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1.1 Organic Chemistry

* The study of carbon-containing molecules and their reactions
* What happens to a molecule during a reaction?

— molecules collide

— bonds are broken and bonds are made

oA i

HO: - H—IIS—:I:: > Hf:}—rT:—H + 3¢
H H

 Why do reactions, like the one above, occur?

— We will need at least 2 semesters of your time to answer
this question

— FOCUS ON THE ELECTRONS

WILEY
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1.1 Organic Chemistry

* Why do we distinguish between organic and inorganic
compounds?

Organic compounds contain carbon atoms

* Why are organic compounds important? Organic compounds
make up things like:

- Food i
NH,OCN _Heat C
- Clothes HNT O NH,
- Pharmaceuticals Ammonium cyanate Urea
] (Inorganic) (Organic)
- Plastics
WILEY
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1.2 Structural Theory

* In the mid 1800s, it was first suggested that substances are
defined by a specific arrangement of atoms.

— Why is a compounds formula not adequate to define it?

Because compounds differ in the specific ways in which
atoms are bonded together

 Compounds with the same molecular formula but different
structures are constitutional isomers.

T T
H—(|3—O—(|3—H H—(|3—(|3—O—H
H H H H
Dimethyl ether Ethanol
Boiling point = -23°C Boiling point = 78.4°C Wl LEY
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1.2 Structural Theory

e Atoms that are most commonly bonded to carbon include N,

O, H, and halides (F, Cl, Br, I).

* With some exceptions, each element generally forms a
specific number of bonds with other atoms

Tetravalent

Trivalent

Divalent

Monovalent

_(|:_

Carbon generally
forms four bonds.

_N_
|

Nitrogen generally
forms three bonds.

Oxygen generally
forms two bonds.

_O_

H— X—
(where X = F, ClI, Br, orI)

Hydrogen and halogens
generally form one bond.

* Practice with SkillBuilder 1.1

Copyright © 2017 John Wiley & Sons, Inc. All rights reserved.
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1.3 Covalent Bonding

e A covalent bond is a PAIR of electrons shared between two
atoms. For example...

H-H
Energy
0.74 A Internuclear distance
0 P
+ 'H
—-436 kd/mol
WILEY
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1.3 Covalent Bonding

* How do potential energy and stability relate?

H + (H — CH=HD
H = H o S S
Energy

—436 kJ/mol

 What forces keep the bond at the optimal length?
- Attractive forces between positively charged nuclei and negatively charged
electrons
- Repulsive forces between the two positively charged nuclei
- Repulsive forces between the two negatively charged electrons

WILEY
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1.3 Atomic Structure

* Areview from General Chemistry

— Protons (+1 charge) and neutrons (neutral) reside in the
nucleus

— Electrons (-1 charge) reside in orbitals outside the nucleus.
— Valence electrons are the electrons in the outermost shell

— Look at carbon for example. Which electrons are the valence
electrons?

— Valence electrons are our focus: because they involved in
bonding!

WILEY
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1.3 Counting Valence Electrons

You can always calculate the number of valence electrons by

analyzing the e- configuration.

Or, for Group A elements only, just look at the Group number on
the periodic table (Group number = # of valence electrons)

1A 8A
H | 2p 3A 4A 5A 6A 7A |He
Li | Be BIC|N|[O|F|Ne
Na | Mg ¢ S Al | Si| P | S |Cl|Ar
K | Ca Ga|Ge | As | Se | Br | Kr
Transition
Rb | Sr Metal In|Sn|Sb|Te | I | Xe
Cs | Ba Elements TI | Pb| Bi | Po | At | Rn
2 2
Practice with SkillBuilder 1.2
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1.3 Simple Lewis Structures

* For simple Lewis Structures...

1. Draw the individual atoms using dots to represent the
valence electrons.

2. Put the atoms together so they share pairs of electrons to
make complete octets.

* Take NHjs, for example...

 Note the nitrogen has a lone pair of electrons
5 P WILEY
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1.3 Simple Lewis Structures

* For simple Lewis Structures...

