PHYSICAL REVIEW B 112, 104443 (2025)

Magnetoelastic-coupling-assisted first-order antiferromagnetic transitions in the corrugated

honeycomb-lattice compounds (Ca, Sr)Mn,P,

Santanu Pakhira®,'2" Liran Wang 2N.S. Sangeetha ,3 Aashish Sapkota ,% Teslin R. Thomas,?> Andreas Kreyssig 3

Frédéric Hardy,> Anna E. Bohmer®,? Christoph Meingast,? and David C. Johnston ©*>
' Department of Physics, Maulana Azad National Institute of Technology Bhopal 462003, India
2Institute for Quantum Materials and Technologies, Karlsruhe Institute of Technology, 76131 Karlsruhe, Germany
3Experimental Physics IV, Ruhr University Bochum, 44801 Bochum, Germany
4Ames National Laboratory, lowa State University, Ames, lowa 50011, USA
3Department of Physics and Astronony, lowa State University, Ames, lowa 50011, USA

® (Received 28 January 2025; revised 10 July 2025; accepted 3 September 2025; published 29 September 2025)

Understanding the origin of unconventional magnetic order is a central theme in the research field of functional
quantum materials for spin-dependent applications. In general, a paramagnetic (PM) to antiferromagnetic (AFM)
transition is of thermodynamically second order in nature in the absence of a magnetic field. In the magnetically
frustrated corrugated-honeycomb lattice compounds (Ca, Sr)Mn,P,, electrical resistivity p measurements in
the ab plane are reported to exhibit sharp discontinuities at the respective PM to AFM ordering temperatures
Tn = 69.5 and 53 K, respectively, signifying the unusual first-order nature of the AFM transition. To reveal
the origin of such anomalous transitions, high-resolution linear thermal-expansion measurements are reported
for both CaMn,P, and SrMn,P, in the ab plane and along the ¢ axis using capacitance dilatometry. The
thermal expansion measurements show a sharp discontinuity in AL/L at Ty, yielding a diverging behavior in
the thermal expansion coefficient «(7') associated with strong magnetoelastic coupling, driving the first-order
AFM transition in CaMn,P,. However, this effect is weaker in StMn,P,, consistent with the magnetic entropy
changes S(7T') obtained from the heat-capacity measurements. Temperature-dependent ab-plane x-ray diffraction
measurements for CaMn,P, near its 7y yield a volume thermal expansion coefficient consistent with literature
data for other materials. The uniaxial pressure derivatives of Ty in the two compounds are found to be respectively
opposite in sign, presumably due to the different magnetic structures.

DOI: 10.1103/x3t1-np4q

I. INTRODUCTION

Novel functional magnetic materials comprise a modern
realm of science and technology. Although ferromagnetic
materials, which exhibit a spontaneous net magnetization
are widely used in many technologies, the presence of
stray magnetic fields and instabilities in the presence of
a weak magnetic field restricts its application in many
cases. In contrast, the absence of stray fields, high intrinsic
precession frequency, and high stability to magnetic per-
turbations in antiferromagnetic (AFM) materials are quite
advantageous in many spin-transport-based applications. Re-
cently, AFM materials have gained significant interest in
spintronics applications such as in spin sensors, magnetoresis-
tive random-access memory (MRAM) devices, spin-transfer
torque MRAM devices, and spin switches [1-5]. In or-
der to verify and enhance the adaptability of functional
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AFM materials for spin-transport applications, it is thus of
significant interest to understand the types and mechanisms
of the magnetic transitions in such materials.

