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UNDERSTANDING THE PROPERTIES OF MATTER: WEB CHAPTER 2

Table W2.1 Molar magnetic susceptibility of the elements at around
W2.3. The shading in the table corresponds to the shading in Figure

room temperalure. The data are summarised in Figure
and highlights elements with a large susceptibilities.

Element, atomic mass (u) and den- R Element, atomic mass (u) and L -
Z sty (kg m™) ) (m® mol™') Z_ density (kg m~) . (m* mot)
1 Hydrogen, H 1.008 a9 — §1  Antimony, Sb 1217 6692 - .-1,22x 107
2 Helium, He 4.003 120 — 52 Tellurium, Te 127.6 6247 —-4.98 x 107
3 Lithium, LI 6.941 533 1.78 x 1079 53 lodine, | 126.9 4953 -5.58 x 10°1¢
4 Beryllium, Be 9.012 1848 ~1,17 x 10~ 54 Xenon, Xe 181,83 3560 -5.51x 10"
5 Boron, B 10.81 | 2466 | -843xi0™ §5 Caesium, Cs 1328 1800 azaxier
6 Carbon, C 12,0t 2266 ~7.57 x 107" 3584 § m.m..d:x E.Mo
7 Nitrogen, N 14.01 1035 —
8 Oxygen, O 16 1460 -
9 Fluorne, F 19 1140 —_
10 Neon, Ne 20.18 1442 -8.48 x 10"
11 Sodium, Na 2299 966 2,02x 107
12 Magnesium, Mg 24.31 1738 1.65 x 10
13 Aluminlum, Al 26.98 2698 2,08 x 1079
14 Slilcan, Si 28.08 2329 ~5.06 x 107% i m» Ak
1§ Phosphorus, P 30.97 1820 -3.41x 107 .m_mm.M
16 Sulphur, S g208 2085 -1.95x10™ (Rl
17 Chiloring, CI 35.45 2030 — «m..m.m« 1
18 Argon, A 38.85 1656 —_ 4§ wm..m& ;
18 Potassium, K “mmmm ulidmi
20 Calclum, Ca I Sl YRerplmiy ol
ST 5 Ui
72 Halnium, Hf 9.46 x 1071
73 Tantalum, Ta 180.9 16670 1.94 x 107
74  Tungsten, W 183.9 19254  7.36x 107
75 Ahenium, Re 186.2 21023  8.49x 10"
76 Osmium, Os 190.2 22580 1.24 x 1™
77 lrdium, ir ' 1922 22550 3.21x 10"
e LNy AR 78 Platinum, Pt 1985.1 21450 254 x 107
PAEREHEa5E Y 79 Gold, Au 197 19281  —3.51x 107
30ZIncZn, _,..&eénmmmu%%m@%? 80 Mercury, Hg 2006 13546 —
31 Galilum, Ga 69.72 5905 -2.72 x 1071 81 Thallium, Tl 204.4 11871  —-6.40x 10™
32 Germanium, Ge 72.59 5323 ~8.64 x 107" 82 Lead, Pb 207.2 11343 -2.88x 10"
33 Arsenic, As 74.92 5776 ~6.87 x 107" 83 Bismuth, B 209 9803 -3,52 % 107
34 Selenium, Se 78.96 4808 3,16 x 10™° 84 Polonlum, Po 209 9400 —
35 Bromine, Br 78.9 3120 — 85 Astating, At 210 — —_
36 Krypton, Kr 83.8 3000 —_ 86 Radon, An 222 4400 —_—
Aubidium, Rb 85.47 213 x 10" 87 Franclum, Fr 223 — —
88 Radlum, Ra 228 5000 -—
89  Actinium, Ac 227 10060 —
90 Thorlum, Th 232 . 11728 1.67 % 107
© 91 Protactinium, Pa 231 15370 —_—
92  Uranlum, U 238 19080 5.14 x 10°
93 Neptunium, Np 237 20250 _
84 Plutenium, Pu 244 19840 773 x 10°

-8.04 x 107°
7285 ~4.75 x 10"

50 Tin, Sn 118,7

Americium, Am 243 13670  1.22x10°
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Flgure W2.3 Summary of molar magnetic susceptibility data for the solid elements shown (a) at a large scale and (b) on a
detailed scale. The bands B, C and D mark the first and second row of transition alements, and the lanthanide serles. The
band A marks the ferromagnstic elements Fe, Co and NI Note: points greater than zero corraspond to a paramagnetic
response and paints less than zero correspond to a diamagnetic response.
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Effective Number of Bohr Magnetons p for Rare Earth and Transition
Metal lons (Experimentally Determined)

Number of .m.lm.
Electrons , ,
fon in Shell L s J p
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E&z Europium(3+) 6 “ 3 3 0 3.61
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Thulium(3+) 12 5 1 6 7.2
Ytterbium(3 +) 13 "3 1 3 4.4
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Chromium(2+) 4 2 2 0 4.9
Manganese(2+) 5 0 3 3 5.9
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metal ions. The experimental values agree much better with 2[S(S + 1)]** than with
glJ(J + 1)]*7, indicating that the orbital angular momentum is quenched-
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of 3d Hund’s rule Measured 5% .V -
Ion electrons  ground state p gbJ(7 + 1IY* 1208 + 1]
K* 0 1S, 0 0 0
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2+ 3 *Fyp 38 © 077 3.87 H
ig Cri+ 3 *Farz -3 0.77 3873
' Mn** 3 *Fayz 40 0.77 3.87
W5 cet 4 5Dy 48 0 a0 ¥
' Mn®* 4 5D, 50 . 0 a9 t
ﬁ Mn?* 5 %Sy/2 59 592 592
Fe'* 5 5S4 59 592 592
f% Fe?* 6 D, 5.4 6.70 490
b Co?* 7 *Fopz 48 6.54 3.87
Ni?+ 8 ’F, 32 5.59 2.83
Cu?* 9 D, 1.9 355 ] 113t
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