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Two series of Cd1−xInxNNi3 (0 ≤ x ≤ 0.2) and Cd1−yCuyNNi3 (0 ≤ y ≤ 0.2) samples were prepared from

CdO, In2O3, CuO, and nickel powders under NH3 atmosphere at 773 K. The structural and physical properties were

investigated by means of X-ray powder diffraction temperature-dependent resistivity and magnetic measurements. X-ray

powder diffraction results showed that the Cd1−xInxNNi3 and Cd1−yCuyNNi3 compounds have a typical antiperovskite

structure, and the CdNNi3, Cd0.9In0.1NNi3, and Cd0.9Cu0.1NNi3 compounds show metallic temperature-dependent

resistivity and exhibit a Fermi liquid behavior at low temperature. In contrast to the paramagnetism previously

reported, the CdNNi3 sample exhibits very soft and weak ferromagnetism, and no superconductivity was found in the

Cd1−xInxNNi3 and Cd1−yCuyNNi3 samples down to 2 K. Each sample exhibited very soft and weak ferromagnetism,

and the temperature dependence of the magnetization of the Cd1−xInxNNi3 and Cd1−yCuyNNi3 samples can be well

fitted to the combination of a Bloch term and a Curie–Weiss term.
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1. Introduction

The discovery of superconductivity in MgCNi3
[1]

has stimulated research on Ni-based antiperovskite

compounds with a general formula MXNi3, where M

is a divalent or trivalent metal, and X is C or N. Many

such carbides, i.e., MCNi3 (M = Cd, Zn, Al, Ga, In,

and so on)[2−6] have been studied. Among these ma-

terials, only the CdCNi3 compounds demonstrate su-

perconductivity with Tc = 3.4 K. ZnCNi3 is a Pauli

paramagnetic (PM) metal without onset of supercon-

ductivity down to 2 K. Both AlCNi3 and GaCNi3 take

on strongly exchange-enhanced PM behaviors, while

In0.95CNi3 behaves as a ferromagnetic (FM) metal be-

low the Curie temperature (577 K).

In addition to carbides, many antiperovskite ni-

trides have been studied. Fe-based nitrides MNFe3
(M = Fe, Mn, Au, Ag, Sn, Pd, Ni, Pt) exhibit in-

teresting Invar-like behavior.[7−15] Mn–based nitrides

ANMn3 (A = Cu, Zn, Ga, Ge, etc) show large neg-

ative thermal expansion triggered by antiferromag-

netic (AFM) or FM transitions.[16,17] Recently, sev-

eral Ni-based antiperovskite nitrides, i.e., ZnNNi3,
[18]

InNNi3,
[19] and CdNNi3,

[20] have been synthesized.

ZnNNi3 is the first nitrogen-containing superconduct-

ing material (Tc = 3 K) in the Ni-based perovskite se-

ries. InNNi3 exhibits spin-glass-like behavior, whereas

CdNNi3 behaves as a PM metal.

Since Cd has the same valence state (+2) as Zn,

CdNNi3 and ZnNNi3 should have similar electronic

structures. Therefore, they are expected to show

similar electrical and magnetic properties. However,

the theoretical study has pointed out that the elec-

tron density of states (DOS) of ZnNNi3 at the Fermi

level (EF) is higher than that of CdNNi3.
[21] In the

framework of rigid band approximation, hole doping

makes an enhancement in DOS at EF, while electron

doping depresses DOS at EF. We conjectured that

CdNNi3 might become superconducting via suitable

carrier doping. In this paper, we report the syn-

thesis and physical properties of the Cd1−xInxNNi3
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(0 ≤ x ≤ 0.2) and Cd1−yCuyNNi3 (0 ≤ y ≤ 0.2)

compounds.

2. Experimental

CdO (>99%), In2O3 (>99%), CuO (>99%), and

nickel powders (99.5%) were used as the starting ma-

terials. Two series of Cd1−xInxNNi3 (0 ≤ x ≤ 0.3)

and Cd1−yCuyNNi3 (0 ≤ y ≤ 0.25) samples were pre-

pared by the solid–gas reactions of the starting ma-

terials with NH3 (99.9% purity) at ambient pressure.

