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Fig. 2.1 The mass susceptibility of the first 60 clements in the periodic table at room temperature, plotted as a function of the atomic number. Fe,
Co and Ni arc ferromagnetic so that they have a spontancous magnetization with no applied magnetic field.
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Fig. 2.8 The (a) magnetization M (normal-
ized by the saturalion magnetization), (b)
energy E, (c) heat capacity C (at constant
applied magnetic field) and (d) entropy §
of a paramagnetic salt containing n non-
interacting spin-5 ions per unit volume as a
function of kg T /ug B. The quantities £, C
and § are therefore plotted per unit volume
of paramagnetic salt.
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and the Helmholtz free energy can be evaluated using the expression F

kpT/upB

kpT/upB

kpT/upB

kpT/ pnB

Il

—kpT In Z yielding the Helmholtz free energy for n spins per unit volume as
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22 Isolated magnetic moments

Fig. 2.2 The measured diamagnetic molar
susceptibilities x;m of various ions plotted

. 3 - . .
against Zygr=, where Zyy is the number of
electrons in the ion and r is a measured ionic
radius.

Fig. 2.3 (a) Naphthalene consists of two
fused benzene rings. (b) Graphite consists
of sheets of hexagonal layers. The carbon
atoms are shown as black blobs. The carbon
atoms are in registry in alternate, not adjacent
planes (as shown by the vertical dotted lines).
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The effective ring diameter is several times larger than an atomic diameter and
so the effect is large. This is also true for graphite which consists of loosely
bound sheets of hexagonal layers (Fig. 2.3(b)). The diamagnetic susceptibility
is much larger if the magnetic field is applied perpendicular to the layers than
if it is applied in the parallel direction.

Diamagnetism is present in all materials, but it is a weak effect which can
either be ignored or is a small correction to a larger effect.

2.2 Blusotel/s
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Table 2.2 Magnetic ground states for 4f ions using Hund’s rules.
For each ion, the shell configuration and the predicted values of
S, L and J for the ground state are listed. Also shown is the
calculated value of p = peg/pg = gsLJ(J + 1)]'/? using these
Hund’s rules predictions. The next column lists the experimental
value pexp and shows very good agreement, except for Sm and Eu.
The experimental values are obtained from measurements of the
susceptibility of paramagnetic salts at temperatures kg7 3> Ecgr
where Ecgr is a crystal field energy.

ion shel § L ] term P Pexp

ce3t  af 13 3 Fs/2 254 251

PO+ 42 1 5 4 3Hy 358 356

Nt 4B 3 6 I top 362 3337

Pt 4 2 6 4 I 268 - - R

smit 4 5 5 3 Clyp 085 174 &— Deviaction sa3e
Bt 4% 3 3 0 TF 0.0 4 &— ode miveauy ekes bes
G 4 1 o0 1 S5 794 798 ‘o ? frlo dw

™t 48 3 3 6 TR 972 977 forndamenta|

py’t 4 3 5 B OHy, 1063 1063

Hot 4fl® 2 6 8 O 10.60 104

Bt 4t 3 6 L s, 959 95

Tm¥* 42 1 5 6 3Hg 7571 761

v+ a1 3 1 2F, 453 45

Lt a4 0 o o0 lsg 0 0

the 3d ions).!? § rises and becomes a maximum in the middle of each group. L
and J have maxima at roughly the quarter and three-quarter positions, although
for J there is an asymmetry between these maxima which reflects the differing
rules for being in a shell which is less than or more than half full.

8T 3d

F;f)' 2.8 régl.c. Ae Huando _B/»ww(e/[
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Fig. 3.1 The angular distribution of the s, p
and d orbitals. The d> and d 2 > levels
are grouped together and called the e, levels.
The dyy, dy; and dy; levels are grouped
tagether and called the tap levels. The d_»
orbital is sometimes referred to as ll;:g 2
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GDM/QW,-/&M 3d W@w 0"0'74“«
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Table 3.1 Magnetic ground states for 3d ions using Hund’s rules. For each
ion, the shell configuration and the predicted values of S, L and J for the /QW/ . ﬁ/ a.aﬁd cag)
ground state are listed. Also shown is the calculated value of p = u.s/up
for each ion using Hund’s rules predictions. This is given the symbol P = t - a‘L
2707 (J4+1)]1/2 and the next column lists the cxperimental values pexp which ?
are derived from measurements on paramagnelic salts containing the relevant
ions. This agrees much better with py = 2[S(S + 1)11/21 which assumes /r = 3 S C S + 13
R

orbital quenching, sothat L =0, J = Sand gj = 2.

ion shel § L J term 7 Pexp P2 ovec g = J .

v 3l 1 o2 3 2py, 155 170 173 Cik LA
i+ 32 1 3 2 3p 1.63 261 283

et v 3¢ 2 3 2 4R, 077 385 387 Py é L = 0
Mt 2t 3at 2 2 0 Sp, 0 482 490

F**,Mn?t 3¢5 3 0 3 Ss5p 592 582 59

Fel+ 3 2 2 4 Sp, 670 536 490 ‘ﬂ/ 'z %
Co?+ 3 3 3§ YRy 663 490 387 "?M‘-’/d/ -
NiZ+ 3 1 3 4 3E 559 302 283 | s AL-S
Cu?t 3 1 2 3 by 355 183 173 )
Zn2t 301 0 o0 o lg 0 0 0 NSRRI Lo
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