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Abstract: This work examines the structural, elastic, and optical properties of the Li0.5Co0.5FeCrO4 

spinel ferrite. Rietveld analysis of X-ray diffraction measurement confirms its cubic spinel structure. 

The structural investigation reveals strong consistency among calculated and refined parameters, 

validating the proposed cation distribution. Elastic moduli, including bulk, longitudinal, and 

rigidity moduli, were acquired by computing stiffness constants. Absorbance data and the Tauc 

method indicated a direct optical transition with a low band-gap energy, suggesting the sample's 

potential for optoelectronic applications. The Li0.5Co0.5FeCrO4 spinel showed absolutely low Urbach 

energy, suggesting little disorder and defects within its structure. The theoretical optical 

characteristics like reflection loss (RL), polaron radius (Rp), molar refractive index (Rm), molar 

electronic polarizability (αm), and the non-linear optical features were examined for our compound. 

Our findings indicate that the Li0.5Co0.5FeCrO4 compound outperforms the undoped Li0.5Fe2.5O4 

compound , featuring a lower band gap. This implies that adding Co and Cr into Li0.5Fe2.5O4 ferrite 

enhances their optical and optoelectronic applications. 

Keywords: spinel ferrite; X-ray diffraction; theoretical optical parameters; sol-gel method; 

optoelectronic applications 

 

1. Introduction 

Spinel ferrites materiels with the typical chemical formula AB2O4 (where A, B = Co, Cu, Cr, Ni, 

Zn, etc.) have been created and researched for their intriguing physical characteristics [1,2]. The 

accurate tailoring of spinel ferrite characteristics for a variety of applications is made possible by the 

right synthesis technique, chemical composition, annealing temperature-time, and the nature of 

doping [3,4]. Numerous scientific and technological applications have been investigated for these, 

including magnetic memories, high-capacity batteries, electronic-based optical panels and recording 

media, etc. [3,5,6]. Nanoscale ferrites possess highly adjustable properties, making them ideal for 

various devices. In addition to their electrical, and magnetic uses, ferrites materials are utilized in 

visible light absorption, improved photocatalytic performance, and other optical applications [7]. In 

this case, dielectric and electronic polarizability are crucial parameters that need to be investigated 

for the effective use of a material in these applications. These characteristics are closely associated 
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with refraction, optical conductivity, the electro-optical effect and optical nonlinearity [8,9]. Materials 

with a refractive index greater than 2 are beneficial for nonlinear optical applications due to their 

exceptional optical characteristics. Moreover, many optical characteristics are directly correlated with 

the refractive index. The physical properties of ferrite compounds can be modified by adjusting 

factors such as the choice of surfactants, manufacture temperature, and the pH of the solution during 

the synthesis process [10]. Extensive research documented in the literature highlights recent 

advancements in the synthesis and applications of ferrite nanoparticles [11]. Several methods have 

been developed for fabricated spinel ferrite nanoparticles, including sol-gel, co-precipitation, 

hydrothermal, and microwave combustion techniques [12–14]. Among these, the sol-gel method 

stands out for its superior control over particle size, composition, purity, and surface morphology 

[15]. This approach offers several benefits, including producing uniform particle sizes, lowering 

processing temperatures and annealing times, and allowing precise tuning of chemical mixture 

[16,17]. Hence, the type and amount of element substitution may be used to adjust the ferrites' 

characteristics. Numerous studies in this area have been done [18,19]. 

Lithium ferrite with the formula Li0.5Fe2.5O4 has been widely studied in the literature due to its 

promising properties. It is a cubic ferrite classified as a soft magnetic material, characterized by a 

square hysteresis loop, high Curie temperature, and strong magnetization [20,21]. Its versatile 

properties enable various technological applications, including use in microwave devices, magnetic 

recording, transformer cores, antenna rods, ferrofluids, hyperthermia treatment, and as a potential 

cathode material in lithium-ion batteries [22–24]. Various studies and review papers have examined 

the properties of different spinel ferrites, including lithium-based ferrites such as Li-Co [25], Li-Zn 

[26], Li-Mg [27], and Ni-Li [28]. In these investigations, several substitutions have been made in 

Li0.5Fe2.5O4 sample to improve its practical applications [29,30]. 

This article also discusses the physical properties of lithium ferrite Li0.5Fe2.5O4 with Co-Cr 

substitution. Such substitution alters the crystal structure, which in turn affects the optical and elastic 

properties of the sample. Previous studies have shown that replacing Co and Cr ions in spinel ferrites 

introduces energy levels within the band gap, leading to a reduction in band-gap energies, which 

enhances their performance in optoelectronic technology [31–33]. Nevertheless, the elastic , lattice 

energy, structural characteristics, and related parameters of Li0.5Co0.5FeCrO4 have been theoretically 

computed and extensively discussed using derived structural and optical data. Using the structural 

parameters and the experimentally determined optical band gap, several optical factors for our 

sample have been estimated theoretically and are thoroughly explained in this paper. These 

calculations offer a comprehensive guide for researchers to prepare the desired Li0.5Co0.5FeCrO4 

sample for optical and optoelectronic applications. Additionally, the non-linear optical parameters 

obtained for our sample are in good agreement with those reported for other materials that are 

considered strong candidates for nonlinear applications. 

2. Experimental Details 

The Li0.5Co0.5FeCrO4 sample was produced by the sol-gel route. Fig 1 is depicted the synthesis 

step. Primarily, nitrates [Co(NO3)2.6H2O], [Li(NO3)], [Fe(NO3)2.9H2O] and [Cr(NO3)3.9H2O]), all 

possessing a purity greater than 99%, were dissolved in deionized water and subjected to stirring on 

a hot plate set to 90 °C. Following the full dissolution of the nitrate, exact quantities of citric acid were 

introduced as a complexing agent, and the pH was adjusted to approximately 7 using ammonia. 

Then, to make a thick gel-like solution, ethylene glycol was added. The gel was heated to 250 °C, 

resulting the formation of a brown foam that was later ground with an agate mortar. The formed 

powder was thermally treated at 600 °C for 12 hours to remove any organic residues. It was 

subsequently ground and exposed to calcination at 800 °C for 12 hours. After this step, the powder 

was ground, and an XRD analysis was performed following heating at 800 °C to confirm the purity 

of the prepared specimen. However, since the powder remained partially non-uniform at this 

temperature, the calcination temperature was raised to 1000 °C, leading to the successful formation 

of the desired crystalline phase. In this work, the characterization findings of Li0.5Co0.5FeCrO4 ferrite 

calcined at 1000 °C are then presented. 
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Figure 1. Different synthesis steps of using the sol-gel method. 

