional systems [23-25]. Its 

physico-chemical properties can be modified through cation 

substitution. The incorporation of suitable metal ions alters 

cation distribution among the available lattice sites and can 

modify the lattice parameter, crystallite size, crystallinity, 

magnetic exchange interactions, optical band gap and elec-

trical conductivity [26]. 

 Rare-earth ions have attracted considerable interest as 

dopants for spinel ferrites owing to their relatively large ionic 

radii, partially filled 4f-orbitals and strong spin-orbit coupling 

[27]. Their incorporation can introduce lattice distortion, 

influence grain growth, modify magnetic anisotropy and alter 

optical properties [28], making rare-earth-substituted ferrites 

relevant to magnetic, electronic, optical, and energy-related 

applications [29,30]. Among these dopants, samarium (Sm3+) 

is particularly interesting for CoFe2O4. Its larger ionic radius 

can introduce lattice strain and structural distortion when 

incorporated into the ferrite lattice [31]. Such changes may 

affect crystallite growth, cation distribution and magnetic inter-

actions. The partially filled 4f-orbital of Sm3+ can contribute 

to magnetic anisotropy and modify coercivity and saturation 

magnetization [32]. Sm3+ substitution may further influence 

optical absorption through the formation of localized energy 

states, leading to changes in the optical band gap. 

 Several studies have reported the synthesis of Sm3+-

doped CoFe2O4 nanoparticles using different chemical routes, 

with changes in structural, magnetic and optical properties 

[33-35]. The incorporation of Sm3+ has generally been asso-

ciated with an increase in lattice parameters owing to its larger 

ionic size, while its effect on crystallite size depends on the 

synthesis conditions and dopant concentration [36,37]. The 

variations in saturation magnetization and coercivity have been 

linked to changes in cation distribution and magnetic exchange 

interactions [38]. Optical studies have reported changes in the 

band gap with Sm3+ incorporation [39]. Despite these reports, 

comprehensive studies systematically correlating structural, 

morphological, optical, surface and magnetic characteristics 

over a well-defined Sm3+ concentration range remain relatively 

limited [40,41]. Since the preparation conditions can affect the 

resulting structural, optical and magnetic properties, systema-

tic studies under identical synthesis conditions are needed to 

clarify the role of Sm3+ substitution [42]. 

 The sol-gel auto-combustion method is a simple and 

cost-effective route for synthesizing ferrite nanoparticles [43-

45]. It provides good chemical homogeneity, compositional 

control, short processing time and fine, highly pure nano-

particles at relatively low temperatures [46-48]. Molecular-

level mixing of metal precursors promotes uniform cation 

distribution, while self-propagating combustion facilitates rapid 

crystallization, making the method suitable for rare-earth-

substituted spinel ferrites [49]. 

 The present study focuses on establishing a systematic 

relationship between Sm3+ concentration and the structural, 

morphological, optical, surface, magnetic and photocatalytic 

properties of CoFe2O4 nanoparticles prepared by a sol-gel 

auto-combustion method. Sm3+-doped cobalt ferrite nano-

particles with the composition CoFe2-xSmxO4 (x = 0.00-0.10, 

with increments of 0.02) were synthesized by the sol-gel auto-

combustion method. The effect of Sm3+ substitution on the 

physicochemical properties of the nanoparticles was investi-

gated, with particular emphasis on their photocatalytic perfor-

mance for dye degradation. 

EXPERIMENTAL 

 All reagents were used as received without further puri-

fication. CoFe2-xSmxO4 (x = 0.00-0.10, in increments of 0.02) 

nanoparticles were prepared using cobalt, samarium and ferric 

nitrates with 99% purity. Glycine served as the chelating 

agent, while aqueous ammonia was used to adjust the pH. 

Each metal nitrate was separately dissolved in 200 mL of 

distilled water.  

 Synthesis of Sm3+ doped CoFe2O4: Sm3+doped cobalt 

ferrite nanoparticles (CoFe2-xSmxO4; x = 0.00 to 0.10, in the 

steps of 0.02) were prepared by the sol-gel self-ignition method 

using glycine as the fuel. The metal nitrates were separately 

dissolved in distilled water, followed by the addition of glycine 

as a chelating agent. The metal nitrate-to-glycine (fuel) ratio 

was maintained at 1:4.4. The pH was adjusted to 7 by adding 

NH3 solution dropwise, and the mixture was stirred until a 

homogeneous sol formed. The sol was heated at 75-85 ºC 

until a thick gel formed. Further heating caused the gel to 

self-ignite and yield a loose powder. The powder was then 

ground and sintered at 600 ºC for 3 h to remove residual 

organic matter and develop the crystalline spinel ferrite 

phase. 

