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+Bonding, the way atoms are
attracted to each other to form
molecules, determines nearly all
of the chemical properties we see.

+£And, as we shall see, the number

o ST very important to
chemical.bonding.
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Questions to Consider _
* What is meant by the term
- “chemical bond”? |

* Why do atoms bond with each other
to form Compounds?

« How do atome hrnd with agch other

to form compc (o ‘

2
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A Chemical Bond

@iThe forces that hold groups of atoms
- together and make them function as a
unit.

@A bond will form if the energy of the
- aggregate Is lower than that of the
- separated atoms.

“WiBond energy - e quired to
- break a chemical bor |
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Ionic Bonding

* lonic compound results when a metal
reacts with a nonmetal.

* Electrons are transferred. e
Metal Nonmetal Ionic compound
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Covalent Bonding

* A covalent bond results when
electrons are shared by nuclei.

When two hydrogen atoms come
close together, the two electrons
are attracted simultaneously by both
nuclei. This produces the bond.

Note the relatively large electron
probability between the nuclei
indicating sharing of the electrons.
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Two separate
hydrogen atoms.

-4 >

Hydrogen atoms
sufficiently far apart

to have no interaction '
H atom H atom H2 molecule

: : : : : : : : : : : Return to TOC
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Polar Covalent Bond
* Unequal sharing of electrons between atoms in a
molecule.

* One atom attracts the electrons more than the
other atom.

® R( The actual situation, where the shared
What the probability pair spends more time close to the fluorine
( map would like if the atom than to the hydrogen atom. This gives
F two electrons in the fluorine a slight excess of negative charge
H—F bond were shared and the hydrogen a slight deficit of negative
equally. charge (a slight positive charge).
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+ The ability of an atom in a

molecule to attract shared
electrons to itself.

+ For a molecule HX, the relative
electronegativities of the H and X atoms are
determined b ~~omnorina Fha mmascuirad H-X
bond energy Electronegativity bond
energqy.

30 &°
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mOn the periodic table, electronegativity
generally increases across a period
and decreases down a group.

mThe range of electronegativity values
s from 4.0 for fluorine (the most
electronegative) to 0.7 for cesium and
francium (the least electronegative).

11
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ectronegatlwty alues
Selected Elements

Li Be 2BD
T 1.5 .
] e
09 L 15 i
T oo T [ v] o [l o] | ni | [ z[ca | Ge
- ?3 I.? 1.5 1.6 16 L5 1.8 1.9 | 19 i 1.6 16 1.8
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léls:' F; ;Yl %: ] 18 i I 1.7 1.7 1.8 1.9
I ol T w | Re Hg | TL | Pb | Bi
G Be ]Tan_!#zu ll-l:{ l.? 17 £ 1.9 1.8 1.9 19
0.7 0.9 =1 3
Ac Th Pa U Np-No
{1:; Eg 1.1 1.3 1.4 1.4 1.4-1.3
<1.5
] 1.5-19
B 20209
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_.‘E'.?.,..‘_,ativity
; - Concept Check

If lithium arid ﬂuorlne react, which has
more attraction for an electron? Why?

In a bond betweeian ﬂuorline and iodine,

which has more attraction for an
electron? Why? |
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_lThe polarlty of a bond depends on
- the  difference  between the
electronegativity values of the atoms

. formlng the bond . .
°Q

8 b
A covalent bond formed A polar covalent bond, An ionic bond, with
.between identical atoms.  with both ionic and no electron sharing.

covalent components.
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Using Electronegativity to Determine Bond Polarity

Using the electronegativity values given in Figure 12.4, arrange the
tollowing bonds in order of increasing polarity: H—H, O—H, Cl—H, S—H,
and F—H.

Solution

The polarity of the bond increases as the difference in electronegativity
increases. From the electronegativity values in Figure 12.4, the following
variation in bond polarity is expected (the electronegativity value appears
in parentheses below each element).