The X-ray diffraction (XRD) data was acquired with a Panalytical X'Pert Pro instrument, 

employing an angular step of 0.02°. The morphology of the Li0.5Co0.5FeCrO4 sample was investigated 

with scanning electron microscopy (SEM: JSM-6380 LA). The spectral data from FTIR were acquired 

with an FTIR-8400S spectrometer, covering the range of 400 cm-1 to 1000 cm-1 with a resolution of 1 

cm-1. The absorbance data was acquired using a UV-Vis spectrophotometer over a wavelength range 

of 400 nm to 1000 nm, with a step size of 1 nm. 

3. Results and Discussions 

3.1. Structural Properties 

3.1.1. Rietveld Refinement 

The X-ray diffraction (XRD) pattern of the produced Li0.5Co0.5FeCrO4 ferrite is plotted in Fig. 2. 

The diffraction peaks indicate that the specimen possesses a cubic spinel structure with 𝐹𝑑3̅𝑚 space 

group. The pattern reveals uniform crystallization of the produced powder, demonstrating a pure 

phase with no additional phases present. The clear peaks in Fig. 2, such as (111), (220), (311), (222), 

(400), (422), (511), (440), (531), (620), (533), (622) and (444) are all correlated with the cubic spinel 

structure. Using formula (1) [34] we estimated the experimental lattice constant denotes as "𝑎𝑒𝑥𝑝". 

𝑎𝑒𝑥𝑝 = 𝑑ℎ𝑘𝑙√ℎ2 + 𝑘2 + 𝑙2 (1) 

2𝑑ℎ𝑘𝑙 𝑠𝑖𝑛 𝜃ℎ𝑘𝑙 = 𝜆 (2) 
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Figure 2. XRD pattern of Li0.5Co0.5FeCrO4 ferrite. All peaks are indexed in the cubic spinel type 

structure (Fd3m space group). 

Here, (hkl) stands for the miller indices of the (311) X-ray Bragg peak. It is noted that the lattice 

constant of our sample exceeds that of the parent Li0.5Fe2.5O4 ferrite [35,36], which is attributed to the 

increased average radius of the B site caused by the adding of Co and Cr ions in the Li0.5Fe2.5O4 

structure. Furthermore, a detected elevation in the lattice parameters, a and V of the Li0.5Co0.5FeCrO4 

sample, compared to the undoped Li0.5Fe2.5O4 sample, can be explained by the growth in crystallite 

size. As the crystallite size grows, the strain energy within the crystal lattice diminishes, permitting 

the lattice to expand and to allow the larger crystallites. Therefore, the rise in lattice parameters 

directly results from the growth in crystallite size. Evaluating the cation positions within the A and 

B sites is essential for analyzing the XRD pattern of Li0.5Co0.5FeCrO4. Research suggests that in ferrites 

with Co, Fe, Li, and Cr, Li+, Cr3+and Co2+ ions occupy the B sites, with Fe3+ ions distributed across both 

sites [37–39]. In addition, the cation distribution for Li0.5Co0.5FeCrO4 compound can be described as 

(𝐹𝑒1
3+)𝐴[𝐿𝑖0.5

+ 𝐶𝑜0.5
2+𝐶𝑟1

3+]𝐵𝑂4
2−. The refined structural parameters were reviewed and shown in Table 1. 

The findings indicated that the refined occupancy factors for Fe in the A-site, and for Co, Cr, and Li 

in the B-site, were in good agreement with the nominal values, confirming the proposed cation 

distribution. Figure 3 presents a correlation between the computed and observed patterns, 

highlighting their agreement. The Rietveld refinement allocated the B cations, A cations, and oxygen 

to the specific locations 16d (1/2,1/2,1/2), 8a (1/8,1/8,1/8), and 32e (x, y, z), respectively. The R-factors 

(structural RF, profile Rp, and weighted profile Rwp) were below 10 % and the goodness of fit (χ2) was 

close to one, confirming the reliability of the Rietveld fitting analysis. Here, the Oxygen's atomic 

placement (0.2590 (5)) matches up with the usual properties of a spinel-like structure. 

Table 1. Calculated and refined structural parameters for Li0.5Co0.5FeCrO4 ferrite sample. 

 Theoretical values Refined values 

Space group  𝐅𝐝𝟑𝐦  

Cell parameters 
a (Å) 8.33 8.341 (3) 

V (Å3) 578 580.30 (2) 

Oxygen parameter u 0.3919 0.387 

Oxygen parameter 

deviation 
δ 0.0169 0.012 
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Atoms 

Tetrahedral A 

site (Fe) 

rtet (Å) 0.67 - 

Atomic positions x= 

y= z 
1/8 1/8 

Biso (Å2) - 1.727 (1) 

Octahedral B 

site 

(Li0.5/Co0.5/Cr1) 

roct (Å) 1.41 - 

Atomic positions x= 

y= z 
1/2 1/2 

Biso (Å2) - 0.742 (1) 

O 

Atomic positions x= 

y= z 
- 0.2590 (5) 

Biso (Å2) - 0.814 (1) 

Hopping lengths 
LA (Å) 3.61 3.6194 (2) 

LB (Å) 2.9479 2.951 (2) 

Bond lengths dAL (Å) 2.05 1.998 (2) 

 dBL (Å) 1.9534 1.9589 (3) 

Tetrahedral edge 

length 
dAE(O-O) (Å) 3.3476 3.3503(2) 

Shared octahedral 

edge length 
dBE(O-O) (Å) 2.5482 2.552 (1) 

Unshared octahedral 

edge length 
dBEU(O-O) (Å) 2.9614 2.970 (2) 

Me–Me distances (Å) bB-B 2.9471 2.9497 (2) 

 cA-B 3.4567 3.4531 (2) 

 dA-A 3.61 3.621 (1) 

 eA-B 5.4156 5.4197 (2) 

 fB-B 5.1059 5.1172 (3) 

Me–O distances (Å) pB-O 1.9431 1.9543 (2) 

 qA-O 2.05 2.03 (2) 

 rA-O 3.93 3.942 (2) 

 sB-O 3.692 3.685 (4) 

Bond angles (°) θA-O-B 119.893 120.05 (2) 

 θA-O-B 145.68 145.45(2) 

 θB-O-B 98.7 98.85 (2) 

 θB-O-B 125.142 125.95 (4) 

 θA-O-A 72.882 72.95 (2) 

Agreement factors 

Rp (%) - 6.59 

Rwp (%) - 8.73 

RF (%) - 4.98 

χ2 (%) - 1.14 
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Figure 3. XRD pattern with Rietveld refinement for Li0.5Co0.5FeCrO4 ferrite. 

The X-ray density of our specimen was computed by the following formula [40]: 

𝜌𝑋𝑅𝐷 =
8𝑀

𝑁𝐴𝑎3
 (3) 

Here, 𝑁𝐴  is the Avogadro’s number. The 𝜌𝑋𝑅𝐷  value for the Li0.5Co0.5FeCrO4 sample is 

determined to be 4.678 g.cm-3. The Scherer formula [40] was served to compute the average crystallite 

size from the XRD peaks, as follows: 

𝐷 =
0.9 𝜆

𝛽 𝑐𝑜𝑠(𝜃)
 (4) 

Here, λ= 1.5406 Å stands for the X-ray wavelength, β denotes the full width at half maximum of the 

peak with the highest intensity, θ is the Bragg angle. This equation provided a D value roughly 39 

nm for Li0.5Co0.5FeCrO4 sample. 