1. Draw the individual atoms using dots to represent the
valence electrons.

2. Put the atoms together so they share pairs of electrons to
make complete octets.

* Skillbuilder 1.3: Try drawing a Lewis structure for CH,0

WILEY
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1.4 Formal Charge

e Recall the terms we use to describe atoms with an unbalanced or
FORMAL charge.

Anion = negatively charged atom
Cation = positively charged atom

* Atoms in molecules (sharing electrons) are typically neutral, but
can also be anionic or cationic

* To to determine the formal charge for an atom in a given
molecule, compare the number of valence electrons that it owns

(based on its bonding pattern) to the number of valence electrons
that the atom needs to be neutral.

WILEY
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1.4 Formal Charge

Consider the formal charge on the atoms in the structure below,
and determine if any of the atoms should have a formal charge

% :0:
He C Hi H—C—H
H H

Carbon needs 4 valence electrons to be neutral (Group 1V)

Carbon is surrounded by 8 electrons here, but it only owns 4 of
them (1 from each of the bonds).

Since carbon owns 4 electrons, and needs 4 electrons to be
neutral, it does not have a formal charge.

WILEY
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1.4 Formal Charge

Now determine if the oxygen atom has a formal charge here.

:O: ¥ —— Weneed to write a
negative charge next
to the oxygen atom

H—C—H

H

Oxygen needs 6 valence electrons to be neutral (Group VI)

Oxygen is surrounded by 8 electrons here, but it only owns 7 of
them (1 from the bond, plus 3 lone pairs ).

Since oxygen owns 7 electrons here, and needs 6 electrons to be
neutral, it has an extra electron, and therefore has a -1 charge.

Practice with SkillBuilder 1.4
WILEY
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1.5 Polar Covalent Bonds

* Electronegativity - how strongly an atom attracts shared electrons

TABLE 1.1 ELECTRONEGATIVITY VALUES OF SOME COMMON ELEMENTS

Increasing electronegativity

1 ﬂ

H
2.1

Li Be B C
1.0 8 2.0 2.5

Na Mg Al Si
0.9 1.2 1.5 1.8

K
0.8

N
3.0

P
2.1

F
4.0

Cl
3.0

Br
2.8

Increasing
electronegativity

* If you remember that F is the most electronegative atom, then
you can always remember the relative electronegativity of the
atoms in the same column or the same row of the PTE

Copyright © 2017 John Wiley & Sons, Inc. All rights reserved.
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1.5 Polar Covalent Bonds

* There are three types of bonds:

COVALENT BOND: electrons shared between
two atoms, where electronegativity difference is
less than 0.5

POLAR COVALENT BOND: electrons shared
between two atoms with electronegativity
difference between 0.5 and 1.7

IONIC BOND: the electrons are not really shared,
the two atoms differ in electronegativity by
more than 1.7, and so the more electronegative
atom owns the electrons.

Copyright © 2017 John Wiley & Sons, Inc. All rights reserved. 1-16
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1.5 Polar Covalent Bonds

* Electrons tend to shift away from lower electronegativity atoms to
higher electronegativity atoms.

Ll ¢ — —F

‘]3 ‘]3 cC—0O C—Li
8 8_' s S
C+—O l{::““:J “Li

* The greater the difference in electronegativity, the more polar the
bond.

Covalent Polar covalent lonic

—
c—C C—H N—H c—0O Li—C Li—N NaCl

Small difference Large difference
in electronegativity in electronegativity
WILEY
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1.5 Polar Covalent Bonds

 Some bonds are acceptable to write as a covalent bond or an ionic
bond, as in the following example:

| |
—C—Li or —cP 9

* The electronegativity difference is 1.5, so it is on the cusp of polar
covalent and ionic, according to just one method used for

determining electronegativity values. So, the absolute difference
in electronegativity is to be taken with a grain of salt.