An extra 20% CdO was added in order to compen-

sate for evaporation during the reaction. The starting

materials were thoroughly ground, and then put into

alumina boats. The mixtures were heated in a tube

furnace at 773 K for 10 h under static NH3 atmosphere

and subsequently furnace cooled to room temperature.

During the heating process, fresh NH3 gas was re-

filled six times to remove the H2O vapor produced in

the reaction. The obtained intermediate products are

loose powders. To facilitate the resistivity and mag-

netic measurements, the intermediate products were

reground thoroughly, pressed into pellets and sintered

for another 10 h under the same reaction conditions.

The powder X-ray diffraction (PXRD) data of the

samples were collected on a MXP18A-HF diffractome-

ter with Cu Kα radiation at room temperature. The

2θ scan range was from 20◦ to 120◦ with a step size

of 0.02◦ and a counting time of 2 s. Phase analyses

of the samples were performed using a search–match

operation on experimentally obtained peak files us-

ing the ICDD-PDF database and Jade 5.0 software.

The lattice parameters of the samples were calculated

using the least-square method with the help of the

PowderX program.[22] The grain morphology and mi-

crostructure were obtained using a field emission scan-

ning electron microscope (FE–SEM, FEI XL 30 S–

FEG) and the chemical compositions of the samples

were examined using an energy-dispersive X-ray spec-

troscopy (EDX) attachment. An Elementary Vario

Micro Cube (Germany) elemental analyzer was em-

ployed to determine the nitrogen content.

The temperature dependence of electrical resis-

tivity was measured using the four probe method in

the temperature range 5 K–300 K. Magnetic measure-

ments were performed employing a superconducting

quantum interference device magnetometer (MPMS

XL–7, Quantum Design) in the temperature range

2 K–300 K.

3. Results and discussion

PXRD patterns for the series of Cd1−xInxNNi3
(0 ≤ x ≤ 0.3) samples are shown in Fig. 1. From

Fig. 1, it can be seen that the samples with x ≤
0.2 are single phase, and all diffraction patterns can

be well indexed to the antiperovskite-type structure

with space group Pm3m. However, the diffraction

peaks of the Cd1−xInxNNi3 samples broadened ab-

normally when x > 0.2, indicating a possible phase

separation. As shown in Fig. 1(b), the diffraction

peaks shift towards lower angle regions as the in-

dium content increases, suggesting that the effective

radii of In are slightly larger than those of the Cd

in the antiperovskites. The lattice parameter a of

Cd1−xInxNNi3 linearly increases from 3.8483 Å to

3.8511 Å (1 Å=0.1 nm) with increasing indium con-

tent (see Fig. 3).

20 40 60

2θ/(O)

2θ/(O)

80 100 120

(4
1
0
)

(4
0
0
)

(3
2
1
)

(3
2
0
)

(2
2
2
)

(3
1
1
)

(3
1
0
)

(2
2
1
)

(2
2
0
)

(2
1
1
)

(2
1
0
)

(2
0
0
)

(1
1
1
)

(1
1
0
)

In
te
n
si
ty

(1
0
0
)

(a)

80 82 84 86 88 90

(b)

(2
2
2
)

In
te
n
si
ty

(3
1
1
)

x=0.30

x=0.20

x=0.15

x=0.10

x=0.05

x=0.03

x=0.3

x=0.2

x=0.15

x=0.1

x=0.05

x=0.03

x=0

x=0

Fig. 1. (a) The PXRD patterns for the series of

Cd1−xInxNNi3 samples. (b) The enlarged portion of the

reflections (311) and (222).