A paramagnetic (PM) to AFM transition in zero mag-
netic field is usually thermodynamically of second-order.
However, AFM materials with first-order transitions in zero
field can have enhanced functionality and performance in
spin-transport-based applications due to the higher energy
efficiency associated with the sharp change in the thermo-
dynamic state with temperature, robustness, different AFM
states, as well as faster switching speed. However, experi-
mental realization of such materials is quite rare in nature
[6-10]. Recently, two compounds CaMn,P, and SrMn,P,
with the trigonal CaAl,Si, structure containing corrugated Mn
honeycomb layers were discovered to exhibit first-order AFM
transitions associated with latent heats. In 2020, CaMn,P,
was found from electrical resistivity o and heat capacity C,
measurements versus temperature 7' to exhibit a first-order an-
tiferromagnetic (AFM) transition at its Néel temperature Ty =
69.5 K [11]. Subsequently, both CaMn,P, and StMn,P, were
respectively found from C,(T') complemented with NMR
spectroscopy measurements to exhibit strong and weak first-
order transitions at their respective Ty = 69.5 and 53 K as
shown in Fig. 1 [12]. As the number of compounds with
first-order AFM transition is quite limited, it is of great interest

Published by the American Physical Society
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FIG. 1. Heat capacity C, versus temperature T for (a) StMn,P,
and (b) CaMn,P,, exhibiting first-order transitions at the associated
Ty, respectively [12]. The large difference between the ordinate
scales indicate that CaMn, P, undergoes a strong first-order transition
whereas SrMn, P, exhibits a much weaker one at the respective Ty.
The insets show the entropy changes (Table II) across the transition
temperatures, respectively, where that for StMn,P, is much weaker
than for CaMn,P;.

to understand the mechanism and coupling energies driving
the first-order transitions in CaMn,P, and SrMn,P, in order
to develop such materials for technological applications. The-
oretical calculations and neutron-diffraction measurements
indicated that the Mn spins in the Ca compound exhibit single-
ion anisotropy with the emergence of Potts nematicity below
Tx [13]. This insight underscores the intricate interplay of
magnetic interactions and structural distortions driving the
first-order AFM transitions observed in these compounds.
Here we report thermal-expansion measurements «(7")
in the ab plane and along the ¢ axis on CaMn,P, and
SrMn,P; crystals using high-resolution capacitance dilatome-
try across their respective first-order AFM phase transitions
that also covered the full temperature range from 4 K to
300 K. We also carried out volume thermal-expansion mea-
surements using 7' -dependent x-ray diffraction measurements
on CaMn;P; near its 7y. In addition, we measured the changes
in the resistivity p(7) of both CaMn,P, and StMn,P, at and
near their respective Ty. A sharp discontinuity in the AL/L
at Ty reveals a strong magnetoelastic coupling driving the

where the first-order transition is much weaker in nature. All
measurements and the comparative studies are consistent with
a strong first-order transition at 7y of CaMn,P, and a weak
one at Ty of SrMn,P».

The experimental details are given in Sec. II and the
ab-plane electrical resistivity data are presented in Sec. III.
The volume thermal expansion measurements using single-
crystal x-ray diffraction are shown in Sec. IV A and the linear
thermal-expansion «(7') measurements obtained using capac-
itance dilatometry are presented and discussed in Sec. IV B.
The temperature dependences of the Griineisen parameters
calculated from the C,(T) and «(T) data are presented in
Sec. IV C. Concluding remarks are given in Sec. V.

II. EXPERIMENTAL DETAILS

CaMn;P, and SrMn,P, crystals were grown in Sn flux
and characterized as described in Ref. [12]. Semiquantita-
tive chemical analyses of the crystals were obtained using
a Coxem scanning-electron microscope with an energy-
dispersive x-ray detector, yielding the expected molar ratio
(Ca or Sr):Mn:P = 1:2:2. The presence of Sn or other impu-
rities in the crystals was not detected to within the instrument
sensitivity.

Four-probe dc p(7T) measurements were carried out using a
Keithley 2400 source meter as well as a Keithley 6221/2182A
delta mode setup in a closed-cycle cryostat. Electrical contacts
to a crystal were made using annealed 0.025 mm diameter Pt
wires and silver paint. The dimensions of the crystals used for
the measurements were 1.04 mm x 0.9 mm x 1.01 mm for
CaMn,P, and 1.1 mm x 0.4 mm x 0.5 mm for SrMn,P>.