 Photocatalytic degradation of dye: The prepared 

typical Sm3+ doped CoFe2O4 nanoparticles were explored to 

photocatalytic rhodamine B (Rh-B) dye degradation. The 

nanoparticles were dispersed in Rh-B solution and mixed 

thoroughly using magnetic stirrer. The solution was then kept 

in a dark for enrich absorption and desorption process. A 50 

mL solution was exposed to direct sunlight in an open environ-

ment during the period of maximum sunlight intensity. UV–

Vis absorption measurements were recorded at regular time 

intervals to monitor the photocatalytic degradation. The 

experiments were carried out during the summer season at 

MGM University, Chhatrapati Sambhajinagar. 

 Characterization: The structural, morphological, surface, 

optical, magnetic and antibacterial properties of CoFe2-xSmxO4 

(x = 0.00-0.10, in increments of 0.02) nanoparticles were 

investigated using standard analytical techniques. XRD patt-

erns were recorded at 300 K over 2 = 20-80º using CuK 

radiation ( = 1.5406 Å) on a Bruker D8 Advance diffracto-

meter. FTIR spectra were obtained at 300 K in the range of 

4000-400 cm–1 using a PerkinElmer spectrophotometer. FE-

SEM (JEOL JSM-7600F) and HR-TEM (JEOL JEM-2100 

Plus) were used to examine morphology and particle size. 

BET surface area and pore characteristics were measured using 

a Micromeritics ASAP 2020 analyzer. UV–Vis spectra were 

recorded from 200-900 nm using a Perkin-Elmer Lambda 

950 spectrophotometer and the optical band gap was esti-

mated from Tauc plots. Magnetic properties were evaluated 

from M–H hysteresis curves at 300 K using a Microsense 

EZ9 VSM. 
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RESULTS AND DISCUSSION 

 X-ray diffraction (XRD): Fig. 1 presents the XRD 

patterns of CoFe2-xSmxO4 (x = 0.00, 0.02, 0.04, 0.06, 0.08 and 

0.10), which are consistent with the standard pattern of 

CoFe2O4 (ICDD file No. 22-1086) [50]. The reflections at 2 

values corresponding to the (220), (311), (222), (400), (422), 

(511) and (440) planes are characteristic of the cubic spinel 

structure of cobalt ferrite. No additional reflections associa-

ted with secondary phases were detected throughout the studied 

Sm3+ concentration range. The sharp and well-defined peaks 

indicate good crystallinity and the formation of a single spinel 

phase. 

 

 
Fig. 1. X-ray diffraction pattern for CoFe2-xSmxO4 (x = 0.00, 0.02, 0.04, 

0.06, 0.08, 0.10) NPs 

 

 A slight shift of the diffraction peaks toward lower 2 

values is observed with increasing Sm3+ content, as listed in 

Table-1. This shift can be related to the incorporation of the 

larger Sm3+ ions into the CoFe2O4 lattice, which causes a 

small expansion of the crystal lattice. For the cubic spinel 

structure, the lattice parameter can be calculated using the 

following equation [51]. 

 In a cubic structure, the lattice constants are identical in 

size and can be described by the below equation [51]:  

  a d N= hkl
  (1) 

where notations have their usual meaning. 

  2 2 2N ( )= + +h k l   (2) 

 The obtained values of lattice constant (a) are given in 

Table-1. The ‘a’ for pure cobalt ferrite (8.379 Å) aligns well 

with the values found in existing literature [52,53]. The lattice 

constant shows a small but clear change with Sm3+ doping 

from 8.379 Å (x = 0.0) and then it increases gradually to a 

maximum of 8.389 Å (x = 0.10). The lattice parameter 

increases gradually up to x = 0.08, which can be attributed to 

the incorporation of the larger Sm3+ ions into the CoFe2O4 

lattice. Their larger ionic size may increase the separation 

between neighbouring ions and expand the unit cell. A slight 

decrease in the lattice parameter at x = 0.10 may arise from 

increased lattice strain or defect accommodation at higher 

Sm3+ content. The variation of the lattice parameter (a) with 

Sm3+ concentration (x) is shown in Fig. 2. 