3.1.2. Theoretical Structural Parameters 

The stated cation distribution for the Li0.5Co0.5FeCrO4 specimen serves to compute the theoretical 

value of lattice constant (ath) as follows [41]: 

𝑎𝑡ℎ =
8

3√3
[(𝑟𝑡𝑒𝑡 + 𝑟𝑂) + √3(𝑟𝑜𝑐𝑡 + 𝑟𝑂)] (5) 

Here, the ionic radius of oxygen is denoted by 𝑟𝑂 = 1.38 Å [42], while the ionic radii of the A 

and B sites are denoted by rtet and roct, respectively. So, formulae (6) and (7) were employed to acquire 

the rtet and roct radii for each location. 

𝑟𝑡𝑒𝑡 = 𝑟𝐹𝑒3+   (6) 

𝑟𝑜𝑐𝑡 =
1

2
[ 0.5 𝑟𝐶𝑜2+ + 0.5 𝑟𝐿𝑖++ 1 𝑟𝑐𝑟3+]  (7) 

Shannon's study [43] was referenced in order to ascertain the ionic radii values for the various 

cations that occupy the A and B locations. The values of rtet, roct, and ath are listed in Table 1. 
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As depict from Table 1, the refined (𝑎𝑟𝑒𝑓) constant is contrasted with the theoretical 𝑎𝑡ℎ constant. 

This suggested cation distribution is accurate, which seen by the remarkable agreement between 

the (𝑎𝑟𝑒𝑓) and 𝑎𝑡ℎ lattice constants. Utilizing formula (8) is used to compute the value of the oxygen 

placement parameter "𝑢" from the theoretical lattice constant [41]: 

𝑢 = [
1

√3𝑎𝑡ℎ
(𝑟𝑡𝑒𝑡 + 𝑟𝑂) +

1

4
]  (8) 

The generated "u" value as around 0.3919 , which slightly surpasses the ideal value for a cubic 

spinel structure (𝑢𝑖𝑑𝑒𝑎𝑙 = 0.375). This inconsistency indicates a possible shift of the oxygen anion from 

its ideal location, suggesting a minor lattice distortion in the Li0.5Co0.5FeCrO4 sample. The small 

modification within the predicted oxygen parameter is reflected by [δ= u-0.375= 0.0169]. 

The hopping lengths (LA) and (LB) are vital for searching the interionic distances across magnetic 

ions situated at A and B locations, which directly impact the strength of spin interactions. Stanley's 

formulae offer a method for calculating these parameters [41]: 

𝐿𝐴 =
𝑎𝑡ℎ√3

4
  (9) 

𝐿𝐵 =
𝑎𝑡ℎ√2

4
  (10) 

The following formulae are utilized to calculate the tetrahedral and octahedral bond lengths 

denotes as (dAL and dBL), the tetrahedral edge length (dAE), as well as the shared (dBE), and unshared 

(dBEU) octahedral edge lengths [41]. For our specimen, these distances are determined using the ath 

and u parameters relying on the corresponding formulae: 

𝑑𝐴𝐿 = 𝑎𝑡ℎ√3 (𝑢 −
1

4
) (11) 

𝑑𝐵𝐿 = 𝑎𝑡ℎ√3𝑢2 −
11

4
𝑢 +

43

64
  (12) 

𝑑𝐴𝐸 = 𝑎𝑡ℎ√2 (2𝑢 −
1

2
)  (13) 

𝑑𝐵𝐸 = 𝑎𝑡ℎ√2(1 − 2𝑢)  (14) 

𝑑𝐵𝐸𝑈 = 𝑎𝑡ℎ√4𝑢2 − 3𝑢 +
11

16
 (15) 

Table 1 lists the assigned dAL, dBL, dAE, dBE, and dBEU distances for the Li0.5Co0.5FeCrO4 sample. 

Cation-anion (p, q, r, and s), cation-cation (b, c, d, e, and f) and bond lengths in spinels were utilized 

to compute bond angles (θ1 to θ5) [41]. 

In spinel structures, metal cations at A location and B site form three main super-exchange 

interactions type: A-A, B-B, and A-B, classified into five types based on bond angle changes with 

oxygen ions. angles θ1 and θ2 are akin to A-O-B type interactions, angles θ3 and θ4 to B-O-B 

interactions, and θ5 to A-O-A interactions. Cation-cation (Me-Me) distances, cation-anion (Me-O) 

distances, and bond angles (Me-O-Me) were obtained as follows [44]: 

𝑏 =
𝑎𝑡ℎ√2

4
 𝑐 =

𝑎𝑡ℎ√11

8
 𝑑 =

𝑎𝑡ℎ√3

4
 𝑒 =

3√3𝑎𝑡ℎ

8
 𝑓 =

𝑎𝑡ℎ√6

4
 (16) 

𝑝 = 𝑎𝑡ℎ (
5

8
− 𝑢) 𝑞 = 𝑎𝑡ℎ√3 (𝑢 −

1

4
) 𝑟 = 𝑎𝑡ℎ√11 (𝑢 −

1

4
) 𝑠 =

𝑎𝑡ℎ√3 (
𝑢

3
+

1

8
) 

(17) 
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𝜃1 = 𝑐𝑜𝑠−1 (
𝑝2 + 𝑞2 − 𝑐2

2𝑝𝑞
) (18) 

𝜃2 = 𝑐𝑜𝑠−1 (
𝑝2 + 𝑟2 − 𝑒2

2𝑝𝑟
) (19) 

𝜃3 = 𝑐𝑜𝑠−1 (
2𝑝2 − 𝑏2

2𝑝2
) (20) 

𝜃4 = 𝑐𝑜𝑠−1 (
𝑝2 + 𝑠2 − 𝑓2

2𝑝𝑠
) (21) 

𝜃5 = 𝑐𝑜𝑠−1 (
𝑟2 + 𝑞2 − 𝑑2

2𝑞𝑟
) (22) 

In line with the findings as shown in Fig. 4, the findings are reported in Table 1, which highlights 

the predominance of A-B interactions. 

 

Figure 4. Favorable interionic distances and angles in Li0.5Co0.5FeCrO4 ferrite spinel for better magnetic 

interaction. 

3.2. Morphological Analysis 

The SEM study of Li0.5Co0.5FeCrO4 ferrite is displayed in Fig 5a. Grain homogeneity is seen in the 

SEM micrograph. Additionally, Fig 5a shows how the calcination temperature around 1000 °C affects 

the particle morphology. Due to the electrostatic magnetic attraction and the effects of high-

temperature calcination, individual nanoparticles fully aggregated, and the resulting micrograph 

revealed clusters of agglomerated ferrites particles. Fig 5b depict the Gaussian-fitted histogram of 

our sample. Image analysis indicated grain size of approximately 0.51 μm for the prepared sample. 

