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Chapter 8
Ionic bond: Where atom either
give up or receive valence
electrons

Covalent bonding involves
sharing valence electrons

May 5-10:27 AM

October 02, 2012

m Molecular Compounds

Objectives
8.1.1 Distinguish between the melt-

ing points and boiling points of
molecular compounds and
ionic compounds.

8.1.2 Describe the information pro-

vided by a molecular formula.

Oct 25-6:41 PM
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Molecules are a group of atoms held together
by a covalent bond
Some basic molecular compounds are water

(H,0) and Carbon Monoxide (CO). Diatomic molecule

Water (H,0) Carbon monoxide (CO)
Molecular compounds are compounds composed
of molecules

Oct 25-6:42 PM

Molecular compounds generally have lower melting
and boiling points

lonic compound Salt Molecular compound - Water

- | J o \ q "’
Array of 7/ Collection of . /
sodium ions and JJ J water molecules Ty 'p
chloride ions -
Formula unit of w J Molecule of water: Q
sodium chloride: H H
Chemical formula: NaCl Chemical formula: H,O

Oct 25-6:44 PM



Ch8NotesBlog.notebook

5 O A i
&'—_ H‘_ mmonia .
LM i “‘X“* il
NEE) ey copti ™ i
Molecular formula Perspective
drawing
H
H N H Space-filling

(’i N\
i
Y

Ball-and-stick
molecular model

Lew:s D4 Steudare
g U ,/Yl\
Q : H
: »,

Lu é_c. Q ‘é'.' /? ’8

‘ \ molecular model
H bod

Structural formula

i

Oct 25-6:45 PM

October 02, 2012

2 hydrogen atoms
1 oxygen atom

Carbon atom (C)

Qe
Carbon dioxide (CO,)

Water (H,0)
1 molecule of H,O 1 molecule of CO, 1 mo
contains contains

2 oxygen atoms
1 carbon atom

C B O — organic c\nemk‘\'rv
4

Hydrogen atom (H)

'g

Oxygen atom (O)

Ethanol (C,H;0)

lecule of C,H,0
contains

6 hydrogen atoms
2 carbon atoms

1 oxygen atom

Oct 25-6:47 PM
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e

1. & Key Concept How are the melting points and
boiling points of molecular compounds usually
different from ionic compounds?

2. (» Key Concept What information does a
molecular formula provide?

3. What are the only elements that exist in nature
as uncombined atoms? What term is used to
describe such elements?

4. Describe how the molecule whose formula is
NO is different from the molecule whose formula
is N,0.

5. Give an example of a diatomic molecule found in
Earth’s atmosphere.

6. What information does a molecule’s molecular
structure give?

Oct 25-6:42 PM

Molecular Elements
The following elements must form molecules to remain stable when they are in
the “free state”. Memorize them.

hydrogen H, chlorine Cly phosphorus Py
nitrogen N2 bromine Br sulphur Ss
oxygen 0O, iodine I

fluorine Fs astatine At

Mar 19-10:15 AM
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Nonsystematic Names for Certain Common Compounds (Memorize)
ozone O water H,O ammonia NH4
methane CH, sucrose Ci5H2:044 glucose CgH120¢
hydrogen
methanol CHsOH ethanol CyHs0H peroxide H-.0,
Propane CsHs
Mar 19-10:15 AM
Prefixes

mono = 1 di=2 tri=3 tetra = 4 penta =15
hexa = 6 hepta =7 oclta=8 nona = 9 deca = 10

Mar 19-10:15 AM
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Binary Molecular Compounds

Molecular Formula Name
1 CCl, Caroun [etron Clhlppide
2 CO, C o\r\om i o\ Ja
3 NO N rosenn NOAD ox.de
4 NO, i Fd;)(V\A‘O‘I"’e
5 S0O3 Sulfarn 1M oxcde
6 P40 _TéTro\ O)’\bs b})o‘r'b\s At&\ dy:'ﬂég
7 P4Os Yelre, Pho sphorue Wexa oxik
8 CH,4 M et hawe
9 HCI hydran CNlonide — Md’v chlime aed
10 H>0 Waten

Mar 19-10:16 AM

11 Aa nitrogen
12 S D sulphur dioxide
13 (0 carbon monoxide
14 ozone
15 CHmc\).LM €. Hsoh)) ethargL)
16 | &i3 Haa Oy sucrose
17 S¢g sulphur
18 C]rOL chlorine dioxide
19 | CH:0# methahal
20 Pt-/ phosphorus
21 N ¥ ammonia
22 = RO dinitrogen oxide
23 A2 iodine
24 | CeHnOC glucose
25 K HE propane

