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In the present work, the structural, electronic, magnetic, and thermodynamic properties of ternary com- 

pounds of composition XMn 2 Y 2 (X = Ca, Sr; Y = P, As) are reported. The calculations are performed 

using the full potential augmented plane wave method (FP-APW) within the framework of density func- 

tional theory (DFT) as integrated with the WIEN2k code. The volume optimization is performed for dif- 

ferent spin configurations to obtain the optimized unit cell structure, using the minimum energy con- 

siderations. It is found that the studied systems favor the antiferromagnetic (AFM) structure. Calculated 

structural parameters are in good agreement with the existing data. Based on their band structures and 

density of states (DOS), CaMn 2 P 2 , SrMn 2 P 2 , and SrMn 2 As 2 have a metallic character, while CaMn 2 As 2 
is a semiconductor with a narrow band gap of 0.1161 eV on using GGA and as metallic when GGA + U 

is employed. The density of states diagrams show that the Mn-3 d state contributes majorly to the va- 

lence band and the lower part of the conduction band. From stable geometries of XMn 2 Y 2 compounds, 

it is evident that the Mn atoms are coupled antiferromagnetically in all the compounds. The large value 

of T C for CaMn 2 As 2 shows strong correspondence among the magnetic atoms. Owing to their suitable 

magnetic characteristics, these compounds can be used in applications such as Colossal magnetoresis- 

tance (CMR) or Giant magnetoresistance (GMR), single-molecule magnets, read heads, spin filters, spin 

valves, magnetic sensors, and in spintronics applications. Furthermore, temperature and pressure depen- 

dence of thermodynamic properties of these materials have been examined in the ranges (0–800 K) and 

(0–18 GPa), respectively. 
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. Introduction 

Zintl compounds possess a strong history of scientific study 

ince their early discovery by Edward Zintl in the 1930s [1–3] . 

he condensed matter community has recently regained interest 
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n these compounds due to their frequent layered transition metal 

tructures AN 2 C 2 pnictides (A = alkaline metal, N = transition 

etal, C = P, As, Sb, Bi) being of long-term interest in materi- 

ls physics, exhibiting interesting properties, especially in mag- 

etism and superconductivity [4] . Even though various structures 

re found in the Zintl phases, most of them have been studied 

or their remarkable magnetic properties, which are valuable for 

 variety of applications, such as single-molecule magnets [5] and 

ead heads [6] . These materials are also of great technological sig- 



Fig. 1. Optimize structure of XMn 2 Y 2 , (X = Ca, Sr; Y = P, As) compounds. 

Fig. 2. Optimization plots showing energy versus volume for CaMn 2 P 2 , CaMn 2 As 2 , SrMn 2 P 2 and SrMn 2 As 2 , respectively. 
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ificance as “colossal” or “giant” magneto-resistive (CMR or GMR) 

aterials; at the same time, magneto-resistance in metallic thin 

lms (MTF) is highly capable of altering their resistivity on the 

pplication of external magnetic field [7–9] . Several researchers 

ave been reported work on electro-positively ternary alkaline- 

arth compounds of the composition AB 2 X 2 (A = Ca, Sr; B = Mg,

e, Zn, Cd; X = N, P, As, Sb, Bi) [10–15] , which reveal that such

B 2 X 2 compounds crystallize in the trigonal CaAl 2 Si 2 structure if 

he B element has a spherically symmetric d-electron distribution 

d °, d 

5 , d 

10 configuration) in their electronic configuration [10–12] . 

hen these conditions are fulfilled, the radius ratio r a : r b is also 

n important parameter in deciding the possibility of forming this 

tructure, whereas the size of the X element has little influence. 

hen the temperature T is of the order of ∼200 K, the properties 
f these materials are essentially metallic in this regard and usu- 

lly show similar structural transition and antiferromagnetic (AFM) 

pin-density wave state. The iron-arsenide layer plays a vital role 

s the conducting sheet in the growing of superconducting state 

n BFe 2 As 2 ternary compounds [ 16 , 17 ]. Hence to find suitable ma-

erials for efficient superconductors, it is necessary to work on 

ther related materials with similar structures and compositions. 

