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1.5.5.3.2.4 Arrott plots for two magnetic subsystems

The Arrott plots for a pure ferromagnetic system for which the magnetism originates from only one
magnetic sublattice in the compound has been considered in the previous section. Now an
arrangement is considered which is made up of two magnetic subsystems. The simplest configuration
one may consider is a system made up of two different uncoupled magnetic phases. Thus the free
energy takes the form

F :%E\M2+%CM4—BOEM+%§n? +% cnt -B, M (45)

HereM andm are the magnetic moments on each of the magnetic subsystems. Minimisation of the
free energy with respect to bath andm results in

g—l\jz 0 AM+CM-B =0

oF (46)
—=0 O am+cnf- B =0

om

Each individual contribution on its own of eithbt or m is characterised by straight line Arrott
plots. However, experimentally it is the total magnetic momdg = pyuM + p,m which is
measured, witlpy(pyn) being the abundance of the phase characterised by the magnetic nhbment
(m). Using the experimentally measured magnetic moment (which amouMgfadhe Arrott plot

will in general not be characterised by straight lines. This is illustrated with an example in Fig. 65,
where the Arrott plots are shown for a ferromagnetic impurity phase< 1) within a paramagnetic
matrix(p, = 1).

In the above discussion two magnetic subsystems have been considered. This situation may also
occur in single phased samples with a more complicated crystallographic structure. If the magnetic
atoms occupy crystallographically different lattice sites, the (ferro) magnetic moments of each
sublattice are described by a free energy of the form as given in eq. (22). The total free energy takes
a form which is a straightforward generalisation of eq. (45) to the appropriate number of subsystems.
However, for subsystems in close contact with one another coupling terms can usually not be
neglected.

Restricting the discussion to the ferromagnetic component only and using a two subsystem
example to illustrate the magnetic behaviour, the lowest order coupling term takes the form

Wi (47)
Thus the free energy is given by
F:%,&M2+%CM4—BODM+%5n?+%cn‘f—Bomnﬂan (48)

Minimising the free energy with respect to the size of the magnetic moments (and leaving the
question of the correct signs to be sorted out below) results in

F_o 0 AMCM-B Hym=0

oM

oF (49)
—=0 0 am+cnt- B yM=0

Jam

Depending on the sign of the coupling constard ferromagnetic coupling &fl andm is favoured
for y< 0 while an antiparallel alignment will result fge O.

The influence of the termgM and ym on the magnetic moments and M, respectively, is
equivalent to a magnetic field, and the coupling terms proportiongiitceq. (49) have thus to be
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understood and interpreted in such a manner. It is the molecular field (Weiss field) of one sublattice
acting on the sites of the other sublattice. This source of an internal magnetic field is additional to
the one of eq. (11) which originates from the coupling of the magnetic moments within the same
magnetic sublattice.

For a negative coupling constapta ferromagnetic coupling of the two subsystems is favoured,
and the effect of an external magnetic field is to simply enhance the internal magnetic figtch. G-or
a more interesting situation arises. Here hidttandm are coupled antiparallel with respect to one
another, as this minimises the free energy due to the yen. The sizes of the magnetic moments
are in general such thg¥|#|m|, as there is no symmetry element which links the modulud of
with |m|. The differencelM|-|m| is usually non zero. Thus when an external magnetic field is
applied andv andm are non zero and antiparallel the moments will orient in such a way as to have
the net magnetic momeM — m oriented parallel to the external magnetic field direction. Taking
[M|>|m| andy> 0 eq. (49), corrected for the appropriate signs, now reads

AM+CM3*- B -ym=0

(50)
am+cnmt+ B-yM=0

The set of coupled equations in (48) may be solved numerically and the Arrott plots constructed for
Mt = M —m. The result of a model calculation is shown in Fig. 66. For this calculation the two
subsystems are taken to be paramagnetic and characterised by a weakly temperature dependent Pauli
paramagnetic susceptibility resulting in

aN) =a+aT
AT)=A+AT

Hereay, a;, Ag andA; are appropriate constants. It is to be noted that each subsystem has a positive
A(a)-coefficient and, without the application of an external magnetic field, the free energy is
minimised by a zero magnetic moment. However, due to the coupling term proportionaheo
internal field may create an instability towards a magnetic polarisation of the subsystems. While the
free energy will increase when magnetic moments are created on each of the subsystems, an overall
reduction of the free energy is brought about by the coupling yevtiin. For a positivey value of
sufficient size the reduction of the free energy (Fig. 66d) due to the coupling term more than
compensates the free energy increase for the creation of the magnetic moments. Thus a magnetic
state will result with a net ferromagnetic moment. Using the Arrott plots as shown in Fig. 67 this
situation is indicated for strong coupling in Fig. 66b in the low external field region (I) and for low
temperatures. This region is determined by the ratio of the external and the internal magnetic field. In
region | the internal magnetic field is much stronger than the externally applied magnetic field.

For large external fields the alignment of moments is driven from a ferrimagnetic arrangement to
a ferromagnetic one. This can be seen from the (almost straight) lines of the Arrott plots in Fig. 67
for high fields (lll) where the high field region is characterised by a parallel alignment of the
magnetic moments. The regions of dominating internal and external magnetic fields are separated by
a transition region (Il in Fig. 67b) which displays a complex magnetic behaviour and indicates strong
competition between a ferrimagnetic and a ferromagnetic arrangement of magnetic moments.