Temperature-dependent thermal-expansion measurements
were carried out between 5 K and 300 K using a home-built
high-resolution capacitance dilatometer [14]. Both in-plane
and c-axis measurements were made on crystals of typi-
cal 1-2 mm dimensions. No significant differences in the
thermal expansion anomalies were observed for the two crys-
tallographic in-plane hexagonal directions, and, therefore, the
in-plane data are simply labeled as “in-plane.”

To obtain additional volume thermal-expansion data,
single-crystal x-ray diffraction measurements at Ames Na-
tional Laboratory were performed on a four-circle diffrac-
tometer using Cu K,; radiation from a rotating-anode
X-ray source using a germanium (1,1,1) monochromator. A
He closed-cycle refrigerator was used for the temperature-
dependent measurements between 11 and 300 K. Three Be
domes were used as a vacuum shroud, heat shield, and the
last innermost dome containing the sample, respectively. The
innermost dome was filled with a small amount of He gas
to improve thermal contact with the crystal surface. Mea-
surements were carried out on a single crystal attached to
a flat copper sample holder attached to the cold finger. The
mosaicities of the crystal were less than 0.03° for both the
(0,0,5) and (1,0,5) r.l.u. reflections at all measured temper-
atures. The positions of the reflections were fitted using
a Lorentzian lineshape and used to determine the lattice
parameters of the crystal in the temperature range from
40-90 K.
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FIG. 2. (a) Log,,(04») of CaMn,P, versus T, indicating an insu-
lating ground state for 7 — 0 K. The inset shows expanded plots
of the data on warming and cooling through 7y, where a clear
hysteresis is seen as appropriate for a first-order AFM transition. (b)
log,o(pa») versus 10°/T. Three linear regions are observed, yielding
the activation energies listed. The solid black lines are fits to the data
and the black dashed curves are extrapolations of the fits.

III. ab-PLANE ELECTRICAL RESISTIVITY
MEASUREMENTS

Logarithmic plots of the ab-plane electrical resistivity pg
versus temperature 7 for CaMn,P;, and SrMn,P, are shown
in panels (a) of Figs. 2 and 3, respectively. These show that
both compounds are insulators for 7 — 0 K, in contrast to
the semiconducting nature reported earlier for StMn,P; [15].
Plots of log ;04 versus 10 /T (K) are shown for the two com-
pounds in Figs. 2(b) and 3(b), respectively. Each shows three
linear regions with activation energies listed in the respective

\ \

(@) SrtMn,P,

75 T T T ]
Ty=534Q)K | 4

-e- warming
— cooling

Py (€2 cm)
=
T

| I I
52 53 54 55

10" 16 E
10" g ! ! ! ! 3
0 50 100 150 200 250 300
T (K)
T T T T T T T
T ) SrMn,P,

log, [Py,(€2 cm)]

| | |

10T (K™

FIG. 3. (a) Log,,(pa») of StMn,P, versus T, indicating an insu-
lating ground state for 7 — 0 K. The inset shows expanded plots of
the data on warming and cooling through 7y, where no hysteresis
is observed. (b) log,,(pa) versus 10°/T. Three linear regions are
observed as indicated by solid lines, yielding the respective activation
energies listed. The dashed lines are extrapolations of the fits.

figures, and also listed in Table I. The intrinsic activation en-
ergy (A athigh T') of each is in the range 39-49 meV. Smaller
activation energies occur at lower temperatures as listed in
Table I. It is unusual to have multiple 7 -dependent activation
energies, the origin of which remains to be resolved.

IV. THERMAL EXPANSION MEASUREMENTS

A. Single-crystal x-ray diffraction

The volume thermal expansion versus 7' for CaMn,P;
obtained from single-crystal x-ray diffraction measurements
is plotted in Figs. 4(a) and 4(b), respectively, for warming

TABLE I. Activation energies A obtained over restricted temperature intervals by the linear fits in Figs. 2(b) and 3(b) by log,, p = A +

A/(2.303 kgT), where kg is Boltzmann’s constant.

