Topic 1F file:///C:/Teaching/Www-101H/Lecture_Notes/Topic_1F-f16.htm

Topic 1F - Periodicity

Periodic Properties of the Elements

Periodic Trends

Effective nuclear charge (Z,y)
Atomic radii

Ionization energy

Electron affinity
Electronegativity

Uniqueness Principle

Small size of second-row atoms
Increased likelihood of m-bonding
Lack of d-orbitals

Diagonal Relationships

Ionic size

Charge density

Electronegativity
Inert-Pair Effect

Ionization energies :

nd and nf electrons not effective shields
Element Types

Metals

Non-metals
Metalloids

1 of 13 7/26/2016 4:54 PM



Topic 1F file:///C:/Teaching/Www-101H/Lecture_Notes/Topic_1F-f16.htm

TABLE 10.1
Effective Nuclear Charges for Selected Atoms

H(1) He(2)

Is 1.00 1.69
Li (3) Be(4) B (5) C (6) N(7) (0]¢.)) F(9) Ne(10)

Ls 2.69 3.68 4.68 5.67 6.66 7.66 8.65 9.64
2s 1.28 9L 2.58 8.22 3.85 4.49 515 5.76
2p 242 3.14 3.83 4.45 5.10 5.76

Periodic Variations in Atomic Radii:
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Figure 4.13: Atomic and lonic Sizes
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" i Radii of ions
N Group 1A Group 2A
' Ln'. Li B Be

r.+r N

3 lonic radius 031 113

This is a “self-consistent” scale based . g s A

on O2=1.40 (or 1.38) A. Ch<-
lonic radii depend on the magnitude Lw
of the charge of the ion and its 5
environment. o

133 227 099 197
Positively charged ions are smaller
than their neutral analogues because "“"m" "'
of increased Z*. ' o
147 247 113 215

Negatively charged ions are larger
than their neutral analogues because
of decreased Z*.
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Group 3A Group 6A Group 7TA
B" B o_o F_F
) ,

0.23 0.88 0.73-t40 071133
AY AL s 5 1 _Cl
> ;)

0.51 1.43 1.04 184 089 1.8
Ga*™ Ga Se St Be Br
062 1.2 1.17 1.98 1.14 1,96
In* In le T [
0.811.63 143 221 1.33 2.20

Same periodic trends as atomic
radii for a given charge
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Figure 4.9: lonization Energies of the Elements
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Figure 4.11: Electron Affinities of the Elements

Ci

EA (eV)
n
|

Te

file:///C:/Teaching/Www-101H/Lecture_Notes/Topic_1F-f16.htm

! T T

| 10 20 30 40
He Me Ar Kr

I
50

z

X (q) —> X (3)+ ¢

Xe

T
60

I T '|' I I
70 80 90 100

Summary of Periodic Trends

Effective Nuclear Charge =»

Ionization energy

9 of 13

7/26/2016 4:54 PM



Topic 1F

10 of 13

file:///C:/Teaching/Www-101H/Lecture_Notes/Topic_1F-f16.htm

Summary of Periodic Trends:

1A 8A

3A 4A 5A 6A TA

Figure 9.9 L
A summary of the general vertical and horizontal periodic trends in effective nuclear charge )
(Zeff), atomic radii (r), ionization energies (IE), electron affinities (EA), and electronegativities
(EN). This representation of the periodic law is the first component of the interconnected
network of ideas for understanding the periodic table.

2A

B e

3A  4A  SA  6A 7A

BORBER

.o

Three aspects of the uniqueness principle:
() The small size of the elements leading to a
high polarizing power and a high degree
of covalent character in their compounds
(8) The greater probability of T bonds (pr—pm)
(¢) The lack of availability of the # orbitals

L

A summary of three reasons for the uniqueness principle, which states that the chemistry of the
second-period elements (Li, Be, B, C, N, 0, F, and Ne) is significantly different from that of
their congeners. The uniqueness principle is the second component of the interconnected
network of ideas for understanding the periodic table.
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FIGURE 9.10

The polarization of the chloride

anion by the lithium cation,

(a) The small Li* is able to get

very close to the larger, more

diffuse electron cloud of Cl-; @
(b) the electron cloud of Cl-

is distorted, or polarized, by

the Li*; (c) the opportunity for

overlap between the valence
orbitals in Li* (empty 2s) and {a)
the C1™ (filled 3p) is increased.

movement of

clectron density

FIGURE 9.11

Parallel orbital overlap, or
bonding, is more effective in
(@) the smaller first el ts.
for example, carbon—than

it is in (b) their larger
congeners—for example,
silicon,
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FIGURE 9.12

The availability of o orbitals in
the heavier congeners of the
first elements makes expanded
octets possible. (a) Carbon

is sp3-hybridized in CF4.

(b) Silicon is sp>d®-hybridized
in SiF2™. (c) Chlorine is
spPd-hybridized in CIF5.

FIGURE 9.14 T—— —
Four relevant properties of Be 1B C
e!ements At S Charge of 10n 12 [ 3 | +4
ARl efec Tonic radius, A* {oar [ o2s ]| o020
Charge density 149 112 | 14
Electronegativity 1.5 |4 : 2.0 2.5
] | X
o WIS |
Na 1 Mg | Al
Charge of ion +1 5 +2 % | +3 b
lonic radius, A 1.13 3 0.71 1 0.53 ‘
Charge density 0.88 : 2.8 1 5.7 |
Electronegativity 0.9 ; 12 gl |
] | |

? Shannon-Prewitt radii for C.N. = 4. (See discussion in Section 7.3 for further information.)
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‘The Diagonal Effect The Inert-Pair Effect
3A 4A 5A 6A
1A 2A 3A 4A
Li Be B
Mg Al Si

FIGURE 9.16 =
The elements of the diagonal effect. Lithium | i
and magnesium, beryllium and aluminum, i 3
and boron and silicon, each pair diagonally I I i
located, have similar properties. The diagonal f—f—r 11— ==
effect is the third component of the network 11 1 ild f
of interconnected ideas for understanding the TL| Pb f}] Bi | Po |
periodic table. : - _ﬂﬁ I

A

Diagonal

FIGURE 9.18

The Metal-Nonmetal Line

Si Nonmetals

Metals

Sh Te

At

The inert-pair effect. The elements of the
inert-pair effect. The elements shown form
compounds where the oxidation state is 2 less
than the expected group valence. The inert-pair
effect is the fourth component of the intercon-
nected network of ideas for understanding the
periodic table.

The Network of Interconnected Ideas: The First Five Components

| Radius

t Zg1E,EA,EN

Nonmetals

The metal-nonmetal line in the periodic table.
Elements to the lower left are metals; elements
to the upper right are nonmetals. The metalloids,
or semimetals, are shaded. The metal-nonmetal
line is the fifth component of the interconnected
network of ideas for understanding the periodic
table.
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FIGURE 9.20

The Periodic Law

ﬂ (See p. 225)

Te

Unique

The Inert-Pair
(See p. 244)

The Unigueness Principle r ™
(See p. 241)
Diagonal
Effect =1

NM (See p. 246)

1

A summary of the first five components of the network of interconnected ideas
for understanding the periodic table.

The Diagonal Effect
(See p. 242)

The Metal-Nonmetal Line
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