uch ternary compounds as follows, SrNi 2 As 2 [18] and BaNi 2 As 2 
19] have been found to become superconductors at Temperatures 

 T c = 0 . 62 K) and ( T c = 0 . 7 K), respectively. On the other hand,

rCo 2 As 2 [20] and BaCo 2 As 2 [21] have similar structures with the 

ame period metals except for Ni replaced by Co, but they have no 

ong-range electronic correlations, contributing to superconducting 

nd structural properties. However, the inelastic neutron scattering 



Fig. 3. Electronic band structures of CaMn 2 P 2 and CaMn 2 As 2 in both spin channels using GGA. 
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easurements show that SrCo 2 As 2 exhibits effective AFM connec- 

ion with similar patterns and shapes of wave vectors as shown by 

eAs. An interesting question is that though SrCo 2 As 2 is not a high- 

 c superconductor [22] , it shows strong ferromagnetic (FM) spin 

orrelation, proven by NMR measurements. In FeAs, a high range 

f T c is observed with the help of advanced NMR studies [23] . 

Zheng and Qin [24] studied the structural and magnetic prop- 

rties of K M 2 B 2 (K = Sr, Ca, M = Cr, Co, Cu, Fe, Mn, Ni, and

 = P, Sb, As) hexagonal transition metal pnictides in the domain 

f their structure similarity, next-nearest-neighbor (N-N-N) effi- 

ient and effective antiferro-magnetic (AFM) exchange couplings 
sing density functional theory. In both the Sr and Ca-based fami- 

ies, the next-nearest-neighbor (N-N-N) effective antiferromagnetic 

AFM) exchange couplings achieve the highest value in the iron- 

ased materials. While the nearest-neighbor (N-N) AFM interac- 

ions, which are mainly attributed to the direct magnetic exchange 

echanism, are extremely strong in the Cr/Mn-based materials, 

nd magnetic interactions are incredibly weak in Co / Cu / Ni- 

ased materials. 

Despite significant previous research on thorium (Th), barium 

Ba), and calcium (Ca) based ternary intermetallic systems [ 42–

4 , 46 ], as well as lanthanide-based and transition metal oxides 



Fig. 4. Electronic band structures of SrMn 2 P 2 and SrMn 2 As 2 in both spin channels using GGA. 
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TMO) compounds [ 45 , 47 , 48 ], possessing large magnetoresistance 

M-R), they typically receive more attention due to their applica- 

ions in spin filters, spin valves, magnetic sensors, and spintronic 

evices. But, other compounds with the same compositions like 

Mn 2 Y 2 (X = Ca, Sr; Y = P, As) have not been studied yet. 

In this work, the ternary compounds of the composition 

Mn 2 Y 2 (X = Ca, Sr; Y = P, As) in trigonal (See Fig. 1 ) structure with

pace group P ̄3 m1 (No. 164) [25] have been investigated using 

ensity functional theory. This work is important because, so far, 

ot enough literature is available on the theoretical investigation 

f these compounds. Therefore, this work can provide a platform 

or further theoretical work and investigations of such compounds, 

d

hich have high potential for spintronic applications, and further 

dvances in magnetism and superconductivity experimental work. 

