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Incommensurate and commensurate antiferromagnetic states in CaMn2As2 and SrMn2As2

revealed by 75As NMR
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We carried out 75As nuclear magnetic resonance (NMR) measurements on the trigonal CaMn2As2 and
SrMn2As2 insulators exhibiting antiferromagnetic (AFM) ordered states below Néel temperatures TN = 62
and 120 K, respectively. In the paramagnetic state above TN, typical quadrupolar-split 75As NMR spectra
were observed for both systems. The 75As quadrupolar frequency νQ for CaMn2As2 decreases with decreasing
temperature, while νQ for SrMn2As2 increases, showing an opposite temperature dependence. In the AFM state,
the relatively sharp and distinct 75As NMR lines were observed in SrMn2As2 and the NMR spectra were shifted
to lower fields for both magnetic fields H ‖ c axis and H ‖ ab plane, suggesting that the internal fields Bint at the
As site produced by the Mn ordered moments are nearly perpendicular to the external magnetic field direction.
No obvious distribution of Bint was observed in SrMn2As2, which clearly indicates a commensurate AFM state.
In sharp contrast to SrMn2As2, broad and complex NMR spectra were observed in CaMn2As2 in the AFM
state, which clearly shows a distribution of Bint at the As site, indicating an incommensurate state. From the
analysis of the characteristic shape of the observed spectra, the AFM state of CaMn2As2 was determined to be
a two-dimensional incommensurate state where Mn ordered moments are aligned in the ab plane. A possible
origin for the different AFM states in the systems was discussed. Both CaMn2As2 and SrMn2As2 show very
large anisotropy in the nuclear spin-lattice relaxation rate 1/T1 in the paramagnetic state. 1/T1 for H ‖ ab is
much larger than that for H ‖ c, indicating strong anisotropic AFM spin fluctuations in both compounds.

DOI: 10.1103/PhysRevB.104.224413

I. INTRODUCTION

After the discovery of superconductivity (SC) in iron-based
pnictides in 2008 [1], considerable experimental and theoret-
ical attention has concentrated on transition-metal pnictides
[2–4]. Among them, the Mn compounds have been found to
show a rich variety of magnetic properties with different crys-
tal structures. BaMn2As2 with the body-centered tetragonal
ThCr2Si2-type structure (space group I4/mmm), similar to the
parent compound BaFe2As2, is a G-type collinear antiferro-
magnet with a Néel temperature of 625 K where the ordered
Mn moments aligned along the tetragonal c axis [5]. On
the other hand, (Ca, Sr)Mn2P2 [6,7], (Ca, Sr)Mn2As2 [6,8–
10], (Ca, Sr)Mn2Sb2 [11–13], and CaMn2Bi2 [14] crystallize
in the trigonal CaAl2Si2-type structure (space group P3̄m1)
shown in Fig. 1(a) where the Mn ions form a triangular
lattice bilayer which can be considered as a corrugated Mn
honeycomb sublattice [see Fig. 1(b)] [14]. The honeycomb
lattice structure is interesting as a spin system with spin
frustration originating from competing interactions [15–17].
Interestingly, recent theoretical studies and density-functional
theory calculations have suggested that the CaAl2Si2-type
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transition-metal pnictides might comprise a new family of
magnetically frustrated materials to study the potential super-
conducting mechanism [18,19].

