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  Abstract 
Recently, the addition of impurities or dopants has significantly altered the properties of 
Zn₃P₂. Doping has led to enhancements in various applications, including electrical, 
spintronic, optoelectronic devices, and lithium-ion batteries. Due to its direct band gap 
energy, luminescence, and room-temperature ferromagnetic behavior, Zn₃P₂ has shown 
improved performance in different forms such as single crystals, thin films, powders, 
and nanostructures. This review highlights the current theoretical and experimental un-
derstanding of ferromagnetism in Zn₃P₂ and other II-V diluted magnetic semiconductors, 
with a particular focus on the properties of Zn₃P₂-based diluted magnetic semiconduc-
tors. The transition elements influence the host (Zn3P2) system and magnetic order at low 
dopant concentrations. We explained the Zn3P2 system's theoretical and experimental 
studies on how it is influenced by spintronic applications. We talk about the various uses 
of the Zn3P2 system in the future as well as the impacts of magnetic interactions. More-
over, we discussed recent literature on Zn3P2 and its results, with the key directions of 
development, serving as beginning, an orientation, and stimulation for upcoming re-
search. 
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1. Introduction 

The discovery of spin-dependent electron transport channels in solid-state devices in the 1960s provided the impetus for 
the creation of spintronics as a field of research. A recent field called spintronics combines the intrinsic spin property of 
electrons with charge. Today, dilute magnetic semiconductors (DMSs) are popular for spintronics device materials. The 
most common DMS materials fall into the II-IV, IV-VI, and II-VI classifications [1]. It is possible to create these diluted 
magnetic semiconductors by doping host semiconductor material with transition metal and rare earth elements such as Fe, 
Mn, Ni, Gd, Nd, etc. Diluted magnetic semiconductors require room-temperature ferromagnetism to operate. These days, 
versatile and sophisticated electronic devices are crucial due to their affordability and mobility. "Spintronics," which was 
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developed to address this unmet need, is one of the emerging technologies that might be utilized to produce a new class of 
electronic devices. The ability of large integrated circuits to control electron flow in semiconductor materials offers sig-
nificant benefits for both processing and communications technologies [2]. High-speed networks require a large number 
of electronic transistors in an integrated system. Incorporating and positioning a high number of transistors is challenging, 
and because of their sheer quantity, they use a lot of power and produce more heat. To overcome these limitations in 
traditional electrical systems, the researchers resorted to spintronics instead of electronics. Magnetism is first incorporated 
into non-magnetic semiconductors to create spintronic devices [3]. Future electronic gadgets will have to overcome chal-
lenges including synthesizing materials with semiconducting and ferromagnetic properties. In spintronics devices, elec-
trons' inherent magnetic moments and spin may be seen and manipulated in addition to their fundamental charge. Dilute 
magnetic semiconductors are excellent candidates for spintronic devices because they can behave as ferromagnetic semi-
conductors with a variety of characteristics. Consequently, during the last 20 years, research on DMS materials has ex-
ploded. In recent times, the concept of "spintronics" has gained significant attention due to a notable finding in magnetic 
ion-doped II-VI semiconductor compounds and oxides, that highlights the manifestation of ferromagnetism [4]. This dis-
covery could enable semiconductor devices to harness both electron spin and charge, opening up new possibilities in device 
design and functionality. 

The II-V dilute magnetic semiconductors (DMS) include compounds like Cd3P2, ZnAs2, Zn3As2, Cd3As2, and Zn3P2. To 
be useful, these materials must exhibit ferromagnetism at room temperature when doped with transition metals or rare 
earth elements. This has mostly been theorized by several researchers. Very limited people reported on Zn3P2 material 
based on experimental studies.  One of the class II-V semiconducting materials, zinc phosphide (Zn3P2), is a polar, mixed-
valent, earth-abundant, and inexpensive semiconducting substance. Zinc phosphide is a p-type semiconducting material 
that is easily produced as thin films and nanoparticles [5-8]. Zinc phosphide has good photovoltaic potential and a direct 
band gap of 1.5 eV at 300 K [9]. The P42/nmc space group (No. 137) describes the initial tetragonal structure of the Zn3P2 
and unit cell of Zn3P2, where a = b = 8.0970, and c = 11.4500 and α = β = γ = 90° [10]. Zn3P2 has a high carrier diffusion 
length and optical absorption coefficient (13 x 106 µm and 104-105 cm-1, respectively). II-V semiconductors doped with 
transition metal ions like iron, nickel, and manganese are ideal candidates for dilute magnetic semiconductors (DMS), as 
their low carrier concentration and enhanced ferromagnetic exchange interactions between the magnetic ions make them 
particularly effective. In contrast to commonly researched transition metal (V, Cr, Mn, Fe) doped Zn3P2, a theoretical study 
was conducted based on ab initio [11]. Recent experimental investigations have investigated the optical, magnetic, and 
structural characteristics of Zn3P2 systems doped with several combinations of magnetic transition elements, including Mn, 
Ni, and Fe, as well as the paired combinations of Ni and Mn, Fe and Ni, and Fe and Mn [12-17]. 