Activation energy

Compound Temperature range A (meV)

CaMn,P, [Fig. 2(b)] Fit 1 85 K< T <120K A =39.47(1)
Fit 2 I8K< T <29K A, =9.02(1)
Fit 3 6K< T <8K A, =0.74(1)

StMn,P, [Fig. 3(b)] Fit 1 65K< T <105K A =49.43(2)
Fit 2 27K< T <35K A, =9.88(1)
Fit 3 1I6K< T <18K A, = 16.63(1)
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TABLE II. Entropy change (from Fig. 1) along with the uni-
axial and hydrostatic pressure derivatives of 7y for CaMn,P, and
SI'MI]sz.

AS dTy dIn din
dpa dpe d phydrostatic
Compound (J/mol K) (K/GPa) (K/GPa) (K/GPa)
CaMn,P, 2.17 + 6.87 —2.13 +11.48
SrMn, P, 0.15 —1.08 +4.73 +2.00

and cooling cycles. The data are also compared with the
volume thermal expansion estimated from thermal expansion
measurements (discussed later). The average volume thermal
expansion coefficient 8 both above and below Ty is 8 =
2.18(6) x 107> K~!. The discontinuity of the unit-cell vol-
ume upon warming or cooling through 7y = 69.0 K reflects
the first-order nature of the AFM transition. From Fig. 4(b),
there is no clear difference between the values of 8 observed
above and below Ty.

B. Capacitance dilatometry

The ab-plane and c-axis relative length changes AL/L and
associated thermal expansion coefficients o« = (1/L)dL/dT
versus T are shown for CaMn,P, in Figs. 5(a) and 5(b), re-
spectively. Clear sharp first-order discontinuities are observed
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FIG. 4. A comparison of the unit cell volume V. = a’c of
CaMn,P; in units of cubic angstroms versus temperature 7" deter-
mined using single-crystal x-ray diffraction (SCXRD) and thermal
expansion measurements using capacitance dilatometry on (a) warm-
ing and (b) cooling through 7y = 69.5 K.
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FIG. 5. (a) Change in the crystal length AL normalized by L3y
in the ab plane and the ¢ axis versus temperature 7 for CaMn,P,.
Also shown is the change in the volume/3 versus 7. (b) Linear
thermal expansion coefficient « versus temperature 7' for the ¢ axis
(blue), in the ab plane (red), and the volume/3 versus T (green).
In (b), o in the ab plane at Ty increases to a value of about 600 x
10-¢ K~! (not shown).

at Ty = 69 K along each direction, with opposite signs for ab-
plane and c-axis directions. The volume expansion anomaly
at the transition is dominated by the ab-plane discontinuity.
Using the Clausius-Clapeyron equation

ATy AL:/L;

, 1
dpi molar AS ( )

where Violar 1S the molar volume and AS is the change in
entropy on heating through Ty, we calculate the following uni-
axial and hydrostatic pressure derivatives of Ty for CaMn,P,
using the measured value of AS =2.17 J/mol K and the
unit-cell volume of 99.88 A as

dT;
N _ 16.87 K/GPa,
dpa
dTy
= —2.13 K/GPa, )
dpc
dT;
N — }11.48K/GPa.
d Phydrostatic
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FIG. 6. (a) Change in the crystal length AL normalized by L3y
versus temperature 7 for StMn,P,. (b) Linear thermal expansion
coefficient « versus temperature 7 for the ¢ axis (blue), the ab plane
(red), and the volume/3 (green) versus T for StMn,P,.

The obtained values are also listed in Table II. The
AL/L and associated thermal-expansion coefficients o =
(1/L)YdL/dT of SrMn,P, are shown in Figs. 6(a) and
6(b), respectively. In contrast to CaMn,P,, the thermal
expansion of SrMn,P; shows very weak first-order discon-
tinuities at 7y = 53 K, which are only clearly visible in
the o(T) data in Fig. 6(b). However, the thermal expansion
exhibits pronounced precursor effects above Ty along both di-
rections. These are apparently weak in the data for CaMn;P;.
Again, we use these data to calculate the uniaxial and hydro-
static pressure derivatives of Ty for StMn,P; using AS = 0.15
J/mol K and V. = 107.87 A3, yielding

dT;
N o _1.08K/GPa,
dpa
dTx
= +4.73 K/GPa, 3)
dp.
dT;
— N — 12.00K/GPa.
dphydrostatic

The uniaxial d7x/d p values of StMn,P, are of opposite sign
to those of CaMn;,P; in Eq. (2), and d T /d phydrostatic» although
also positive, is a factor of six smaller than for CaMn,P;.