Figure 2 shows the PXRD patterns for the series

of Cd1−yCuyNNi3 (0 ≤ y ≤ 0.25) samples. As shown

in Fig. 2, the samples with y ≤ 0.2 are single phase,

while tiny impurity peaks (represented by the star

and plus point) appear in the Cd1−yCuyNNi3 samples

when y > 0.2. The impurity peaks are attributable to

Cu3N and metal nickel, so the limit of solid solubil-

ity of copper in the CdNNi3 phase is slightly larger

047401-2



Chin. Phys. B Vol. 21, No. 4 (2012) 047401

than 0.2. From Fig. 3, it can be seen that the lattice

parameter a of Cd1−yCuyNNi3 decreases and varies

from 3.8483 Å to 3.8471 Å with the copper content

increasing because of the smaller Cu atom generat-

ing a counteracting size effect. We tried to synthesize

CdNCu3 and CuNNi3 compounds, but did not succeed

under the present experimental condition.

The metal elemental content of the samples

Cd1−xInxNNi3 and Cd1−yCuyNNi3 were determined

by EDX analysis. The analysis results are listed in

Table 1. As shown in Table 1, the actual In:Cd,

Cu:Cd, (Cd+In):Ni, and (Cd+Cu):Ni ratios are con-

sistent with the stoichiometry within the experimental

error, respectively. The elemental analysis shows that

the nitrogen content of the prepared samples with x

(or y) ≤ 0.2 is stoichiometric within the experimental

errors.

Table 1. Elemental content determined by EDX analysis of the Cd1−xInxNNi3 and Cd1−yCuyNNi3 samples.

Sample Ma/at% Cd/at% Ni/at% N/at% M :Cd (Cd+M):Ni

x = 0.05 1.02 18.82 60.20 19.96 1:18.45 1.0:3.03

x = 0.15 3.01 17.07 59.89 20.03 1:5.67 1.0:2.98

y = 0.05 1.01 18.90 60.07 20.02 1:18.71 1.0:3.02

y = 0.15 3.02 17.03 60.04 19.91 1:5.64 1.0:3.00

a M represents In or Cu.
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Fig. 2. (a) PXRD patterns for the series of Cd1−yCuyNNi3 samples. (b) The enlarged portion of the reflections

(311) and (222).
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Fig. 3. Variation in lattice parameter a with the compo-

sition of the Cd1−xInxNNi3 and Cd1−yCuyNNi3 samples.

The solid lines represent linear fit.

The temperature dependence of the resistivity for

the Cd1−xInxNNi3 (x = 0, 0.1) and Cd0.9Cu0.1NNi3
samples are shown in Fig. 4. Each sample exhibits

metallic behaviors over the whole temperature range

measured, and no superconductivity was found down

to 5 K. At high temperatures (TF ∼ 300 K), the resis-

tivity for the samples shows linear behavior, which

is attributed to electron–phonon scattering. TF is

the onset temperature, where the sample deviates

from linear behavior. Above TF, the resistivity–

temperature coefficient (dρ/dT ) of the three com-

pounds has a relationship dρ/dT (Cd0.9Cu0.1NNi3) <

dρ/dT (CdNNi3) < dρ/dT (Cd0.9In0.1NNi3). The

theoretical study has pointed out that the DOS of the

CdNNi3 has a large peak slightly below EF.
[21] Ac-

cording to the framework of rigid band approximation,

Cu doping enhances N(EF), while In doping depresses

N(EF), and as a consequence indirectly influences the

conductivity. So the difference in conductivity for

the Cd1−xInxNNi3 (x = 0, 0.1) and Cd0.9Cu0.1NNi3

samples could be explained by the changes in N(EF)

caused by Cu or In doping. From the inset of Fig. 4,

it can be seen that the resistivity of Cd1−xInxNNi3

(x = 0, 0.1) and Cd0.9Cu0.1NNi3 can be well fitted
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with the equation:

ρ(T )− ρ0 = AT 2 (1)

in the range of 5 K ≤ T ≤ TF, which is suggestive of a

Fermi liquid behavior. The fitting results are listed in

Table 2. Cd0.9In0.1NNi3 has a larger residual resistiv-

ity ρ0 (103.1(3) µΩ·cm) than that of Cd0.9Cu0.1NNi3
(83.7(2) µΩ·cm). This probably reflects the contri-

butions from the extrinsic origins such as the grain

boundaries[23] in Cd0.9In0.1NNi3. Since our sample

is polycrystalline, a quenched disorder of a certain

amount cannot be ruled out, which comes from the

extrinsic (such as grain boundaries and domain walls)

and intrinsic (lattice defects and antisite disorders)

disorders.
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Fig. 4. The temperature-dependent resistivity of the

Cd1−xInxNNi3 and Cd1−yCuyNNi3 samples. Inset: the

linear fitting of ρ(T )− ρ0 versus T 2 below TF.

Table 2. The results of Cd1−xInxNNi3 and

Cd1−yCuyNNi3 fit to Eq. (1).

Sample TF/K ρ0/µΩ·cm A/(µΩ·cm/K2)

x = 0 50(1) 80.7(2) 0.012(2)

x = 0.1 60(2) 103.1(3) 0.014(1)

y = 0.1 70(1) 83.7(1) 0.006(2)

Figure 5 depicts the temperature dependence

of the magnetization of the Cd1−xInxNNi3 and

Cd1−yCuyNNi3 samples in zero-field cooled (ZFC)

and field cooled (FC), respectively. There are two

common features in their magnetization versus tem-

perature curves. The first one is the divergence of the

FC and ZFC curves, and the second one is that all

ZFC curves exhibit a broad cusp. The irreversibility

temperature (Tirr), where the ZFC and FC curves

diverge, shifts to the higher temperature with the in-

crease in dopant content. As shown in Fig. 5(a), the

ZFC curves of the CdNNi3 sample show broad cusps

at an applied field of 50 Oe (1 Oe=79.5775 A/m),

and the cusps occur at temperature (Tf) around 60 K.

With the increase in applied field from 50 Oe to

1 kOe, the Tf of CdNNi3 shifts toward lower tem-

perature. The broad cusp (Tf) in the ZFC curve

can be attributed to the superparamagnetic block-

ing of spins.[24,25] The superparamagnetic blocking

process is the competition between the thermal and

anisotropy energies of the particles. It is clear that

as the applied field increases, the anisotropy energy

of the particles decreases. When this happens, the

particles need less thermal energy to cross over the

energy barrier and thus the Tf decreases. Simultane-

ously, the extent of irreversibility tends to vanish as

the external field increases. From Figs. 5(b) and 5(c),

it can be seen that Tirr increases as the dopant con-

tent increases for Cd1−xInxNNi3 and Cd1−yCuyNNi3.
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Fig. 5. Temperature dependence of the ZFC (filled sym-

bols) and FC (open symbols) dc magnetization curves:

(a) CdNNi3, (b) Cd1−xInxNNi3, and (c) Cd1−yCuyNNi3.

The arrow symbols indicate Tirr.
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The Cd1−xInxNNi3 ( x = 0.03, 0.05, 0.10, 0.15, 0.20)

samples show much higher irreversibility, as evidenced

by significant splitting of the ZFC and FC curves at

or near room temperature (Fig. 5(b)). Similar be-

havior is seen in frozen ferrofluids[26] and assemblies

of nanoparticles.[27] The crystallite sizes of our sam-

ples are in the range of 50 nm–150 nm (Fig. 6), so

the bifurcation in the ZFC and FC curves can be

attributed to the presence of strong interactions be-

tween nanosized magnetic particles.[28] The Tirr shifts

to the higher temperature with the increase in dopant

content, which may be attributed to the increased

anisotropy energies of the particles in the doped sam-

ples.

x= 0

x= 0.1

Fig. 6. SEM micrographs of the Cd1−xInxNNi3 samples.