. Computational details 

First-principles DFT calculations [ 26 , 27 ] based upon Non- 

agnetic (NM), AFM, and spin-polarized FP-APW method 

28] within PBE-GGA [29] and GGA + U [30] framework are 

erformed using WIEN2k code. The appropriate U eff values for 

hese compounds were adopted to be 7, 7.5 and 7.9 eV [41] . The

ave functions are also increased in extent in the interstitial 

omain to plane waves with a cutoff of K max = 7.0 / RMT, which is 



Fig. 5. Electronic band structures of CaMn 2 P 2 and CaMn 2 As 2 in both spin channels using GGA + U. 
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atisfactory in view of the common average radius of muffin-tin 

pheres providing us R MT and K max symbolizes the highest value 

f magnitude of K vector that accommodates all the meaningful 

lane waves. The separation energy between valence and core 

tates is −6.0 Ry. The basic non-overlapping muffin-tin radii are 

hosen as (2.5, 2.1, 1.86) au, (2.5, 2.32, 2.06) au, (2.5, 2.14, 1.9) 

u, and (2.5, 2.22, 2.11) au for (Ca, Mn, P), (Ca, Mn, As), (Sr, Mn,

) and (Sr, Mn, As) elements, respectively. The 10 0 0 k points 

onkhorst–Pack mesh is used [ 29 , 31 ] in the Brillion zone for

aMn 2 P 2 , CaMn 2 As 2 , SrMn 2 P 2, and SrMn 2 As 2 compounds in the

FM phase. To get exact transport properties, a dense mesh of 

a

0 0 0 k points has been used. The Quasi-harmonic Debye model 

 32 , 33 ] has been employed to study the pressure and temperature 

ependence of some significant thermodynamic parameters. 

. Results and discussion 

.1. Structural properties 

Structural properties of ternary compounds, XMn 2 Y 2 (X = Ca, Sr; 

 = P, As), are determined using PBE-functional. The optimization of 

nalyzed configurations is done in five different spin phases, which 



Fig. 6. Electronic band structures of SrMn 2 P 2 and SrMn 2 As 2 in both spin channels using GGA + U. 
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re of current interest because of their applications and specifically 

elong to antiferromagnetic (A-AFM, C-AFM, G-AFM), paramagnetic 

PM), and ferro-magnetic (FM) type of materials. Fascinatingly, the 

onsidered materials become stabilized in the A-AFM phase. The 

ntiferromagnetic phase is established by means of the energy dif- 

erence �E = E FM 

-E AFM 

shown in Table 1 , which provides positive 

alues for all the compounds. The present calculated structural 

roperties ( Fig. 2 and Table 1 ) are in good agreement with the ex-

erimental [21] and other theoretical reports [24] . An increase in 

he lattice constants and unit cell volume in Ca and Sr based com- 

ounds is observed on replacing P with As due to the difference 

e

n their atomic sizes, as predicted from Table 1 . Values of the Bulk 

odulus B 0 , which are obtained by volume optimization, are also 

isted in Table 1 for XMn 2 Y 2 (X = Ca, Sr; Y = P, As). Larger value of B 0 

or SrMn 2 P 2 shows that this compound is harder and usually less 

ompressible than the other compounds included in this study. 

.2. Electronic properties 

From the electronic structure of these compounds, it is revealed 

hat every material shows unique properties due to their differ- 

nt band structures. The ferromagnetic band structures of XMn Y 
2 2 



Fig. 7. DOS plots for paramagnetic ternary compounds XMn 2 Y 2 (X = Ca, Sr; Y = P, As). 

Table 1 

Calculated lattice parameters, V o (a.u) 3 , a ( ̊A), B (GPa), and E 0 (Ry) for antiferromagnetic ternary compounds along with experimental and other theoretical results. 

Vo a c B(GPa) E0 (Ry) T C (K) 

A-AFM C-AFM G-AFM �E = E FM -E AFM 

CaMn 2 P 2 
Exp: 

Theory 

579.80 4.10 

4.10(a) 

4.11(b) 

6.82 

6.84(a) 

6.80(b) 

92.39 −7364.08 −7364.06 −7364.04 0.01 525.60 

CaMn 2 As 2 
Exp: 

Theory 

750.04 4.25 

4.24(a) 

4.26(b) 

7.1 

7.03(a) 

7.00(b) 

79.59 −15040.01 −15039.05 −15039.83 0.11 5781.6 

SrMn 2 P 2 
Exp: 