The contrasting differences in the pressure derivatives
of the Néel temperature in the isostructural CaMn,P, and
SrMn;, P, can be understood from their magnetic behavior.
Although the crystal structure of both compounds remains
the same, the magnetic behavior of the compounds differs.
In these compounds with R3m symmetry, Mn atoms from
two adjacent trigonal layers are arranged in an A-B stack-
ing pattern, creating a corrugated honeycomb structure. In
the transition metal bilayer, there are no atoms between the
magnetic Mn atoms, so the main interaction between nearest
neighbors is likely a direct Mn-Mn coupling. The interactions
between next-nearest neighbors are probably mediated by
Mn-P-Mn superexchange pathways [13]. In this corrugated
honeycomb structure, the nearest-neighbor (NN) exchange
interaction J; couples two Mn ions from two adjacent trigonal
layers, i.e., along the ¢ axis, whereas, next-nearest-neighbor
(NNN) exchange interaction is between the neighboring Mn
ions in the same trigonal layer. The magnetic behavior of these
compounds is largely controlled by the relative strength of J;
and J,, i.e., on the ratio J,/J;. Our magnetic measurements
complemented with NMR studies suggested that although
both CaMn,P, and SrMn,P, undergo AFM ordering below
their respective 7ys, the magnetic structure is commensu-
rate for CaMn,P,, while it is incommensurate for StMn,P,
[12]. Indeed, this prediction was further confirmed by neutron
diffraction measurements for CaMn,P,, which reveals the
magnetic structure consisting of in-plane 6 x 6 magnetic unit
cell with a commensurate propagation vector (1/6, 1/6, L)
[13]. Previous neutron diffraction studies on polycrystalline
SrMn, P, suggested a complex incommensurate magnetic
structure [15], which aligns with our observations. However,
the precise magnetic structure is yet to be solved. Recent
theoretical calculations on CaMn;P; reveal that the magnetic
ground state is highly sensitive to the J,/J; ratio. Even slight
changes in this ratio can drive the system from a Néel-type
collinear state to spin-spiral states with varying propagation
vectors, and ultimately to a highly frustrated spin-liquid phase
[16]. Not only does the nature of magnetic ordering change,
but the transition temperature also changes drastically with the
change in J,/J; ratio. As the value of J,/J; strongly depends
on the NN and NNN Mn-Mn distances and the constituent
elements of the compound, the magnetic interaction scenario
and the associated phase diagram for StMn,P, is expected
to be different. A comprehensive theoretical study of the
magnetic phase diagram as a function of the J,/J; ratio in
SrMn;, P, remains an important direction for future research.
It is quite plausible that the J,/J; ratio evolves differently
under pressure in CaMn, P, and StMn;P5, leading to distinct
pressure-dependent behaviors of the Néel temperature in the
two compounds.

The precursor effect observed in the «o(7T) above Ty can
also be explained well by the magnetic behavior exhibited by
the two compounds. CaMn,P, and SrMn,P, exhibit strong
quasi-2D magnetic fluctuations above Ty, persisting up to
much higher temperature as a consequence of magnetic frus-
tration present in the systems, similar to others reported
for isostructural AMn,Pn, compounds (A = Ca, Sr and
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FIG. 7. (a) Difference between the c-axis thermal expansion co-
efficient and 1.5 times that in the ab plane versus temperature 7.
(b) T dependences of the Griineisen parameters «/C, for StMn,P,
and CaMn,P,, as indicated. The data in (b) are normalized by the
respective values at 300 K.