Figure 7 plots the hysteresis loops for the CdNNi3,

Cd0.9In0.1NNi3, and Cd0.9Cu0.1NNi3 samples at dif-

ferent temperatures (10 K, 150 K, and 300 K). The in-

set of Fig. 7 shows the isothermal M(H) curves for the

samples. From the hysteresis loops, we can see clearly

that the coercivity and remanence of each sample de-

crease as the temperature increases. Above 150 K,

each sample has very small coercivity and remanence,

since its hysteresis loops are hardly visible. As shown

in the inset of Fig. 7, the M(H) curves of the CdNNi3,

Cd0.9In0.1NNi3, and Cd0.9Cu0.1NNi3 samples exhibit

linear behavior at high magnetic field, indicating a PM

response to the applied magnetic field, which may be

due to spin pairing effects and the presence of super-

paramagnetic fractions (distribution of particle size).
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Fig. 7. Hysteresis loops at different temperatures: (a)

CdNNi3, (b) Cd0.9In0.1NNi3, and (c) Cd0.9Cu0.1NNi3.

The inset shows the magnetization versus magnetic field

isotherm (M–H) curves at different temperatures.

The Arrott plot technique was also used to

determine the magnetic properties of the CdNNi3,

Cd0.9In0.1NNi3, and Cd0.9Cu0.1NNi3. Figure 8 shows

the Arrott plot for the samples. The Arrott plot (M2

against H/M) provides a useful criterion for the mag-

netic property, because a positive (negative) intercept

on the ordinate of the extrapolated linear behavior in

the high field portion corresponds to the ferromagnetic

(paramagnetic) state. The intercepts for each sample

are very close to the origin of the coordinate. Nonethe-

less, they are positive. So, each sample has very soft

and weak ferromagnetism. For the CdNNi3 sample,

our result is different from the earlier report.[20] This

difference indicates that the physical properties of the
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CdNNi3 sample are very sensitive to the synthesis

routes and the variation in the compositions.

0 10 20 30 40 50
0.000

0.005

0.010

0.015

0.020

0.025

0.030

300 K
150 K

  
 2
/
(e

m
u

2
/
g

2
)

M
  

 2
/
(e

m
u

2
/
g

2
)

M
  

 2
/
(e

m
u

2
/
g

2
)

M

↼H/M↽/↼ OeSg/emu↽

↼H/M↽/↼ OeSg/emu↽

↼H/M↽/↼ OeSg/emu↽

10 K

linear extrapolation (a)

0 10 20 30 40 50 60
0.000

0.008

0.016

0.024

0.032

0.040

0.048
linear extrapolation 

300 K

150 K

10 K

(b)

0 5 10 15 20 25 30
0.00

0.02

0.04

0.06

0.08

0.10
linear extrapolation 

300 K

150 K

10 K

(c)

Fig. 8. Arrott plots [M2–(H/M)] at different tem-

peratures: (a) CdNNi3, (b) Cd0.9In0.1NNi3, and (c)

Cd0.9Cu0.1NNi3.

Figure 9 depicts the temperature depen-

dence of the magnetization for Cd1−xInxNNi3 and

Cd1−yCuyNNi3 samples at a magnetic field of

50 Oe. The M(T ) curves of the Cd1−xInxNNi3 and

Cd1−yCuyNNi3 samples can be well fitted by using

a combination of a Bloch law and a Curie–Weiss

behavior.[29−31] The solid curves in Fig. 8 show the

fitting results using the following equation:

M(T ) = M0[1 +B0T
3/2 +B1T

5/2] +C/(T − θ), (2)

where B0 and B1 are spin wave parameters, because

the spins are polarized to form spin–wave interactions

in the ferromagnetic region. The Curie–Weiss behav-

ior has been observed in interacting ferrofluids, where

θ is a measure of the interaction strength.[32−34] The

fitted parameters and the goodness of fit (R2) are

listed in Table 3. As can be seen in Table 3, the val-

ues of θ are negative and the values of M0 increase

with the increasing dopant concentration. The neg-

ative value for θ may be attributed to the antiferro-

magnetic ordering of the ferromagnetic particles when

they aggregate. The changing trend of the M0 values

indicates that the effective magnetic moment per atom

increases when the dopant content increases in these

systems.
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Fig. 9. Temperature dependence of magnetization at

a magnetic field of 50 Oe: (a) Cd1−xInxNNi3, and (b)

Cd1−yCuyNNi3. The solid line represents the fit to

Eq. (2).

