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Abstract. Crystal structure and magnetic behaviour of FeCrP have been investigated
using magnetization and neutron diffraction measurements. FeCrP crystallizes in orthorhombic FeZrP type structure (Pnma space group, Z = 4) in which Cr atoms occupy
the pyramidal site and Fe atoms occupy the tetrahedral site with total preference. Structural parameters including positional parameters have been refined. The refined values
of positional parameters for Fe and Cr are quite different from those in FeZrP. The nature of magnetization–temperature curve is suggestive of antiferromagnetic nature with
TN = 280 (±10) K. Preliminary analysis of neutron diffraction pattern at 13 K is indicative
of a rather complicated magnetic structure.
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1. Introduction
Iron phosphide Fe2 P and its 3d metal substituted analogues form an interesting
class of magnetic materials. Substitution of Cr or Mn for Fe in Fe2 P lowers the ordering temperature and destroys ferromagnetic (FM) ordering. On the other hand,
substitution of Co or Ni raises ordering temperature and strengthens FM ordering
[1–6]. While effects of metallic substitutions (for Fe) in Fe2 P have been extensively
studied using mainly magnetization and in some cases Mössbauer measurements,
the technique of neutron diffraction has been applied only on pure Fe 2 P and some
selected compounds like FeMnP. In FeMnP a complicated magnetic structure has
been reported [2]. One Mössbauer study on FeCrP suggests that it should be antiferromagnetic (AFM) in nature with a very low hyperfine field of 1 T on Fe nucleus
[4]. We have undertaken a detailed study for understanding the crystalline and
magnetic structures of this compound.
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2. Experimental details
The alloy was prepared using solid-state diffusion heating stoichiometric mixture
of pure elements (of purity better than 3N) at ∼1050◦ C under vacuum in a sealed
quartz ampoule. Details are described in ref. [5]. Structural characterization has
been done using powder X-ray diffraction (XRD) on Philips make diffractometer
(PW1840). Magnetization measurements have been made on a vibrating sample
magnetometer (PARC make) in the temperature region 80–500 K and in the external fields up to 5 kOe. One measurement has also been made on SQUID magnetometer (MPMS) down to 5 K at TPPED, BARC, Mumbai. Neutron diffraction
(ND) measurements have been made down to 13 K on position sensitive detectorbased powder diffractometer at Dhruva reactor, BARC, Mumbai using neutrons of
wavelength λ = 1.094 Å. Profile refinement has been done using a modified version
of the Rietveld profile refinement program DBW9411 developed by Young et al [7].
Mössbauer spectra have been recorded in transmission geometry and in constant
acceleration mode using 57 Co : Rh source and a flow type liquid nitrogen cryostat
for temperatures below 300 K and an oven for temperatures above 300 K.
3. Results and discussion
Characterization and crystal structure
Analysis of the XRD pattern recorded at 300 K shows that all the Bragg peaks are
indexed in the FeZrP type orthorhombic structure and that there was no detectable
peak from any other phase. The refined cell parameters are in excellent agreement
with the reported values [4]. Figure 1 shows the ND pattern at 300 K; the fitted
envelope following Rietveld procedure is also shown; space group Pnma (No. 62)
has been used with Z = 4. At this temperature we have accounted only for nuclear
scattering. Refinement shows that Fe atoms occupy tetrahedral site while Cr atoms
occupy pyramidal site with a complete preference. Although FeCrP crystallizes
in the FeZrP type orthorhombic structure and all the three atoms Fe, Cr and P
occupy the 4c positions, yet the values of the obtained positional parameters are
quite different from those reported for FeZrP. Table 1 enlists the refined parameters
along with the agreement factors.
Magnetization measurements
Figure 2a shows the temperature dependence of magnetization (recorded on SQUID
magnetometer) in the range 5–296 K in zero-field-cooled (ZFC) mode and in an
external field of 20 Oe. The magnetization attains a maximum at ∼270 K but does
not exhibit a peak. In order to clarify this we show, in figure 2b, magnetization–
temperature plot recorded in ZFC mode in the temperature range 85–315 K (on
vibrating sample magnetometer) in an external field of 5 kOe. This exhibits a
broad paramagnetic (PM) to anti-ferromagnetic (AFM) transition located at Néel
temperature TN = 280 (±10) K. As expected, magnetization–field curve at 300 K
200
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Figure 1. Neutron diffraction pattern at 300 K. Observed (calculated) profiles are shown by dotted (solid) curves. The short vertical marks represent
Bragg reflections. The lower curve is the difference plot.

Table 1. Results of profile refinement of neutron diffraction data on FeCrP
at 300 K.
Space group = Pnma ; a = 5.833(1) Å, b = 3.569(1) Å and c = 6.658(1) Å
Atom
Fe
Cr
P

Position

x

y

z

Occupation

4c
4c
4c

0.1448(3)
0.0272(8)
0.7667(7)

0.25
0.25
0.25

0.5613(3)
0.1715(6)
0.6237(5)

1.0
1.0
1.0

Agreement factors (%): RP = 6.81, RWP = 8.84, Rexpected = 8.58 and RBragg =
5.78.

does not show any remanence; at 85 K the value of magnetization at the highest
experimental field of 8 kOe is negligibly small as expected in AFM state. It is
interesting to note that the PM-to-AFM transition is not sharp unlike in most of
the Fe2 P-based alloys.
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Figure 2. Magnetic moment, recorded in zero-field-cooled mode as a function
of temperature under external magnetic field of (a) 20 Oe and (b) 5 kOe.

