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ABSTRACT: Mn-based ZrCuSiAs-type pnictides ThMnPnN (Pn = P,
As) containing PbO-type Th2N2 layers were synthesized. The crystal and
magnetic structures are determined using X-ray and neutron powder
diffraction. While neutron diffraction indicates a C-type antiferromagnetic
state at 300 K, the temperature dependence of the magnetic susceptibility
shows cusps at 36 and 52 K respectively for ThMnPN and ThMnAsN.
The susceptibility cusps are ascribed to a spontaneous antiferromagnetic-
to-antiferromagnetic transition for Mn2+ moments, which is observed for
the first time in Mn-based ZrCuSiAs-type compounds. In addition,
measurements of the resistivity and specific heat suggest an abnormal
increase in the density of states at the Fermi energy. The result is discussed
in terms of the internal chemical pressure effect.

■ INTRODUCTION

The prototype compound of iron-based superconductors
LaFeAsO structurally consists of alternating stacks of PbO-
type [La2O2]

2+ and anti-PbO-type [Fe2As2]
2− layers.1 This

ZrCuSiAs-type (1111) structure is so adaptable that for every
crystallographic site there are a number of candidate elements
that can make it stable.2−6 For instance, the [La2O2]

2+ layer
can be replaced by [Ln2O2]

2+ (Ln stands for lanthanides),4−6

[An2O2]
2+ (An = Np, Pu),7,8 [Ae2F2]

2+ (Ae = alkali-earth metal
or Eu),9,10 and [Ca2H2]

2+.11 As for the [Fe2As2]
2− layer, there

are also tens of the alternatives, denoted as [T2Pn2]
2−, where T

and Pn represent transition metals and pnictogen elements,
respectively. In the numerous 1111 compounds, the [T2Pn2]

2−

layers play the key role in determining the diverse physical
properties including metallic antiferromagnetism (AFM) in
LnCrAsO,12 insulating AFM in LaMnPnO,13 high-temperature
superconductivity in LaFeAsO1−xFx,

1 itinerant ferromagnetism
(FM) in LnCoPnO,14−17 and Pauli paramagnetism (PM) with
low-temperature superconductivity in LaNiPnO.18,19

Mn-based 1111 compounds are of special interest for their
insulating AFM, akin to that of the parent compounds of
cuprate high-temperature superconductors. The Neél temper-
atures (TN) of LnMnPnO are between 230 and 360 K, and the
ordered magnetic moment for Mn2+ spins is in the range of
3.2−4.2 μB.13 The Mn moments can be understood in terms of
the half-filling of 3d orbitals, which maximizes Hund’s
coupling. Below the TN values, the moments on Mn2+ align
along the c axis. In the cases of NdMnAsO, PrMnSbO, and
CeMnAsO, reorientation of the Mn2+ moment onto the ab

plane is observed at lower temperatures, accompanied by
antiferromagnetic ordering of the local moment on Ln3+.20−22

Most of the Mn-based 1111 compounds exhibit an insulating
behavior with a typical room-temperature resistivity of about
104 Ω·cm.23−26 Upon Sr/La substitution in LaMnAsO, the
system changes to an antiferromagnetic metal.23 It is reported
that the AFM in LaMnPO can also be suppressed under high
pressures, yet no superconductivity was observed above 1.5
K.27,28

Recently, we discovered a new 1111-type Fe-based
compound ThFeAsN that superconducts at 30 K without
external chemical doping.29,30 Although theoretical calculations
suggest a striped antiferromagnetic ground state,31 no magnetic
ordering of the Fe moments was found down to 2.0 K.32−35

We also synthesized a Ni-based isomorphic compound
ThNiAsN, which shows the highest superconducting transition
temperature Tc among the Ni-based 1111-type family.36 The
abnormal behavior of ThFeAsN and ThNiAsN is attributed to
the internal chemical pressure from the [Th2N2]

2+ layers.29,36

Thus, it is of interest to investigate the Mn-based 1111-type
pnictides with [Th2N2]

2+ layers.
In this paper, we report the synthesis, structure, and physical

properties of ThMnPnN (Pn = P, As). The neutron powder
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diffraction indicates that the antiferromagnetic states are
established at room temperature; nevertheless, the magnetic
susceptibility still exhibits a Curie−Weiss-like behavior below
300 K. There are cusps at 36 K (ThMnPN) and 52 K
(ThMnAsN) on the χ−T curves, suggestive of the second
spontaneous antiferromagnetic phase transition for the Mn2+

moments. In addition, the transport measurement indicates a
significant enhancement of the conductivity, consistent with
the nonzero Sommerfeld coefficients obtained from the heat-
capacity measurement. The unique properties of ThMnPnN
are discussed in terms of the internal chemical pressure effect.