Theory 

602.15 4.14 

4.17(a) 

—- 

7.18 

7.13(a) 

—- 

173.65 −12362.98 −12362.93 −12362.92 0.03 1576.8 

SrMn 2 As 2 
Exp: 

Theory 

710.88 4.2 

4.31(a)’ 

—- 

7.19 

7.31(a) 

—- 

54.20 −20038.85 −20038.82 −20038.74 0.01 525.60 

a Ref: [21] , b Ref: [24] 

7



Fig. 8. GGA + U calculated DOS plots for CaMn 2 P 2 and CaMn 2 As 2 in Antiferromagnetic phase in both spin types. 

Fig. 9. GGA + U calculated DOS plots for SrMn 2 P 2 and SrMn 2 As 2 in Antiferromagnetic phase in both spin types. 
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to be included in the calculations. 
X = Ca, Sr; Y = P, As) by employing the two approximations (viz.

BE-GGA and GGA + U) with spin-up and spin-down channels along 

he high symmetry directions in the first Brillouin zone are illus- 

rated in Figs. 3 , 4 , and Figs. 5 , 6 , respectively. It is established

rom Figs. 3–6 that CaMn 2 P 2 , SrMn 2 P 2 , and SrMn 2 As 2 are metallic

n nature with overlapping valence and conduction bands; while 

aMn 2 As 2 is a semiconductor with a small narrow band gap of 

.1161 eV with GGA ( Fig. 3 ) and shows metallic character on using

GA + U ( Fig. 5 ). To understand the electronic origin of band struc-

ures, total and partial densities of states (DOS) are also calculated 

or all the four compounds, and relevant DOS plots are displayed 
n Figs. 7–9 . Along with the stable AFM phase, the PM phase has

lso been investigated in the present work due to the possibility 

hat these materials can exist in the PM phase above Neel tem- 

erature. From the projected density of states (PDOS), as shown in 

ig. 7 , one can see that Ca- d , Sr- d , and Mn- d states and P- p , As- p

tates mainly contribute to the total density of states (TDOS) in the 

M phase. The DOS close to the Fermi level (E F ) of the PM phase

hows the metallic nature of the studied materials, and they may 

e unstable mainly because of the Stoner argument [34–36] , and 

ossibly another phase is achieved on permitting spin polarization 



Fig. 10. Variation of unit cell volume with temperature and pressure for XMn 2 Y 2 . 
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Further, the DOS of CaMn 2 P 2 , CaMn 2 As 2 , SrMn 2 P 2 , and

rMn 2 As 2 are also calculated in AFM phase, as shown in 

igs. 8 and 9 with GGA + U method. DOS analysis helps to see

ow much each state contributes to the conduction and valence 

ands, respectively. The major contributions are made by d (Ca, 

n 1 , Mn 2 ), p (P), and d (Ca, Mn 1 , Mn 2 ), and p (As) states for

aMn 2 P 2 and CaMn 2 As 2 , respectively, in both spin-types. Interest- 

ngly, Mn-3d in CaMn 2 As 2 and SrMn 2 As 2 are moved toward the VB 

n GGA + U approximation, indicating that GGA + U is more appro- 

riate for accurately describing the exchange and correlation inter- 

ctions in the given systems. 

The p states of anions (P, As) and cation (Ca- d ) is positioned in

alence Band (VB) and Conduction Band (CB) mainly for both spin- 

ypes. For spin-up, Mn 1 -d state is switched oppositely to that Mn 2 - 

 in spin-down channel, it means that both Mn atoms are well 

djusted antiferromagnetically. In these compounds, p - d hybridiza- 

ion is indicated between p (P, As) and d (Mn) orbitals. Hybridiza- 

ion for AFM is vital for unfilled d -band based upon (direct or dou- 

le) exchange. These AFM states show that direct exchange cou- 

lings occur between two nearest-neighbor (NN) Mn atoms. The 

OS plot of CaMn 2 P 2 shows metallic character, and similarly, for 

aMn 2 As 2 , it shows very narrow band gap of 0.1161 eV at the E F 
or both spin types with GGA and metallic with GGA + U as appar-

nt from Figs. 7 and 8 . 