In our case, the grain size value derived from the SEM micrograph is larger than those inferred from 

the XRD data. This discrepancy arises because each grain observed in the SEM image consists of 

multiple crystallite domain [45]. 
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Figure 5. (a) SEM image for Li0.5Co0.5FeCrO4 ferrite sample. (b) Grain size distribution. 

3.3. Infrared and Elastic Properties 

3.3.1. FTIR Spectra Analysis 

Ferrites materiels are considered as attached crystals, where atoms are connected to their nearest 

neighbors through equivalent forces such as ionic, covalent, or Van der Waals interactions [46]. Due 

to the geometric arrangement of nearby oxygen atoms, spinel ferrites consist of metal ions occupying 

two distinct sublattices: the (A)-location and [B]-site. In this structure, tetrahedral ions vibrate along 

the line connecting the cation to adjacent oxygen atoms, while octahedral cations oscillate in a 

direction perpendicular to the axis linking the tetrahedral metal ion and oxygen atom [47]. Fig 6 

presents the infrared spectrum of Li0.5Co0.5FeCrO4 ferrite. This graph shows two absorption bands 

corresponding to metal-oxide vibrational modes [48,49]. The band near 600 cm-1 is linked to 

tetrahedral group stretching (υA), while the one around 452 cm-1 is associated with octahedral metal-

oxygen stretching (υB), confirming the formation of metal-oxide bonds (Fe-O and Li, Co, Cr, Fe-O). 
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Furthermore, compared to the undoped Li0.5Fe2.5O4, replacing Co and Cr in our sample grows the (υA) 

band from 447 cm-1 to 452 cm-1 and the (υB) band from 571 cm-1 to 615 cm-1 [35]. This change is probably 

caused by variations in the size of the crystallites and the distribution of cations throughout 

octahedral and tetrahedral locations [50]. 

 

Figure 6. FTIR spectra for Li0.5Co0.5FeCrO4 ferrite sample. 

3.3.2. Elastic and Thermal Properties 

Ferrites samples possess notable elastic and thermal results due to interatomic and interionic 

forces. Ultrasonic pulse transmission is commonly used to determine elastic constants and Debye 

temperatures [51]. Studies have explored links between the structural parameters, and FTIR data. In 

this case, Modi et al. introduced a method for analyzing spinel ferrite elasticity using FTIR data [52]. 

In the infrared radiation phonon mode, the wavenumbers denote as νA and νB are precisely 

proportional to the force constants (Kt) linked to A location and (Ko) for the octahedral B site. To find 

these parameters, the Waldron formulae were utilized [53]: 

𝐾𝑡 = 7.62 × 𝑀𝐴 × 𝜈𝐴
2 × 10−7  (23) 

𝐾𝑜 = 10.62 × (
𝑀𝐵

2
) × 𝜈𝐵

2 × 10−7  (24) 

Employing the cation distribution formula for our specimen, the molecular weights MA and MB 

of the cations at sites A and B are computed. Table 2 presents the average force constant (𝐾𝑎𝑣 =
𝐾𝑡+𝐾𝑜

2
) 

as well as the determined force constants. Given the connection among force constants and bond 

lengths, the obtained Kt value in the Li0.5Co0.5FeCrO4 sample is substantially higher than Ko value [54]. 

Further, compared to the undoped Li0.5Fe2.5O4 sample, the average force constant 𝐾𝑎𝑣  for our 

compound grows with the substitution of Co and Cr ions [35]. Hooke's law, which depends on the 

stress-strain relationship, connects the stress σi, the strain εij, and the stiffness coefficients Cij [55]. 

These stiffness coefficients are crucial for determining the elastic constants. In materials with cubic 

symmetry, only three stiffness coefficients are considered significant. Among them: C11, which 

represents the elasticity associated with length changes, is linked to the average force constant (Kav) 

and the unit cell parameter "a" through a specific formula [54]. 
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𝐶11 =
𝑘𝑎𝜈

𝑎
  (25) 

Table 2. Elastic and thermal parameters for Li0.5Co0.5FeCrO4 ferrite sample. 

Sample  Li0.5Co0.5FeCrO4 

Absorption bands (cm-1) υB 452 

 υA 615 

Force constant (N m-1) Kt 161.57 

 Ko 158.94 

 Kav 160.25 

Stiffness constant (GPa) C11 193.31 

 C12 64.43 

 C44 81.45 

Wave velocity (ms-1) υl 6422.27 

 υt 3707.903 

 υm 3923.24 

Longitudinal modulus (GPa) L 192.30 

Rigidity modulus (GPa) G 63.34 

Bulk modulus (GPa) B 107.39 

Poisson’s ratio σ 0.25 

Pugh ratio  B/G 1.695 

Debye temperature (K) θD 558.54 

Thermal conductivity (W/m.K) Kmin 1.178 

However, C12 and C44, which possess shape-altering elasticity, are delivered by [54]: 

𝐶12 =
𝜎 𝐶11

1 − 𝜎
 (26) 

𝐶44 = 𝜌2𝜈𝑡 (27) 

In this context, ρ stands for the X-ray density. The parameters above, including the transverse 

wave velocity 𝜈𝑡, the longitudinal wave velocity 𝜈𝑙  and the Poisson's ratio 𝜎, were computed using 

these formulae [56]. 

𝜈𝑡 =
𝜈𝑙

√3
  (28) 

𝜈𝑙 = √
𝐶11

𝜌
  (29) 

𝜎 =
𝐿−2𝐺

2(𝐿−𝐺)
  (30) 

Here, the lengthwise and rigidity moduli are denoted by 𝐿 = 𝜌 𝜈𝑙
2  and 𝐺 = 𝜌 𝜈𝑡

2 , respectively. A 

material's resistance to shearing pressures is measured by its shear modulus (L), yet its resistance to 

compression or stretching forces is shown by its longitudinal modulus (G). Table 2 defines values for 

𝐶11, 𝐶12, 𝐶44, 𝜈𝑡 , 𝜈𝑙 , 𝐿, 𝐺, and 𝜎. So far, when energy transfer leads to particle vibrations, shear 

waves travel more slowly than longitudinal waves. Particles in shear waves vibrate perpendicular to 

the direction of the wave, requiring more energy to cause vibrations in neighboring particles [57]. 