 Practice with SkillBuilder 1.5
WILEY
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1.6 Atomic Orbitals

General Chemistry review
* Inthe 1920s, Quantum Mechanics was established as a theory to
explain the wave properties of electrons

* The solution to wave equations are wave functions; The 3D plot
of a (wave function)? gives an image of an atomic orbital

y y y

z z z o “ z
X / X / ‘\x /‘ T

WILEY
1-19 Klein, Organic Chemistry 3e
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1.6 Atomic Orbitals = Electron Density

* The type of orbital is identified by its shape (s, p)

* Electron density: term used to refer to probability of finding an

electron (the orbital shape is 90-95% of the space where an
electron “probably” is)

y y y y
z
\_ .
X / X "

* We think of an atomic orbital as a cloud of electron density

Zz

A

z

. 3

WILEY
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1.6 Phases of Atomic Orbitals

Electrons behave as both particles and waves. How can they be
BOTH? Maybe the theory is not yet complete
The theory does match experimental data, and it has predictive
capability.
— Like a wave on a lake, an electron’s wavefunction can have a
positive (+) value, a negative (—) value, or zero (a node).

Average level
of lake —>

WILEY
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1.6 Atomic Orbitals

Because they are generated mathematically
from wavefunctions, orbital regions can also
be (-), (+), or ZERO

— The sign of the wave function has nothing
to do with electrical charge.

In this p-orbital, there is a nodal plane. The
sign of the wavefunction will be important
when we look at orbital overlapping in bonds.

Copyright © 2017 John Wiley & Sons, Inc. All rights reserved. 1-22
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1.6 Atomic Orbitals

* Electrons are most stable (lowest in energy) if they are in the 1s
orbital?

* The 1s orbital, like every atomic orbital, can have up to 2 electrons
init. If there are more electrons in the atom they fill up the 2s
the 2p orbitals

J|/ y y y
| z z Z z d
— 9 T 4 . “ S—
A TT—x P , } X / X / x 0 TT—x
1s 2s 2p, 2Py 2D

The 2p orbitals are of equal
energy, and thus are
degenerate orbitals

WILEY
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1.6 Atomic Orbitals

Common elements and their electron configurations

Energy 1_ a8 L 25
1— 1s L 1s —1L 1s —1|' 1s
Hydrogen Helium Lithium Beryllium
1———2’0 E— p— 2 1 1— 1 2p L1—1—2p Ll‘l—zp _I'L_sz
% 1—L2s l2s l23 1—L23 L2s —L2s
(i 1—L1s lw lTS 1—"13 I—|'1s iw
Boron Carbon Nitrogen Oxygen Fluorine Neon

* The placement of electrons are governed by the following: Aufbau
principle, Pauli exclusion principle, and Hund’s Rule

WILEY
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1.7 Valence Bond Theory

* A bond occurs when atomic orbitals overlap. Overlapping orbitals
is like overlapping waves

An electron An electron
is like a wave islike awave Bring these ...and the
} ,j, waves closer waves reinforce
/\ /\ together... /><\ each other /\
< > -~
Internuclear distance Internuclear Constructive
distance interference
Bring these ...and the

waves closer waves cancel A node
together.. /%/ each other . /-\//
\_/ Destructive

interference

* Only constructive interference results in a bond
WILEY
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1.7 Valence Bond Theory

e The bond for a H, molecule results from constructive interference

Circular
cross section

direct overlap of orbitals
forms a sigma bond

* The bonded electrons spend most of their time in the overlapping

atomic orbital space... which is called a sigma (o) bond
WILEY
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1.8 Molecular Orbital Theory

Atomic orbital wavefunctions

overlap to form MOs that ade

extend over the entire “ Antibonding MO
molecule. l

MOs are a more complete Ensigy [l 1 i "
analysis of bonds, because they

include both constructive and A

destructive interference. . Bonding MO
The number of MOs created Molecular Orbitals for H,

must be equal to the number of
AOs that were used.

WILEY
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1.8 Molecular Orbital Theory

* The antibonding MO has higher energy because it has one node.

Node

“ Antibonding MO

l

Energy 1S — e 1S

1l
. Bonding MO

* When the AOs overlap the electrons go into the bonding MO
rather than the antibonding MO in order to achieve a lower

energy state WILEY
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1.8 Molecular Orbital Theory

* The are more than two MOs that exist for CH3Br.. But let’s focus
on only two of them here

— There are many areas of atomic orbital overlap, and nodes as
well

— Notice how the MOs extend over the entire molecule

WILEY
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1.8 Molecular Orbital Theory

e Each MO can hold two electrons?