■ EXPERIMENTAL SECTION
Caution! All of the materials and compounds containing Th are
radioactive, including ThO2, Th, Th3N4, and ThMnPnN. Precautions
with suitable care and protection for handling such substances were
followed.
Polycrystalline samples of ThMnPnN were synthesized by a

conventional solid-state reaction using the powdered chemicals of
Th3N4 and MnAs (or MnP). The Th metal ingot and Th3N4 powders
were obtained as described elsewhere.29 The binary products MnAs
and MnP were prepared using the powder of As (99.999%), red P
(99.999%), and Mn (99.99%) at 973 K in evacuated fused-silica tubes.
A stoichiometric mixture of Th3N4 and MnAs/MnP (Th:Mn:Pn =
1:1:1) was cold-pressed into pellets and loaded into boron nitride
crucibles (the crucible was heated to 773 K overnight in air to remove
absorbed water in advance). Then the crucibles were sealed in
evacuated fused-silica tubes and heated at 1373 K for 60 h. The solid-
state reaction was repeated with intermediate regrinding.
Powder X-ray diffraction (XRD) was carried out at room

temperature on a PANalytical X-ray diffractometer (model EMPYR-
EAN) with monochromatic Cu Kα1 radiation. The crystal structure
data were obtained by Rietveld refinement using the step-scan XRD
data with 20° ≤ 2θ ≤ 120° for all of the samples. Neutron powder
diffraction experiments were carried out on the High-Resolution
Neutron Diffractometer at the Key Laboratory of Neutron Physics,
Institute of Nuclear Physics and Chemistry, China Academy of
Engineering Physics. About 5 g of high-purity sample was used in the
neutron diffraction for both compounds (sealed in a V can). The
wavelength of the neutron was λ = 1.8846 Å. The scattering data were
collected at 4 and 300 K by covering the scattering angle in the range
2θ = 8−145°. The XRD and neutron diffraction patterns were refined
with the Rietveld method using the programs RIETAN-FP and
FullProf,37 respectively. The structural parameters were obtained by
assuming that the occupancy was the same as the chemical
composition.33 Magnetic measurements were performed on a
Quantum Design Magnetic Property Measurement System (MPMS-
XL5). The temperature-dependent resistivity was measured using a
standard four-terminal method on a Cryogenic Mini-CFM measure-
ment system equipped with a Keithley 2400 digital sourcemeter and a
Keithley 2182 nanovoltmeter. Measurement of the specific heat was
performed on a Quantum Design Physical Property Measurement
System (PPMS-9) using a thermal relaxation method.

■ RESULTS AND DISCUSSION

Figure 1 shows the powder XRD patterns and their Rietveld
refinement profiles for ThMnPnN (Pn = P, As) polycrystalline
samples. No extra XRD peaks can be observed in the pattern,
indicating that our samples are phase-pure. Table 1 lists the
refined crystal-structure parameters. Generally speaking, the
unit cell tends to expand in all three dimensions when an atom
in the structure is substituted with a bigger one, and the lattice
expansion is anisotropic in most cases. In a comparison of the
lattice parameters of ThMnPN and ThMnAsN, the expansions
due to the replacement of P for As are 1.28% (a axis) and
3.03% (c axis), respectively. This is associated with the detailed

structure of the MnPn block layers, characterized by the
change of the Pn height as well as the 2-fold Pn−Mn−Pn bond
angles. Table 2 compares the cell parameters of the related
1111-type pnictides containing Th2N2 or La2O2 layers. For the
Fe-based pnictides LaFeAsO and ThFeAsN, while their a axes
are almost identical, the c axis of ThFeAsN is distinctly shorter
than that of LaFeAsO, suggesting the existence of an additional
uniaxial chemical pressure along the c axis in ThFeAsN.29

Similar built-in uniaxial chemical pressures were also seen in
ThNiAsN and ThMnPN, according to the axial ratio c/a. The
cell volumes for ThNiAsN and ThMnPN decrease by 4.45%
and 3.15% (compared with LaNiAsO and LaMnPO),
respectively. Thus, the relative chemical pressures in ThNiAsN
and ThMnPN are even higher than that in ThFeAsN (2.38%,
compared with LaFeAsO). As for ThMnAsN, although the

Figure 1. Rietveld refinement profiles of the powder XRD for
ThMnPN (a) and ThMnAsN (b).