For SrMn 2 P 2 and SrMn 2 As 2 , the DOS schematic plots are shown 

n Fig. 9 . The major contributions to total DOS are from d (Sr, Mn 1 ,

n 2 ), p (P) and d (Sr, Mn 1 , Mn 2 ), p (As) states for SrMn 2 P 2 and

rMn 2 As 2 , respectively, in both spin styles. Similarly, cation (Sr) 

nd anions (P, As) contribute majorly. In spin-up and down config- 

t

rations, Mn 1 - d and Mn 2 - d contribute oppositely to each other in

oth compounds. The starting and ending of the density of states 

or these cases are the same, suggesting that in AFM case both the 

agnetic moments are zero. The DOS of the compound SrMn 2 P 2 
hows its metallic nature, and SrMn 2 As 2 shows semimetal charac- 

er across the E f in both spins states ( Fig. 9 ). 

.3. Magnetic properties 

To describe the magnetic nature of these Zintl compounds, 

e analyzed ferromagnetic and antiferromagnetic configurations 

y employing the GGA and GGA + U schemes. The basic source of 

trong magnetization in these compounds is the unoccupied Mn- 

 d orbital. Furthermore, the Mn-3 d state splits into partially filled 

ub- d states. This initiates ferromagnetism in the above-stated 

ompounds. The magnetic moments per unit cell in ferromagnetic 

nd antiferromagnetic configurations are listed in Tables 2 and 3 , 

espectively. In both GGA and GGA + U schemes, it is observed that 

n ions provide the most contribution to the total magnetic mo- 

ent as compared to the interstitial regions and individual atoms. 

n case of GGA + U calculations, by varying the U eff values from 7 to

.9 eV for XMn 2 Y 2 (X = Ca, Sr; Y = P, As), we note an increase in the

otal magnetic moment due to the increasing partial magnetic mo- 

ents of Mn, X and Y atoms. The negative values of the magnetic 

oments of Y atoms indicate that they exhibit an anti-parallel 

lignment with Mn to reduce the net magnetic moments, while 

he positive values of the magnetic moment of X atoms show that 

hey are aligned parallel to the Mn atom. 



Fig. 11. Bulks modulus (B) versus temperature and pressure for XMn 2 Y 2 . 

Table 2 

Magnetic moments of the interstitial domain (m 

inst ) , individual atoms (m 

Ca/Sr , m 

Mn1 ,m 

Mn2, m 

P/As ) and entire unit cell 

(m c ) for ternary compounds XMn 2 Y 2 (X = Ca, Sr; Y = P, As) for spin Ferro configuration using GGA and GGA + U. 

Magnetic Moments CaMn 2 P 2 CaMn 2 As 2 SrMn 2 P 2 SrMn 2 As 2 

GGA 

m c 3.5 5.1 4.2 5.7 

m 

inst 0.077 0.172 0.204 0.2361 

m 

Ca/Sr 0.0007 -0.0007 0.005 0.009 

m 

Mn 1.81 2.59 2.0854 2.87381 

m 

P/As -0.1070 -0.0970 -0.0791 -0.12124 

GGA + U 

U eff= 7 eV 

m c 4.7 5.12 4.22 5.8 

m 

inst 0.871 0.708 0.745 0.718 

m 

Ca/Sr 0.0858 0.0546 0.0601 0.0377 

m 

Mn 2.15 2.3 1.53 2.88 

m 

P/As -0.0247 -0.0081 -0.0798 -0.0168 

U eff= 7.5 eV 

(Ueff= 7 eV) 