Magnetic susceptibility (χ ), electrical resistivity, and
heat capacity measurements revealed that CaMn2As2 and
SrMn2As2 are antiferromagnetic (AFM) insulators with TN =
62(3) K and TN = 120(2) K, respectively [10]. In the AFM
state, χ is nearly independent of temperature T for magnetic
fields H ‖ c axis, while χ for H ‖ ab plane decreases with
decreasing temperature, indicating that the hexagonal c axis
is the hard axis and hence that the ordered Mn moments are
aligned in the ab plane. However, χab does not go to zero
at low T but attains a value χab(T → 0) � 0.6 χc(TN), in
contrast to the case of a simple collinear antiferromagnet with
H parallel to the ordering axis where χab(T → 0)→ 0. If
H is perpendicular to the ordering axis, then χab(T →0) ∼
χab(TN) [20,21]. This suggests that the AFM structure could
be either a collinear antiferromagnet with multiple domains
aligned within the ab plane or an intrinsic noncollinear struc-
ture with moments again aligned in the ab plane [20–23].
Subsequent single-crystal neutron-diffraction measurements
on SrMn2As2 clearly demonstrated that the Mn moments
(3.6μB at T = 5 K) are ordered in a collinear Néel AFM phase
with 180◦ AFM alignment between a moment and all nearest-
neighbor moments in the basal plane and also perpendicular
to it [see Fig. 1(b)] [24]. Therefore, in order to explain the
finite χab(T → 0), an occurrence of multiple AFM domains
is suggested in SrMn2As2 [10,24]. For CaMn2As2, the AFM
magnetic structure has not been determined yet.
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FIG. 1. Trigonal CaAl2Si2-type crystal structure of CaMn2As2

and SrMn2As2 in the hexagonal setting. (a) Outline of a unit cell con-
taining one formula unit. (b) Projection of the Mn sublattice onto the
ab plane with a slight c-axis component illustrating the corrugated
Mn honeycomb lattice. Red arrows represent the magnetic moments
at the Mn sites for SrMn2As2. Black lines show a unit cell.

In this paper we carried out 75As nuclear magnetic res-
onance (NMR) measurements on trigonal CaMn2As2 and
SrMn2As2 single crystals to investigate the static and dy-
namic magnetic properties from a microscopic point of view.
Our NMR measurements clearly detected the AFM phase
transitions at 62 and 120 K for CaMn2As2 and SrMn2As2,
respectively. In the paramagnetic states, similar quadrupolar-
split 75As NMR spectra were observed in both compounds.
However, quite different NMR spectra were detected in the
AFM states. In CaMn2As2, broad and complex NMR spectra
were observed in the AFM state, which clearly indicates a
distribution of internal fields Bint at the As site. From the
analysis of the spectra, the AFM state of CaMn2As2 was
determined to be a two-dimensional incommensurate state
where the Mn ordered moments are aligned in the ab plane.
On the other hand, relatively sharp and distinct NMR lines
were observed in the AFM state in SrMn2As2. The spectra
indicate no obvious distribution of Bint in SrMn2As2. These
results indicate that, contrary to CaMn2As2, the AFM state in
SrMn2As2 is commensurate.

II. EXPERIMENT

The hexagonal-shaped single crystals of CaMn2As2 and
SrMn2As2 for the NMR measurements were grown using
Sn flux as reported in detail elsewhere [10]. NMR measure-
ments were carried out on 75As (I = 3/2, γ /2π = 7.2919
MHz/T, Q = 0.29 barns) using a homemade, phase-coherent,
spin-echo pulse spectrometer. The 75As NMR spectra were
obtained by sweeping the magnetic field H at fixed fre-
quencies f = 51.1, 9.1, and 53.1 MHz. The magnetic field
was applied parallel to either the crystal c axis (H ‖ c) or
to the ab plane (H ‖ ab). In this paper, when we use H ‖
ab, the magnetic field was applied along the edge direction
of the hexagonal-shaped crystal corresponding to the a or b
axes, except when we specify the direction in the ab plane
for angle-dependent NMR spectrum measurements in the
ab plane. The Tesla (T) is defined as 1 T = 104 Oe. The
75As spin-lattice relaxation rate 1/T1 was measured with a
saturation-recovery method. 1/T1 at each T was determined

FIG. 2. Temperature variation of field-swept 75As NMR spectra
for a CaMn2As2 crystal at frequency f = 51.1 MHz for magnetic
field directions (a) H ‖ ab plane and (b) H ‖ c axis in the paramag-
netic and antiferromagnetic states. The spectra shown at the bottom
in (a) and (b) were measured at 1.6 K. The arrows in three different
colors in (a) show the splitting of the 75As NMR spectra due to
internal fields. The blue, green, and red areas are calculated NMR
spectra based on the incommensurate AFM state for As1, As2, and
As3 sites, respectively (see text). The magenta curve is the sum of
the three calculated spectra.

by fitting the nuclear magnetization M versus time t us-
ing the exponential functions 1 − M(t )/M(∞) = 0.1e−t/T1 +
0.9e−6t/T1 for 75As NMR, where M(t ) and M(∞) are the
nuclear magnetization at time t after the saturation and the
equilibrium nuclear magnetization at t → ∞, respectively.