Table 1. Crystallographic Parameters for ThMnPnN
Determined by Rietveld Refinement of Powder XRD at 300
Ka

ThMnPN ThMnAsN

space group P4/nmm P4/nmm
a (Å) 4.0301(3) 4.0818(7)
c (Å) 8.6841(7) 8.947(2)
Rwp (%) 6.08 8.30
Rp (%) 4.82 6.33
χ2 1.06 2.11
HPn (Å) 1.3978 1.5472
Pn−Mn−Pn angle (deg) 110.49 105.68

atom Wyckoff x y z Uiso

ThMnPN
Th 2c 0.25 0.25 0.13586(5) 0.0021(1)
Mn 2b 0.75 0.25 0.5 0.0041(5)
P 2c 0.25 0.25 0.6610(4) 0.0051(7)
N 2a 0.75 0.25 0 0.008(3)

ThMnAsN
Th 2c 0.25 0.25 0.13091(8) 0.0015(2)
Mn 2b 0.75 0.25 0.5 0.0073(9)
As 2c 0.25 0.25 0.6729 (2) 0.0037(7)
N 2a 0.75 0.25 0 0.014(5)

aHPn represents the pnictogen height relative to the Mn plane.
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shrinkage of the cell volume reaches 2.92%, the axial ratios of
LaMnAsO and ThMnAsN are very similar, which means that
the chemical pressure in ThMnAsN is more isotropic.
Figure 2 shows the neutron powder diffraction patterns and

the structure model employed in the refinement for both of the
compounds. The data are collected at 300 and 4 K for
comparison. Table 3 summarizes refined structural and
magnetic parameters of the neutron powder diffraction. For
the room temperature diffraction data, the obtained structural
parameters agree with those obtained from the XRD
measurements, with the differences of less than 0.5‰. For

the data collected at 4 K, the Rietveld refinement gives the
lattice parameters of a = 4.0259(1) Å and c = 8.6736(4) Å for
ThMnPN and a = 4.0764(2) Å and c = 8.9298(5) Å for
ThMnAsN. The magnetic peaks can be indexed with a
propagation vector k = (0, 0, 0). Irreducible representation
analysis based on the crystal structure demonstrates a C-type
antiferromagnetic ordering, meaning the coupling between the

Table 2. Lattice Parameters of 1111-Type Pnictides
Containing Th2N2 or La2O2 Layers

a

compound a (Å) c (Å) c/a
volume
(Å3)

(VTh − VLa)/
VLa (%)

LaFeAsO1 4.0355 8.7393 2.166 142.32 −2.38
ThFeAsN25 4.0367 8.5262 2.112 138.93
LaNiAsO18 4.1231 8.1885 1.986 139.20 −4.45
ThNiAsN35 4.0804 7.9888 1.958 133.01
LaMnPO23 4.0579 8.8434 2.189 145.62 −3.15
ThMnPN 4.0301 8.6841 2.155 141.04
LaMnAsO13 4.1200 9.0462 2.196 153.55 −2.92
ThMnAsN 4.0818 8.947 2.192 149.07

aVLa and VTh respectively represent the unit cell volumes of La- and
Th-based 1111 compounds.

Figure 2. Left: Rietveld refinement of the neutron powder diffraction data. Right: Structure model employed in the refinement. The arrow indicates
the direction of the magnetic moment giving the best results in the refinement of neutron powder diffraction.

Table 3. Crystallographic Data of ThMnPnN from
Refinement of the Neutron Powder Diffraction Data at 300
and 4 Ka

ThMnPN ThMnAsN

300 K 4 K 300 K 4 K

space group P4/nmm P4/nmm P4/nmm P4/nmm
a (Å) 4.0318(2) 4.0259(1) 4.0833(2) 4.0764(2)
c (Å) 8.6878(5) 8.6736(4) 8.9484(5) 8.9298(5)
Rwp (%) 7.22 7.57 6.15 5.60
z(Th) 0.1358(4) 0.1359(4) 0.1300(5) 0.1301(4)
z(P/As) 0.6621(8) 0.6616(9) 0.6705(7) 0.6727(7)
Biso(Th) 1.47(10) 0.98(14) 1.60(14) 1.17(15)
Biso(Mn) 1.27(19) 0.72(22) 1.41(22) 1.11(22)
Biso(P/As) 1.56(16) 1.05(20) 1.62(16) 1.06(16)
Biso(N) 1.14(13) 0.97(16) 0.83(15) 0.70(16)
Mn moment (μB) 2.69(9) 3.60(10) 2.30(11) 3.41(8)
aDuring the refinement, the occupancy of all of the atomic sites is
fixed to 1.0.
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nearest-neighbor Mn2+ ions in the ab plane are antiferromag-
netic, while ferromagnetic alignments are adopted between the
adjacent [Mn2Pn2]