According to isotropic elasticity theory, the Poisson's ratio σ, which ranges from -1 to 0.5, aids in 

estimating brittleness and ductility [58]. The Pugh law determines ductility or brittleness by 

computing the bulk modulus-to-shear modulus ratio [B/G] [59], where (𝐵 =
1

3
(𝐶11 + 2𝐶12). If (B/G) 

above 1.75 indicates ductility, while below 1.75 suggests brittleness. The Debye temperature denotes 
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"𝜃𝐷"  estimated using Anderson's formula above [56], reflects maximum lattice vibrations and 

provides insight into thermodynamic properties and heat transfer [56]: 

𝜃𝐷 =
ℏ

𝑘𝐵
(

3𝑞𝜌𝑁𝐴

4𝜋𝑀
)

1
3

𝜈𝑚  (31) 

Here, ℏ stands for Planck's constant, q denotes the number of atoms per formula unit , 𝑘𝐵 for 

Boltzmann's constant, 𝜌 stands for density, 𝑁𝐴 for Avogadro's number, and 𝑀 for molecular mass. 

For scientists, to appreciate how energy moves through a material, the mean wave velocity denotes 

(𝜈𝑚), is acquired as follows : 

𝜈𝑚 = (
1

3
(

2

𝜈𝑡
3 +

1

𝜈𝑙
3))

−1 3⁄

  (32) 

The capacity of a material to transfer heat is measured by its thermal conductivity, reported as 

a crucial thermodynamic characteristic. The above formula can be used to compute the minimal 

thermal conductivity (𝐾𝑚𝑖𝑛) for our specimen [56]. 

𝐾𝑚𝑖𝑛 = (
𝑀

𝑞𝜌𝑁𝐴
)

−
2
3

𝑘𝐵𝜈𝑚  (33) 

Table 2 gives the measured values of 𝜃𝐷, 𝜈𝑚, and 𝐾𝑚𝑖𝑛 . By evaluating our findings with the 

undoped Li0.5Fe2.5O4 compound, we find that the obtained 𝜈𝑚 value is higher for Li0.5Co0.5FeCrO4, 

while the Debye temperature 𝜃𝐷 is lower [35]. The increase in 𝜈𝑚 can be attributed to the higher 

transverse and longitudinal wave velocities observed in our specimen. Nonetheless, the reduced 

bonding strength within our ferrite could be the cause of the drop in Debye temperature [60]. 

3.4. Optical Properties 

3.4.1. UV-VIS-NIR Absorbance and Reflectance Spectra 

Figure 7 (a, b) appears the absorption A(λ) measurement and reflectance (R(λ)) data of our 

specimen. The A(λ) measurement signaling that our compound has strong UV-VIS light absorption 

capability. Thus, it is a desirable choice for photovoltaic solar cells and photo-catalysis compounds 

[61,62]. Additionally, the observed NIR absorption bands suggest its potential for use in NIR 

optoelectronic devices [63]. 
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Figure 7. (a) UV–VIS-NIR absorbance spectra versus wavelength for Li0.5Co0.5FeCrO4 ferrite sample. 

(b) Reflectance spectrum R(λ). 

3.4.2. Optical Energy Band Gap (Eg) 

The optical energy band gap denotes as "Eg" is a crucial parameter for ferrites materials, 

enhancing their suitability for photosensitive device applications. It represents the minimum energy 

required for the material to absorb incident photons. In this study, the Eg value is find by Tauc's rule 

in the following way [64]. 

𝛼ℎ𝜈 = 𝛽(ℎ𝜈 − 𝐸𝑔)𝑛  (34) 
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In this context, Eg represents the band-gap energy, hv denotes the photon energy, and β denotes 

a parameter. The exponent n specifies the nature of optical transition, this : an indirect optical 

transition for n = 2 and a direct optical transition for n = 1/2. In our research , the optical absorption 

coefficient (α) is found based formula. (35). As well , the band gap energy (Eg) for Li0.5Co0.5FeCrO4 

compound is gets determined by the Tauc theory establish in Eq. (36) [63]. To further confirm the 

optical transition type in the specimen , Eq. (37) is also applied. 

𝛼 =
2.303×𝐴

𝑑
  (35) 

(𝛼ℎ𝜈)1/𝑛 = 𝛽(ℎ𝜈 − 𝐸𝑔)  (36) 

ln(𝛼ℎ𝜈) = ln(𝛽) + 𝑛𝑙𝑛(ℎ𝜈 − 𝐸𝑔𝑑)  (37) 

Here A denotes the absorbance, d is the thickness of Li0.5Co0.5FeCrO4 compound, and ℎ𝜈 seems 

for the photon energy. Relying the (αhν)2 versus hν spectrum apparent in Fig. 8.a, for our specimen 

the direct (Egd) band gap value was came out to be 1.85 eV. The ln(αhν) against. ln(hν-Eg) plot in Fig. 

8.b suggests that the exponent n is close to 0.5 for our compound , conveying that Li0.5Co0.5FeCrO4 

spinel ferrite undergoes a direct optical transition. The sample's Eg value listed in Table 3, it was 

compared with values for various semiconductors [65–67] and spinel materials [27,68–73]. It is 

important to note that materials with higher Eg energy are recognized for their ability to absorb 

ultraviolet (UV) photons, as shown by several semiconductor examples presented in Table 3 [60,61]. 

Surprisingly, when viewed alongside, to other spinel ferrites and certain semiconductors, the 

computed Eg value for Li0.5Co0.5FeCrO4 sample is lower [27,65–73]. However, a little Eg value enhances 

the absorption of visible light in photocatalytic reactions, making our specimen a promising 

candidate for visible light absorption [48]. Besides, the Eg value decreases from 3.41 eV for the 

undoped Li0.5Fe2.5O4 sample to 1.85 eV for our material, consistent with the findings in Ref [27]. The 

Eg energy is influenced by serval item like grain size, structural characteristics and impurity ratio, it 

generally decreases with increasing grain size [74]. In the present study, the number of grain 

boundaries minimizes as the grain size elevates when Co2+ and Cr3+ are added into Li0.5Fe2.5O4 ferrite. 

So, a decrease in grain boundaries results a reduced scattering of charge carriers at these interfaces, 

thereby minimizing carrier scattering impacts and lowers the Eg energy. Furthermore, larger grain 

sizes help suppress quantum confinement effects, contributing further to the reduction of the band 

gap. As a result, the Eg value of Li0.5Co0.5FeCrO4 sample is lower compared to that of the undoped 

Li0.5Fe2.5O4 ferrite [27]. It is apparent that the incorporation of Co and Cr elements in Li0.5Fe2.5O4 clearly 

lowers its band gap energy, which improved its optoelectronic properties. Notably, the Eg value of 

our specimen surpasses the minimum energy threshold for water splitting (Eg > 1.23 eV). Therefore, 

the Li0.5Co0.5FeCrO4 compound can also function as a photocatalytic material [74]. 
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Figure 8. (a) Plots of (αhυ)1/2 and (αhυ)2 versus hυ for Li0.5Co0.5FeCrO4. (b) Plot of ln(αhυ) versus ln(hυ-

Eg). 

Table 3. Band gap energy for Li0.5Co0.5FeCrO4 ferrite sample compared to those reported in previous 

works. 