* In the ground state, electrons occupy lower energy MQO’s while the
higher energy ones remain unoccupied

* These two IMIU's here are the most important ones: The highest
occupied MO (HOMO) and the lowest unoccupied MO (LUMO)

* These are the MO’s in play when undergoing a chemical rxn

WILEY
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1.9 Hybridized Atomic Orbitals

* the ground state electron configuration for carbon can’t explain
how carbon makes four bonds

11 7

1140, 1

/ “L 2p
Energy | 11 5ig Excitation

1

— 5

S

.
no

—_

8

Only two orbitals have unpaired There are 4 unpaired electrons T
electrons to be shared in the here, but 4 equal bonds cannot —C—H
ground state be made with two different H—C
types of orbitals (s vs p) 'L
Methane

* If considering the excited state, it still doesn’t explain how carbon
makes 4 equivalent bonds, like the 4 bonds to H in a methane

molecule WILEY
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1.9 Hybridized Atomic Orbitals

The carbon must undergo hybridization to form 4 equal atomic
orbitals, with symmetrical geometry

The atomic orbitals must be equal in energy to form four equal-
energy symmetrical C-H bonds

————————————————

——————————————————

Four degenerate
sp® orbitals

|

|

|
Energy | | Hybridize

|
|
|
|
I
S S e R (e /
|
|
|
|
|

WILEY
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1.9 Hybridized Atomic Orbitals

————————————————

|
:1— 1— _szi :"_1""1""1 _____ | _“: Fogrde‘generate
i | | — — — — | S Orbitals
skt I | Hybridize
_ 1—23 ]
L 1s L 1s

* the shape of an sp? orbital results from have 25% s-character, and
75% p-character

&
WILEY
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1.9 Hybridized Atomic Orbitals

* To make CH4, the 1s atomic orbitals of four H atoms will overlap
with the four sp3 hybrid atomic orbitals of C

Methane, CHy4

WILEY
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1.9 Hybridized Atomic Orbitals

* Consider ethene (ethylene).

C.
Aqmo/ \/
H H

Vo

| A

& ~118°

e Each carbon in ethene must bond to three other atoms, so only
three hybridized atomic orbitals are needed

——
8 ~

/! hY
N\
N\

/
1

|
\ \
Energy \ .

Copyright © 2017 John Wiley & Sons, Inc. All rights reserved.
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1.9 Hybridized Atomic Orbitals

* An sp? hybridized carbon will have three equal-energy sp? orbitals
and one unhybridized p orbital

/ sp? O\rbital

p Orbital

\

* the shape of an sp? orbital results from have 33% s-character, and
67% p-character

sp? Orbital

WILEY
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1.9 Hybridized Atomic Orbitals

* The sp? atomic orbitals overlap to form sigma (o) bonds

o Bonds

o Bond
overlap

* The p orbitals, here, overlap to form a pi bond

WILEY
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1.9 Hybridized Atomic Orbitals

* The pi () bond is formed by SIDE-BY-SIDE overlap of the p
orbitals. The electron density of the pi bond is spread out above
and below the plane of the molecule, as shown below

7 Bond

* Pibonds are weaker than sigma bonds.

WILEY
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1.9 Hybridized Atomic Orbitals

* The pi bond is described in a similar way according to MO theory.

Node

Remember, red and 7 Aiending Mo

blue regions are all

part of the same
orbital, but opposite Energy | 2p 1_ _L 20
phases N

s 7 Bonding MO

WILEY
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1.9 Hybridized Atomic Orbitals

* Consider ethyne (acetylene). H—o—g—H

Acetylene

* Each carbon in ethyne must bond to two other atoms, so only two
hybridized atomic orbitals are needed

These orbitals
are not affected

i [
g‘ L\\\‘l_ 1— 2p e — 2p
N\ 4 4 ! Two degenerate
Hybridize ‘—oooo---) SP orbitals
Energy = 1 ! ) o >
—ﬂ 1s —1L 1s

WILEY
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1.9 Hybridized Atomic Orbitals

* The sp atomic orbitals overlap HEAD-ON to form sigma (o) bonds
while the unhybridized p orbitals overlap SIDE-BY-SIDE to form pi
bonds

* Practice with Skillbuilder 1.7

WILEY
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1.9 Bond Strength and Length

Which should be stronger, a pi bond or a sigma bond?