m c 4.8 5.13 4.3 5.82 

m 

inst 0.873 0.697 0.761 0.704 

m 

Ca/Sr 0.0858 0.0531 0.0618 0.0337 

m 

Mn 2.16 2.32 1.55 2.9 

m 

P/As -0.0249 -0.0109 -0.0774 -0.0083 

U eff= 7.9 eV 

m c 4.82 5.15 4.4 5.83 

m 

inst 0.874 0.688 0.835 0.693 

m 

Ca/Sr 0.0855 0.0519 0.0628 0.0327 

m 

Mn 2.18 4.6180 2.1 2.92 

m 

P/As -0.0248 -0.0139 -0.0579 -0.0106 



Fig. 12. Debye temperature ( θD ) versus temperature and pressure for XMn 2 Y 2 . 

Table 3 

Magnetic moments of the interstitial domain (m 

in s t ), individual atoms (m 

Ca/Sr , m 

Mn1 ,m 

Mn2, m 

P2/As2 ) 

plus total cell for XMn 2 Y 2 (X = Ca, Sr; Y = P, As) for spin Antiferromagnetic configuration using 

GGA + U. 

Compound m 

Inst m 

Ca/Sr m 

Mn 1 m 

Mn 2 m 

P1 /As 1 m 

P2 /As 2 m c 

CaMn 2 P 2 0.0002 0.0000 2.6485 −2.6479 −0.0201 0.0201 0.0008 

CaMn 2 As 2 0.0000 0.0000 3.3291 −3.3291 −0.0101 0.0101 0.0000 

SrMn 2 P 2 −0.0003 −0.0000 2.6405 −2.6415 0.0340 −0.0340 −0.0014 

SrMn 2 As 2 0.0000 0.0000 3.6678 −3.6678 0.0063 −0.0063 0.0000 
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From the analysis of the GGA and GGA + U approximations in 

erromagnetic configuration, it is observed that the magnetic mo- 

ent value shows an increasing tendency when the Hubbard pa- 

ameter is increased. The total cell magnetic moments, m c , for 

ach compound and individual atomic magnetic moments in an- 

iferromagnetic configuration with GGA + U are given in Table 3 . As 

an be seen from Table 3 that in all XMn 2 Y 2 compounds, both Mn

toms are well coupled antiferromagnetically. We have also com- 

uted the Curie temperature (T C ) of XMn 2 Y 2 (X = Ca, Sr; Y = P, As)

ompounds by the analytical method [ 37 , 38 ] and compared it with

revious work [39] in Table 1 . The Larger value of T C for CaMn 2 As 2 
hows the substantial interaction among the magnetic atoms in 

his compound as compared to other compounds investigated in 

he present research. 

.4. Thermodynamic properties 

The attractive thermodynamic properties of these compounds 

ave been calculated by means of quasi-harmonic Debye model 
 32 , 33 ]. For pressure and temperature variations in the ranges 0 to

8 GPa and 0 to 800 K, respectively, the corresponding deviation 

f volume (V), specific heat at constant volume (C v ), Bulks mod- 

lus (B), thermal expansion ( α), and Debye temperature ( θD ) are 

etermined for XMn 2 Y 2 . In Fig. 10 , the volume of the unit cell is

lotted against temperature and pressure. It can be observed from 

hese plots that volume is directly proportional to the temperature 

t a certain pressure. Conversely, volume is inversely proportional 

o the change in pressure at a certain temperature. Usually, this 

rocess is frequently used in solids because with larger pressure 

ompression occurs, and larger increase in temperature expansion 

ccurs in solids. From Fig. 11 , it is observed that the bulk moduli 

f all the compounds investigated in the present research show op- 

osite trend as compared to volume deviation. The bulk modulus 

hows a direct relationship with the pressure and inverse relation 

ith temperature in all the compounds. The argument for this rise 

nd fall in B with pressure and temperature is due to the fact that 

hen temperature decreases, the hardness increases due to reduc- 

ion in cell dimensions and volume, and similarly, the hardness 



Fig. 13. Nature of specific heat at constant volume (Cv) versus temperature and pressure for XMn 2 Y 2 . 
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ncreases with an increase in pressure. In both cases, bulk mod- 