Mössbauer measurements
Figure 3a shows the Mössbauer spectrum at 300 K. The pattern exhibiting only
one quadrupole split doublet could be fitted with the parameters: central shift
(CS) with respect to metallic iron = 0.18 mm/s and quadrupole splitting (QS)
= 0.21 mm/s. Full-width at half-maximum is reasonable at 0.27 mm/s and the
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Figure 3. (a) Mössbauer spectrum of FeCrP at 300 K. Solid line represents
the fitted envelope. (b) Mössbauer spectrum of FeCrP at 85 K.

goodness of fit parameter is 1.2. CS and QS values are in good agreement with
the reported ones and are suggestive of a total occupation of pyramidal site by Cr
atoms. This confirms the inference of ND analysis. The spectrum at 85 K in the
magnetically ordered state, displayed in figure 3b, shows only a little broadening
as compared to the pattern in the paramagnetic state. This is suggestive of a very
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small hyperfine magnetic field. The spectrum could not be analysed. It is worth
pointing out that in the analogous compound FeMnP, the Mössbauer spectrum at
a higher temperature of 130 K is well-resolved giving an internal magnetic field of
about 50 kOe on iron atom [3]. TN for FeMnP is ∼265 K and is thus about the
same as for FeCrP. This observation implies that substitution of Cr in Fe 2 P has
more drastic influence than Mn.
Neutron diffraction measurements (in magnetically ordered state)
ND patterns recorded at 13 K and 300 K in low 2ϑ range are shown in figure
4. The 13 K pattern shows a few super-lattice reflections and in some cases the
peak intensity gets enhanced. New reflections show up at ∼14.0◦ , ∼14.8◦ , 17.0◦
and 20.4◦ . 1 0 1 reflection at ∼14.3◦ shows an enhancement in intensity. Appearance of new peaks confirms in general an anti-ferromagnetic structure. In
the crystalline unit cell, 4Fe and 4Cr atoms occupy the following 4c positions:
S1 (x, 1/4, z), S2 (−x, 3/4, −z), S3 (1/2 − x, 3/4, 1/2 + z) and S4 (1/2 + x, 1/4, 1/2 − z)
with different x and z coordinates. Their values are shown in table 1. Using a simple AFM model with moments orienting as S1 + S2 − S3 − S4 (↑↑↓↓), the peaks at
14.3◦ , 17.0◦ and 20.4◦ get indexed as 1 0 1, 0 1 0 and 1 1 0 magnetic reflections. (It
is to be noted that the reflections 0 1 0 and 1 1 0 are not allowed in this space group
but they are allowed in the AFM state of the stated type.) In this case, however,
the very weak satellites on the two sides of the reflection 1 0 1 are left unindexed.
This would indicate that the magnetic structure has a slight helical character. It
should be mentioned that in the analogous compound FeMnP c-axis gets doubled
in the magnetic state and the moments lie in the AC plane at an angle of 45 ◦ [2].
In the case of the compound under study, viz., FeCrP, the data rule out doubling

Figure 4. Neutron diffraction patterns at 300 K and 13 K. Peaks marked
with * are magnetic reflections.
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along c-axis; the best possibility appears to be with doubling of a- and b-axes. But
in this model too the right shoulder of the crystalline reflection 1 0 1 does not get
indexed. Thus on the basis of the present observations we can conclude that a
helical magnetic structure would be the right one. However, weak intensities of the
magnetic reflections render further detailed analysis difficult.
Acknowledgements
This work has been done under a research project financed by the Inter-University
Consortium for Department of Atomic Energy Facilities (IUC-DAEF), Indore, India. Authors are thankful to Dr V C Sahni for his help in SQUID measurements.

References
[1] O Beckman and L Lundgren, in Handbook of magnetic materials edited by K H J
Buschow (Elsevier Publication Co., Amsterdam, 1991) vol. 6; and reference therein
[2] T Suzuki, Y Yamaguchi, H Yamamoto and H Watanbe, J. Phys. Soc. Jpn. 34, 911
(1973)
[3] J Sjostrom, L Haggstrom and T Sundqvist, Hyperfine Interactions 34, 447 (1987)
[4] L Haggstrom, J Sjostrom and T Sundqvist, Solid State Commun. 59, 193 (1986)
[5] Sudhish Kumar, S K Paranjpe, Bipin K Srivastava, Anjali Krishnamurthy and V C
Sahni, Pramana – J. Phys. 52, 111 (1999)
[6] Sudhish Kumar, Subhash Chander, Anjali Krishnamurthy and Bipin K Srivastava, J.
Magn. Magn. Mater. 237, 135 (2001)
[7] R A Young and D B Wiles, J. Appl. Crystallogr. 10, 262 (1982)

Pramana – J. Phys., Vol. 63, No. 2, August 2004

205