 

 
Fig. 2. Variation of lattice constant (a) with composition (x) of CoFe2-x 

SmxO4 (x = 0.00, 0.02, 0.04, 0.06, 0.08, 0.10) of NPs 

 

 The crystallite size (t) was estimated from the broad-

ening of the (311) reflection using the Scherrer equation [54]: 

  
K

t
cos


=
 

  (3) 

 The crystallite sizes remain almost same (22-23 nm) for 

all the Sm3+ doped cobalt ferrite nanoparticles. The dislo-

cation density () and microstrain () show small changes 

across the compositions, following the trend observed for 

crystallite size (Table-1). Samples with smaller crystallite 

sizes generally exhibit slightly higher dislocation density and 

microstrain. The values of  and  were calculated using the 

following relations [51]:  

 
TABLE-1 

VALUES OF LATTICE CONSTANT (a), CRYSTALLITE SIZE (t), X-RAY DENSITY (dx), DISLOCATION  

DENSITY (δ), MICRO STRAIN (ε) FOR CoSmxFe2-xO4 (x = 0.00, 0.02, 0.04, 0.06, 0.08, 0.10) NPs 

x 2θ (311) plane a (Å) t (nm) dx (g/cc) δ × 10–3 (lines/m2) ε × 10–3 

0.00 35.48 8.379 23 5.297 1.8963 4.0586 

0.02 35.46 8.380 20 5.339 2.4636 4.7098 

0.04 35.45 8.382 22 5.377 1.7409 3.7960 

0.06 35.45 8.383 20 5.418 2.0643 4.1969 

0.08 35.44 8.387 22 5.453 2.2332 4.4618 

0.10 35.43 8.389 20 5.509 2.2709 4.4821 
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2

1

t
 =  (4) 

  
4tan


 =


  (5) 

 The X-ray density (dx) increases from 5.297 g cm–3 for x 

= 0.00 to 5.509 g cm–3 for x = 0.10 (Table-1). This increase 

can be attributed to the higher atomic mass of Sm3+ relative 

to Fe3+, which raises the mass of the unit cell despite the small 

changes in lattice parameter.  

 FTIR: Fig. 3 shows the FTIR spectra of CoFe2-xSmxO4 

(x = 0.00-0.10) nanoparticles, with characteristic absorption 

bands observed in the ranges of 555-550 cm–1 (1) and 402-

389 cm–1 (2) [55]. These bands are assigned to the metal–

oxygen (M–O) stretching vibrations at the tetrahedral (A) and 

octahedral [B] sites, respectively [56]. The slight shifts in 1 

and 2 with increasing Sm3+ content indicate changes in the 

local lattice environment caused by the substitution of the 

larger Sm3+ ions for Fe3+ ions. The non-linear variation in 

band positions may arise from small changes in Fe–O and 

Co–O bond lengths and redistribution of cations between the 

(A) and [B] sites [55]. The observed band broadening is 

associated with the nanocrystalline nature of the samples and 

lattice strain arising from crystallite size reduction and Sm3+ 

incorporation. The absorption band values are listed in Table-

2 and are consistent with previous reports on Sm3+-doped 

cobalt ferrite nanoparticles. 

 FE-SEM: The surface morphology, grain size distribu-

tion and EDS elemental mapping of Sm3+-doped CoFe2O4 

NPs are shown in Fig. 4a-c, respectively. FE-SEM images 

analysis shows agglomeration with spherical grains. The 

observed agglomeration can be attributed to magnetic inter- 

TABLE-2 

VALUES OF ABSORPTION BANDS (1 AND 2)  

FOR FTIR SPECTRUM OF CoSmxFe2-xO4  

(x = 0.00, 0.02, 0.04, 0.06, 0.08, 0.10) NPs 

x 1 (cm–1) 2 (cm–1) 

0.00 550 401 

0.02 555 402 

0.04 553 389 

0.06 547 389 

0.08 549 392 

0.10 554 389 

 

actions between Fe2+ and Fe3+ ions, along with the high surf-

ace energy of the fine particles. The particles exhibit a relatively 

porous and uniform morphology, which may be favourable 

for catalytic and magnetic applications by providing a larger 

accessible surface area. The grain-size distribution histograms 

place the particles within the nanometer range, with average 

grain sizes of 36.44, 35.55 and 36.20 nm and a relatively 

narrow distribution. A gradual decrease in grain size is obser-

ved with increasing Sm3+ concentration, which suggest that 

Sm3+ substitution limits grain growth during crystallization. 