III. RESULTS AND DISCUSSION

A. CaMn2As2

1. 75As NMR in the paramagnetic state

Figures 2(a) and 2(b) show the field-swept 75As NMR
spectra of CaMn2As2 for two magnetic field directions, H ‖
ab plane and H ‖ c axis, respectively, measured at vari-
ous temperatures. The typical spectrum for a nucleus with
spin I = 3/2 with Zeeman and quadrupolar interactions can
be described by the nuclear spin Hamiltonian [25], H =
−γn h̄(1 + K )I · H + hνQ

6 [3I2
Z − I2 + 1

2η(I2
+ + I2

−)], where H
is external field, h is Planck’s constant, and K represents the
NMR shift. The nuclear quadrupole frequency for I = 3/2
nuclei is given by νQ = e2QVZZ/2h, where Q is the nuclear
quadrupole moment, VZZ is the electric field gradient (EFG)
at the As site, and η is the asymmetry parameter of the EFG
defined by VXX −VYY

VZZ
with |VZZ | � |VYY | � |VXX |. In the case of

I = 3/2, when the Zeeman interaction is much greater than
the quadrupolar interaction, the NMR spectrum is composed
of a central transition line (Iz = 1/2 ↔ −1/2) and a pair
of satellite lines shifted from the central transition line by
± 1

2νQ(3 cos2 θ − 1 + η sin2 θ cos 2φ) (for the transitions of
Iz = 3/2 ↔ 1/2 and −3/2 ↔ −1/2) [26]. Here θ and φ are
the polar and azimuthal angles between the principal Z axis
of the EFG and the direction of H, respectively. The observed
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75As NMR spectra of CaMn2As2 in the paramagnetic state
can be well reproduced by calculations from the above sim-
ple Hamiltonian with η = 0 where the spectra for H ‖ c and
H ‖ ab correspond to the case of θ = 0◦ and 90◦, respectively.
This indicates that the Z axis of the EFG at the As site is
parallel to the c axis, consistent with the threefold rotational
symmetry around the c axis at the As site.

The relatively sharp lines with the full width at half max-
imum (FWHM) of ∼20 and 17 Oe for H ‖ c and H ‖ ab,
respectively, for the central transition lines are nearly indepen-
dent of temperature above 150 K, as shown in Fig. 3(a). Below
150 K, with decreasing temperature, the FWHM values start
to increase gradually and rapidly increase below ∼70 K due to
the AFM ordering at TN = 62 K, indicating the second-order
nature of the AFM phase transition in CaMn2As2.

Figure 3(b) shows the temperature dependence of the
NMR shifts for H ‖ c axis (Kc) and H ‖ ab plane (Kab) for
CaMn2As2. For both directions, K decreases slightly with
decreasing temperature from 300 K to TN, consistent with
the temperature dependence of the magnetic susceptibility
[10], where a broad peak in χ was observed around T =
400 K. The temperature dependencies of K and χ indicate
short-range AFM order in the paramagnetic state [10]. The
NMR shift has contributions from the T -dependent spin part
Kspin and a T -independent orbital part K0. Kspin is propor-
tional to the spin susceptibility χspin through the hyperfine
coupling constant A giving K (T ) = K0 + A

NA
χspin(T ), where

NA is Avogadro’s number. The inset of Fig. 3(b) plots Kab

and Kc for CaMn2As2 against the corresponding χab and χc,
respectively, with T as an implicit parameter. All Kab and
Kc are seen to vary linearly with the corresponding χ , and
the hyperfine coupling constants are estimated to be Ac =
(−2.10 ± 0.03) T/μB, and Aab = (−1.66 ± 0.04) T/μB for
H ‖ c and H ‖ ab, respectively.