It is noted that for a Pauli paramagnet, and due to its weak temperature dependence, the
physically interesting temperature region lies betw&eandT, in Fig. 67. Within this temperature
interval the size of the ferromagnetic moment in the low external field region is essentially
independent of the external magnetic field strength. This is due to the fact that this region is
governed by the strength of the internal magnetic field. The external field is much smaller than the
internal one, and the external field is thus not able to significantly affect the size of the net
ferromagnetic moment.

(51)
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Fig. 65. Arrott plots of a ferromagnetic phase
(dotted line) and a paramagnetic phase (dashed
line). The Arrott plots for a sample which consists
of a mixture of 5 % of the ferromagnetic phase
and 95 % of the paramagnetic phase is shown by
the full line.
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Fig. 67. Arrott plots for two coupled sublatticesa)( field (region 1) or the applied field (region IlI)
corresponds to weak coupling (i.g.small) and Ip) dominate. In region Il, both fields are of comparable
depicts the situation for larggrvalues. Regions | to magnitude.

Il in (b) indicate the regimes for which the internal
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values, respectively. The dashed (dotted) curves)in (
and @) correspond to the free energy with # 0,

(b) coupling constantsy. The corresponding free M=0, M = 0, M # 0) and the full line tom # O,

energies are shown ic)(and @) for small and large

M # 0.

1.5.5.3.2.5 Ferromagnetic and / or antiferromagnetic order

Here the situation of more than one magnetic interaction present in the sample is considered. For a
structure with only one magnetic sublattice and taking into account only one ferromagnetic moment
M and an antiferromagnetic ohe the free energy may be written in the form

1 1

F=lAm+icmi-g,mm+i a2+t
2 4 2 4

14 % y 2 MR +5(L M) (52)

Landolt-Boérnstein
New Series 111/32C



	PREVIOUS DOCUMENTFILE
	NEXT DOCUMENTFILE
	 
	Landolt-Börnstein
	Condensed Matter
	Magnetic Properties of Metals
	Contents: Alloys and Compounds of d-Elements with Main Group Elements. Part 2
	Introductory material
	1  Magnetic properties of 3d, 4d, and 5d elements, alloys and compounds
	1.1 - 1.4  See Vol. 32A
	1.5  Alloys and compounds of 3d elements with main group elements
	1.5.1  See Vol. 32B
	1.5.2  See Vol. 19B
	1.5.3  See Vol. 32B
	1.5.4  3d elements and C, Si, Ge, Sn or Pb (T. OHOYAMA, N. YAMADA)
	1.5.4.1  Introduction
	1.5.4.2  Ti and V alloys and compounds
	1.5.4.3  Cr alloys and compounds
	1.5.4.4  Mn alloys and compounds
	1.5.4.5  Fe alloys and compounds
	1.5.4.5.1  Alloys and compounds with C and Si
	1.5.4.5.2  Alloys and compounds with Ge
	1.5.4.5.3  Alloys and compounds with Sn

	1.5.4.6  Co and Ni alloys and compounds
	1.5.4.7  MM'X ternary compounds
	1.5.4.8  References for 1.5.4

	1.5.5  Heusler alloys (K.R.A. ZIEBECK, K.-U. NEUMANN)
	1.5.5.1  Introduction
	1.5.5.2  Structural properties
	1.5.5.2.1  Crystallography
	1.5.5.2.2  Ternary phase diagrams
	Ni-Mn-Sn
	Ni-Fe-Al
	Ni-Hf-Al
	Mg-(R)-Ag
	Pd-Y-Sn

	1.5.5.2.3  Kinematics of phase transition
	1.5.5.2.4  Deformation
	1.5.5.2.5  Hydrogen absorption
	1.5.5.2.6  Films/ribbons

	1.5.5.3  Bulk magnetic properties
	1.5.5.3.1  Introduction
	1.5.5.3.2  Arrott plots
	1.5.5.3.2.1  Introduction
	1.5.5.3.2.2  Mean field description of magnetic phase transition and Landau form of the free energy
	1.5.5.3.2.3  Magnetisation and Arrott plots
	1.5.5.3.2.4  Arrott plots for two magnetic subsystems
	1.5.5.3.2.5  Ferromagnetic and / or antiferromagnetic order
	1.5.5.3.2.6  Discussion

	1.5.5.3.3  Experimental results
	1.5.5.3.3.1  Ferromagnets
	1.5.5.3.3.2  Antiferromagnetism
	1.5.5.3.3.3  Paramagnetic
	1.5.5.3.3.4  C1b compounds
	1.5.5.3.3.5  Quaternary


	1.5.5.4  Neutron scattering
	1.5.5.4.1  Neutron diffraction
	1.5.5.4.2  Crystalline electric fields

	1.5.5.5  Phase transitions
	1.5.5.6  Electrical properties
	1.5.5.6.1  Electrical resistivity
	1.5.5.6.2  Galvanomagnetic properties
	1.5.5.6.3  Superconductivity

	1.5.5.7  Thermal properties
	1.5.5.8  Hyperfine fields
	Tables 73-82, Figs. 362-387
	Tables 83-94, Figs. 388-415
	Figs. 416-440
	Figs. 441-466, Tables 95-101
	Figs. 467-497, Tables 102-104

	1.5.5.9  Band structure
	1.5.5.9.1  Introduction
	Tables 105-112, Figs. 498-512
	Figs. 513-537

	1.5.5.9.2  Cohesion and phase transitions

	1.5.5.10  Electronic structures
	1.5.5.11  Magneto-optics
	Introduction, Table 123-130, Figs. 596-609
	Figs. 610-649, Table 131
	Figs. 650-679, Table 132

	1.5.5.12  References for 1.5.5