2− layers along the c axis. During the
refinement, the best agreement is achieved when the Mn2+

moments are aligned parallel to the c axis. However,
incorporating the magnetic moment component in the ab
plane into the refinement does not cause a significant increase
in the R factors (see the details in the Supporting Information).
It is difficult to distinguish the exact direction of the ordering
magnetic moment base on the current neutron powder
diffraction data. Here, the C-type antiferromagnetic structure
with magnetic moments directed along the c axis was adopted,
as depicted in Figure 2, and is similar to most of the MnPn-
layer-based compounds.13 The magnetic moments at 4 K are
determined as 3.60(10) and 3.41(8) μB/Mn for ThMnPN and
ThMnAsN, respectively, which are close to those of other
1111-type Mn-based materials.13 This moment reduction
(from the full moment of gS = 5 μB) has been attributed to
valence fluctuations.28

Figure 3 shows the magnetic measurement results of the two
samples. As shown in Figure 3a, the room-temperature

susceptibilities of ThMnPN and ThMnAsN are 1.66 × 10−3

and 2.69 × 10−3 emu mol−1, respectively. Upon cooling, the
susceptibility gradually increases until it reaches the T* values
(T* = 36 and 52 K mark the cusps for ThMnPN and
ThMnAsN, respectively). Below the T* values, the suscepti-
bility decreases with decreasing temperature, and slight
bifurcations between the zero-field-cooling (ZFC) and field-
cooling (FC) curves are observed, which can be seen more
clearly in Figure 3b. Given the closed electronic shell for the
Th4+ ions, the susceptibility cusps at T* values should still be
contributed from the magnetism of Mn atoms. Because the
antiferromagnetic ordering of the Mn2+ moment is already
established at 300 K, the cusps suggest a successive magnetic
transition associated with the Mn moment, although the
corresponding change in the magnetic structure was not
detected by neutron diffraction. We note that a spin
reorientation for the Mn2+ moment was observed at low
temperatures in NdMnAsO, PrMnSbO, and CeMnAsO,20−22

in which the Mn moment flops onto the ab plane accompanied
by the long-range antiferromagnetic ordering of the Ln3+

moments. For LaMnAsO, where there is no magnetic moment

Figure 3. (a) Temperature dependence of the magnetic and inverse magnetic susceptibilities (1/χ) for ThMnPN and ThMnAsN. The dashed line
is a fit to the extended Curie−Weiss law: χ(T) = χ0 + C/(T − θ). Both ZFC and FC were performed in a static field of 1000 Oe. (b) Enlarged view
of χFC−χZFC against the temperature for both compounds to show bifurcation below the T* values. (c and d) Isothermal magnetization of
ThMnPN and ThMnAsN. (e and f) Derivative of magnetization with respect to the magnetic field.
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at the La site, such a spin reorientation was absent.13 In this
context, one does not expect the LnMnAsO-like spin-
reorientation transition in ThMnPnN because Th4+ is also
nonmagnetic. Indeed, our neutron diffraction data at 4 K do
not favor the Mn moment lying in the ab plane (see Table S1).
Another surprising phenomenon is that the susceptibility

above the T* values decreases with increasing temperature and
can be fitted with the extended Curie−Weiss law χ(T) = χ0 +
C/(T − θ) over a temperature region of 150−300 K. The
derived parameters are χ0 = 3.3 × 10−4 emu mol−1, C = 0.231
emu K mol−1, and θ = 48.7 K for ThMnPN and χ0 = 5.2 ×
10−4 emu mol−1, C = 0.493 emu K mol−1, and θ = 55.8 K for
ThMnAsN. The positive χ0 and θ values suggest Pauli PM with
ferromagnetic interaction. The Curie constants correspond to
“residual” effective magnetic moments of 1.36 and 1.99 μB per
formula unit for ThMnPN and ThMnAsN, respectively. We
note that, although similar Curie−Weiss-like behaviors in the
antiferromagnetic state were reported in NdMnAsO and
PrMnSbO,20,22 the PM was associated with the local moment
of Ln3+ rather than Mn2+. As a comparison, there is no such
Curie−Weiss-like PM in the antiferromagnetic states of
LaCrAsO12 and BaMn2As2.