Sample Band gap energy (eV) Reference 

TiO2 3.20 [65] 

ZnO 3.37 [66] 

CuO 3.85 [67] 

CoFe2O4 2.60 [68] 

Cu0.4Mg0.4Co0.2FeCrO4 1.88 [69] 

CoCr2O4 3.07 [70] 

Li0.5Fe2.5O4 3.41 [27] 

LiNi0.5Fe2O4 3.00 [27] 

Li0.2Co0.3Zn0.3Fe2.2O4 2.51 [71] 

LiMn0.5Fe2O4 3.51 [72] 
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LiCd0.5Fe2O4 2.9 [73] 

Li0.5Co0.5FeCrO4 1.85 This work 

3.4.3. Penetration Depth and Extinction Coefficient 

The penetration depth (δ) quantifies the depth to which light can move through a specimen. By 

applying relation (38), (δ) can be achieved as [75]: 

𝛿 =
1

𝛼(𝜆)
  (38) 

The δ(λ) data for the Li0.5Co0.5FeCrO4 specimen reveals discrete zones with changes associated 

with the absorption coefficient, as illustrated in Fig. 9a. In area I, the material fully blocks UV-Vis 

radiation, suggesting its potential as an ultraviolet filter [76]. As the spectrum moves toward area II , 

δ values grows, which appears a sharp band at 1025 nm . For area III, δ values continue to rise 

gradually up to 2400 nm, with a prominent sharp band emerging around 1926 nm. 
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Figure 9. (a) Penetration depth (δ) vs. λ and (b) Extinction coefficient (k) vs. hν for Li0.5Co0.5FeCrO4 

sample. 

The extinction parameter denotes as "k " represents a material's ability to absorb and scatter light, 

indicating how effectively it attenuates the intensity of incident radiation. The (k) parameter is find 

by taking formula (39) [77]: 

𝑘 =
𝛼𝜆

4п
  (39) 

By linked to Fig. 9b, the "k " values for our compound drop as the energy (hυ) grows. This decline 

points to reduce light absorption and scattering near the material's surface, which could be attributed 

to surface effects or specific electronic transitions at lower energy levels suggests diminished light 

absorption and scattering near the material's surface. Comparable behavior, where k values decrease 

with rising photon energy, has been observed in other materials [48, 78], showing that the 

Li0.5Co0.5FeCrO4 ferrite allows incident light to pass through with minimal attenuation. The alterations 

in k values are within an interval 10−5 to 10− 6, revealing that there is little scattering and absorption 

loss. This feature shows the high transparency of our sample. Fundamentally, these results are 

consistent with previous studies by Mott and Davis [79], further validating our work. 

3.4.4. Urbach Energy 

The level of disorder and defects in a compound may be defined[48,78 through optical 

spectroscopy and the Urbach energy (Eu) data [80]. It gives insights into the band gap's confined states 

and the expansion of electronic transitions. Further, a little Eu value signifies a more ordered material 

with fewer defects, while a superior Eu value indicates more density of defects and a greater disorder. 

Via the photon energy (hν), the (Eu) value may be computed as follows [81]: 

𝛼 = 𝛼0exp (
ℎ𝜈

𝐸𝑢
)   (40) 

Here, α denotes the absorption coefficient, and α0 stands for a constant. As such, it is possible to 

use Eq (41) to compute the Eu value. 

𝑙𝑛𝛼 = 𝑙𝑛𝛼0 +
ℎ𝜈

𝐸𝑢
  (41) 

So far, when examining experimental (Eu) data, formula (36) is frequently utilized. In Fig 10a, 

the calculated Eu value of 0.416 eV for our compound (see Table 4) was derived from the [ln(α) vs. 

(hv)] change. Fig 10a clearly shows a low Eu energy, which can be linked to the greater grain size 

present in our specimen. The decline in Eu energy, linked to the larger grain size, outlines a 

diminution in structural disorder and defects within the specimen. [82]. An increase in grain size, the 

specimen's crystalline structure is made continuous and coherent, also, minimized structural 

deficiencies like grain boundaries and defects. As a result, the reduced appearance of defects and 

enhanced structural integrity can be detected by the relatively small Eu value. The steepness 

parameter's value S(T) and the Urbach energy (Eu) are connected by a mathematical equation as 

follows [83]: 

𝐸𝑢 =
𝑘𝐵𝑇

𝑆(𝑇)
  (42) 
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Figure 10. (a) Plot of ln(α) vs. hν for Li0.5Co0.5FeCrO4. (b) The curve of (α/λ)2 vs. 1/λ. 

Here, kB stands for the Boltzmann constant, and T =300 K. In accordance with ref [63], the 

expanded of the absorption edge brought on by interactions between electrons and phonons or 

excitons and phonons is explained by the steepness parameter S(T). Also, it examines how quickly 

the absorption coefficient varies close to the band edge in relation to photon energy. A higher S(T) 

value reflects a sharper absorption edge and a wider energy range which the absorption coefficient 

varies quite significantly. Table 4 shows that the obtained S value for our specimen is 0.062, indicating 

significant broadening of the absorption edge. Using Eq. (43), the electron-phonon interaction energy 

(Ee-ph) can be determined from the S coefficient, as [63]. 

𝐸𝑒−𝑝ℎ =
2

3𝑆
  (43) 

The Ee-ph parameter signifies the energy linked to electron-phonon interactions within the 

material. Thus, it is vital for evaluating the compounds electronic and thermal characteristics. 
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Notably, a greater tendency for energy dissipation through lattice vibrations is linked by a bigger Ee-

ph value, which also signals a stronger electron-phonon interaction. In this research, the acquired Ee-

ph value for Li0.5Co0.5FeCrO4 was computed to be 10.75 eV (see Table 4). Additionally, in optoelectronic 

devices, the maximum wavelength of incident radiation, stands for λT, also referred to as the 

threshold wavelength. This parameter is essential for evaluating a specimen's suitability for such 

applications. The λT value denotes the lowest wavelength of light necessary to activate more 

optoelectronic processes, including absorption or emission, within the sample. We estimated the λT 

value using this relation [84]: 

(
𝛼

𝜆
)

2

= 𝐶 (
1

𝜆
) − (

1

𝜆𝑇
)  (44) 

In this context, α stands for the absorption coefficient, λ represents the wavelength of incident 

radiation, and C denotes a constant. So, when relying to the fitting curve, the λT value is assumed to 

be 526 nm for our specimen given in Table 4 and in the Fig 10 b. 

Table 4. The values of optical parameters for Li0.5Co0.5FeCrO4 ferrite sample. 