li increase, whereas increasing temperature causes an increase in 

nter-atomic distance and volume of the unit cell. Thus, pressure 

as an inverse relation with temperature. The value of B calculated 

rom optimization closely agrees with the thermodynamic data. Fi- 

ally, we have shown the variation of Debye temperature ( θD ) with 

emperature for XMn 2 Y 2 in Fig. 12 . The temperature above which a 

rystal displays classical behavior is called Debye temperature ( θD ). 

ebye temperature describes the precise arrangement of material 

roperties like its thermal expansion and specific heat capacity. It 

s seen that θD decreases with increasing temperature and pres- 

ure. The calculated value of Debye temperature at 300 K and 0 

Pa is 564 K. 

In Fig. 13 , the dependence of specific heat at invariant volume 

C V ) on temperature and pressure is shown for these compounds. 

he phase transition or lattice vibrations are determined by C V, 

nd it increases the motion of the molecules. It may be observed 

rom Fig. 13 that C V is growing fast from 0 to 110 K for all the

ompounds, while it increases in ascending order from 0 GPa to 

8 GPa, and for higher than 120 K temperature, a slow increase 

s observed in C V , further, it becomes constant at about 500 K 

nd reaches the Dulong-Petit limit [40] . The calculated value of 

 V for CaMn 2 P 2 , CaMn 2 As 2 , SrMn 2 P 2 , and SrMn 2 As 2 at 200 K and

 GPa are 86, 98, 98, and 102 J mol −1 K 

-1 . The computed val-

es of C V under ambient conditions can provide useful informa- 

ion for experimental work. The behavior of thermal expansion co- 

fficient ( α) with changes in pressure and temperature is shown 

n Fig. 14 . It is seen that ‘ α’ increases rapidly up to 400 K, above
 m
hich a slow rise in ‘ α’ is observed. This is due to saturation of

 α’ above 400 K. The thermal expansion coefficient has an inverse 

elation with pressure; with rising pressure, ‘ α’ decreases rapidly, 

s shown in Fig. 14 . The value of ‘ α’ for CaMn 2 P 2 , CaMn 2 As 2 ,

rMn 2 P 2 , and SrMn 2 As 2 under 200 K and 0 GPa pressure was

ound to be 1.75 × 10 −5 K 

−1 , 3.75 × 10 −5 K 

−1 , 3.25 × 10 −5 K 

−1 ,

nd 3.8 × 10 −5 K 

−1 , respectively. 

. Summary 

In summary, we have investigated the structural, electronic, 

agnetic, and thermodynamic properties of XMn 2 Y 2 compounds 

sing first-principles calculations. From energy considerations for 

ifferent phases, it has been established that in all XMn 2 Y 2 com- 

ounds, both Mn atoms are well coupled antiferromagnetically in 

-AFM phases. From the demonstration of projected density of 

tates (PDOS) diagrams, a well-defined hybridization occurs be- 

ween Mn-3 d and P- p states and similarly for Mn-3d and As- p 

tates. We have found that CaMn 2 P 2 , SrMn 2 P 2 , and SrMn 2 As 2 com-

ounds possess metallic character, whereas CaMn 2 As 2 is a semi- 

onductor with a narrow band gap of 0.1161 eV with GGA and is 

etallic with GGA + U. Larger value of T C for CaMn 2 As 2 shows the

resence of strong interaction among the magnetic atoms as com- 

ared to other compounds. Further, the thermodynamic parame- 

ers of these compounds indicate strong pressure and tempera- 

ure dependence. Owing to their promising magnetic characteris- 

ics, these compounds are suitable for application in spin valves, 

agnetic sensors, and spintronic devices. 



Fig. 14. Thermal expansion ( α) with respect to temperature and pressure for XMn 2 Y 2 . 
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