38 Thus, the PM above the T*
values in ThMnPnN suggests that only a part of the Mn2+

moment has been arranged antiferromagnetically below the
Neél temperature, leaving the rest of the moments in a
paramagnetic or disordered state until the sample is cooled to
below the T* values. This phenomenon has been reported in
the Nd1−xSrxMnAsO system, where the antiferromagnetically
ordered moment of Mn2+ sharply increases from 2.8 to 3.6 μB
at 24 K.39 Supposing that the Mn2+ ion in ThMnPnN behaves
similarly to those in Nd1−xSrxMnAsO, the susceptibility cusps
observed at the T* values should be ascribed to a further
antiferromagnetic transition for the previous paramagnetic/
disordered part of the Mn2+ moments below TN.
Parts c and d of Figure 3 show M−H curves at selected

temperatures for both of the compounds. At first glance, for all
of the selected temperatures, the magnetization increases
linearly with the magnetic field in the low-field region. When
the derivative of magnetization (dM/dH) is plotted as a
function of the magnetic field (Figure 3e,f), one can see
something different. For temperatures higher than the T*
values, dM/dH shows a broad hump over the entire field range,
exhibiting an ordinary magnetization behavior. At temper-
atures lower than the T* values, however, dM/dH shows a
distinct valley in the low-field area and an abrupt decrease in
the high-field one, denoting a weak metamagnetic transition. A
possible explanation for the metamagnetism is that the ordered
moments below the T* values may exhibit instability in the
external magnetic field because there is no magnetic coupling
between Mn2+ and Th4+. This is also consistent with the slight
bifurcations between the ZFC and FC χ−T curves.
The temperature-dependent electrical resistivity of

ThMnPnN is plotted in Figure 4. For Pn = P (Figure 4a),
the resistivity at 300 K is 0.0328 Ω·cm, which is in sharp
contrast to that of LaMnPO (∼103 Ω·cm).26,27 Furthermore,
the resistivity decreases upon cooling and reaches its minimum
(0.0226 Ω·cm) at 78 K. There is a slope change at 36 K,
coincident with the cusp observed in the χ−T curve. At lower
temperatures, the resistivity gradually increases. For Pn = As
(Figure 4b), the room temperature resistivity is 0.134 Ω·cm,
which is about 4 orders of magnitude lower than that of
LaMnAsO.23,24 Upon cooling, the resistivity shows semi-
conducting behavior. No resistivity anomaly shows up around

the T* value of ThMnAsN. We fit the high-temperature data
(200−285 K) using the Arrhenius equation ρ = ρ0 exp(Ea/
kBT), where ρ0 refers to a prefactor and kB is Boltzmann’s
constant (left inset of Figure 4b). The activation energy (Ea) is
extracted to be 10 meV, which is much lower than those of the
isostructural Mn-based compounds.23,24 Considering the
single-phase nature of the samples, it is reasonable to ascribe
the abnormal low resistivity and low Ea to the intrinsic
properties. This implies that a few charge carriers have existed
in the system, probably because of the inevitable non-
stoichiometry33 and/or the instability of the 3d electrons in
the system.28 At low temperatures, the measured resistivity is
much lower than that predicted by the Arrhenius equation. So,
we plot the logarithm of the resistivity (ln ρ) versus T−1/4

according to the three-dimensional Mott variable-range
hopping (VRH) mechanism ρ = ρ0 exp(T0/T)

1/4 in the right
inset of Figure 4b. Below 20 K, the ln ρ value is proportional to
T−1/4 and yields the localization temperature T0 = 199 K. As a
comparison, the low-temperature VRH T0 values for both
NdMnAsO and PrMnAsO0.95F0.05 reach as high as ∼2 × 105

K.40,41 We note that T0 represents the degree of disorder and
can be written as T0 = λα3/kBNEF, where λ is a dimensionless
constant, α is the localization parameter that reflects the
potential landscape surrounding the hopping sites, and NEF is
the localized density of states near the Fermi level. Supposing
that both ThMnAsN and NdMnAsO share a similar α factor,
the reduced T0 indicates a significant increase of NEF in
ThMnAsN.