In this study, we discuss a novel class of Zn₃P₂-based diluted magnetic semiconductors, explore various compounds 
from the II-V alloy family, and examine how these materials influence dopant behavior and magnetic properties. 

2. Crystalline Structure of Zn3P2 

D.M. Stepanchikov et al., [18] discussed the crystal structure and band structure of Zn3P2. Zn3P2 belongs to a family of 
four II-V semiconductors that share similar crystal structures, along with Cd3P2, Zn3As2, and Cd3As2. The variety of crys-
talline structures distinguishes substances with the chemical formula II-V from one another. Near the conventional FCC 
packing, they have anion surfaces. The tetrahedral vacuum is only partially filled by the cations of the anions. Due to the 
precise proportion of vacancies in their cation substrates, they may even be regarded as stoichiometric. All crystalline 
formations' distinctive properties are governed by various ways in which these vacancies are distributed. Examples of 
materials with a cubic symmetry include fully disordered high-temperature phosphide β-phases. Tetragonal symmetry is 
visible in the partially ordered crystals (α-phases). 

T = 1118 K is the temperature at which Zn3P2 crystals undergo a phase transition (β→α). An energy of 0.078 eV is 
commonly associated with the positional order that results from this transition.  In the following section, we aim to ex-
amine the low-temperature, moderately ordered tetragonal phases. The crystal structure of Zn3P2's tetragonal modification 
is characterized by a unit cell that has a primitive tetragonal lattice. Within this unit cell, there are a total of 16 phosphorus 
(P) atoms and 24 zinc (Zn) atoms, as seen in Figure 1. The space group assigned to the crystal structure is P42=nmc, and 
the unit cell parameters are determined to be a = b = 8.0889 and c = 11.4069. 
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Figure 1. Typical representation of the Zn3P2 crystal structure, with larger spheres representing P and smaller spheres representing 

Zn atoms. Adapted from Ref. [18] Copyright 2009, Institute for Condensed Matter Physics. 

The presence of vacancies in one-quarter of the cation sublattice positions enables differentiation between these crys-
talline structures. Although phosphorus atoms occupy only six of the eight corners of the cube, each zinc cation exhibits 
tetrahedral coordination with its four nearest phosphorus neighbors. The current scenario is characterized by the presence 
of these elements at just six out of the eight corners of the cube. On each of the diagonal corners of a cubic face, as well 
as at the opposite ends of the cubic diagonal, two vacant spaces may be seen. Figure 1 can be examined to see that there 
are four cations and two different types of phosphorus layers. The locations of cation vacancies vary between the four 
cation layers. This configuration, which consists of two stacked packets normal to the major axis, is considered by some 
writers to be the simplest polytype. The modified extended elementary cell, with dimensions of a√2 x a√2 x c, may be seen 
as the alternating arrangement of two distinct stacked packets along the primary axes X and Y. This is because the extended 
elementary cell has a larger surface area than the original elementary cell. Each packet consists of four atomic layers, 
which together form the extended elementary cell. Because the cations (A, C) and the anions (A, B) in the packet are 
positioned such that they are near one another, the equation X = A, B is true.  