The larger Sm3+ ions replacing Fe3+ introduce local lattice dis-

tortion and strain, which can restrict the growth of crystallites. 

The EDS spectra show the characteristic signals of Co, Fe, O 

and Sm, with no additional peaks attributable to detectable 

impurities. The morphological results show a slight reduction 

in grain size with Sm3+ incorporation, while the spinel ferrite 

retains its structural integrity and uniform elemental compo-

sition. 

  HR-TEM: The HR-TEM image for the typical compo-

sition x = 0.06 and particle size histogram (Fig. 5a-b) confirm 

that the synthesized nanoparticles are indeed in the nanoscale  

 

 

Fig. 3. FTIR spectra of CoSmxFe2-xO4 (x = 0.00, 0.02, 0.04, 0.06, 0.08, 0.10) NPs 
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Fig. 4. (a) FE-SEM images, (b) histogram (c) EDX spectra of CoSmxFe2-xO4 (x = 0.00, 0.04, 0.08) NP 

 

 

Fig. 5. (a) HR-TEM image, (b) histogram of average particle size and (c) SAED pattern of CoSmxFe2-xO4 (x = 0.06) NPs 
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range, with particle size of 22.53 nm. The particle-size distri-

bution histogram is relatively narrow, which points to fairly 

uniform nucleation and particle growth during synthesis. The 

TEM micrograph contains small particles with nearly spherical 

to irregular shapes together with some partially agglomerated 

regions. Such clustering is expected for magnetic oxide nano-

particles, where magnetic attraction and high surface energy 

promote particle-particle interactions. Individual particles and 

small clusters can still be distinguished and their appearance 

is consistent with the particle-size distribution obtained from 

the histogram. 

 The selected-area electron diffraction (SAED) pattern in 

Fig. 5c consists of distinct concentric rings with bright spots, 

characteristic of a polycrystalline material containing numer-

ous small crystallites. The rings can be indexed to the charact-

eristic (hkl) planes of the spinel ferrite structure, confirming 

the crystalline nature of the synthesized particles. The lattice 

fringes visible in the HR-TEM image provide further evid-

ence of crystallinity at the local level. The TEM, SAED and 

HR-TEM observations together confirm the formation of nano-

crystalline spinel ferrite particles with a relatively uniform 

particle size and well-preserved crystal structure. 

 BET measurements: BET measurements based on N2 

adsorption–desorption isotherms at 77 K were carried out to 

examine the textural properties of Sm3+-doped CoFe2O4 

nanoparticles at different dopant concentrations (x = 0.00, 

0.04 and 0.08). The corresponding isotherms are shown in 

Fig. 6, while the specific surface area, average pore diameter 

and total pore volume are listed in Table-3. All samples 

exhibit type IV isotherms with distinct H3-type hysteresis 

loops, which are generally associated with mesoporous mat-

erials containing slit-shaped pores. The pore characteristics 

obtained from these measurements point to a mesoporous 

structure in the synthesized ferrite samples, which can provide  

 
TABLE-3 

SURFACE AREA, AVERAGE PORE DIAMETER AND PORE 

VOLUME OF CoSmxFe2-xO4 (x = 0.00, 0.04 AND 0.08) NPs 

x 
Surface area 

(m2/g) 

Average pore 

diameter (nm) 

Pore volume 

(cm3/g) 

0.00 11.163 6.775 0.0285 

0.04 15.867 5.749 0.0368 

0.08 11.205 5.855 0.0259 

better surface accessibility for surface-dependent applications 

such as photocatalysis. 

 The undoped CoFe2O4 sample (x = 0.00) has a BET 

surface area of 11.163 m2 g–1. With Sm3+ incorporation at x = 

0.04, the surface area increases to 15.867 m2 g–1. This change 

can be related to the lattice distortion caused by replacing 

Fe3+ with the larger Sm3+ ions. Such substitution may intro-

duce local structural disorder and defects, creating additional 

accessible surface sites. At this moderate dopant level, Sm3+ 

incorporation may further restrict particle growth and improve 

particle dispersion, which contribute to the higher surface 

area. 

 When the Sm3+ content is increased to x = 0.08, the surface 

area falls to 11.205 m2 g–1, which is close to that of the 

undoped sample. At higher dopant loading, increased particle 

agglomeration or partial blockage of the pores may reduce 

the accessible surface. This behaviour suggests that the effect 

of Sm3+ incorporation on the textural properties is not simply 

proportional to dopant concentration, with x = 0.04 providing 

the most favourable surface characteristics among the com-

positions examined. 