Sample Li0.5Co0.5FeCrO4  

Eg (eV) 1.85 

Eu (eV) 0.416 

S 0.062 

Ee-ph (eV) 10.75 

λT (nm) 526 

n0 1.319 

n1 0.687 

n2 0.679 

E0 (eV) 1.682 

Ed (eV) 0.690 

εop 1.41 

𝑛0
′   1.187 

λ0 (nm) 571 

S0 (10-6 m-2) 0.643 

𝑛0
′′  1.10 

χ(1) (SI) 0.032 

χ(3) (10-14 m2/V2) 2.689 

n2 (10-13 m2/V) 8.541 

Rl 0.080 

Rp (Å) 0.734 

αm (Å3) 27.13 

Rm (Cm3/mol) 18.75 

3.4.5. Refractive Index 

For ferrites materiels the refractive index (n) is a key optical parameter in spectral dispersion 

devices, describing how light travels through a sample. Relation (45) outlines how n can be computed 

[85]: 

𝑛(𝜆) =
1+𝑅

1−𝑅
− √

4𝑅

(1−𝑅)2
− (𝑘(𝜆))2  (45) 

The n(λ) change for the Li0.5Co0.5FeCrO4 compound is appears in Fig. 11a. The excellent quality 

and compactness of our sample are indicated by the presence of significant absorption bands in the 

UV-VIS-NIR portions [78]. The Cauchy law provided by equation (46) is applied to model the change 

of n(λ) measurement. 
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𝑛 = 𝑛0 +
𝑛1

𝜆2
+

𝑛2

𝜆4
  (46) 

 

 

Figure 11. (a) Refractive index n versus λ for Li0.5Co0.5FeCrO4 spinel ferrite. (b) The fit of n(λ) curve 

using Cauchy relation. 

In the preceding equation, n0, n1 and n2 denotes the Cauchy parameters. Fig. 11 b shows the 

refractive index (n) plotted against (
1

λ2), as described by Eq. (46). The estimated Cauchy parameters 

for our sample are listed in Table 4, offering a mathematical model of the refractive index's 

wavelength dependence. Being aware these factors is crucial to knowing light propagation and 

spectrum dispersion within the samples. 
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The single oscillator (E0) and dispersion (Ed) energies that characterize the intensities of inter-

band optical transitions may be determined via the Wemple-Didomenico formula (Eq. 47) [86]. The 

parameters above, including the refractive index (n), the single oscillator energy (E0), the dispersion 

energy (Ed), and the photon energy (hυ), were related using this formula: 

𝑛2 − 1 =
𝐸0𝐸𝑑

𝐸0
2−(ℎ𝜐)2  (47) 

The values of E0 and Ed were obtained from the [(
1

𝑛2−1
)  vs. (ℎ𝜐)2] change, as displayed in Fig. 

12a and Table 4. By integrating Eq. (48) with the computed E0 and Ed values, we can obtain the static 

refractive index (n'0) and the zero-frequency dielectric constant (εop): 

𝜀𝑜𝑝 = 𝑛′0
2 = 1 +

𝐸𝑑

𝐸0
  (48) 
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Figure 12. (a). Plot of 1/(n2-1) versus (hυ)2 for Li0.5Co0.5FeCrO4 spinel ferrite. (b) Plot of 1/(n2-1) versus 

(1/λ2) for Li0.5Co0.5FeCrO4 spinel ferrite. 

Table 4 displays the computed values for our compound, which are εop = 1.41 and n'0= 1.187. 

Interestingly, the n0 value derived from the Cauchy fit closely resembles the computed static 

refractive index (n'0). This agreement illustrates the dependability and consistency of the outcomes 

obtained using various approach methods. By applying relation.(49), various parameter such as the 

average oscillator strength (S0) and the oscillator wavelength (λ0) for the Li0.5Co0.5FeCrO4 ferrite were 

found as follows [87]. 

1

𝑛2−1
=

1

𝑆0𝜆0
2 −

1

𝑆0𝜆2
  (49) 

Fig. 12b depicts the change of (
1

𝑛2−1
) 𝑣𝑠 

1

λ2 . From this data, the parameter λ0 was found to be 

571 nm, and the S0 value was computed to be 0.643×10-6 m-2 for our specimen (see Table 4). The 

average oscillator strength and characteristic wavelength of optical transitions in the spinel material 

are revealed by these measurements, which are essential for comprehending their optical 

characteristics and electrical structure. The static refractive index (n"0) can also be obtained in this 

way [88,89]: 

𝑛"0
2 − 1 = 𝜆0

2𝑆0  (50) 

In this regard, the expected value of 𝑛0
"  was found to be 1.10, this correlates well with those 

acquired from the Cauchy adjustment and the results derived from E0 and Ed. 

3.4.6. Optical Conductivity and Optical Dielectric Constants 

In this phase, we have assessed the optical conductivity (σop(λ)), complex optical permittivity 

( 𝜀(𝜆) ), real and imaginary components ( 𝜀1(𝜆) ), (𝜀2(𝜆) ), and optical loss factor (tan(δ)) for the 

Li0.5Co0.5FeCrO4 ferrite. These findings were computed using the following way [90–92]. 

𝜎𝑜𝑝𝑡 =
𝛼(𝜆)𝑛(𝜆)𝑐

4𝜋𝑘(𝜆)
  (51) 

𝜀(𝜆) = [𝑛(𝜆) − 𝑖𝑘(𝜆)]2 = 𝜀1(𝜆) − 𝑖𝜀2(𝜆)  (52) 

𝜀1(𝜆) = 𝑛2(𝜆) − 𝑘2(𝜆)  (53) 

𝜀2(𝜆) = 2𝑛(𝜆)𝑘(𝜆)  (54) 

tan(𝛿) =
𝜀2(𝜆)

𝜀1(𝜆)
 (55) 

The material's capacity for carrying light or electromagnetic radiation is measured by its optical 

conductivity denotes as σop(λ). As represents in Fig. 13a, the (σop(λ)) values were greater at shorter 

wavelengths and lower at longer wavelengths, indicating a strong photo-response of the spinel 

ferrite. This suggests that the material is more sensitive to light with higher energy photons, likely 

due to electron excitation. The real part of the permittivity 𝜀1(𝜆), which is linked to n(λ) and k(λ), 

followed a similar trend to the refractive index, as seen in Fig. 13b. Nonetheless, an insignificant rise 

in the imaginary portion, 𝜀2(𝜆), was noted as the wavelength increased, indicating slight energy 

dissipation or absorption as the wavelength grows (Fig. 13c). These results are consistent with similar 

findings in other compounds and offer valuable insights into the characteristics of spinel compounds 

when exposed to light [75,84]. Further, when exposed to an electric or electromagnetic field, the 

material's energy dissipation is measured by the optical loss factor, tan(δ). Fig. 13d shows the change 

of tan(δ) for Li0.5Co0.5FeCrO4 ferrite, which appears to rise at longer wavelengths [93]. 
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Fig. 13. (a) Optical conductivity (σop) versus λ for Li0.5Co0.5FeCrO4 spinel ferrite. (b) Real part of 

dielectric permittivity 𝜀1(𝜆). (c) Imaginary part of the dielectric permittivity 𝜀2(𝜆). (d) Variation of 

the optical loss factor tan(δ). 