Figure 4. (a) ρ−T data for ThMnPN. The inset shows the plot of dρ/
dT versus T for ThMnPN to show the anomaly clearly. (b) ρ−T data
for ThMnAsN. Left inset: Plot of dρ/dT versus T. Right inset:
Arrhenius plot of the ρ−T data.
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The temperature dependence of the specific heat is given in
Figure 5. The high-temperature data are not far from the value

of 3NR expected from the Dulong−Petit law. No anomaly can
be observed around the T* values, suggesting that the entropy
change associated with the low-temperature antiferromagnetic
transition is negligibly small. Supposing that the low-temper-
ature specific heat can be written as C = γT + βT3, we fit the
data below 20 K, where C/T is approximately proportional to
T2. The derived γ is 8.11 mJ mol−1 K−2 and 9.62 mJ mol−1 K−2

for ThMnPN and ThMnAsN, respectively. In general, the γ
value of an insulator or a semiconductor is nearly zero because
of the null density of states at the Fermi energy. For instance,
the γ value of NdMnAsO is only 1.2 mJ mol−1 K−2.20 Here the
appreciably large γ indicates the nonzero density of states at
the Fermi energy, which is consistent with the ρ−T data. Also,
the γ value can be related to the Pauli paramagnetic
susceptibility (χp) by γ = π2NAkB

2NEF/3 and χp = μB
2NANEF,

where NA is Avogadro’s constant and μB is the Bohr magneton.
This yields χp of 1.11 × 10−4 and 1.32 × 10−4 emu mol−1 for
ThMnPN and ThMnAsN, respectively. The χp values are of
the same order of magnitude as the χ0 values derived from the
χ−T plots, although they are not precisely consistent with each
other. The inconsistency can be ascribed to impurity effects.
Now let us discuss the unique physical properties of

ThMnPnN. As we mentioned above, like all other 1111-type
compounds containing Th2N2 block layers, both ThMnPN and
ThMnAsN bear internal chemical pressure. Comparing the
chemical pressure effects with those of the physical pressure,
one can find the similarities. Taking LaMnPO, for
example,27,28 as the physical pressure increases, the material
is driven from an insulator to a metal (manifested by metallic
resistivity behavior) and the room temperature resistivity
decreases by 4 orders of magnitude at ∼20 GPa.27 Also, the Ea
value derived from the ρ−T curve decreases with increasing
pressure and reaches 10 meV at ∼22 GPa.27 Thus, both the Ea
value and the room temperature resistivity of LaMnPO at ∼20
GPa coincide with those of ThMnPN under ambient pressure.
A possible explanation is that the chemical pressure in
ThMnPN plays a role similar to that of the physical one in
LaMnPO, leaving the system on the verge of a metal-to-
insulator transition. However, we note that the shrinkage of the
cell volume for LaMnPO reaches ∼17% at 20 GPa,28 far

exceeding the volume difference between LaMnPO and
ThMnPN (3.15%, shown in Table 2). This may suggest that
the effect of the physical and chemical pressure cannot be fully
described by the change of the cell volume alone. Additional
parameters, such as the bond length and bond angle, should be
taken into account.
Besides, the magnetic structure under the physical or

chemical pressure is another interesting issue. On the one
hand, sophisticated high-pressure experiments on the magnetic
susceptibility show that the antiferromagnetic transition in
LaMnPO (manifested by the peak on the χ′−T curves) is
suppressed to below 1.5 K at 34 GPa.27 On the other hand, we
observed similar susceptibility peaks at the T* values in
ThMnPnN, above which the antiferromagnetic state is still
valid. This may suggest that the physical pressure effect on the
magnetic exchange (which is sensitive to the distortion of the
Mn coordination tetrahedra) is quite different from that of the
chemical pressure. Otherwise, the possibility of an antiferro-
magnetic-to-antiferromagnetic phase transition in pressurized
LnMnPnO should also be considered.

■ CONCLUSIONS
In conclusion, we have synthesized two new 1111-type Mn-
based pnictides ThMnPnN (Pn = P, As). By comparing the
crystal structure of the related compounds containing Th2N2
or La2O2 layers, we conclude that the internal chemical
pressure commonly exists in the Th2N2 layer containing 1111-
type compounds. The built-in chemical pressure plays a role
similar to that of an external physical pressure, which accounts
for the enhanced conductivity as well as the nonzero
Sommerfeld coefficient. In addition, magnetic measurement
reveals a second antiferromagnetic transition at low temper-
atures for both compounds. The exceptional properties make
ThMnPnN new members for studying the mechanism of
internal chemical pressure in 1111-type compounds. Further
experimental and theoretical works are highly needed to clarify
the precise magnetic structure and the mechanism of the
chemical pressure.
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