Furthermore, the use of the coordinate system of the extended elementary cell enables the transformation of packet X 
into packet Y, and vice versa, by the application of partial translations. These translations possess a value equivalent to 
(a√2 + c)/2. This is accomplished via the use of partial translations. The principal axis of crystallography runs in a direction 
that is orthogonal to the atomic layers and the stacked packets. The contact between the metal atoms in such configurations, 
which are more tightly packed than in III-V and II-VI compounds, should be improved, increasing the metallic contribution 
to the chemical bond. These materials typically contain 4/3 electrons per bond, which is much less than the typical 2 
electrons per bond seen in tetrahedral coordination semiconductors. This relative paucity of bonding electrons causes equi-
librium bond lengths to shorten. A significant proportion of the link lengths within the tetrahedral coordination, namely 56 
out of the total 96, exhibit proximity to or alignment with the sum of covalent radii, measuring 2.41 Å. Conversely, the 
remaining 40 bond lengths are seen to be shorter than the sum of ionic radii, which amounts to 2.86 Å. The coordinates 
corresponding to zero energy are found to be situated near the upper region of the hh-band. Based on this particular inter-
pretation, it is suggested that the lh and hh valence bands exhibit the narrowest width. 

 
Figure 2. Zn3P2 Energy band structure. Adapted from Ref. [18] Copyright 2009, Institute for Condensed Matter Physics. 
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Figure 2 shows the energy band structure of Zn3P2. It is essential to comprehend selection principles to classify exciton 
states and to understand optical band-to-band transitions. The selection criteria for Zn3P2 are influenced by the light's 
polarization vector (ep). The highlighted transitions at the Γ point were those that were considered "allowed". These tran-
sitions included both the light polarised perpendicular (ep⊥c) and parallel (ep ǁ c) to the main crystallographic c-axis. 
Additionally, the transitions Γ± → Γ∓ were observed specifically for the light polarised perpendicular to the c-axis (ep⊥
c; I, J 6.7). Figure 3 shows the allowed and forbidden transition of Zn3P2. Forbidden transitions in (ep ǁ c) are only seen 
when the value of k0 is equal to zero. These transitions include the conversion of a state Γ± to a state Γ∓. These transitions 
are permitted close to the k0 = 0 point. For the "allowed" transitions, only s-excitons can be produced, while only p-excitons 
can be produced for the "forbidden" transitions.  

Both longitudinal and transverse excitations are produced under (ep⊥c) polarization circumstances. However, in (ep ǁ c) 
polarization circumstances, the longitudinal excitons are not produced. As is well known, stacked crystals have a higher 
likelihood of producing transversal excitons. As a result, only transverse excitons were taken into consideration hereunder. 

 
Figure 3. Diagrammatic representation of Zn3P2's localized level placements and transitions. Adapted from Ref. [18] Copyright 2009, 

Institute for Condensed Matter Physics. 

The spin-orbit interaction was inadvertently omitted while calculating the exciton energy. Now, we have reached a stage 
where we may examine the two-exciton series, which exhibits coupling with the conduction band (c) as well as the valence 
bands associated with heavy and light holes (hh, lh). These assumptions have facilitated our progress up to this juncture. 
The permissible transitions of an exciton characterized by a principal quantum number of n=1 can elucidate a significant 
proportion of visual phenomena. The binding energy of the primary exciton state is either equivalent to or greater than the 
average thermal motion energy, which is about 25.8 meV when measured at room temperature and denoted as k0T. This 
implies that the binding energy of the main exciton state is either equal to or greater than the average energy associated 
with thermal motion. Even under conditions of ambient temperature, it is possible to accurately forecast the specific wave-
lengths at which absorption or luminescence maxima occur in the optical spectrum. This may be attributed directly to the 
preceding discussion. This statement holds irrespective of the presence or absence of the 2D-exciton spectrum in bulk 
crystals or thin films, as well as its level of reinforcement. Furthermore, this is true irrespective of whether or not it has 
been reinforced. 

3. Literature Survey of Zn3P2 and II-V Diluted Magnetic Semiconductors 

3.1 II-V Group Diluted Magnetic Semiconductor  

According to a literature survey of II-V group compounds, there is little work on room-temperature ferromagnetism. II- 
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group elements are Zn, Cd, Hg, Cn, and V- group elements are N, P, As, Sb, and Bi, combining these two groups form 
new compounds are Cd3P2, Cd3As2, ZnAS2, Zn3As2, Zn3P2, etc. These dilute magnetic semiconductors are doped with 
transitional metal ions (Fe, Ni, Cr, and Co).  

3.1.1 Fe-doped Zn3P2 
To examine [19] the magnetic and electrical properties of Fe-doped zinc phosphide (Zn3P2), initial calculations were con-
ducted using the density functional theory (DFT) as the foundational methodology. According to the findings of the ex-
periment, both the ferromagnetic state and the half-metallic ground state are stable at low quantities of Fe. The heat of 
production was calculated, and the lowest total energies in the ferromagnetic and nonmagnetic phases were examined to 
determine the stability of the doped material. Calculations yield a significant value for the magnetic moment, and they 
imply that the Fe-doped Zn3P2 might be a viable material in semiconductor spintronics. 

