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Periodic Relationships Among
the Elements
Chapter 8
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When the Elements Were Discovered
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1 Ground State Electron Configurations of the Elements
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Electron Configurations of Cations and Anions
Of Representative Elements

Na [Ne]3st Na* [Ne]
Atoms lose electrons so that
Ca [Ar]4s? Ca?* [Ar] cation has a noble-gas outer
Al [Ne3s3pt  AR* [Ne] electron configuration.
H 1st H™ 1s2 or [He]

Atoms gain electrons
so that anion has a
noble-gas outer
electron configuration.

F 1s22s22p>  F 1s22s22p® or [Ne]

O 1s22s22p* 0% 1s22522pb or [Ne]

N 1s22s22p3 N3 1s522522p6 or [Ne]
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Classification of the Elements
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Cations and Anions Of Representative Elements
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Isoelectronic: have the same number of electrons, and
hence the same ground-state electron configuration

Na*: [Ne] — AP" [Ne] - 1522522p6 or [Ne]
0?%: 1s22s%2pf or [Ne] N3 1s22s22pS or [Ne]
Na*, AR*, F, 0%, and N3 are all isoelectronic with Ne
What neutral atom is isoelectronic with H™ ?

H:1s?  same electron configuration as He

Electron Configurations of Cations of Transition Metals

When a cation is formed from an atom of a transition metal,
electrons are always removed first from the ns orbital and
then from the (n — 1)d orbitals.

Fe: [Ar]4s23d® Mn:  [Ar]4s23d®
Fe?*: [Ar]4s°3d® or [Ar]3d® Mn2*: [Ar]4s°3d® or [Ar]3d®
Fe3*: [Ar]4s°3d® or [Ar]3d®

Effective nuclear charge (Z.) is the “positive charge” felt
by an electron.

Zy=2-0 0< o<Z(o=shielding constant)

Z.~ Z —number of inner or core electrons

Zz Core Z, Radius (pm)

Effective Nuclear Charge (Z.4)

increasing Zq

Na 11 10 1 186

Mg 12 10 2 160

Al 13 10 3 143

Si 14 10 4 132 .
Atomic Radii

covalent radius

metallic radius
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Trends in Atomic Radii
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Comparison of Atomic Radii with lonic Radii

300 300

250 250 -
1
200 Ny 200 Br
cl
E E
Z 150 z 150
5 2 F
= [ I
100 100 Br
Cl
s
50t s L
0 10 20 30 40 50 60 0 10 20 30 40 S0 60

Advanic nuimiber Atoanic mimber

Cation is always smaller than atom from
which it is formed.

Anion is always larger than atom from
which it is formed.

The Radii (in pm) of lons of Familiar Elements
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Chemistry in Action: The 3@ Liquid Element?

117 elements, 2 are liquids at 25°C — Br, and Hg

223Fr, t,,, = 21 minutes

2}
X
atoms e
Atonee nucnler 7

lonization energy is the minimum energy (kJ/mol) required
to remove an electron from a gaseous atom in its ground
state.
+ . TR
I+ X g — X' € 1, first ionization energy
2+ ionizati
I + X*q XFgte I, second ionization energy

Iy + X2 —— X%, + & I third ionization energy
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Z  Element First Second Third Fourth Fifth Sixth
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Variation of the First lonization Energy with Atomic Number

2500
He Filled n=1 shell

.\i_- Filled n=2 shell
Ar Filled n=3 shell
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General Trends in First lonization Energies

Increasing First lonization Energy

Electron affinity is the negative of the energy change that
occurs when an electron is accepted by an atom in the
gaseous state to form an anion.

Xgte X'

Fg+te — X OAH=-328kd/mol  EA=+328 kd/mol

Og+e — 0y AH=-141kImol  EA=+141kd/mol
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Variation of Electron Affinity With Atomic Number (H — Ba)
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) . . o Group 1A Elements (ns?, n > 2)
Diagonal Relationships on the Periodic Table
M— M* + le
1A 2A 3A 4A 2M(g) + 2H,0() — 2MOH,) + Hyg
4Mg) + Oz 2M;0
Li Be B C
aL) BA
[Jea 34 4A 54 6A TA
Li
o
Na Mg Al Si K
Cs|
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Group 1A Elements (nst, n > 2) Group 2A Elements (ns?, n > 2)

M— M+2 + 2e-
Be(, + 2H,0, — No Reaction

Mg + 2H,0) — Mg(OH) g * Hag)

M) + 2H,0() — M(OH)y(q) + Hyq) M = Ca, S, or Ba
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Group 2A Elements (ns?, n > 2) Group 3A Elements (ns2np?, n > 2)

4A|(S) + 302@ e 2A|203(S)
2Al) + 6H" o) 2AR" o) + BHy()

Heryllium i) Magnesium (Mg} Calemm (Cn) 14 aA
[ Jea 3A 44 5A 64 7A[ ]
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Al
Gal
In
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Seroemium (551 Barum (Ba) Radium (Ray
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Group 3A Elements (ns?npt, n > 2)

Borom (B)

Giallbum (Ga) Inclium {In)
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Group 4A Elements (ns2np?, n > 2)

SNy + 2H* o = SNZ* + Hy (g

(aq)
Pbg) + 2H" e — Pb?aq + Ha q)

1A 84
[ Joa 3A 4A 5ABATA[ ]
C
Si
el
Sn
Pb
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Group 4A Elements (ns?np?, n > 2)

Group 5A Elements (ns2np3, n > 2)

N,Os() + H,0¢ — 2HNO;,,
P4010(5) + 6HZO(|) —_— 4H3PO4(aq)

AL 8A
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Group 5A Elements (ns2np8, n > 2)

Group 6A Elements (ns2np4, n > 2)

SOz + H0 H2SO04ag)

24 3A 4A 5A BA TA|

(1)
5
Se
Te
Py
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Group 6A Elements (ns?np*, n > 2)
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Group 7A Elements (ns2np®, n > 2)

X+1le — X1

Xatg) * Hag = 2HXg)
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Group 7A Elements (ns?np®, n > 2)
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Group 8A Elements (ns2npb, n > 2)

Completely filled ns and np subshells.
Highest ionization energy of all elements.
No tendency to accept extra electrons.

1A 8h
28 3A 44 54 6A A
(Ne
Ar
Krf
[Xe
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Compounds of the Noble Gases
— W

A number of xenon compounds XeF,, XeOs,
XeO,, XeOF, exist.
Afew krypton compounds (KrF,, for example)

have been prepared.
41

Comparison of Group 1A and 1B

The metals in these two groups have similar outer
electron configurations, with one electron in the
outermost s orbital.

Chemical properties are quite different due to difference
in the ionization energy.
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Lower |,, more reactive 2
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Properties of Oxides Across a Period
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TABLE 8.4

Type of compound Tanic
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Chemistry in Action: Discovery of the Noble Gases

Sir William Ramsay