From the spectra shown in Figs. 2(a) and 2(b), we also
extracted the temperature dependence of νQ for CaMn2As2,
which is shown in Fig. 3(c). νQ decreases from 1.70 MHz at
T = 275 K to 0.70 MHz at 66 K. This is in contrast to the case
of SrMn2As2 as will be shown below where νQ increases with
decreasing temperature.

2. 75As NMR spectra in the antiferromagnetic state

Below TN = 62 K, the NMR lines broaden suddenly and
the spectrum could not be measured in the AFM state due to
poor signal intensity, except at the lowest temperature T =
1.6 K of our 4He cryostat where we were able to measure
the spectra although the signal intensities were still weak. As
shown at the bottom in Fig. 2(b), a single broad spectrum
without clear splitting is observed for H ‖ c. On the other
hand, for H ‖ ab, the NMR spectrum splits into two main
broad lines with multiple peaks in Fig. 2(a). From the analysis
of the observed spectrum, we found that it can be explained
by three As sites with lines split due to different internal fields
as shown by arrows in Fig. 2(a). It is important to point out
that each peak is asymmetric and tails toward the center of
the spectrum, which cannot be explained by a commensu-
rate AFM state. This asymmetric shape is reminiscent of a
so-called two-dimensional powder pattern of NMR spectra
which is expected for a planar incommensurate AFM state.

FIG. 3. (a) Temperature dependence of the full width at half
maximum (FWHM) of the central transition lines for H ‖ c and
H ‖ ab. (b) Temperature dependence of the 75As NMR shift for
H ‖ c axis (Kc) and H ‖ ab plane (Kab). Inset: K vs magnetic sus-
ceptibility χ for the corresponding ab and c components of K in
CaMn2As2 with T as an implicit parameter. The dashed lines are
linear fits. (c) Temperature dependence of the quadrupole frequency
νQ for CaMn2As2.

Therefore, we calculated NMR spectra assuming a planar in-
commensurate AFM state. The result is shown by the magenta
curves in Fig. 2(a). The calculated spectrum is a sum of three
As NMR spectra with different internal fields (Bint) and νQ
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FIG. 4. Field-swept 75As NMR spectrum measured at T = 1.6 K
and f = 9.1 MHz for H ‖ ab in the AFM state. The blue, green, and
red areas are calculated NMR spectra based on the incommensurate
AFM state for As1, As2, and As3 sites, respectively. Here the pa-
rameters of Bint and νQ used are the same as those estimated from the
spectrum measured at 51.1 MHz. The magenta curve is the sum of
the three calculated spectra.

shown by three areas in different colors at the bottom of
Fig. 2(a). Here we used |Bint| = 0.50, 0.38, and 0.26 T and
νQ = 0.59, 0.49, and 0.58 MHz for As sites denoted by As1,
As2, and As3 shown in blue, green, and red, respectively. The
characteristic shape of the observed spectrum can be roughly
captured by the simulation, although the calculated signal
intensity around the Larmor field is higher than observed. To
check the external field dependence of the NMR spectrum,
we measured the 75As NMR spectrum at a different resonance
frequency of 9.1 MHz for H ‖ ab shown in Fig. 4. Similar
to the case of f = 51.1 MHz, two broad lines with multiple
peaks are observed. The magenta curve in the figure shows the
calculated spectrum for the incommensurate AFM state with
the same values of the parameters as for the f = 51.1 MHz.
The calculated spectrum seems to reproduce the characteristic
shape of the observed spectrum, suggesting the incommensu-
rate AFM state in CaMn2As2.

In order to investigate the in-plane angle (φ) dependence
of the internal field and the spacing of quadrupolar splitting,
we measured the φ dependence of the 75As NMR spectra
at f = 53.1 MHz and T = 1.6 K (Fig. 5). It is clear that the
spectrum slightly changes by changing φ due to a change in
Bint and in the quadrupolar splittings, although all the spectra
keep showing the asymmetric shape.