Hond Electrggﬁlg{eativity Electrggz‘;':t?\fi?y":lalues Bond. Type Polgrty
H—H (2.1) (2.1) 21-21=0 Covalent
S—H (2.5)24d) 25-21=04 Polar covalent
Cl—H (3.0) (2.1) 30-21=09 Polar covalent
O—H (3.5) (2.1) 3.5-21=14 Polar covalent
F—H (4.0) (2.1) 40 —-2.1=1.9 Polar covalent

Therefore, in order of increasing polarity, we have
H—H S—H Cl—H O—H F—H

Most p01a1>
G
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.. Exercise

| Arrange the foIIowmg bonds from most to

least polar:
oa) NeF OLE e eE
b) C-F  N-O  Si-F
o e @ O (e S L B e ST B
Gy NS SO
b) ' Si-F, C-F, N-O
c) B-Cl, S-Cl, Y El=0]

; ; ; ; ; ) : ) Return to TOC
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.....?:.3 ..... ity and Dipole Moments

Dipole Moment

. Property of a molecule whose charge
distribution can be represented by a center
of positive charge and a center of negative

charge.
* Use an arrow to represent a dipole moment.

" Point to the negative charge center with
the tail of the arrow indicating the positive

center of c |
5t 5~

; ; ; ) ) ) Return to TOC
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Dipole Moment in a Water Molecule

Center of
positive
charge o
Center of
negative
= charge
The charge distribution inthe 3
- water molecule. The oxygen has  The water molecule behaves as
a charge of 26 because it pulls if it had a positive end and a
o of charge from each hydro- negative end, as indicated by
gen atom (& + & = 2d7). the arrow.

TOC

4 ; ; ; ' ; ' ; ) : ) Return to
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e The polérity of water -affecté its-propefties. |
" Permits ionic compounds to dissolve in it.

o" S
& @
o St

o "
o o
a b
Polar water molecules are They are also strongly attract-
strongly attracted to positive ed to negative ions by their
ions by their negative ends. positive ends.

" Causes water to remain quuid at highek
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....,.6..'.‘!, —.~-tron Configurations and Charges on

lons
+Group 1 metals always form 1+

cations.

4+ Group 2 metals always form 2+
cations.

“+Aluminum in Group 3 always
forms a 3+ cation.

-
nonmetals for 1=
- = 3] 3= o (S 2 i 3
3 - - B - - .
== -a e - &5 = - 2 £
n__ r. s -7
= =
L= 5 - - -
© H - : - +1 - -
- - e - s e < 1
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1
qInﬁe Fo rmatlon of Ions by Metals
S and Nonmetals
The Formation of lons by Metals and Nonmetals

Electron Configuration

Group lon Formation Atom lon

. e~ lost

1 Na —» Na' + e [Ne]3s! - [Ne]
. 2e lost

2 Mg — Mg?* + 2e” [Ne]3s? — [Ne]
— 3e” lost

3 Al — AIPT + 3e” [Ne]3s3p! - [Ne]

6 O+ 2e — 0% [He]2s2p* + 2¢~ — [He]2s%2p® = [Ne]

7 F+e —F [He]2s*2p°> + e~ — [He]2s*2p°® = [Ne]

Return to TOC
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lons
Electron Configurations of lons

@ Atoms in stable compounds usually
have a noble gas electron
configuration.

= Metals lose electrons to reach
noble gas configuration.

| Nonmetals galn AlAartrranece A rAA A~

Cae)

o

noble gas config
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lons
Electron Configurations and Bonding

1.When a nonmetal and a Group 1, 2, or 3
metal react to form a Dbinary Ionic
compound, the ions form so that the
valence-electron configuration of the
nonmetal achieves the electron
configuration of the next noble gas atom.

- The valence orbital of the metal
are emptied to achieve the
configuration of the previous
noble gas.

23
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....,.6..'.‘!, —.~-tron Configurations and Charges on

- 2. When two nonmetals react to form a
covalent bond, they share electrons in a
way that completes the valence-
electron configurations of both atoms.
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lons
Predicting Formulas of lonic Compounds

* Chemical compounds are always

electrically neutral.

