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M = u;ﬁn Pion = 2115/ S(S + 1)

Calculate the spin and total magnetic moment of an isolated Mn*' cation,
assuming that the orbital angular momentum is quenched, that is, L = 0.

Answer

Mn** has five d electrons (see Table 15.2) that occupy the following orbitals:
m, 420120 120 120 12 120 -2 12 =12 12
J i l | | !

It follows that S = ) "m, = 5 x 1/2 = 2.5. Since the angular momentum is
quenched, J = S, and according to Eq. (15.27), the total magnetic moment for
the 10n 1s

Hion = 2#3\/5(5 + 1) = 5.92ug



Table 15.2 Magnetic moments of isolated cations of 3d transition series
Cations Electronic configuration Calculated moments Classical Measured
2up\/S(S + 1) moments in jig

S T 3 000 o o0
VLTI 3d [ 1.73 1 1.8
v 3¢t [4]4 2.83 2 2.8
vimoort o 3d [ 4]4]4 3.87 3 3.8
Mn'™, Cr*" 3d° [$]4]4]% 4.90 4 4.9
Mt Fet 3 [FTHTHFTHTH 5.92 5 5.9
Fe*" O T EIEAEIES 4.90 4 5.4
Co™ W [ TH T 387 3 48
Ni*™ 3@ |vdlvdivt] # ] % 2.83 2 3.2
Cu™ i’ (eh|etletled] ¢ 1.73 | 1.9
Cu~.zo™ 34" [§Het|etiedfé? 0.00 0 0.0
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WORKED EXAMPLE 15.3

Show that the angular momentum of any atom or ion with a closed shell config-
uration is zero.

Answer

A good example is Cu™. It has 10 d electrons arranged as follows:
y ’ 1 no—1 7 !
m, |2 1:2 1/2 1.2 o —12 —12 -2 -12 -12
s b l | l ! 1 I

Thus L=5%"m =0and § =% m, = 0. and consequently. J = 0.

Two important conclusions can be drawn from these worked examples:

When an electronic shell is completely filled, all the electrons are paired,
their magnetic moments cancel, and consequently, their net magnetic
moment vanishes. Hence in dealing with magnetism, only partially
filled orbitals need to be considered. Said otherwise, the existence of
unpaired electrons is a necessary condition for magnetism to exist.

The fact that the calculated magnetic moment assuming on/y spin orbital
momentum for the isolated cations of the 34 transition series compares
favorably with the experimentally determined values (see Table 15.2)
implies that the orbital angular momentum for these ions is indeed
quenched.
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Table 15.4 Magnetic properties of a number of magnetic ceramics. Magnetic moments
are given in Bohr magnetons per formula unit at 0 K

Material Curie B, (T) Calculated moments’ Expen-
temp.. K @ RT mental
Tsite O site Net

Fe* 1043 2.14 214 222
Spinel ferrites [AO - B,0;]

Zn**[Fe’Fe’* |0, 0 5-5 0 (Antiferro.)
Fe’* [Cu**Fe'"]0, 728 0.20 -5 145 1 1.30

Fe** [Ni**Fe'*]0, 858 0.34 -5 245 2 2.40
Fe**[Co**Fe’*]0, 1020 0.50 -5 345 3 3.70~3.90
Fe'*[Fe™* Fe'"]0O, 858 0.60 -5 445 4 4.10

Fe'* [Mn’*Fe**]O, 573 0.51 —5% 545 5 4.60-5.0
Fe** [Liy sFe, s]O, 943 -5 5425 25 260
Mg, Feoo[MgooFe, 1]Os 713 0.14 0-45 0+55 I 1.10
Hexagonal ferrites

BaO : 6Fe-0, 723 0.48 1.10

SrO: 6Fe,0; 723 0.48 1.10

Y,0; : 5Fe,0; 560 0.16 5.00

BaO : 9Fe,0; 718 0.65

Garnets

YIG{Y,}[Fe,)Fe;0, 560 0.16 5 4.96
{Gd,}[Fe,]Fe;0, 560 16 15.20

Binary oxides
EuO 69 6.80
CrO, 386 0.49 2.00
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(a) Fe;04 can be written as FeO - Fe,O; or Fe'* [Fe™* Fe'"]0,. Because it is an
inverse spinel, one-half the Fe’* cations occupy the T sites, and the other half the
O sites. These cations interact antiferromagnetically which implies that their net
moment is zero. The Fe’' cations occupy the remaining O sites, and their net
magnetic moment is (see Table 15.2) 4.9u5. The calculated net moment is thus
4.9u 5, which is in reasonably good agreement with the measured value of 4.1
(Table 15.4). Note that this agreement implies that for the most part the orbital
angular momentum of the ions in these solids is indeed quenched.

Since each unit cell contains eight Fe’* ions (see Fig. 15.9). the saturation

magnetization is given by Eq. (15.4), or

 8x49x9274x 107

_ 5
! (8.37 x 10-10)% 6.2 107A/m

It follows that the saturation magnetic field is given by
By =poM, =4x7x107 x62x107°=0.78T

which compares favorably with the measured value of 0.6 (see Table 15.4).

It 1s interesting to note that, for reasons that are not entirely clear, even
better agreement between the measured and theoretical values is obtained if
the classical expression for p;.,. that is, pu,, = 215S. 1s used instead of the
more exact expression [Eq. (15.27)].



