A Bit of Review

« Valence electrons

- Most atoms will gain or lose electrons in order to get a
full valence electron shell

- The number of valence electrons in a neutral atom can
be found from the periodic tablel!

- Octet "rule": Most elements need 8 e- to have a full
valence electron shell

* 2 major exceptions: H and He (2 valence e-)

Valance e and the formation of ions
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Valance electrons— practice

Element # Valance e-
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CO,
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Electron-Dot Structures

Valence electrons: Electrons in the outermost shell of an
atom. These are the ones that can participate in chemical
bonding.

*Electron-dot structure: A two dimensional model showing
the valence electrons surrounding the atomic symbol.

The number of dots around each atom is equal to the
number of valence electrons the atom has.

Paired
electrons Unpaired

@ 0
Unpaired o electrons o .
e e electron Kr
:Clv -C- o o
’ @ 0

Chlorine Carbon Krypton




Electron-Dot Structures
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Note that elements within the same group have
the same electron-dot structure.

Covalent Bonds (sharing of e-)

* The type of electrical attraction in which atoms
are held together by their mutual attraction
for shared electrons.

Covalent bond

Bond forming

Fluorine atom, F Fluorine atom, F Fluorine molecule, F,




Covalent Bonds

* The type of electrical attraction in which
atoms are held tfogether by their mutual
attraction for shared electrons.

* There are two electrons within a single
covalent bond.

* The covalent bond is represented using a
straight line.

.F ¢ F:-

.M
|

Electron Dot Formulas of
Molecules

- electron dot formulas,

- also called Lewis dot structures,
Lewis structures

Gilbert. N. Lewis
1875 - 1946

- We will now draw electron dot formulas for molecules

* A Lewis structure shows the bonds between atoms
and helps us visualize the arrangement of atoms in
a molecule.
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Rules for Writing Lewis Structures

1) Count the total number of valence e-
Notes: Add one more electron for each negative charge in the
composition. Subtract one electron for each positive charge in
the composition.

2) Write the skeleton structure

Notes: -Element that needs the most e~ go in the center
-H are terminal atoms
-Least electronegative atom go on the center

3) Use two electrons to connect elements
4) Complete octets by distributing the remaining e-

5) Make double or triple bonds if octets not
complete
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Lewis Structures for Water, H,O

1. Count the total number of valence electrons:

Oxygen =1(6¢e)
hydrogen =2(le)
total = 8 e~

2. Draw a skeleton of the H O H
structure

3-4. Place eight electrons around . A -
the central oxygen atom. H: O  H

H - O + <= Unshared or
| lone pair (LP)

shared or bond pair /H
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Electron Dot Formula for Sulfur Trioxide, SO,

1. Count the total number of valence electrons:

oxygen = 3(6e)

sulfur = 1(6e)
total = 24 e

2. Write the skeleton structure

3. Use two electrons to connect elements

24-6= 18 e left

4. Complete octets
by distributing

the remaining e- —~ o . *
:0:5:0:

0:S$:0
o

:O-S.z_Q:

[ N J
5. Make double °°
triple bonds if 0. 10
octets not complete g g
13
Resonance

On the LDS of SOj;, the double bond can be placed
between the sulfur and any of the three oxygen
atoms. This phenomenon is called resonance.

LN
Resonance Structures for SO;

0. (o 0
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Electron Dot Formula for NH,*

1. Count the total number of valence electrons:

N > 1(56) =5 We must subtract one electron for the
H > 4(16) =4 positive charge.
(+) > iz i /
total = 8e
2. Write the skeleton structure
+
3. Use two electrons 4 l:' N
to connect elements
H- I}l -H
H
N J
15
Practice
* Write the LDS for NO3—
NO,~ = 24e-
:0: :0: ‘0" :0: :0: 'O
\ 7 N \ 7
-0 :0: :0:

16
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Electron Dot Formula for:

1) CH,O
2) CO,

2) NH,

3) O,
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Polar Covalent Bonds

* Electrons within a covalent bond are
shared evenly when the two atoms are
the same.

H ¢ H
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Polar Covalent Bonds

- Electrons within a covalent bond are shared

evenly when the two atoms are the same.

* They may be shared unevenly, however,

when the bonded atoms are different.
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Polar Covalent Bonds

 They may be shared wnevenly, however,

when the bonded atoms are different

and have different electronegativity --
“electron pulling power."

» Electronegativity: The ability of a

bonded atom to pull on shared electrons.
Greater electronegativity means greater
“pulling power."

20
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Polar Covalent Bonds

- Electronegativity: The ability of a
bonded atom to pull on shared electrons.
Greater electronegativity means greater
“pulling power."

H He
21

Li | Be [s] F | Ne
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Na | Mg S Cl | Ar
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K Ca| S Se | Br | Kr
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Rb | Sr Y Te | Xe
08 |10 |14 2125|286
Cs | Ba| Ld Low Po | At | Rn
07 |08 | 1. 20|22 |24
Fr | Ra | A Ty R o T ™

o7 Jor faa [T O O[T
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Atomic Radius, Metallic
Character, and Electronegativity

H He
21
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Increasing electronegativity

H

21
Li Be B C N o F
10 15 20 25 30 35 40
Na | Mg Al Si P S Cl
09 12 15 18 21 25 30
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Rb | Sr Y Zr | Nb | Mo | Tc | Ru || Rh| Pd| Ag | Cd || In Sn | Sb || Te I
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Cs | Ba
07 09
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Fr | Ra | Ac | Th || Pa U |Np-N
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Polar Bonds

the bond s considened to'be

C—~C C S

the bond s considered to be

F+—H N=—C

the bondlis considered torbe




The polarity of a bond depends on the
difference between the electronegativity

(EN) values and asymmetry of the molecule.