Mar 19-10:16 AM
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m The Nature of Covalent Bonding

Objectives 8.2.4 Distinguish between a cova-
8.2.1 Describe how electrons are lent bond and a coordinate
shared to form covalent bonds .
o i covalent bond and describe
and identify exceptions to the
ST how the strength of a covalent
8.2.2 Demonstrate howelectron dot bond is related to its bond dis-
structures represent shared sociation energy.
electrons. D ibe h
8.2.3 Describe how atoms form dou- 8.2.5 escribe ({W oxygen atoms
ble or triple covalent bonds. are bonded in ozone.

T "(2"14
47 '

Nov 1-6:23 PM

P12
Single Covalent Bonds
The hydrogen atoms in a hydrogen molecule are held together mainly by
the attraction of the shared electrons to the positive nuclei. Two atoms held
together by sharing a pair of electrons are joined by@ single covalent hnnE. )
Hydrogen gas consists of pairs of diatomic molecules whose atoms share
only one pair of electrons, forming a single covalent bond.

H + H —= HH H~H

Hydrogen  Hydrogen Hydrogen
atom atoim miolecule u
N
1s
1
1=

May 6-8:13 AM
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Fluorine Fluonne Fluonne
ationm atom malecule

TR’
Fon 8 ()

1s

Fluarine
molecule

May 6-8:17 AM

Practice Prnhlnrﬁs
Chloride <|™

s ivmChlodic
7. Draw electron dot structures for each molecule.

a. n:hln@ b. bromine ¢. indine
8. The following molecules have single covalent

a. H,0, b. PCL,

bonds. Draw an electron dot structure for each.

Answers

(X}

7. a.:CkCE b.BrBr o:IT

8. a. HO:O:H ha.l:lP":l
o Cl:

Nacl

Nov 1-6:30 PM
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Table 8.1 P12

The Diatomic Elements

Chemical Electron dot
Name formula structure Properties and uses

Graenish-yellow reactive toxic gas. Compounds of fluorine,
Fluorine F. E—F: a halogen, are added to drinking water and toothpaste to
oo promote healthy teath.

Graenish-yellow reactiva toxic gas. Chloring is a halogan

Chlerine Cl «C—a used in household bleaching agents.

Dense red-brown liquid with pungent odor. Compounds
Brominga Br; :Br—Br: of bromine, a halogen, are used in the preparation of
B photographic emulsions.

Dense gray-black solid that produces purple vapors; a
lodine Iz =T halogen. A solution of ioding in alcohol itincture of iodine)
o is usad as an antiseptic.

Colorless, odorless, tasteless gas. Hydrogen is the

Hydrogen Hy H—H lightest known alamaent.

. . Colorlass, odorless, tasteless gas. Air is almost 80%
Nitrogen N, N=N: nitrogen by volume.
Oxygen 0, Inadequate Colorless, odorless, tasteless gas that is vital for lifa. Air is

about 20% oxygen by volume.

Nov 1-6:40 PM
??"z O+ o o+ 0 — 0020, o
Oxypen  Carbon Oxyren Carbon dioxdde
atom atom atom maolerule
15 2zand 2p

¢ 1Lt T 11
O M L L L L 1M OTLto

s g 2p 2p 25 15

Carbon dioxide maolecule

Nov 1-6:45 PM
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15
c Tl

o 1l

1s

C + 0 —s o] .
Carbon  Oxypen Carbon ‘C= 0-'
atom atom monoxide

2s 2p

Tl T 1

" 1t 1L |1

25 2p

Carbon monoxide molecule

Nov 1-6:46 PM

O\

C\\ ’ CL\\Z)/\((}Q

Apr 10-10:41 AM
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QOM“MGC&+iM
.o i |
H® + “N:H —— H:N:H| or HeN-H
H H [
H
Hydrogen Ammonia Ammanium
iom mlecule fon
(protomn) (MH,) (MH %)

N
o

v H; ~ Covalent CdMP'»«-/
P)M'V)dl\;q

NTHL7 ﬁ)lUc\*\M‘C Ca %

Ammoniy
Cova |mt "7
bad,

Nov 1-6:47 PM

October 02, 2012

6% 0 —— 0% O
O -0
Then join the remaining oxygen by a coordinate covalent bond, with
sulfur donating one of its unshaved pairs to oxygen, and add the two extra

electrons. Put brackets about the structure and indicate the 2— charge,
giving the result shown.