The sigma bond is considered stronger as it requires almost twice
the bond energy of a pi bond to break it

Which should be longer, an sp3 — sp3 sigma bond overlap or an sp
— sp sigma bond overlap? Realize the more s-character in the
orbitals, the shorter they will be

sp? bond lengths are the longest, followed by sp?, and then s
P g g y s5p P

bonds.
WILEY
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1.9 Bond Strength and Length

e Rationalize the bond strengths and lengths below

TABLE 1.2 COMPARISON OF BOND LENGTHS AND BOND ENERGIES FOR ETHANE,
ETHYLENE, AND ACETYLENE

ETHANE ETHYLENE ACETYLENE
Structure
1.20 A
) H
- leng_th = _ G T
Boh.d energy - 368 kJ/.mol | .632 kJ/mol 820 kJ/mol

WILEY

Copyright © 2017 John Wiley & Sons, Inc. All rights reserved. 1-43 Klein, Organic Chemistry 3e



1.10 Molecular Geometry

Valence shell electron pair repulsion (VSEPR theory)
Valence electrons (shared and lone pairs) repel each other

To determine molecular geometry, start with the steric number...
which gives us a quick prediction

H
G h H—N—H H—O—H
a a
# of o bonds = 4 # of o bonds = 3 # of o bonds = 2
# of lone pairs = 0 # of lone pairs = 1 # of lone pairs = 2
Steric number = 4 Steric number = 4 Steric number = 4

WILEY
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1.10 Molecular Geometry

* The steric number translate to the hybridization of the central

atom

* |f the Steric number is 4, then it is sp3
* |f the Steric number is 3, then it is sp?
* |If the Steric number is 2, then it is sp

)
H—(l.‘,—H
H

# of o bonds = 4
# of lone pairs = 0

H—ﬁ—H
H
# of o bonds = 3
# of lone pairs = 1

H—O0—H

# of o bonds =2
# of lone pairs = 2

Steric number = 4

Copyright © 2017 John Wiley & Sons, Inc. All rights reserved.
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1.10 Molecular Geometry — sp”

* For any sp3 hybridized atom, the 4 valence electron pairs will form
a tetrahedral electron group geometry

* Methane has 4 * The bond angles * The bond angles
equal bonds, so in ammonia are a in oxygen are
the bond angles little smaller even smaller still

are equal

WILEY

Klein, Organic Chemistry 3e
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1.10 Molecular Geometry — sp”

* The molecular geometry is described for only the atoms bonded
to the central atom; electron group geometry includes lone pairs

TABLE 1.3 COMMON MOLECULAR SHAPES THAT CAN BE PREDICTED WITH VSEPR THEORY

EXAMPLE BONDING NONBONDING STERIC PREDICTED PREDICTED
ELECTRON PAIRS ELECTRON PAIRS  NUMBER ARRANGEMENT OF MOLECULAR
(BONDS) (LONE PAIRS) ELECTRON PAIRS GEOMETRY

CH, 4 0 4 Tetrahedral Tetrahedral

NH3 3 1 4 Tetrahedral Trigonal Pyramidal

H,O 2 2 4 Tetrahedral Bent

BF3 3 0 3 Trigonal Planar Trigonal Planar

BeH 2 0 2 Linear Linear

WILEY

Klein, Organic Chemistry 3e
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1.10 Molecular Geometry — sp?

e (Calculate the steric number for BF;

* The electron pairs in sp? hybridized orbitals (either bonded
electrons or lone pairs) will form a trigonal planar electron group
geometry (steric number = 3 = trigonal planar)

WILEY
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1.10 Molecular Geometry — sp?

* Realize that the boron atom, in BF3, is sp2 hybridized. The three
bonds are made with sp2 orbitals, and the unhybridized p orbital
remains empty

WILEY
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1.10 Molecular Geometry — sp

When steric number = 2, the geometry will be linear and the
atom will be sp-hybridized

180° |
Consider BeH, {Bo—} 0_._“

Linear geometry
of BeH,

the Be atom has two s bonds
using sp orbitals, and two empty
p orbitals

Draw a Lewis structure for CO,. Are the p orbitals on the C atom
also empty in this compound, like they are with Be in the previous
example?