covalent com nnnemql

Covalent molecules (share e) ionic
el 1
I I
I |
| .
I |
I I
I |
I I
8 b | |
I A covalent bond formed A polar covalent bond, An ionic bond, with
: between identical atoms. with both ionic and | no electron sharing.
|
1
|

—— o e o e e e o o )

Non- Symmetric

25
Polarity and Electronegativity
Electronegativity
Difference (AEN) Bond Type @ Example
Small (0-0.4) Covalent Cl,
Intermediate (0.4-2.0) Polar covalent | HCI
Large (2.0+) lonic NaCl
The Continuum of Bond Types
purag nt by ld)J | coval FOIl bondJ
Electrons shared Electrons shared Electrons
equally unequally transferred
00 o1 20 )
Electronegativity difference, AEN
26
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Polar Covalent Bonds

- Electronegativity. The ability of a bonded
atom to pull on shared electrons. Greater
electronegativity means greater "pulling
power”,

lonic Polar covalent Nonpolar covalent

Na:F H :F F:F

Sodium fluoride Hydrogen fluoride Molecular fluorine
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Molecular Polarity

» But if polar bonds within a molecule are
facing in equal and opposite directions...

..then the polarity may cancel itself out.

o —

...or not!
4 .
H H H W H Hence 3D structure is

- important when
determining molecular
polarity

28
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Molecular Polarity

Copyright © 2008 Pearson Education, Inc. publishing as Pearson Addison-Wesley

29

» » = 20 T I-X
Polar Bonds and molecules
,/ ______________________ \\

/ \

[ P R
o.< ' //,' >'o \\\

e

C—O bond
\ is polar K

_______________________

b
{

CO2 molecule is nonpolar

* The bond between the C atom and O atoms in CO, molecule is polar.

* The bonding electrons are pulled toward the O ends of the molecule equally
because O is more electronegative (EN) than the C atom.
— The net result is a nonpolar molecule.

30
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Molecular Polarity

« But if polar bonds within a molecule are
facing in equal and opposite directions...

..then the polarity may cancel itself out.

31

Draw LDS for:
Which are polar molecules?

1) HCl
2) CH,
3) PCl,

32
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Shapes of Molecules, 3D

» Electron pairs surrounding an atom repel

each other. This is referred to as Valence
Shell Electron Pair Repulsion (VSEPR)
theory.

- The molecular shape indicates the

arrangement of atoms around the central
atom as a result of electron repulsion.

33

* In methane, CH,, the central C atom has |four ato 'ns|
attached (4 hydrogen atoms) and has jho lone pair

Tetrahedral

The molecular shape: tetrahedral.
Bond angle: 109.5¢°

|
H—C—H
H

34
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Linear Molecules

* In carbon dioxide, CO,, the central C atom is

bonded to each oxygen by two electron pairs
(4 bonding e).

The molecular shape (M.S.): /linear.
Bond angle: 180°

180°

35

Trigonal pyramidal

e In ammonia, NHs, the central N atom has three atoms
attached (Bonding e”) and has one lone pair (non bonding e°).

° The molecular shape: trigonal pyramidal.
° Bond angle: ~109.5° (~107° actually)

H\“I:{ e H . m

36
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Bent

e In water, H,O, the central O atom has
[two atoms|attached (2 hydrogen atoms) and has
two lone pair

The molecular shape:  bent.
Bond angle: ~109.5°

H/ \H ? t\@
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Trigonal Planar

* In formaldehyde, H,CO, the central C atom
has|three atoms attached (2 hydrogen and 1
oxygen) and has |no lone pair}

The molecular shape: trigonal planar.
Bond angle: 120°

\ . J

C= O,

38
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Arrangements of Electron Pairs and the
Resulting Molecular Shape

Example
Molecular Partial Lewis Ball-and-Stick
Structure Structure Model
Linear A—B—A @ @ @
Trigonal planar A B
(triangular)
i E O E
A A
Tetrahedral A H
A—B—A i (:H
A
Trigonal pyramid A B = a ?H'
A
Bent or V-shaped — R—
° ot H 9 H
39
39
Steps for Predicting Molecular Shape Using the VSEPR
Model
1. Draw the Lewis structure for the molecule.
2. Determine # of lone pair of electrons and
bonded atoms
Lone pair of Bonded Molecular Structure —
electrons atoms Molecular Partial Lewis Balland Stick
“ Structure Structure Model
£ 0 2 Linear Lo ABA L Q@Q
IS
= 0 3 Trigonal Planar Hicinlend . ¢
- b %
— A A
Z 0 4 Tetrahedral el A i
i A—B—A 3 (:u
1 3 Trigonal A
pyr‘amidal Trigonal pyramid A—p—A 3 “’.H
A -
8 2orl 2 bent — )
D(? ent or V-shape /A= _B — % ‘HQH
40
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Predict the molecular shape, bond and
molecular polarity for:

LDS Molecular Bond Molecular
Structure  Shape Polarity Polarity
. . C-H Symmetrical
1) C2H2 H—C=C—H Linear 2.5-2.4=0.4,np  Non-Polar
"O.' O-F As ical
. . Bent ymmetrica
3) OF, :E7 “f: ™" asa0sp pow
.. H-O
4) HOCl O Bent 2.4-35=0.6,p  Asymmetrical
H cr: Oo-Cl Polar
3.5-3=0.5, p

41
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