Figures 6(a) and 6(b) show the φ dependence of Bint and
quadrupolar splitting for three different As sites estimated
from the spectra, respectively. According to the neutron-
diffraction measurements on the antiferromagnetic state of
SrMn2As2 [24], the AFM state is collinear with the ordered
Mn moments aligned in the ab plane where three AFM do-
mains with their axes at 60◦ to each other exist within the
ab plane. Assuming the three-domain collinear scenario in
CaMn2As2, the component of Bint parallel to the external field
should change as a function of the cosine of φ. As shown

FIG. 5. In-plane angle (φ) dependence of field-swept 75As NMR
spectra of CaMn2As2 for H ‖ ab plane measured at f = 53.1 MHz
and T = 1.6 K in the antiferromagnetic state.

in Fig. 6(a), the Bint values slightly depend on φ, but the φ

dependence does not follow the relation expected from the
three-domain collinear scenario. Thus this scenario can be
excluded. The small φ dependence of Bint could be explained
by introducing an anisotropy in the hyperfine field in the ab
plane.

As for the φ dependence of quadrupolar splittings, one
does not expect any angle dependence for the three-domain
scenario since the As site for each domain is expected to have
η = 0. This is inconsistent with the experimental observation.
In order to change the quadrupolar spacing in the ab plane,
one needs to have η finite, suggesting a change in the local
symmetry at the As sites. This suggests a change in the crystal
structure in the AFM state, which may produce the three
different As sites with different Bint and νQ. It is noted that
a broad peak of the spectrum (H ‖ c) centered around the
Larmor field would be consistent with the incommensurate
AFM state if the internal fields are anisotropic in the ab plane.
Therefore, we conclude that the AFM state of CaMn2As2

is not commensurate but incommensurate where the ordered
Mn moments are most likely in the ab plane. However, the
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FIG. 6. (a) φ dependence of Bint for three different As sites (As1
in blue, As2 in green, and As3 in red) in CaMn2As2. (b) φ depen-
dence of quadrupolar splitting estimated from the spacing between
the lines for the As1, As2, and As3 sites. The open and solid symbols
represent the quadrupolar splitting for each As site in the lower H
(low H) and higher H (high H) peaks, respectively.

linewidth of the spectrum is much greater than expected from
the estimated Bint. It is also noted that no clear quadrupolar
splitting of the line is observed in the spectrum for H ‖ c in
the AFM state. These results indicate a large distribution of
Bint along the c axis and, thus, a more complicated magnetic
structure; however, the reason for the distribution is not clear
at present. Further studies such as neutron-diffraction mea-
surements are required to determine the magnetic structure of
CaMn2As2 in detail.

3. 75As spin-lattice relaxation rate 1/T1

To investigate the spin dynamics, we have measured the
75As spin-lattice relaxation rate 1/T1 as a function of temper-
ature. Figure 7(a) shows the temperature dependence of 1/T1

in CaMn2As2 for H ‖ c axis and H ‖ ab plane. 1/T1 shows a
very large anisotropy in the paramagnetic state where 1/T1 for
H ‖ ab is more than one order of magnitude greater than that
for H ‖ c.

In order to analyze the spin fluctuation effects in the
paramagnetic state above 62 K, it is useful to plot the data
by changing the vertical axis from 1/T1 to 1/T1T Kspin. In
general, 1

T1T is expressed in terms of the dynamical suscepti-

FIG. 7. (a) Temperature dependence of 75As spin-lattice relax-
ation rates 1/T1 in CaMn2As2 for H ‖ c axis and H ‖ ab plane.
(b) Temperature dependence of 1/T1,⊥T Kab,spin and 1/T1,‖T Kc,spin for
CaMn2As2. The black curve is the Curie-Weiss fit of C/(T − θ ) with
C = 2.7 × 106 s−1 and θ = 62 K.

bility χ (
q, ω0) per mole of electronic spins as 1
T1T = 2γ 2

NkB

N2
A

∑

q

| A(
q) |2 χ ′′(
q,ω0 )
ω0

, where γN is the nuclear gyromagnetic ratio,
kB is Boltzmann’s constant, NA is Avogadro’s number, the sum
is over wave vectors 
q within the first Brillouin zone, A(
q)
is the form factor of the hyperfine interactions as a function
of 
q, and χ ′′(
q, ω0) is the imaginary part of the dynamical
susceptibility at the nuclear Larmor angular frequency ω0.
On the other hand, Kspin is proportional to the uniform static
susceptibility χ = χ ′(0, 0), which is the real component of
χ ′(
q, ω0) with q = 0 and ω0 = 0. Thus a plot of 1/T1T Kspin

versus T shows the T dependence of
∑


q |A(
q)|2χ ′′(
q, ω0)
with respect to that of the uniform susceptibility χ ′(0, 0).