From both resistivity and magnetic measure-

ments, we find that the superconductivity is absent in

the Cd1−xInxNNi3 and Cd1−yCuyNNi3 samples down

to 2 K. The main reason for the absence of supercon-

ductivity is attributed to the small N(EF) in these

compounds. According to the theoretical study,[21,35]

Ni 3d and a partial hybridization between Ni 3d and

N 2p dominate the total DOS at EF in the MNNi3
(M = Mg, Zn, Cd, In). The component of M in

the compounds has very small contributions to the

N(EF). So the shift in the bands near the Fermi level

of the Cd1−xInxNNi3 and Cd1−yCuyNNi3 samples is

very small and therefore indirectly influences the val-

ues of N(EF), resulting in the small value N(0) in

the samples. Further investigation of the electron–

phonon coupling properties of the CdNNi3 should be

performed in order to elucidate its nature of absence

of superconductivity.
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Table 3. The results of Cd1−xInxNNi3 and Cd1−yCuyNNi3 fit to Eq. (2).

Sample M0/(emu/g) B0/K−3/2 B1/K−5/2 C/(emu·K/g) θ/K R2

x = 0 4.30× 10−3 −4.21× 10−3 4.65× 10−6 0.66 −52 0.99992

x = 0.03 5.70× 10−3 −1.40× 10−3 1.2× 10−6 0.053 −36.5 0.99994

x = 0.05 6.10× 10−3 −1.31× 10−3 7.75× 10−7 0.087 −33 0.9997

x = 0.10 8.70× 10−3 −2.1× 10−3 1.61× 10−6 0.095 −33 0.99993

x = 0.15 1.15× 10−2 −3.11× 10−3 2.5× 10−6 0.12 −38 0.9997

x = 0.20 1.51× 10−2 −4.1× 10−3 3.4× 10−6 0.13 −40 0.99992

y = 0.03 9.80× 10−4 −1.31× 10−3 2.7× 10−6 0.93 −44 0.9995

y = 0.05 1.85× 10−3 −1.43× 10−3 1.75× 10−6 1.61 −61 0.99989

y = 0.10 1.36× 10−2 −4.4× 10−3 4.5× 10−6 1.35 −54 0.99983

y = 0.15 2.68× 10−2 −1.11× 10−2 1.0× 10−5 1.21 −37 0.99984

y = 0.20 3.39× 10−2 −1.35× 10−2 2.0× 10−5 1.03 −32 0.99983

4. Conclusion

In summary, the structure, magnetic and elec-

tronic transport properties of Cd1−xInxNNi3 and

Cd1−yCuyNNi3 have been investigated. The com-

pounds with x (or y) ≤ 0.2 have the typical an-

tiperovskite structure (space group Pm3m). CdNNi3,

Cd0.9In0.1NNi3, and Cd0.9Cu0.1NNi3 show metallic

behavior in the temperature dependence of the resis-

tivity from 5 K to 300 K. The temperature dependence

of the magnetization and the hysteresis loops indicate

that CdNNi3, Cd0.9In0.1NNi3, and Cd0.9Cu0.1NNi3
have a soft and weak ferromagnetism below 300 K, re-

spectively. The CdNNi3 result is different from the re-

port in the literature, which exhibits soft and weak fer-

romagnetic behavior. No superconductivity has been

found in the Cd1−xInxNNi3 and Cd1−yCuyNNi3 sam-

ples, which may be attributable to the small value

N(0). The physical properties of Ni-based antiper-

ovskite nitrides are quite diversified and complicated,

and further studies on their structure-property rela-

tions are needed.
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