Nov 1-6:47 PM

11
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Table 8.2
Some Common Molecular Compounds
Chemical
Name formula Structure Properties and uses
Hydrogen H
peroxide H.O e Colorless, unstable liquid when pure. It is usaed as rocket
-2 o D;\ fual. A 2% solution is usad as a bleach and antiseptic.
H
Sulfur D 5"
dioxide 50, - \ij'
Oxides of sulfur are produced in combustion of petroleum
Sulfur o products and coal. They are major air pollutants in industrial
trioxide 50 ‘0 5/ - areas. Oxides of sulfur can lead to respiratory problams.
3 .
! -
'_[?.'.'
Nitric oxide NO =M
- Oxides of nitrogen are major air pollutants produced by the
Nitrogen =N combustion of fossil fuels in automobile engines. They irri-
dioxide NG, ’ \CS' tate the eyes, throat, and lungs.
Nitrous N.O e ) Colorless, swaat-smelling gas. It is usad as an anesthatic
oxide 2 D—N=N commonly called laughing gas.
Hydrogen . .
cyanide HCM H—C=N Colorlass, toxic gas with the smell of almonds.
;I::grr%%an HF H F Two hydrogen halides, all extremely soluble in water. Hydro-
gen chloride, a colorless gas with pungent odor, readily dis-
Hydrogen HCl H—Cl: solves in water to give a solution called hydrochloric acid.
chlorida -
Nov 1-6:31 PM

Exceptions to the Octet Rule

O=N—0
O0—N=0
15 25 Ip
e ——

oL L tT o7
N TL T 1l

oftl 1t T 1T 1
15 25 2 Mitregen dioxide molecule

Nov 1-6:53 PM
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Il- H }l-: H
. |
F Iii + tN—H ¥ :(F=B+=N-—H
S
F H :F: H
Nov 1-9:07 PM
Il- H Il- H
|
E fli + :N—H » :E—BeN—H
. |
1 H ‘F: H
Nov 1-6:53 PM

13
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Practice Problems

9. Draw the electron dot structure of the hydroxide 12, Draw the electron dot structure for the hydro-

ion (OH™). gen carbonate ion (HCO, ™). Carbon is the cen-
10. Draw the electron dot structure of the poly- 1:ra_] atom, a“d_h'.'-’d rogen is attached to oxygen in
atomic boron tetrafluoride anion (BF, ). this polyatomic anion.
11. Draw the electron dot structures for sulfate @
(50,2") and carbonate (CO5*). Sulfur and .@ﬁum@m
carbon are the central atoms, respectively. ( Textbook
Problam-Salvinn 8.10 Solwe

Nov 1-6:51 PM

Answers
9. [HO:|™
10. |FBF

10 N
1. a.[.0:5:0:| b.[[O:C,
.D-

12, [H:0:C

May 12-8:53 AM

14



Ch8NotesBlog.notebook October 02, 2012

,

T oo
s
1, HIE

Phosphorus pentachloride Sulfur hexafluoride

Nov 1-9:08 PM

8.2 Section Assessment

13. (3 Key Concept What electron configurations
do atoms usually achieve by sharing electrons to

22. Use the bond dissociation energies of H,

form covalent bonds? {435 kl/mol) and of a typical carbon—carbon
14. (> Key Concept How is an electron dot structure I.'II:I'I'.l'Ij [34?- HFI’DDI] to dE-'CidE-‘ W'].'Ilf].'l b’EI'I'.I.'Ij is
used to represent a covalent bond? ) )
15. (3 Key Concept When are two atoms likely to EtWHEET- E:{PIEJ.I'.I. ¥our reasoning.

form a double bond between them? A triple bond?

16. (3 Key Concept Howisa coordinate covalent
bond different from other covalent bonds?

17. (3 Key Concept Howis the strength of a covalent
bond related to its bond dissociation energy?

18. (3 Key Concept Draw the electron dot resonance
structures for ozone and explain how they describe
its bonding.

19. (3 Key Concept List three ways in which the
octet rule can sometimes fail to be obeyed.

20. What kinds of information does a structural for-
mula reveal about the compound it represents?

2

-

. Draw electron dot structures for the following
malecules, which have only single covalent bonds.
a. H.5 b. PH, c. CIF

Nov 1-6:25 PM
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8.3.2

8.3.3

Objectives

8.3.1 Describe the relationship
between atomic and molecular
orbitals.

Describe how V5SEPR theory
helps predict the shapes of

molecules.
Identify ways in which orbital

hybridization is useful in
describing molecules.