To proceed with the analysis, one needs to take the
anisotropy of Kspin and 1/T1T into consideration. Since
1/T1T probes magnetic fluctuations perpendicular to the mag-
netic field, it is natural to consider 1/T1,⊥T ≡ 1/(T1T )H‖c

when examining the character of spin fluctuations in the
ab plane. Similarly, we consider 1/(T1,‖T ) = 2/(T1T )H‖ab −
1/(T1T )H‖c for spin fluctuations along the c axis. Strictly
speaking, this simple relation is not applicable if 1/T1T
has a strong anisotropy in the ab plane. However, since
1/T1,‖T is much greater than 1/T1,⊥T , one can still ap-
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FIG. 8. Temperature variation of field-swept 75As NMR spectra
for a SrMn2As2 crystal at f = 51.1 MHz for the two magnetic field
directions, (a) H ‖ ab plane and (b) H ‖ c axis.

ply the relation. Figure 7(b) shows the T dependence
of 1/T1‖T Kc,spin and 1/T1⊥T Kab,spin. 1/T1‖T Kc,spin is much
greater than 1/T1⊥T Kab,spin, indicating that hyperfine-field
fluctuations at the As site along the c axis are much greater
than that in the ab plane. 1/T1‖T Kc,spin increases with decreas-
ing temperature. This clearly implies

∑

q |A(
q)|2χ ′′(
q, ω0)

increases more than χ ′(0,0), which is due to a growth of
spin fluctuations with q 
= 0, most likely with AFM wave
vector q = QAF, even at T much higher than TN. Thus we
conclude that strong AFM spin fluctuations are realized in a
wide temperature region up to at least ∼300 K in the param-
agnetic state, as has been pointed out from χ measurements
[10]. In addition, the fact that 1/T1‖T Kc,spin is much greater
than 1/T1⊥T Kab,spin indicates that the AFM spin fluctuations
are highly anisotropic in CaMn2As2. The enhancement of
1/T1‖T Kc,spin can be reproduced by a Curie-Weiss formula of
C/(T − θ ) with C = 2.7 × 106 s−1 and θ = 62 K as shown
by the solid curve in Fig. 7(b). Since a Curie-Weiss behavior
of 1/T1T is expected for AFM spin fluctuations for a two-
dimensional system from the self-consistent renormalization
theory [27], our results suggest a two-dimensional nature of
the AFM spin fluctuations in CaMn2As2.

B. SrMn2As2

1. 75As NMR spectra in the paramagnetic state

Figures 8(a) and 8(b) show the temperature dependen-
cies of the field-swept 75As NMR spectra of SrMn2As2 for
H ‖ c and H ‖ ab. Similar to the case of CaMn2As2, clear
quadrupolar-split lines were observed, but the observed lines
are slightly sharper than those in CaMn2As2.

The FWHM of the central transition line at T = 275 K for
H ‖ c and H ‖ ab is ∼10 and 8 Oe, respectively, and their
temperature dependencies are shown in Fig. 9(a). The princi-
pal axis of the EFG at the As site in SrMn2As2 is determined
to be the c axis as in CaMn2As2, as expected because of the
same crystal structure. Figure 9(b) shows the temperatures
dependencies of Kc and Kab. Kc and Kab decrease slightly with

FIG. 9. (a) The FWHM of the central transition lines for
H ‖ c and H ‖ ab for SrMn2As2. The vertical dashed line indicates
TN = 120 K. (b) Temperature dependence of 75As NMR shift Kc

and Kab for H ‖ c axis and H ‖ ab plane, respectively. Inset: K vs
magnetic susceptibility χ for the corresponding ab and c components
of K in SrMn2As2 with T as an implicit parameter. The dashed lines
are linear fits.

decreasing temperature down to TN. The inset of Fig. 9(b)
plots Kab and Kc against the corresponding χab and χc, re-
spectively, for SrMn2As2 with T as an implicit parameter. All
Kab and Kc are seen to vary linearly with the corresponding χ ,
and the hyperfine coupling constants are estimated to be Ac =
(−2.02 ± 0.02) T/μB, and Aab = (−1.44 ± 0.03) T/μB.