WILEY
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1.10 Molecular Geometry — Summary

If steric number =4 If steric number = 3 If steric number = 2
* Practice with 13 12 l’
. . sp Sp sp
SkillBuilder 1.8 1 1 1
Tetrahedral Trigonal planar | Linear
arrangement of arrangement of arrangement of
electron pairs electron pairs electron pairs
No lone Two lone One lone No lone
pairs One\ P& pair pairs
lone
pair
v | Trigonal ' ‘Trigonal ey
_lTetrahedral pyramidal .Bent | planar Linear

Copyright © 2017 John Wiley & Sons, Inc. All rights reserved.
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1.11 Molecular Polarity & Dipoles

Electronegativity differences result in polar bonds

Induction (shifting of electrons within an orbital) results in a
dipole moment.

Dipole moment = (the amount of partial charge) x (the distance
the 6+ and 6- are separated)

Dipole moments are reported in units of debye (D)

1 debye = 10'8 esu - cm

WILEY
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1.11 Molecular Polarity & Dipoles

Consider the dipole for CHsCl
Dipole moment (i) = charge (e) x distance (d)

— Plug in the charge and distance

L =(1.056 x 10%esu) x (1.772 x 10% cm)

— Note that the amount of charge separation is
less than what it would be if it were a full
charge separation (4.80 x 10719 esu)

nL=1.87x10%®esu-cm p=187D
— Convert to debye
=1.87D
: WILEY
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1.11 Molecular Polarity & Dipoles

What would the dipole moment be if CH3Cl were 100% ionic?
1 = charge (e) x distance (d)

— Plug in the charge and distance, using
the full charge of an electron

u=(4.80x 10%esu) x (1.772 x 103 cm)

nL=851x10*®esu-cm=8.51D
What % of the C-Cl bond is ionic? 1.87 D

22% ionic character means the C-Cl bond is
mostly covalent

X 100% = 22%

WILEY
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1.11 Molecular Polarity & Dipoles

* The polarity of some other common bonds

TABLE 1.4 PERCENT IONIC CHARACTER FOR SEVERAL BONDS

(4.80 x 1071%esu) (1.41 x 108cm)

X 100% = 10%

X 100% = 33%

(4.80 x 1071%esu) (0.96 x 1078 cm)

X 100% = 41%

WILEY

BOND BOND LENGTH  oBSgRVED u (D)  PERCENT IONIC CHARACTER
(x 10" cw)

18 .
C—O 1.41 0.7 D (0.7 x 10" '® esu - cm)

-18 .
O—H 096 15D (1.5 x 10" '® esu - cm)

18 .
c—0o 1277 24D (2.4 X 107" esu - cm)

(4.80 x 107'%esu)(1.23 x 108 cm)
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1.11 Molecular Polarity & Dipoles

* Why is the C=0 double bond so much more polar than

the C-O single bond?

TABLE 1.4 PERCENT IONIC CHARACTER FOR SEVERAL BONDS

X 100% = 10%

(4.80 x 1071%esu) (1.41 x 108cm)

X 100% = 33%

(4.80 x 1071%esu) (0.96 x 1078 cm)

X 100% = 41%

WILEY

BOND BOND LENGTH  oBSERVED . (D)  PERCENT IONIC CHARACTER
(x 1078 cm)

18 .
C—O 1.41 0.7 D (0.7 x 10" '® esu - cm)

-18 .
O—H 0.96 155D (1.5 x 107'® esu - cm)

-18 .
C=0 1.227 24D (2.4 x 10 '8 esu - cm)

(4.80 x 107'%esu)(1.23 x 108 cm)
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1.11 Molecular Polarity & Dipoles

* For molecules with multiple polar bonds, the dipole moment is
the vector sum of all of the individual bond dipoles

The vector sum

I:Efl: of the individual sl

Cl) dipole moments (|:/7

H"¢ Mt i produces a ’ HY¢ ~ci:
)\'s ) molecular dipole moment "