111 S PAEY Common lons with Noble Gas Configurations in lonic Compounds

Electron
Group 1 Group 2 Group 3 Group 6 Group 7 Configuration
i Be?* [He]
Na* Mg>* Al P E~ [Ne]
K" Ca* S Cl™ |Ar]
Rb* Spet Se>” Br~ [Kr]
Cs* Ba’* Te?~ I~ [Xe]

) ) ) ) ) ) Return to TO
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‘i Concept Check

What is the correct electron configuration for
the most stable form of the sulfur ion in an
lonic compound?_

a) - 1522522pb3s?
b) 1522522p%3523p2
‘ C) - 1522522p%3523p*

d) 1522522p%35%23p°
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P —. o s
g%rﬁc ures of Ionic Compounds
~ * lons are packed together to maximize the
attractions between ions.

.‘h. il -
- v .. 5 ...
5 '®
] %" Ch
* D
. : : <
w — C
B
b
- - This structure represents the ions This structure shows the positions
as packed spheres. (centers) of the ions. The spherical

ions are packed in the way that
maximizes the ionic attractions.
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s 6._5..- -~.NQ and Structures of Ionlc

ompounds
gtructures of lonic Compounds

* Cations are Q ok
always
smaller
than the
parent
‘atom.

°An|ons are
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1pounds Ty
- Concept Check

Which_atom or io_n has the_smallest radius?

| ‘.a)l, .‘62““'.
b) O Rl
C) )

d) =
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-~ ~w:~.Ng and Structures of lonic
Pemtmglslons Together
Na*t + ClI- = NaCl Ca*? + CI- = CaCl,
Ca*? + O2?= CaO Na+ + O = Na,O
Al 52 =-AL 5" Ca*? + N3 = Ca,N,
You try these'
Li+ + Br =LiBr Mg+2 + F MgF
A% 4 T AII3 NH,* + PO,? #NH ) PC4
Sr+2 4+ P2 Srp, K* + Cl- = |<&J|Ot Lt

) ) ) ) ) ) Return to TOC
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6._5..‘. -~..Ng and Structures of Ionlc

Foonmcpeg&%ounds Containing Polyatomic Ions

* Polyatomic ions work in the same way as
simple ions.

" The covalent bonds hold the polyatomic
lon together so it behaves as a unit.

cation | anion | compound

cat2 | a’! | cacly
Ena+2 02 BaO _
T NO
NH4 i ? kg2 3
FE+3 Br| FeBrz

crt3 | o2 Cro03
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Lewis Structure

* Shows how valence electrons are arranged
among atoms in a molecule.

* Most |mportant reqmrement

" Atoms achieve noble gas electron conﬁguratlon
(octet rule, duet rule). |

Kt B]_‘]_ & H- ‘H

Noble gas Noble gas
_configuration [Ar] configuration [Kr] H:H
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Writing Lewis Structures

« Bonding pairs are shared between 2

~atoms.

* Unshared pairs (Ione palrs) are not shared
and not involved in bondlng |

:_F_- ".F.'.F.' } F

F atom with seven Fy F atom with seven
valence electrons molecule valence electrons




. Section |

1-m1€£w'nndm molecule with the lone atom

¥, fhe migdip (Hydragep cap nevef; pgdn the

2.Find the number of electrons needed (N)
(8 Xx number of atoms, 2 x number of H atoms)

3.Find the number of electrons you have
(valence e's) (H)

4.Subtract to find the number of bonding
electrons (N-H=B)

5.Subtract again to find the number of non-
bonding electrons (H-B=NB)

6.Insert minimum number of bonding electrons
in the skeleton between atoms only. Add more
bonding if needed until you have B bonding
electrons.

7.Insert needed non-bonding electrons around
(not between) atoms so that all atoms have 8
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_--.@.‘9-.,...:tures | LEt'S Try ItI

H O H . -Water H,0
2

1.5 2 X 2 = 4 for Hydrogen
1 x 8 = 8 for Oxygen

N 448=12 needed L
| $IQATANs for Hydrogen -8
3H 1 x6 = 6 for Oxygen _ 4B
You have 8 available electrons
12 - 8 = 4 bonding electrons
5.NB | | | - H:O:H
2 8 - 4 = 4 non-bonding
| electrons H:6:H
H:O:H oF