Figure 10(a) shows the temperature dependence of νQ for
SrMn2As2 extracted from the spectra. νQ for SrMn2As2 in-
creases from 1.30 MHz at T = 275 K to 2.40 MHz at 50 K,
and levels off at low temperatures with an obvious change of
the slope at TN from concave to convex shape with decreasing
temperature. The T dependence is opposite to the case of
CaMn2As2 in Fig. 3(c). Since νQ generally depends on the
lattice constants in insulators, the results suggest an opposite
temperature dependence of the lattice constants in the two
compounds.

2. 75As NMR spectra in the antiferromagnetic state

Different from the 75As NMR spectra of CaMn2As2 in
Fig. 2, each line of the spectra in SrMn2As2 shifts to lower
fields without showing any splitting for both H ‖ c and H ‖ ab
in the AFM state below TN = 120 K, as shown in Figs. 8(a)
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FIG. 10. (a) Temperature dependence of quadrupole frequency
νQ for SrMn2As2. (b) Temperature dependence of the internal field
Bint at the As nuclei associated with the antiferromagnetic order in
SrMn2As2. The vertical dashed line indicates TN.

and 8(b). Although each line broadens slightly, the observed
spectra are much sharper than those observed in CaMn2As2

in the AFM state as described above. The distinct NMR lines
below TN clearly indicate that the AFM state is commensurate,
which is in strong contrast to the incommensurate AFM state
in CaMn2As2.

A lack of splitting of the NMR lines indicates that the
unique internal field at the As site is perpendicular to the
external field direction. When Bint ⊥ H , the effective field Beff

at the As site is given by Beff =
√

H2 + Bint
2. Figure 10(b)

shows the temperature dependence of the estimated Bint using
the above formula based on the observed spectra for both
H directions below TN. The temperature dependencies of
Bint clearly indicate a second-order AFM phase transition in
SrMn2As2. Bint around 0.4–0.5 T in SrMn2As2 at low temper-
atures seems to be comparable to values in CaMn2As2.

We do not observe any evidence for the AFM three do-
mains proposed by the neutron-diffraction measurements.
This is due to the application of a large magnetic field of 7 T
which causes the ordered Mn moments in the three domains
to point perpendicular to the external field direction, making
them indistinguishable from NMR spectrum measurements.
According to the magnetization measurements [10], one needs

to perform NMR spectrum measurements at least below
0.5 T to test the three-domain scenario which would be dif-
ficult to perform due to the signal intensity issue as well as the
comparable values of Bint and H .

Finally it is interesting to note that, since we observe
only one As site, no structural phase transition is ex-
pected in SrMn2As2, while a possible structural distortion in
CaMn2As2 was suggested above because of the observation
of at least three As sites with finite η in the AFM state. Ac-
cording to theoretical studies on hexagonal antiferromagnets
[15–17], various magnetic phases are proposed due to a com-
petition between first-, second-, and third-neighbor magnetic
exchange interactions J1, J2, and J3, respectively, between the
Mn moments on the hexagonal lattice. For classical localized
spins described by a Heisenberg Hamiltonian, Néel, stripy,
zigzag, and spiral magnetic orderings are possible depending
on the relative strengths of these interactions [15–17]. We in-
fer that the possible structural transition in CaMn2As2 makes
a change in the relative strengths of the exchange interactions,
resulting in an incommensurate AFM state, different from the
commensurate collinear AFM state in SrMn2As2. It is also
noted that the two systems (Sr, Ca)Mn2As2 exhibit different
magnetocrystalline anisotropies although the valence states of
the Mn2+ (S = 5/2) ions are similar, which may also originate
from the different crystal structures suggested by the present
NMR measurements.