Molecular dipole moment

¢

AN [ 2 0%

N 1 Net
H &\H H dipole moment H H dipole moment

WILEY
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1.11 Molecular Polarity & Dipoles

you have to know the molecule’s geometry before analyzing its
polarity

If you have not drawn the molecule with the proper geometry, it
may cause you to assess the polarity wrong as well

Would water have a different dipole moment if it were linear
instead of bent?

e & o) = 1 e

NS [ : g :
H &\H H dipole moment H H dipole moment

WILEY
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1.11 Molecular Polarity & Dipoles

* Electrostatic potential maps are often used to give a visual
depiction of polarity

Most negative

(5-)
.e O—
I: (|)|:
o0+
C
H” \ H
H N
Most positive
(5+)
Chloromethane Electrostatic Color scale

potential map

of chloromethane
WILEY
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1.11 Molecular Polarity & Dipoles

TABLE 1.5 DIPOLE MOMENTS FOR SOME COMMON SOLVENTS (AT 20°C)

COMPOUND STRUCTURE DIPOLE | COMPOUND STRUCTURE DIPOLE
MOMENT ' MOMENT
Acetone ﬁ 269D | Ammonia NH; 147D
ch/c"‘c:H3 .
Chloromethane ~ CH,Cl 187D ' Diethylether =~ H H  H H 115D
' H—c':—(':—é—(lz—cI:—H
: MR
e HZO = D Methylene CH2c12 =
- chloride
Methanol ~  CHOH 149D 'Penttne ™  H H H H H 0D

Ethanoo @ H H 166D :Cabon  CCl, 0D
tetrachloride

* Practice with SkillBuilder 1.9
WILEY
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1.12 Intermolecular Forces

* Many properties such as solubility, boiling point, density, state of
matter, melting point, etc. are affected by the attractions between

separate molecules

* Neutral molecules (polar and nonpolar) are attracted to one
another through...

— Dipole-dipole interactions
— Hydrogen bonding

— Dispersion forces (a.k.a. London forces or fleeting dipole-
dipole forces)

WILEY
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1.12 Dipole-Dipole Attractions

* Dipole-dipole forces result when polar molecules line up their
opposite charges.

* Note acetone’s permanent dipole results from the difference in
electronegativity between C and O

* The dipole-dipole attractions BETWEEN acetone molecules
increases acetone’s boiling and melting points while similar
molecules without dipole-dipole interactions, such as isobutylene,

have lower boiling and melting points.
WILEY
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1.12 Dipole-Dipole Attractions

* Isobutylene and acetone have such different MP and BPs because
of dipole-dipole interactions. Isobutylene lacks a significant
dipole moment.

it it
C C
P i ™ TN
HaC CHj HaC CH,
Isobutylene Acetone
Melting point = -140.3°C Melting point = -94.9°C
Boiling point = -6.9°C Boiling point = 56.3°C
isobutylene is less polar, has Acetone is more polar, and so it
weaker dipole-dipole attractions has a higher BP

and therefore a lower BP

WILEY
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1.12 Hydrogen Bonding

* Hydrogen bonds are an especially strong type of dipole-dipole
attraction

* Hydrogen bonds are strong because the partial + and — charges
are relatively large

* H-bonding is the attractive force between an H bonded to an
electronegative atom (N, O and F) and a lone pair on another
electronegative atom.

Hydrogen bond interaction Hydrogen bond interaction
between molecules of water between molecules of ammonia
® H H
e—p Ot 8- H \ _ \
'/O H ? :/N H§—_|________6__ ° T.—-"’H
H H H H

(a) (b)
WILEY
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1.12 Hydrogen Bonding

* Only when a hydrogen shares electrons with a highly
electronegative atom (O, N, F) will it carry a large partial positive
charge

* The large 6+ on the H atom can attract large 6— charges on other
molecules

1] H H
oM s Y 4
H  i0—H=m—mms DO ¢
[ X ] | /\
H H H

* Even with the large partial charges, H-bonds are still about 20
times weaker than covalent bonds

WILEY
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1.12 Hydrogen Bonding

* Solvents that engage in H-bonding are called protic solvents.
Solvents that do not H-bond are aprotic

@)
M Ho Ho
N C C
HaC OH e o7 cHs
acetic acid diethyl ether
(protic) (aprotic)
@)
! dimethylsuh;oxide,. c)alled DMSO
aprotic
e CHs