Bonding Theories

Nov 1-6:24 PM

Figure 8.12 Two s atomic
orbitals can combina to form a
molecular orbital, as in the casa
of hydrogen (H,). In a bonding
moalecular orbital, the electron
density between the nucleiis
high.

& represents the nuclaus.

Bond
axis

& atomic & atomic
orbital orbital

Sigma-bonding
maolecular orbital

Nov 1-9:14 PM
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Assignment

Ozone Read the feature on czone on page R31 of
the Elaments Handbook. Describe the effact of CFCs

on the ozonea layer. Explain why the United States
has banned the use of CFCs in asrosols.

May 12-8:55 AM

8.3 - Bonding Theories

Earlier this year we talked about atomic orbitals
(S, P, D, F)

We are going to expand this idea to talk about
molecular orbitals. A molecular orbital that can be
occupied by two electrons in a covalent bond 1s
called a bonding orbital

F4 z Z z
1
W X X - X X
Jl ¥ y y & v
5 orbital P, orbital P, orbital o, orbital
May 12-8:52 AM

17
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Sigma Bond (@)

@ rapresents the nucleus.

i Bond ]
@ 2] + & — je ———————(0————— KR ——————
I / ‘/ auis :

& atomic & atomic
orbital orbital

4 A

4 represents the nucleus.

Sigma-bonding
malecular orbital

o atomic orbital P atomic arbital

¢ F

p orbitals are overlapping end to end

H,

Sigma-bonding
molecular orbital

May 13-7:30 AM

P1 Bonding (17)

& raprese nts the nuclaus.

i

P atomic orbital p atomic orbital

leg

Fi-baon dlng
molecular orbital

p orbitals are overlapping side to side
P1 bonding 1s weaker then sigma bonding

May 13-7:34 AM

18
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VSEPR Theory
Valence Shell Electro Repulsion Theory

VSEPR explains the molecular shape of molecules

€) Methane (CH,)

{electron dot structure)

H
I I
H:C:H H—C—H
H I
H
Methane Methane

(structural formulaj

Mo unshared
electron pairs
on carbon

2 x{mg.s»
Y o..|?.. 4 H——fF— H __é\
i H
(2) Ammonia (NH,) Ungharad
electron
pair
H% ?.‘ H 'Q"
.. H ‘F‘_'H J
H H\‘Lmr
May 13-7:37 AM
€) Water H,0) Unsharad
electron
pairs \\;Tl’ )
e . @
LR _—a -
o S
" Ho Mog
1a0=
(D carbon diosids (€O, I
ocee; oc0

May 13-7:44 AM
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Nine possible shapes

T

29 Ny O

Linear triatomic Trigonal planar Bent triatomic

.2
d w:" ..i-'“:‘t.a J_f:
Pyramidal Tetrahadral Trigonal bipyramidal
B !
it 20 1

4 4

Octahedral Square planar T-shaped

May 13-7:41 AM

. c L
Hybrid Orbitals Fastapt e C

Explains molecular bonding and molecular shape

¢ bhue -
C 28 H C H

Atomic orbitals Hybrid orbitals Atomic orbitals @

of two hydragen of a carbon of two hydrogen
atoms atom atoms
Sigma bond

'._H

Sigma bond
Sigma bond
Sigma bond

Methane molecule

May 13-7:49 AM
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<

May 19-10:17 AM

H-c=c~-H

Atomic orbital Atomic Dr&lls Atomic orbals Atomic orbital
of a hydrogen and hybrid and hybrid of a hydrogen
atom orbitals of a orbitals of a atom
carbon atom carbon atom

May 13-8:04 AM

21
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15
Atomic orbitals  Atomic orbitals  Atomic orbitals  Atomic orbitals
of twao and hybrid and hybrid of two
hydrogen orbitals of a arbitals of a hydrogen
atoms carbon atom carbon atom atoms

Sigma bonds
Ethene molecule

May 13-8:02 AM

SPL aAm C>(H] 252267

May 19-9:52 AM

22
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8.4.1

8.4.2

8.4.3

8.4.4

October 02, 2012

m Polar Bonds and Molecules

Objectives

Describe how electronegativity
values determine the distribution
of charge in a polar molecule.
Describe what happens to
polar molecules when they are
placed between oppositely
charged metal plates.
Evaluate the strength of inter-
molecular attractions com-
pared with the strength of ionic
and covalent bonds.