3.1.2 Ti-doped Zn3P2 
The study used [20] first-principles density functional theory (DFT) calculations to examine the structural, electrical, and 
magnetic properties of the Ti-substituted Zn3P2 molecule. The study examines the effects of substituting one or two tita-
nium (Ti) atoms in the Zn3P2 unit cell, which consists of eight molecules per formula unit and a total of 40 atoms. The 
findings of our study indicate that the substitution of a single Ti atom promotes the ferromagnetic phase due to its lower 
total energy compared to the nonmagnetic phase. Based on our calculations, it can be inferred that the magnetic moment 
at the titanium (Ti) location exhibits a significant magnitude.  

3.1.3 Fe, Ti, V, Cr, Mn, Co doped Zn3P2 
Using ab initio research, [11] studied a doped Zn3P2 matrix with transition elements (TM=Fe, Ti, Cr, Mn, and Co) and 
examined the magnetism, structural stability, and density of states that are spin-dependent as well as the half-metallic 
property. Transition metal atoms were inserted in the pure matrix at the concentrations of 2.5% and 5%. It has a stable 
ferromagnetic (antiferromagnetic) ground state and a half-metallic structure. The calculation of production heat was con-
ducted to investigate the structural and magnetic stability of the substituted compounds. Specifically, the lowest total en-
ergies associated with the ferromagnetic, antiferromagnetic, and nonmagnetic phases were examined. Doped transition 
elements in a pure matrix are found to rise to the compounds' magnetism and the observed half-metallic property. Utilizing 
the charge density contours, researchers looked into this issue using the predicted densities of states for the atom, orbital, 
and spin. They also looked at the type of bonding in these systems. According to the computations, the magnetically stable 
phases exhibit significant magnetic mobility. Ultimately, these findings possess potential use in the realm of semiconductor 
spintronic applications. Additional X-ray diffraction findings were obtained, which were subsequently verified after the 
introduction of chromium doping into a pristine matrix. These results perfectly matched the pure matrix diffraction plane 
and all planes are very sharp and strong. It indicates the preferable crystallinity. 

3.1.4 Fe, Ni, Mn, Ni-Mn, Fe-Ni and Mn-Fe doped Zn3P2 
Recently discussed [12-17] the experimentally, aims specifically to attain room temperature ferromagnetism in Zn3P2 sys-
tems doped with transition metals and examine potential mechanisms for it. In the following sections, experiments and 
key observations of each dopant are briefed. In this study, iron, nickel, and manganese doped with zinc phosphide (Zn3-

xTMxP2), TM=Fe, Ni, Mn, Ni-Mn, Fe-Ni, and Mn-Fe) the system was synthesized by a solid-state reaction method. Struc-
tural, morphological, composition, optical, photoluminescence, and magnetic properties were investigated. The XRD anal-
ysis revealed that TM-doped samples showed a tetragonal structure and no secondary phase peaks were observed in the 
diffraction patterns.  

The SEM study revealed that the size of agglomerations slightly increases with increasing dopant concentration. The 
elemental analysis confirmed that all the Fe, Ni, and Mn-doped Zn3P2 nanoparticles are nearly stoichiometric. The diffuse 
reflectance spectra were used to calculate the optical bandgap of the TM-doped Zn3P2 nanoparticles and it increased with 
the increase of dopant concentration. PL studies confirmed all emission peaks are in the same wavelength position and 
slight intensity changes with increasing dopant concentration. The M-H hysteresis loop of the pure and TM-doped Zn3P2 
nanoparticles shows that the transition from weak to strong ferromagnetism correlates with increased dopant concentration, 
suggesting enhanced exchange interactions. The magnetic moment obtained from the present studies suggests that the TM-
doped Zn3P2 nanoparticles may be a useful material in semiconductor spintronics. Table 1 shows the saturation magneti-
zation of Zn3P2 doped with Fe, Ni, and Mn via solid-state reaction method. 
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Table 1. Transition metals (Fe, Ni, and Mn) doped Zn3P2 system, magnetization values based on experimental results 

Sample Magnetization (Ms) (emu/g) References 

Zn0.92Fe0.08P2 0.2312 [12] 