 A similar trend is observed for the total pore volume. Its 

value increases from 0.0285 cm3 g–1 for x = 0.00 to 0.0368 

cm3 g–1 at x = 0.04, before decreasing to 0.0259 cm3 g–1 at x 

= 0.08. The maximum pore volume at x = 0.04 supports the 

higher surface area observed at this composition. The average 

pore diameter decreases from 6.775 nm for the undoped 

sample to 5.749 nm at x = 0.04 and then changes slightly to 

5.855 nm at x = 0.08. These values remain within the meso-

porous range and point to a relatively finer pore structure 

after Sm3+ incorporation. The changes in pore dimensions can 

be associated with lattice distortion, particle growth behav-

iour and the development of interparticle pores during syn-

thesis. 

 Optical properties: The absorption spectra of the syn-

thesized Sm3+ doped spinel ferrites are shown in Fig. 7 and 

were used to determine the absorption coefficient. The optical 

band gap energy was estimated from the Tauc plots (Fig. 8) 

using the Tauc relation given in eqn. 6, where the symbols 

have their usual meanings. 

  2

g(αhν) B(h E )= −  (6) 

 

 

Fig. 6. Adsorption-desorption isotherms of CoSmxFe2-xO4 (x = 0.00, 0.04 and 0.08) NPs 
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Fig. 7. Absorbance spectra for CoFe2-xSmxO4 (x = 0.00, 0.02, 0.04, 0.06, 

0.08, 0.10) NPs 

 

 The estimated band gap values decrease progressively 

from 2.69 eV for the undoped CoFe2O4 sample to 2.63, 2.56, 

2.55, 2.50 and 2.23 eV with increasing Sm3+ concentration. 

The band gap obtained for pure CoFe2O4 is close to previ-

ously reported values [31,34] and hence support the relia-

bility of the optical analysis. The gradual reduction in band 

gap can be related to the substitution of Fe3+ ions (0.645 Å) 

by the larger Sm3+ ions (1.079 Å), which disturbs the local 

crystal environment and modifies the metal–oxygen bonding. 

This lattice distortion can introduce defect or localized states 

close to the valence and conduction bands, reducing the energy 

required for electronic transitions. Similar band-gap narrow-

ing has been reported for rare-earth-doped spinel ferrites, 

where lattice distortion and dopant-related defect states contri-

bute to stronger absorption in the visible region [5,57]. 

 Magnetic properties: The magnetic properties of 

CoFe2-xSmxO4 (x = 0.00-0.10) nanoparticles were measured 

at 300 K using a vibrating sample magnetometer (VSM). All 

compositions exhibit ferrimagnetic behaviour, as observed 

from the well-defined M–H hysteresis loops in Fig. 9. The 

corresponding magnetic parameters are listed in Table-4. 

 
TABLE-4 

VALUES OF SATURATION MAGNETIZATION (Ms), 

REMANENCE MAGNETIZATION (Mr), REMANENCE RATIO 

(Mr/Ms), COERCIVITY (Hc), NET MAGNETIC MOMENT (nB) 

OF Sm3+ DOPING ON MAGNETIC PARAMETERS OF 

CoSmxFe2-xO4 (x = 0.00, 0.02, 0.04, 0.06, 0.08, 0.10) NPs 

x 
Ms 

(emu/g) 

Mr 

(emu/g) 

R = 

Mr/Ms 

Hc  

(Oe) 

nB  

(μB) 

0.00 77.32 38.00 0.49 1487.3 3.24 

0.02 68.46 31.21 0.45 1279.0 2.89 

0.04 74.35 35.29 0.47 1440.1 3.17 

0.06 61.88 29.51 0.48 1383.2 2.66 

0.08 60.17 30.82 0.51 1752.7 2.60 

0.10 70.45 32.65 0.46 1738.7 3.07 

 

 

Fig. 8. Tauc plots of CoSmxFe2-xO4 (x = 0.00, 0.02, 0.04, 0.06, 0.08, 0.10) NPs 
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Fig. 9. M-H hysteresis loop of CoSmxFe2-xO4 (x = 0.00, 0.02, 0.04, 0.06, 

0.08, 0.10) NPs 

 

 The saturation magnetization (Ms) of the undoped CoFe2O4 

sample (x = 0.00) is 77.32 emu g–1. With Sm3+ incorporation, 

Ms decreases, although the variation is not strictly monotonic 

across the series. This change can be related to the replace-

ment of magnetic Fe3+ ions by Sm3+ ions, together with 

changes in cation distribution between the tetrahedral (A) and 

octahedral [B] sites. Since, Sm3+ contributes little to the net 

ferrimagnetic moment compared with Fe3+, its incorporation 

can weaken the A–B super-exchange interaction and alter the 

balance between the two magnetic sublattices. The irregular 

variation at intermediate compositions, such as x = 0.04, may 

arise from changes in cation arrangement and competing 

exchange interactions. 