WILEY
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1.12 Hydrogen Bonding

* Increasing the amount and extent of hydrogen bonding explains
why the following isomers have different boiling points

P I |
HSC_.N._CH3 CHSCH2_N_H CH3CHQCH2_N_H
Trimethylamine Ethylmethylamine Propylamine

Boiling point = 3.5°C Boiling point = 37°C Boiling point = 49°C
WILEY
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1.12 Hydrogen Bonding

H-bonds are among the
forces that cause DNA to
form a double helix and
some proteins to fold into
an alpha-helix

Copyright © 2017 John Wiley & Sons, Inc. All rights reserved.
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1.12 London Dispersion Forces

* |f two molecules are nonpolar (dipole = 0 D), they still will have an
attractive force between them

— This occurs due to an induced, transient dipole moment, called
London Dispersion Forces

* Nonpolar molecules normally have their electrons (—) spread out
evenly around the nuclei (+) completely balancing the charge

 However, the electrons are in constant random motion within
their MOs

WILEY
1-69 Klein, Organic Chemistry 3e
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1.12 London Dispersion Forces

* The constant random motion of the electrons in the molecule will
sometimes produce an electron distribution that is NOT evenly
balanced with the positive charge of the nuclei

* Such uneven distribution produces a temporary dipole, which can
induce a temporary dipole in a neighboring molecule

o+

WILEY
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1.12 London Dispersion Forces

* The result is a fleeting attraction between the two molecules

* Such fleeting attractions are generally weak.

* But like any weak attraction, if there are enough of them, they can
add up to be significant

WILEY
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1.12 London Dispersion Forces

* The greater the surface area of a molecule, the more temporary
dipole attractions are possible

* Consider the feet of Gecko. They have many flexible hairs on their
feet that maximize surface contact

* The resulting London dispersion forces are strong
enough to support the weight of the Gecko

WILEY
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1.12 London Dispersion Forces

* London dispersion forces are the reason why molecules with more
mass generally have higher boiling points

H H H H H H H H H H H H H H H
I ] .
YT Yot Tt
H H H H H H H H H H H H H H H
Butane Pentane Hexane
(C4H10) (CsHq2) (CeH1a)

Boiling point = 0°C Boiling point = 36°C Boiling point = 69°C

* Practice with SkillBuilder 1.10

WILEY
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1.12 London Dispersion Forces

* The more branching in a molecule, the lower it’s surface area, and

the weaker the London dispersion forces.

H H
H H H H H HoH o N
L s
H—C—C—C—C—C—H H—C—C—C—H
I e
H H H H H H H H/ \\H
H
Pentane 2-Methylbutane
Boiling point = 36°C Boiling point = 28°C

Copyright © 2017 John Wiley & Sons, Inc. All rights reserved. 1-74

H\T T/H
H—C_ C%H
\C/
H—c  “c—H
4 |\H

Uy H

2,2-Dimethylpropane
Boiling point = 10°C

WILEY
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1.13 Solubility

As you learned in general chemistry, like-dissolves-like

Polar compounds generally mix well with other polar compounds

— If the compounds mixing are all capable of H-bonding and/or
strong dipole-dipole, then there is no reason why they
shouldn’t mix

Nonpolar compounds generally mix well with other nonpolar
compounds

— If none of the compounds are capable of forming strong
attractions, then no strong attractions would have to be
broken to allow them to mix

WILEY
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1.13 Solubility

* We know it is difficult to get a polar compound (like water) to mix
with a nonpolar compound (like oil)

— We can’t use just water to wash oil off our dirty cloths

* To remove nonpolar oils, and grease, and dirt... we need soap

- il i o L e e - = i s i i - L i
O L
e C—C—C—C—C—C—C—C—C—C—C—C—C—C—H
o0 T o ey
Sepel e He s H e e o e b bl e bl bl e ol
Polar group Nonpolar group
(hydrophilic) (hydrophobic)

WILEY
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1.13 Solubility

* Soap molecules organize into micelles in water, which form a
nonpolar interior to carry away dirt.

O Polargroup
a~~> Nonpolar groups ‘5*

WILEY
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