Identify the reason why net-
work solids have high melting
points.

Nov 1-9:38 PM

8.4 -

e Covalent bonds involve sharing electrons
e However, atoms share electons differently in

covalent bonds
e When atoms share electons equally, the bond

1s a covalent bond is considered nonpolar

Polar Bonds and Molecules

Shared pair of electrons

/
Nucleus J du ’ e o J Nuceus

May 13-8:33 AM

23
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Polar covalent bond is when electrons is not
shared equally between atoms

Table 8.3
Electronegativity Differences and Bond Types

Electronegativity
difference range Most probable type of bond Example
0.0-0.4 MNonpolar covalent H—H (0.0}
0.4-1.0 Moderataly palar covalant H—Cl 0.9}
1.0-2.0 Vary polar covalent H —F (1.9}
z2.0 lonic Na™Cl™ i2.1)

May 13-8:59 AM

Electronegativity is the ability of an atom to
attract electons p177

Table 6.2
Electronegatlvity Values for Selected Elemeants

H

21

Li Be B M Q F
1.0 156 2.0 25 a0 as 4.0
Ma Ma Al Si 5 Cl
04 1.2 156 1.8 2.1 25 aan
K Ca Ga Ge As Se Br
n.g 1.0 1.6 1.8 2.0 2.4 28
Rb Sr In Sn Sh Te |
n.g 1.0 17 1.8 149 21 25
Cs Ba Tl Ph Bi

0.7 049 1.8 149 149

May 13-9:09 AM
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Identifying Bond Type

Which type of bond (nonpolar covalent, moderately-polar covalent,
or ionic) will form between each of the following pairs of atoms?

a. Nand H b. Fand F ¢. CaandCl d. Al and Cl

Nov 1-9:45 PM

30. Identify the bonds between atoms of each pair 31, Place the following covalent bonds in order from

of elements as nonpolar covalent, moderately least to most polar.
polar covalent, very covalent, or ionic. a H—Cl b. H—Br
a. H and Br b. Kand Cl €. Cand O . H—5 d H—C

d. Cland F e, Liand O f. Brand Br

Answers

30. a. moderately polar covalent
b. ionic c. moderately to very polar
covalent d. moderately to very
polar covalent e. ionic f. nonpolar
covalent

31. cand d (tie),b,a

Nov 1-9:46 PM
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Dipole 1s a molecule that has two poles

(charges) O\ .
Ht “H
Megative plate Positive plate
i xd 1
5,20 | ane,)
Bt 4 i
il cudd o ) P
%‘ i '5'*1}‘ i it iy B 3-!-._?
g il i iy ot
g @ 9 P gl e o
-l P sl ol oy
% E""Ej 333- ﬁty at# atf
Electric field absent. Electric field on.
Palar maoleculas arient randomly. Polar malacules line up.

The video yesterday showed an example of
how water would bend when exposed to
water

May 13-9:12 AM

Attraction between molecules
Van der Waals Forces
a - Dipole Interaction

b - Dispersion Forces

Hydrogen Bonding

May 13-9:36 AM
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Figure 8.28 Diamond isa
network-salid form of carbon.
Diamand has a three-dimensicnal
structure, with each carbon at
the center of a tetrahedron.

Network Solid

May 19-9:19 AM

Table 8.4

Characteristics of lonlc and Covalent Compounds

Characteristic

lonic compound

Covalent compound

Represantativa unit

Formula unit

Maolacula

Bond formation

Transfar of one
ar more electrons
batweaean atoms

Sharing of electron
pairs batweean atoms

Type of alaments Metallic and Monmetallic
nonmetallic
Physical state Solid Solid, liquid, or gas

Melting point High {usually above Low {usually below
200%C) 2007

Solubkility in water Lsually high High to low

Electrical conductivity Good conductor Foorto

of aguecus solution

nonconducting

May 19-9:20 AM
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Review

R

5 orhital P, arbital p, arbital p, orhital

Q H s- 1) F@;zQZP

May 19-8:43 AM

9. Name the following compounds or write out the molecular formula:
1.CCly
2.CO,
3.NO
4.NO;
5.80;

6. Nitrogen

.

8

9

1

. Ammonia

. Glucose

. Carbon monoxide

0. Dinitrogen tetraoxide

May 19-9:19 AM

28
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