 The remanent magnetization (Mr) varies from 29.5 to 

38.00 emu g–1 across the series, which reflect the changes in 

spin arrangement and magnetic domain behaviour with Sm3+ 

substitution. The Mr/Ms ratio (R) remains consistent with ferri-

magnetic ordering for all compositions. In contrast, the 

coercive field (Hc) increases with Sm3+ content. The larger 

coercivity may be associated with enhanced magnetocrys-

talline anisotropy and lattice distortion introduced by the 

larger Sm3+ ions. These structural changes can hinder domain 

wall movement, with the higher Hc values at x = 0.08 and 

0.10 pointing to stronger domain wall pinning at defect sites 

and locally modified anisotropy. 

 The calculated magneton number (nB), which was obtained 

from the molecular weight and saturation magnetization, is 

given in Table-4. Its variation follows the trend observed for 

Ms, with the highest value of 3.24 for x = 0.00 and the lowest 

value of 2.60 for x = 0.08. This behaviour is consistent with 

changes in cation distribution and A–B exchange interactions 

caused by Sm3+ substitution. The magnetic measurements 

therefore show that Sm3+ incorporation modifies both magneti-

zation and coercivity in CoFe2O4 nanoparticles. The undoped 

sample retains the highest magnetic moment, while Sm3+ 

addition tends to increase the coercivity. This change in mag-

netic behaviour suggests that the properties of CoFe2O4 can 

be adjusted by controlling the Sm3+ content. 

 Photocatalytic study: Figs. 10 and 11 show the absor-

bance spectra of Rh-B dye in the presence of CoFe2O4 (x = 

0.0) and Sm3+-doped CoFe2O4 (x = 0.1) nanocatalysts, 

recorded at 20 min intervals. The initial spectrum exhibits the 

strongest absorption peak, which gradually decreases with irra-

diation time. After 80 min, the absorption intensity becomes 

very low, which indicate the substantial degradation of the 

dye. The degradation efficiency reaches 86.6% for pure 

CoFe2O4 NPs and increases slightly to 88.2% for Sm3+-doped 

CoFe2O4 NPs. The higher efficiency of the Sm3+-doped sample 

suggests that Sm3+ incorporation improves the photocatalytic 

response of CoFe2O4 NPs toward Rh-B degradation. 

 

 
Fig. 10. Absorption spectra for rhodamine B dye degradation using 

CoFe2O4 NPs 

 

 
Fig. 11. Absorption spectra for rhodamine B dye degradation using CoFe2-x 

SmxO4 (x = 0.10) NPs 

 

Conclusion  

 In this work, Sm3+-doped CoFe2O4 nanoparticles with 

the composition CoFe2-xSmxO4 (x = 0.00-0.10) were success-

fully prepared and the influence of Sm3+ doping on their 

physical and magneto-optical properties was systematically 

established. XRD analysis proved a single-phase cubic spinel 
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structure with the lattice constant (a) expanding from 8.379 Å 

to 8.389 Å and crystallite size remaining in the 20-23 nm 

range, while FTIR verified the characteristic M-O vibrations 

of the spinel lattice. FE-SEM and HR-TEM revealed nearly 

spherical, partially agglomerated nanoparticles with a slight 

reduction in grain size upon doping and BET analysis showed 

a mesoporous character with surface area peaking at 15.867 

m2 g–1 for x = 0.04. The optical band gap decreased from 2.69 

to 2.23 eV as the Sm3+ content increased, which may favour 

visible-light-driven photocatalytic activity. All samples retained 

ferrimagnetic behaviour, with saturation magnetization vary-

ing from 60.17 to 77.32 emu g–1. Photocatalytic tests against 

rhodamine B dye showed a degradation efficiency of 86.6% 

for pure CoFe2O4, which increased to 88.2% after Sm3+ 

doping. These results show that Sm3+ substitution can modify 

the structural, optical, magnetic and surface properties of 

CoFe2O4, with the resulting nanoparticles showing potential 

for photocatalytic applications. 
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