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MULTIELECTRON ATOMS AND THE PERIODIC TABLE

Multielectron Atoms
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This expression, with the variation in Zss due to the shielding of the | U approaches —ke?/r;as r —0,
nucleus by inner electrons, is what makes the energy levels slightly dif- g aP]Pg%aChes ~Zke?/r asin
ferent for the s, p, d, and f levels as shown in Figure 10.3. s

In hydrogen, the electrons in all the levels see the same nuclear charge but those with n> 1 are at low-
er energies because they are farther away from the nucleus. In multielecton (and multiproton) atoms,
there is more nuclear charge for each additional electon, but most of that charge (not all of it ... mostly
Z.tt > 1) is shielded by inner electrons and they are farther away from the nucleus. For instance, the p
electrons are fairly well shielded by the inner s electrons. But they are not very well shielded by the
other p electrons.

Hydrogen Multielectron Atom

4 FIGURE 10.3

“3s 3p 3d 4d_ Schematic energy-level diagrams for
DT ot A ’ a hydrogen atom and for one of the
electrons in a multielectron atom.
In hydrogen, all states with the
same n are degenerate. In
multielectron atoms states with

25 lower [ are more tightly bound
because they penetrate closer to
the nucleus. In many atoms this
effect results in the 4s level being
s« E~-7Eg lower than the 3d, as shown here.

Tonization Energy: Energy input to remove the outer electron
Electron Affinity: Energy released by adding an electron

Tonization Energy (eV): Hydrogen to Argon
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Electron | Ionization ) Electron | Tonization ) Electron |Ionization )
Sym- - Radius Sym- i Radius Sym- - Radius
z bol Affinity | Energy (om) Z bol Affinity | Energy (em) Z bol Affinity | Energy (em)
(eV) (eV) (eV) (eV) (eV) (eV)
1| H 0.73 13.6 33 31| Ga 0.3 6 136 37| La 0.3 338 N/A
2| He ] 2439 31 32| Ge 12 19 123 38| Ce 0.3 J4T|INA
3| Li 0.62 339 167 33| As 0.81 581 114] 39 Pr 0 542 247
4| Be 0 9.32 112 34| Be 202 9.73 103 60 INd 0 349 204
j| B 028 23 87 35| Br 337 11.81 04 61| Pm 0 3.35 205
6 C 126 11.26 67 36| Er 0 14 38 62| Sm 0.3 3.63 238
TN N 0 1433 36 37| Eb 049 418 265 63| Eu 0 367 231
8 O 1.46 13.62 48 38| Br 0 57 219 64] Gd 0.3 6.14 233
9 F 34 1742 42 Y 0.3 5.38 212 63| Th 0.3 3.83 223
10| Ne 0 21.56 3 40| Zr 0.43 6.84 2046 66 Dy 0 393 228
11| Na 0.33 314 190 41| Nb 0.89 6.88 198 67| Ho 0 6.02 226,
12| Mg 0 163 145 42| Mo 0.73 71 190 68| Er 0 6.1 226
13| Al 0.44 399 118 43| Te 0.33 728 183 69] Tm 03 6.18 222
14| Si 1.39 8.13 111 44| Fu 1.03 1.37 178 0 Tb 0 6.23 222
15 0.75 10.49 98 45| Eh 1.14 T46 173 71| Lu 0.3 543 217
16 S 2.08 10.36 88 46| Pd 0.36 834 169 721 Hf 0 6.63 208
17 a 362 1297 79 47| Ag L3 738 163 73| Ta 032 7.89 200
18| Ar 0 15.76 n 48| Cd 0 399 161 4 W 0.82 798 193
19 K 0.3 434 243 49 In 0.3 379 156 73] Re 0.13 7.88 188
20| Ca 0 6.11 194] 50| 8n 12 13 145 76| Os 1.1 8.7 185
21| Se 0.19 6.34 184] 31| Sb 1.07 5.64 133 7 I 1.57 9.1 180
22| T 0.08 6.82 176| 52| Te 197 9 123 78] Pt 213 9 177
23 v 0.33 6.74 1m 33 I 3.06 1045 115 79 Au 23 923 174
24| Cr 0.67 6.77 166| 34| Xe 0 12.13 108 80| Hg 0 10.44 171
25| Mn 0 T44 161 35| Cs 0.47 3.89 298 81 T 02 6.11 156
26| Fe 0.16 1.87 156 36| Ba 0 321 233 821 Pb 0.36 742 134
27| Co 0.66 786 152 i Bi 0.95 729 143
28| Ni 1.16 T.64 149 34| Po 19 542 133
29| Cu 123 173 145 85| At 18 92 127
30| Zn 0 939 142 86 En 0 10.75 120
Electron Affinity (eV): Hydrogen to Argon
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Atomic Radius (pm): Hydrogen to Argon
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Transition Elements
Those with an outer d-shell electron
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The Quantum Periodic Table
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Inner Transition Elements
Those with an outer f-shell electron

—

"Rats! I thought lanthanoids and actanoids
were gonna be giant robots or something.”
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