Zn0.93Ni0.07P2 0.0418 [13] 

Zn0.92Mn0.08P2 0.1181 [14] 

Zn0.91Ni0.02Mn0.07P2 0.2517 [15] 

Zn0.89Fe0.02Ni0.09P2 0.2021 [16] 

Zn0.90Mn0.02Fe0.08P2 0.2495 [17] 

3.1.5 Ti-doped Cd3P2 
In this investigation [21], the use of density functional theory is employed to analyze the magnetic and electrical properties 
shown by the Ti-doped Cd3P2 material.  Pure Cd3P2 has a basic tetragonal form in its crystal structure at room temperature 
(space group: P42/nmc (137)). Eight units of the Cd3P2 formula, or 40 atoms (Cd=24 and P=16), are present in the unit 
cell. While the P atoms are located in the unit cell's 4c, 4d, and 8f P42/nmc symmetry sites, the Cd atoms occupy three 
different sorts of 8g places. The first and second Ti atoms are replaced by Cd3P2. According to the results of certain 
simulations, the magnetic moment of the Ti atom increased when it was substituted with the Cd atom. As a direct result of 
this, the system could exhibit magnetic order. According to the results, magnetic order is preferred in the system when it 
is in the ferromagnetic configuration. This configuration may be thought of as having one Ti atom swapped. This was 
shown by the fact that the system generated less total energy overall when compared to the simulations that did not consider 
spin polarisation. In the calculations for the ferromagnetic and antiferromagnetic configurations, the two Ti atoms that 
were located in the unit cell were switched out for other atoms. The evaluation of magnetic stability in the substituted 
compounds included the identification of the phase with the lowest total energy among the ferromagnetic, antiferromag-
netic, and nonferromagnetic phases. This was done by comparing the energy levels of all three phases. Systems with one 
or two Ti atoms substituted in Cd3P2 exhibited features of metal and created magnetic order. These systems also exhibited 
metallic properties.  According to the results of certain calculations, the magnetic moment of a titanium atom is rather 
big. The nearby cadmium and phosphorus atoms were found to contribute small magnetic moments. 

3.1.6 Mn doped Zn3As2 
This article examines, [22] the magnetic properties of (Zn1-xMnx)3As2 with x = 0.08–0.13. To learn more about the exist-
ence and make sense of MnAs clusters in this material, samples with a rather high Mn content were used. It describes how 
various clusters affect the high-temperature magnetic freezing phenomenon. The modified Bridgman technique achieves 
the growth of ZMA single crystals, which involves the slow cooling of a molten substance in a furnace while subjecting it 
to a controlled temperature gradient. The discussion pertains to the structure, composition, and homogeneity of the speci-
mens, as well as the details about their processing and characterization. The direct current (DC) magnetic measurements 
were conducted at two distinct temperature ranges: 3–310 K and 250–500 K. These measurements were performed using 
a SQUID magnetometer, which significantly expanded the temperature range from 5-220 K. 

To eliminate any possible residual magnetism, the sample underwent an annealing procedure lasting between 0.5 and 2 
hours at a temperature ranging from 150 to 200 °C before to each measurement. The investigation used a temperature 
range spanning from 3 to 500 K and magnetic fields of up to 60 kG to examine the magnetic properties of the (Zn1-

xMnx)3As2, an II-V diluted magnetic semiconductor. Upon increasing the temperature to 280 K, a notable reduction in the 
magnetization of all samples is seen. In the context of magnetic fields ranging from five to eighty G and temperatures 
below the blocking temperature of two hundred fifty degrees Kelvin, it can be shown that the temperature dependence of 
magnetic susceptibility exhibits mostly irreversible behavior. When the pressure exceeds 15 kG, the absence of zero field-
cooled susceptibilities and field-cooled susceptibilities becomes apparent. There are likely two distinct magnetic subsys-
tems that may be identified based on the existence of certain qualities. These properties include ferromagnetic MnAs 
nanoclusters as well as paramagnetic centers consisting of a single Mn ion and an antiferromagnetic cluster that can be 
either open or closed. Based on the results, it was observed that AF clusters larger than triplets had no discernible impact 
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on the PM response, up to a magnitude of 0.12 in the PM reaction. A phenomenon known as a blocking transition has been 
seen in the dynamics of the magnetic moments of the ferromagnetic (FM) clusters. This transition occurs at a temperature 
about ten percent lower than the Curie temperature associated with ferromagnetism in bulk MnAs. This discovery enabled 
the determination of the Curie temperature of ferromagnetism in bulk MnAs. The observed occurrences at low magnetic 
fields indicate an apparent irreversibility in the blocking transition, suggesting that it is irreversible. The observed size 
distribution of MnAs clusters in ZMA is found to be indistinguishable from that of (Zn1-xMnx)3As2, suggesting that both 
materials undergo a comparable mechanism for generating MnAs nanoparticles. 