Pn = As, P, Sb) [17,18]. In these materials, hardly any sharp
peak is observed at Ty in the magnetic susceptibility data,
as in case of CaMn,P, and SrMn,P, (The anomaly due to
the transition is better detected in the temperature derivative
of magnetic susceptibility data) [12]. The magnetic suscepti-
bility also does not follow Curie-Weiss behavior for 7' > Ty,
where a broad hump is observed over an extended temperature
range associated with the magnetic fluctuations. The effect of
that precursor effect is also reflected in our thermodynamic
measurements, where a broad tail is observed at higher tem-
peratures above Ty. The effect of such magnetic fluctuations
is quite prominent in the case of StMn,P,, while the effect is
much weaker in CaMn;P,, plausibly due to the much stronger
spin fluctuations in SrtMn,P,, as depicted in Fig. 7 also.

The value of «(7y) for CaMn,P, in Fig. 5(b) increases
to 600 x 107°/K (not shown), whereas that for SrMn,P, in
Fig. 6(b) increases to only 48 x 107%/K. This shows that the
AFM transition for CaMn,P; is a strong first-order transition,
whereas that for SrMn,P, is a much weaker first-order transi-
tion. This large difference was also observed in the first-order
heat capacity changes at Ty of CaMn,;P, and SrMn,P; in
Ref. [12].

In order to obtain a better estimate of the magnetic con-
tribution to the thermal expansion, we plot the difference
o — 1.5¢, for CaMn, P, and StMn,P; in Fig. 7(a). The fac-
tor of 1.5 is based on the observation that, well above the
Néel temperature, the thermal expansion is dominated by
nonmagnetic (primarily phononic) contributions, which ex-
hibit the same temperature dependence along both axes [as
shown in Fig. 5(b)], but with a consistently larger magnitude
along the ¢ axis. Empirically, we find that the nonmagnetic
background of o, is approximately 1.5 times that of ajn—plane
in this temperature range. Thus, subtracting otjn—piane from o
serves as a reasonable approximation to isolate the magnetic
contribution to mostly eliminate the nonmagnetic background
and to also enhance the magnetic signal, since the anomalies
are of opposite sign for the two directions. This magnetic
signal for StMn,P, has a very large contribution above its
Tx, extending to roughly room temperature, and decreases
rapidly below Ty. This behavior presumably results from the
highly frustrated magnetism in the compound. For CaMn,P>,
the contribution above its Ty exhibits a similar enhancement,
but with a much reduced value, and the magnetic signal ap-
pears to be entirely quenched below 7y. In Fig. 7(a), the
magnetic contribution to the thermal expansion, arising from
fluctuations above Ty, is shown to be significantly larger
in the Sr compound compared to the Ca compound. Fur-
thermore, Fig. 7(b) reveals that the volume (or pressure)
dependence of these magnetic fluctuations is also more pro-
nounced in SrMn,P, than in CaMn,P,. It is observed that
well above the Néel temperature, the thermal expansion along
both the in-plane and c-axis directions shows the same sign
and a similar temperature dependence, indicating a predom-
inantly nonmagnetic (phononic) origin. However, near the
magnetic transition, the thermal expansion becomes strongly
anisotropic, with the in-plane and out-of-plane components
acquiring opposite signs. This sign reversal, which is absent at
high temperatures, suggests a direct link to magnetic ordering
and fluctuations. Additionally, the Néel temperature exhibits
contrasting behavior under uniaxial pressure applied along
different crystallographic directions, further supporting the
anisotropic nature of the magnetic interactions.

In summary, our thermal expansion data obtained by
capacitance dilatometry highlight the strong difference be-
tween the AFM transitions in SrMn,P, and CaMn,P;.
Evidence of strong magnetoelastic coupling is observed in
CaMn,P, whereas this coupling is weak in the case of
SrMn,P,. CaMn,P, exhibits a strong first-order transition
with weak fluctuations above Ty, whereas the transition is
weakly first order in StMn, P, with strong fluctuations above
Tn. Although the uniaxial pressure derivatives of 7Ty are of
opposite sign for both materials, the fluctuations above Ty
interestingly have the same sign, suggesting a similar mech-
anism. The difference at Ty and below Ty for CaMn,P, and
SrMn; P, are most likely related to their different magnetic
structures [13,19].