3.5. Theoretically Optical Parameters. 

3.5.1. Reflection Loss (RL) and Polaron Radius (Rp). 

In this section , it is feasible to compute the reflection loss (RL) through utilizing this connection 

[94]: 

𝑅𝐿 = (
𝑛−1

𝑛+1
)2  (56) 

Here, n denotes the refractive index, RL stands for the reflection loss. As presented in Table 4, the 

value for RL was estimated as RL = 0.080 for Li0.5Co0.5FeCrO4 ferrite. In our case , the reflection loss 

value obtained for our specimen is lower compared to the undoped Li0.5Fe2.5O4 ferrite [95], indicating 

that the inclusion of Co and Cr reduces the reflection loss value . On the other hand, the polaron 

radius (Rp) refers to quasi-particles representing the interaction of electrons with ions in the specimen, 

which significantly influences its optical conductivity. It can be viewed as a self-trapped electron that 

moves between sites via lattice distortion. The defect levels at the nanoscale may be responsible for 

the polaron production in ferrite nanoparticles. Depending to their radius, polarons are categorized 

to be small or big in the lattice model. In ferrites materiels, lattice vibrations bring localized charge 

carriers closer together, leading to the formation of small polarons. The polaron radius can be 

determined using the appropriate calculation method as follows [96]: 

𝑅𝑝 = 0.5 (
𝜋

6𝑁
)1/3  (57) 
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The number of locations per unit volume, denotes by N, in this work, the N value was obtained 

based to the structure of ferrites compounds, which contain 64 tetrahedral and 32 octahedral locations 

per unit volume, yielding, N = 96/𝑎3 N. For our specimen, the estimated polaron radius was 0.734 

Å, as list in Table 4. This value is significantly smaller than all the hopping lengths between various 

cations in the structure (refer to Table 1). Consequently, since the polaron radius is less than the 

hopping lengths, it indicates the presence of small polarons in the present compound [96]. 

3.5.2. Molar Refractive Index (Rm) and Molar Electronic Polarizability (αm) 

The molar refractive index denotes by (𝑅𝑚), the refractive index (n) and molar volume (𝑉𝑚  =

 𝑀𝑤  / 𝜌𝑥) are linked by the Lorentz–Lorenz relation in the following manner [97]: 

𝑅𝑚 =
𝑛2−1

𝑛2+2
×

𝑀𝑤

𝜌𝑥
  (58) 

Here, 𝑀𝑤 represents the molecular weight, 𝑉𝑚 stands for molar volume and 𝜌𝑥 denotes the X–

ray density of our specimen. 

This formula can additionally be used to find the material's molar electronic polarizability (αm) 

as follows [98]: 

𝛼𝑚 =
3𝑅𝑚

4𝜋𝑁
  (59) 

From these formulae, the value of molar electronic polarizability (αm) was determined as 27.13 

Å3, and the Rm value was found to be 18.75 (cm3.mol-1) for our specimen (see Table 4). Also, the 

polarizability factor reflects the compound’s ability to respond to an electromagnetic field through 

the displacement of its electrons. The calculated value of αm clearly shows its direct proportionality 

to Rm factor. This relationship becomes important when exploring the material's non-linear optical 

properties, which depend on its electronic polarizability. When a light beam strikes the material, 

electronic polarization induces optical non-linearity. As a result, this effect is associated with various 

optical properties, such as the electro-optical effect, metallic ion concentration, and refractive index, 

which are essential for fabricating optical functional devices like memory devices, modulators, and 

optical sensors. 

3.5.3. Non-Linear Optical Parameters 

Nonlinear optics explores how light interacts with matter. Generally, a compound's optical 

response changes linearly with the strength of the induced electric field. However, at high power 

levels, the specimen's physical properties can change more rapidly, giving rise to nonlinear effects. 

The induced polarization for the sample is related to both linear and nonlinear susceptibilities, 

expressed as a series expansion of powers of the electric field intensity E, following the corresponding 

mathematical relation [99]: 

𝑃 = 𝜀0[χ(1)𝐸 + χ(2)𝐸2 + χ(3)𝐸3 + ⋯ ]  (60) 

In this part, 𝜒(1) denotes the linear susceptibility, while the second and third-order nonlinear 

susceptibilities are symbolized by 𝜒(2) and 𝜒(3). 

Nevertheless, 𝜒(2) is almost insignificant in optically isotropic glasses and in crystals with a 

symmetry center structure, as referenced by Lines et al. [100]. Furthermore, by means of the linear 

refractive index, the linear optical susceptibility (𝜒(1)) may be predicted as follows: 

χ(1) =
𝑛2−1

4𝜋
  (61) 

Yet, Miller's theory establishes a clear connection among the linear optical susceptibility 

𝜒(3) and the nonlinear optical susceptibility 𝜒(3) [101,102]: 

χ(3) = 𝐴[
𝑛2−1

4𝜋
]4 ≅ 𝐴[χ(1)]4  (62) 
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In this formula, A = 1.7×10-10 esu represents the frequency-independent constant [102], with 1 esu 

is the same as 1.4×10-8 m2.V-2. In the greater wavelength level, the refractive index tends to the static 

refractive index (𝑛0
′ ), as the value (hv) gets closer to zero, and Eq. (61), (62) take on the following form: 

χ(1) =
𝑛0

′2−1

4𝜋
  (63) 

χ(3) ≅ 𝐴[
𝐸𝑑

4𝜋𝐸0
]4  (64) 

Through reference [101], the nonlinear refractive index n2 may be predicted from the nonlinear 

susceptibility χ(3). 

𝑛2 =  
12𝜋χ(3)

𝑛0
′   (65) 

Table 4 offers a summary of the expected values of χ(1), χ(3), and n2. These characteristics' values 

are aligned closely with those reported for other materials regarded as promising candidates for 

nonlinear applications, including lasing, telecommunication, optical switching, modulators, and 

ultrafast optical communication [99,103]. 

4. Conclusions 

In conclusion, the Rietveld analysis of X-ray diffraction data confirms the cubic spinel structure 

for the Li0.5Co0.5FeCrO4 specimen. SEM analyses revealed that the grain size of our specimen is 

approximately 0.51 μm. FTIR data was employed to examine the elastic properties of the material. 

This analysis enabled the determination of key parameters, including elastic moduli, Pugh ratio, 

Debye temperature etc, which offer valuable insights into the compound's elastic behavior. 

Subsequently, the computed Eg value for Li0.5Co0.5FeCrO4 sample, making our specimen a promising 

candidate for visible light absorption . Additionally, it is obvious that the incorporation of Co and Cr 

elements in Li0.5Fe2.5O4 compound clearly lowers its band gap energy, which improved its 

optoelectronic properties. Our specimen shows a low Eu energy around 0.416 eV. As a result, the 

reduced appearance of defects and enhanced structural integrity for Li0.5Co0.5FeCrO4 sample can be 

detected by the relatively smaller Eu value. 
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