3. 75As spin-lattice relaxation rates

Figure 11(a) shows the temperature dependence of 1/T1 in
SrMn2As2 for H ‖ c axis and H ‖ ab plane. In the param-
agnetic state, 1/T1 shows a large anisotropy, where 1/T1 for
H ‖ ab is larger than that for H ‖ c, and an enhancement of
1/T1 with decreasing temperature is observed only for H ‖ ab,
similar to that in CaMn2As2. Below TN, 1/T1 shows a strong T
dependence for T above 20 K, where 1/T1 shows a T 5 power-
law behavior (shown by the green dashed lines in the figure).
This power-law T dependence of 1/T1 can be explained by
a three-magnon process as the main relaxation mechanism
for an AFM insulating state when T � 
, where 
 is the
anisotropy gap energy in the spin wave spectrum [28]. A
deviation from power-law behavior below 20 K was observed
and 1/T1 shows a broad maximum. This feature at low tem-
peratures is likely due to relaxation associated with impurities.

As in the case of CaMn2As2, we evaluated two quanti-
ties, 1/T1‖T Kc,spin and 1/T1,⊥T Kab,spin, for SrMn2As2 with
the same procedure described above, whose temperature de-
pendencies are shown in Fig. 11(b). Similar to the case of
CaMn2As2, a clear and strong enhancement of 1/T1‖T Kc,spin

is also observed originating from the AFM spin fluctuations in
the paramagnetic state in SrMn2As2. The AFM spin fluctua-
tions are also characterized by a two-dimensional nature as the
temperature dependence of 1/T1‖T Kc,spin is well described by
a Curie-Weiss behavior shown by the solid line in Fig. 11(b),
as in CaMn2As2.

IV. SUMMARY

In summary, we have found different antiferromagnetic
spin structures in CaMn2As2 and SrMn2As2 from 75As NMR

224413-7



Q.-P. DING et al. PHYSICAL REVIEW B 104, 224413 (2021)

FIG. 11. (a) Temperature dependence of the 75As spin-lattice
relaxation rates 1/T1 in SrMn2As2 for H ‖ c axis and H ‖ ab plane.
The light green dashed line shows a 1/T1 ∝ T 5 power-law behavior.
(b) Temperature dependence of 1/T1,‖T Kc,spin and 1/T1,⊥T Kab,spin.
The black curve is the Curie-Weiss fit of C/(T − θ ) with C = 1.7 ×
105 s−1 and θ = 100 K.

measurements performed on single crystals. In SrMn2As2,
relatively sharp and distinct 75As NMR lines were observed

and the NMR spectra were shifted to lower fields for both H ‖
c axis and H ‖ ab plane, suggesting that the internal field Bint

produced by the Mn ordered moments is nearly perpendicular
to the external magnetic field direction. No obvious distri-
bution of the internal field Bint was observed in SrMn2As2,
which clearly indicates a commensurate AFM state. In sharp
contrast, broad and complex NMR spectra were observed in
CaMn2As2 in the AFM state, which clearly shows a distribu-
tion of Bint at the As site, thus indicating an incommensurate
state. From the analysis of the characteristic shape of the
observed spectra, the AFM state of CaMn2As2 was deter-
mined to be a two-dimensional incommensurate state where
Mn ordered moments are aligned in the ab plane. A possible
origin of the incommensurate AFM state in CaMn2As2 was
suggested to be a structure distortion, which may result in
changing the relative strengths of the exchange interactions.

Quite recently, the isostructural phosphorus-based antifer-
romagnetic compounds SrMn2P2 (TN = 53 K) and CaMn2P2

(TN = 69.8 K) were reported to show weak and strong first-
order AFM transitions, respectively [7]. This is different from
the second-order nature of the AFM transitions observed in
the arsenic-based compounds SrMn2As2 and CaMn2As2 stud-
ied here. It is also interesting to point out that the AFM
structure of CaMn2P2 is suggested to be commensurate and
that of SrMn2P2 to be incommensurate [7], in contrast to
the present compounds (incommensurate in CaMn2As2 and
commensurate in SrMn2As2). It is important to understand the
origin of the different nature of AFM phase transitions such
as the order of the phase transition as well as the commen-
surate or incommensurate nature in those compounds. Our
results encourage further experimental and theoretical studies
to identify the origins of these features in the Mn compounds.
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