3.1.7 Mn-doped ZnAs2 
The compound Zn1-xMnxAs2 may be synthesized by the process of replacing manganese (Mn) for zinc (Zn) in the com-
pound ZnAs2. The paper [23] provides an analysis of the attributes of the host material. The investigation focused on the 
synthesis of the Zn1-xMnxAs2 dilute magnetic semiconductor and its magnetic properties, to develop a novel series of II-V 
compounds including transition metal elements. Creating Zn1-xMnxAs2 single crystals requires a modified version of the 
Bridgman process. They have the same structure as the ZnAs2 complex, which is their parent when x is 0. Between tem-
peratures of 2 and 500 degrees Celsius, the magnetic properties of Zn1-xMnxAs2 are investigated at fields as high as 60 kG 
for x values of 0.01, 0.05, and 0.1. When temperatures are raised over 300 degrees Kelvin, the magnetic nature of every 
sample begins to rapidly drop. The magnetic susceptibility exhibits a high degree of irreversibility in response to temper-
ature variations when subjected to low magnetic fields ranging from 2 to 200 G, particularly at temperatures below the 
critical temperature of around 250 K. This occurs when the temperature is low enough. After the magnetization has attained 
100% saturation, a nonlinear field dependence may be seen between B~1-2 kG and 40 kG. This may be the case between 
the two values. Between 2 and 300 K, its reliance on temperature is almost non-existent. MnAs clusters are the key to 
deciphering the mystery behind the magnetic properties. The cluster size distribution that was generated makes use of three 
overlapping Gaussian functions, each of which reaches its maximum at 1.7, 2.4, and 3.3 nm. It is determined that the 
corresponding magnetic moments at 300 K are 1.5, 4.1, and 10.4 in terms of 103 µB. 

3.1.8 Mn doped Cd3As2 
In this study [24], investigated the properties of the semi-magnetic semiconductor (Cd1-xMnx)3As2. Specifically, evaluated 
its magnetization, susceptibility, and specific heat across a temperature range spanning from 0.5 K to 300 K. Additionally, 
we explored these properties under the influence of magnetic fields up to 25 T, focusing on samples with a Mn concentra-
tion of 18%. The findings of these experiments had beneficial outcomes. The results of these tests have shown their relia-
bility in producing accurate findings. A reduction in temperature may lead to an observed shift from the conventional glass 
state to the spin glass state. Based on the findings, it is evident that apart from the significantly influential closest neighbor 
interaction, there exists an antiferromagnetic (AF) long-range interaction, which may be characterized as either J1/R3 or 
J1/R4 in its nature. This phenomenon is seen at extended distances. The research findings indicate that the magnetic moment 
on the Mn sites is around 4.4 magnetons, and the distribution of magnetic ions is completely stochastic. To calculate the 
thermodynamic parameters, we used an extended iteration of the closest neighbor pair correlation technique, according to 
the provided specifications to direct our research efforts. The provided estimations of Cm, M, and X (Ki) seem to be 
reasonable, given the values of J0/KB= -30 K and J1/KB= -20/R4 K (where R represents the distance to the nearest neighbor 
in units of Ki). In addition, we explore alternate hypotheses about the exchange mechanism in (Cd1-xMnx)3As2 and examine 
the possible generalizability of our model to other semi-magnetic semiconductors. 