4 4 ; ' ' ) Return to TOC
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e mrie - wtures Let's Try It
H I{I_IH Ammonia NH,

1.5

2.N

3.H

4.B

5.NB

6.E

3 X 2 = 6 for Hydrogen
1 x 8 = 8 for Nitrogen

6+8=14 needed 14 N
§lRErans for Hydrogen - 8H
1 x 5 =5 for Nitrogen . 6B
You have 8 available electrons Saie
14 - 8 = 6 bonding electrons '

8 - 6 = 2 non-bonding H:N:H
elﬁctrons H
H:N:H H:N:H
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1.5

2.N

3.H

4.B

5.NB

6.E

OCO

1 x 8 = 8 for Carbon
2 X 8 = 16 for Oxygen
8+16=24 needed

eIAraANg tor Carbon
2 X6 =12 for Oxygen
You have 16 available electrons

24 - 16 = 8 bonding electrons

16 - 8 = 8 non-bonding

electrons

b::C::O

Let's Try it!

Carbon Dioxide

24 N
-16 H
-8B

8 NB

0::C::0

.0::C::0

Return to TOC
o0 o0
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. .
__6.6  Gires L et's Try It!
O
1.5 OCO Carbonate CO,~
3 X 8 = 24 for Oxygen
2.N 1 x 8 = 8 forCarbon
24+8=32 needed electro 32 N
3y 3 X6 =18forOxyge 2 et
' 1 x 4= 4 for Carbo _ 8B
You have 22 + 2 more
available e's . 16
4B 32 -24 = 8 bonding electrons NB
5.NB 24 -8 = 16 non-bonding 0::C:0
elec_gt_)ni D e
6E Ny . ..Q._ .
- 0::C: O: '0::C:

O:
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Draw a Lewis structure for each of the
following molecules: -

H: e IRk
HE- e

"CH4 L o H"H
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_-.9.'.? -« w<tures of Molecules with Multiple
oornde . | | |

. Single bond - covalent bond in which 1 pair of
electrons is shared by 2 atoms.
H-H

* Double bond - covalent bond in which 2 pairs of
electrons are shared by 2 atoms.

O0=C=0
* Triple bond - covalent bond in which 3 pairs of
electrons are shared by 2 atoms.

N =N

; ; ; ; ) ) Return to TOC
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_-.9.'.? -« w<tures of Molecules with Multiple

Bonds
Resonhance

* A molecule shows resonance when more than
one Lewis structure can be drawn for the

molecule.
NO, = 24e
:0: :0O: O :0O: 0 O
NE = N\ \ 7
II}I Tl I S B | II\I
_ -O- : : :O : 5 Ho: :
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_-.9.'.? -« w<tures of Molecules with Multiple

Bonds _
Some Exceptions to the Octet Rule

« Boron tends to form compoUnds in which the
boron atom has fewer than eight electrons
around it (it does not have a complete octet).

BH, = 6e-
i
H—B—H

+ Molecules containing odd numbers of electrons
like NO and NO.,.

; ; ) ) ) Return to TOC
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_-.9.'.? -« w<tures of Molecules with Multiple

_\ s ds
‘i Concept Check

Draw a Lewis structure for each of
the following molecules:

F:

BF3 ../é\.. OZCZO
- S -
co, _
| CC|4 ” :é:.l: | 3 ¥
o o pow

4 4 ; ' ' ) Return to TOC
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_-.9.'.? -« w<tures of Molecules with Multiple

~riplds
so7~ - Concept Check

Consider the following compounds:
CO, N, CCl,
Which compound exhibits resonance?