C. Griineisen parameters

The uniaxial magnetic Griineisen parameters y represent
another method for examining the nature of the magnetic
transition. The Griineisen parameter typically measures the
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volume (i.e., pressure) dependence of the interactions in the
system. It is defined as [20]
OlvVKT

y=—0InT/dlnV ~ , “
Cy

where oy is the volume thermal-expansion coefficient, V is
the volume, K7 is the isothermal bulk modulus, and Cy is the
heat capacity at constant volume. Since changes in the bulk
modulus near a magnetic phase transition are usually small,
typically only a few percent, it is a reasonable approximation
to treat the bulk modulus as constant when calculating the
Griineisen parameter. Ignoring the small difference between
Cy and G, in solids below 300 K and the relatively small T
dependence of Kt and V, we utilize the expression

y(T) ~ a;(T)/Cy(T)
y(300K) (300 K)/C,(300 K)

as plotted in Fig. 7(b) for both CaMn, P, and StMn;,P,, where
«; is the linear thermal expansion coefficient as above, and the
C,(T') data were obtained from Fig. 1 and the o; data from
Figs. 5(b) and 6(b), respectively.

For the Griineisen parameter, its value at room temperature
is mainly of phononic origin, as phonon Griineisen param-
eters are typically small and weakly temperature dependent.
Any marked enhancement at lower temperatures, particularly
near Ty, is therefore attributed to magnetic interactions. By
normalizing the temperature-dependent Griineisen parameter
to its room-temperature value, we isolate the magnetic con-
tribution and highlight its evolution across the transition. The
normalized (at 300 K) uniaxial Griineisen parameters in Fig. 7
again exhibit strong fluctuations above the magnetic transi-
tions, especially for StMn,P,. In contrast, for CaMn;P, the
fluctuations are much weaker above Ty. Our data are consis-
tent with NMR results of Ref. [12], which indicate strong 2D
spin fluctuations that extend to above room temperature. For
both materials, pressure or strain tuning of these fluctuations
is most effective through the c/a ratio.

&)

V. CONCLUDING REMARKS

The corrugated honeycomb-lattice insulators CaMn,P,
and SrMn,P, exhibit unusual first-order AFM transitions in
zero magnetic field below their respective Néel temperatures
Ty = 69.5 and 53 K, respectively. A sharp discontinuity is
observed in the zero-field heat capacity C,(T') and resistivity
p(T) behavior at Ty, associated with the first-order transition.
Whereas a considerable latent heat and sizable hysteresis in
p(T) is observed for CaMn,P, at the first order transition

temperature, that contribution is less for StMn,P, because of
the strong first-order nature of the AFM transition in CaMn, P,
and weak one for SrtMn,P,. Our high-resolution linear thermal
expansion «(7) measurements using capacitance dilatome-
try measurements reveal a sharp discontinuity in AL/L for
both the ab plane and along the ¢ axis at Ty, signifying the
presence of strong magnetoelastic coupling assisting the first-
order transition. Such coupling in StMn,P; is rather weak as
the discontinuity is smaller in o(7y), resulting in a weaker
first-order transition. As the first-order AFM transition in zero
magnetic field is thermodynamically a rare occurrence, our
results can help in understanding the mechanism of such
scarce transitions in other materials. Particularly, CaMn,P,
has immense potential for use in antiferromagnetic spintronics
with faster switching speed. The volume thermal expansion
coefficient estimated from the thermal expansion measure-
ments agrees quite well with that obtained from temperature
dependent single-crystal x-ray diffraction measurements. The
estimated uniaxial pressure derivatives using the Clausius-
Clapeyron equation are found to be % = +6.87 K/GPa and

—1.08 K/GPa, % = —2.13 K/GPa and + 4.73 K/GPa, and
dfv _ — 411.48 K/GPa and + 2.00 K/GPa for CaMn,P,

dphydroslalic

and SrMn,P,, respectively. The AFM orderings in these com-
pounds are quite susceptible to pressure, indicating that these
compounds are promising for studying the complex interplay
of lattice, spin, and electronic degrees of freedom as a function
of external pressure or strain tuning.
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