3.1.9 Ti-doped Cd3P2 
In this study [25], ab initio calculations were conducted using density functional theory to evaluate the magnetic and 
electrical properties of Cd3P2 compounds with one or two Ti atoms substituted. This was done to do the analysis. The non-
magnetic, ferromagnetic, and antiferromagnetic phases all had their lowest total energies studied so that the magnetic 
stability of the substituted compounds could be determined. According to the findings of our research, Cd3P2 complexes 
in which one or two Ti atoms were substituted may have developed magnetic order and metallic properties. The Ti atom 
should have a substantial magnetic moment, according to our hypothesis. Furthermore, it has been shown that the proximity 
of Cd and P atoms leads to the generation of a minor magnetic moment.  
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Table 2. Literature survey of Zn3P2 

System Form Technique followed Observations References 

Experimental 

Blulk 

Zn3P2 Crystal Vapor transport using a 
Capsule method 

The capsule method is used to control the 
vapor composition during the vapor growth 

process. 
[26] 

Zn3P2, 
Cd3P2, 
Cd3As2 

Crystal Static sublimation and 
Piper-Polich Periodic bond chain (PBC) analysis [27] 

Zn3P2 Crystal - Chemical bonding from X-ray diffraction 
analysis and deformation density maps [28] 

Zn3P2: In Crystal Flux technique Growth of bulk crystals and Hall effect 
measurement analysis [29] 

Zn3P2: Li Crystal Ball milling Structural and ion batteries analysis [30] 

Thin films 

Zn3P2 Thin film Physicochemical method 
Study of optical properties of nanocrystal-
line materials, X-diffraction, and surface 

morphology 
[31] 

Zn3P2 Thin films Plasma-assisted vapor 
phase deposition (PAVPD) 

Electrical and optical properties using sub-
strate temperature [32] 

Zn3P2 Thin films Co-Evaporation Structural, morphological, and optical prop-
erties studies [33] 

Zn3P2 Thin films Hot-wall deposition Growth rate, structural and electrical prop-
erties [34] 

Zn3P2 Thin films Metalorganic chemical va-
por deposition (MOCVD) 

x-ray diffraction and electrical conductivity 
analysis of growth temperature [35] 

Zn3P2 Thin films Hot wall deposition Optical absorption and photoconductivity 
studies [36] 

Zn3P2 Thin films Tauc power Law Energy gap based on temperature depend-
ences [37] 

Zn3P2 and Cd3P2 Thin films Metalorganic chemical va-
por deposition (MOCVD) 

x-ray diffraction, photoluminescence, pho-
toconductivity, and Hall effect studies [38] 

Zn3P2 and Cd3P2 al-
loy Thin films Electron beam evaporation Electrical conductivity, Photoconductivity, 

and Hall mobility analysis [39] 

Zn3P2 Thin films Close space evaporation Source to substrate distance [40] 

Zn3P2 Thin films Vacuum deposition Low-energy electron bombardment [41] 

Zn3P2 Thin films Hot wall deposition Low resistivity [42] 

Theoretical 

Zn3P2 DFT-LCAO (Linear combinations of 
atomic orbital method) calculations 

Structural and Electrical Properties 
Using the LCAO method finds the electronic structure cal-

culations 
[43] 

Zn3P2 Pseudopotential Band structure and properties of Zn3P2 [44] 

Zn3P2 Density functional theory (DFT) Zinc phosphide nanowires for photochemical H2 produc-
tion [45] 

 
Table 2 shows the literature survey of Zn3P2 and its observations. Table 2 describes the Zn3P2 system's many qualities, 

including its structural, optical, electrical, and magnetic characteristics, and how it is employed in various deposition pro-
cesses. Furthermore, thin-film production of the Zn3P2 system with doping transition and rare earth elements is feasible in 
the future. The Zn3P2 semiconductor thin films had emerged as promising solar cell materials. One of the major advantages 
of this material is that it is available in sufficient abundance to fulfill the requirements of large-scale power generation. 
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4. Conclusion 

In summary, Zn₃P₂ is an abundant and cost-effective material naturally found on Earth. According to the current and 
previous literature review, there has been less research done on this topic than on other diluted magnetic semiconductors 
(II-IV, IV-VI, and II-VI). The majority of academics invited theoretical studies for spintronic applications in the Zn3P2 
system. The Zn3P2 system's ferromagnetism was verified by theoretical and experimental investigations using transition 
elements (V, Cr, Mn, Fe, and Co). Furthermore, the Zn3P2 system may be susceptible to ferromagnetism if doped with 
rare-earth metals. Zn3P2 is an experimentally studied semiconducting material that will be employed in spintronic applica-
tions and lithium-ion batteries in the future. Zn3P2 may also be easily deposited in thin films utilizing chemical and physical 
deposition methods, and it is utilized in optoelectronic applications. Additionally, we comprehended the Zn3P2 system 
applied to the manufacturing of solar cell devices. We believe this material holds great promise for human society since it 
can be used in a greater number of low-cost applications.  
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