A tOZ 0::C::0 | -
o0 o0 R =
b) b 0:::C:o T
C) CCl, oo
d) - At least two of theqabove compounds -

exhibit resonance. -

) ) ) ) ) ) Return to TOC
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A ldS
‘o7 - Concept Check
Y

Which of the following supports why Lewis structures are
not a completely accurate way to draw molecules?

a) We cannot say for certain where an electron is
located yet when drawing Lewis structures, we assume
the electrons are right where we place them.

b) When adding up the number of valence electrons
fora  molecule, it is possible to get an odd number
which would make it impossible to satisfy the octet rule

‘ C) Both statements 1 and 2 above support why LewiJ

structures are not a completely accurate way to draw
molecules.

d) Lewis structures are the most accurate way to

Copyright ©£(e.£1_(_1age L_t‘a‘zj‘rrli‘nlg‘.\A’l_l right\s‘t;eserved

Return to TOC
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* Three dimensional arrangement of the
atoms in a molecule.

a
Computer graphic of a linear molecule”  Computer graphic of a trigonal planar  computer graphic of a tetrahedral
containing three atoms molecule molecule

Bond Angle 180¢° - ~120¢°
~109° | |

: 4 ; ' ; ' ; ' : ) Return to TOC
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e Linear structure - atoms in a line
" Carbon dioxide

O—C—O0O
A
- 180°

Computer graphic of a linear molecule
containing three atoms
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* Trigonal planar - atoms in a triangle

f Boron t.riﬂuor_ide
1 20 f w 20°
B

F’\/‘F

- Computer graphic of a trigonal planar 1 2 O
molecule :
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« Tetrahedral structure
" Methane

: Computer graphic of a tetrahedral
molecule
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Molecular Shapes | AX,
and bond angles Linear
from Lab Book X o
Figure - [~z
i A fAD o
TR | EatR
Ay AME,
2 EleCtron GFpS = Trigonal planar Bent or Angular
180¢ = i
3 Electron Grps = ‘“?’LI | .5
~120° ' | I,.:-"A-'”H}{ "!"I- S
X7 N "\
4 Electron Grps = x | XX | X 1“753 X
~109° - AX, AXE. AX;E
: ; Tetrahedral Trigonal pyramidal Bent or Angular
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VSEPR Model

 VSEPR: Valence Shell Electron-Pair
Repulsion.

* The structure around a given atom is
determined
electron pai




Section 9
6.9

Two Pairs of Electrons

« BeCl,
1o nE80%: -
. Unear

Cl—Be—Cl:
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Three Pairs of Electrons
- BF3' = g e |
o260

* Trigonal planar

120f\»120 FaRY
' / \ '_
. // \\ .

120
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Four Pairs of Electrons
S Ies OIS
. Tetlrahedral- |
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-Steps for Predlctlng Molecular Structure Usmg the
VSEPR Model

1. Draw the Lewis structure for the molecule.

2. Count the electron pairs and arrange
them in the way that minimizes repulsion
- (put the pairs as far-apart as possible).
3. Determine the positions of the atoms fro_m
the way electron pairs are shared (how

eIectrons are shared between the central
atom and surrounding atoms). |

4, Determm_e the-na_me of-the molecu_lar
structure from positions of the atoms.

; : ; : ; : ) : ) : ) Return to TOC
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‘Arrangements of Electron Pairs and the Resulting
Molecular Structures for Two, Three, and Four Electron

Pairs
LCL SN PRV S Arrangements of Electron Pairs and the Resulting Molecular Structures for Two, Three, and Four Electron Pairs
Number of Electron Pair Ball-and-Stick Molecular Partial Lewis Ball-and-Stick
Electron Pairs Bonds Arrangement Model Structure Structure Model
2 2 Linear Linear A—B—A
] L
3 3 Trigonal planar Trigonal planar A

(triangular) 120°

>

4 4 Tetrahedral n

E 109.5°
4 3 Tetrahedral N

E 109.5°
4 2 Tetrahedral o

E 109.5°

(triangular)

Tetrahedral

Trigonal pyramid

Bent or V-shaped

2k e Fe

Return to TOC
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Molecular Structure

Molecules with Double Bonds

« When USing the VSEPR model to predict the
molecular geometry of a molecule, a double_

or triple bond is counted the same as a smgle
eIectron pair.

ee)!

O=C=0
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B Concept Check' -

Determlne the molecular structure for each of
the followmg molecules and mclude bond
angles

~ HCN
PH,
SeO,
- 0O _ _
HCN - linear, 180°
: - PH, - trigonal pyramid,
109.5°(107°) Lo S e
' Copyright © Cengage Learning. Allights reseved Q). — hent 1200 ss
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