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Lewis Electron-Dot Symbols for Atoms of the
Second and Third Periods

1A A HIA na W VIA VIIA VA
Period ns' ms ns np' s np” ns'ng” ns ng* nsnp” ns np®
Second Li- - Be - Et l'_ ['~] :{-}I- I- .'[':]E:
Third Na- ‘Mg - . Al- -Si - P 'S :Cl- Ar:
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Energy Involved in lonic Bonding

1 mal Ma* + 1 mol Cl=

1 mol Na + 1 mol Cl

Step 2
=786 kI
(negative of

I mol Na*CI™ ion pairs lattice energy)

Energy (k)

1 mol NaCl{s)

Energetics of ionic bonding
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Lattice Energies from the Born—Haber Cycle

Na(s) + 1C L(g) ?_:;;‘: NaCl(s)
|
Step | l Step 2[
Na(g) Cl(g)
Step 3 l Step 4\
Step 5

Na*(g) - Cl%(g)

Born—Haber cycle for NaCl
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Electron Configurations
of Ions



lons of the Main-Group Elements

lonization Energies of Na, Mg, and Al (in kJ/mol)*

Suiccessive lonizafion Energles
Element Firs Seqond Third Fourth
N 496 4362 6912 0,343
Mg 138 1431 1133 10,340
Al 518 1817 2,143 11577

*Energies for the ionization of valence electrons lie to the left of the colored line.
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Transition-Metal lons
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lonic Radii

Determining the iodide ion radius in the lithium iodide (Lil) crystal
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lonic Radii (in pm) of Some Main-Group Elements

Period lA 1A 1A VIA VIIA
2 Li* Be?* 0~ F-
i) 31 140 136
3 Na* Mg®* AP+ B Cl-
95 65 50) 184 151
4 K* Ca** Ga't Sel” Br~
133 99 {2 198 195
5 Rb* St In** Te'™ I~
148 113 81 221 216
6 Cs* Ba™* TI*
169 135 95
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Covalent Bonds

Two molecular substances
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Describing Covalent Bonds

Hg) H(g) Hi(g)

The electron probability distribution for the H2 molecule
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Potential-energy curve for H2
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Coordinate Covalent Bonds
Ar+'B— AB

A +:B — AB

H
H* +:NH; — |H:N:H
H
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Octet Rules



Multiple Bonds

H 1-[ H H

o *“":.“'. Sy S

| 1'_| or (=

o "=t’ f’ PN

H H H H
Ethylene

T -
HECE:JCH o H—C=C—H

Acetylene

Ebbing, Gammon, 2009



Polar Covalent Bonds; Electronegativity

H:H H QN :Ql:
Nonpolar covalent  Polar covalent

XX
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Electronegativities of the elements

Increasing electronegativity

Decmeasing clectmonegativity

Ebbing, Gammon,2009



Writing Lewis Electron-Dot Formulas

II'_I']
f_'l—ll"'—f_‘.l

L
Phosphorus oxychloride
POl

Lewis formula and molecular
model of
phosphorus oxychloride
molecule
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Example: Writing Lewis Formulas (Single Bonds Only)

Sulfur dichloride, SCI2, is a red, fuming liquid used in
the manufacture of insecticides. Write the Lewis
formula for the molecule.

Solution:

:["II:H:['"I: 0l :{"Il—fi—['"l:

CLSICE o CI=S—C1:

°
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Example: Writing Lewis Formulas (Including Multiple Bonds)

Carbonyl chloride, or phosgene, COCI2, is a highly toxic gas used
as a starting material for the preparation of polyurethane
plastics. What is the electron-dot formula of COCI2¢

Solution:

: I[I C: E]I : o : [I —{l‘—lffl "
oF {:1

CC0 or :i:'|—1|:=ii
LI (1

°
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Exceptions to the Octet Rule
Phosphorus pentafluoride, PF5

°
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Bond Length and Bond Order

Single-Bond Covalent Radii for Nonmetallic

Elements (in pm)
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Bond Energy (in kJ/mol)*

single Bonds
H C M 0 5 F l Br I
H 432
C 411 Jdb
N 386 305 )
0 450 358 201 142
5 363 272 — — 226
F 363 485 283 |G 254 155
1 428 327 313 218 255 249 240
Br 362 285 — 201 217 249 216 | G
I 205 213 — 201 — 278 208 |75 |49
Muliple Bonds
C=C (02 C=N 615 C=0 T45 (799 in COy)
C=C B35 C=N BR7 C=0 [ pped
MN=MN 418 N=0 6T S=0 (in S04) 532
NN Q42 D=0 494 S=0 (in 504} 469

*Data are mkem from J. E. Huheey, Kevier, and Beiter, horganic Chemiarrg, 4ah ed. (New vork:
HarperCallins, 199151, pp. AZ1-A%
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Explosion of nitrogen triiodide—ammonia complex

Ebbing, Gammon,2009
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