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Introduction

Welcome to organic chemistry! In this course, we are primarily concerned with organic compounds, or
compounds that are based on carbon. Life itself is composed of carbon-based compounds and many
concepts that you will learn in this course can help explain principles in other courses you may take,
including biology, biochemistry and genetics.

The Basics

e Anatom is composed of a nucleus surrounded by an electron cloud.
o The nucleus contains positively charged protons and uncharged neutrons.
o The electron cloud is composed of negatively charged electrons.
e The chemical behavior of an atom depends on the number of valence electrons that atom has.
In organic chemistry, we are primarily concerned with the atoms outermost shell of electrons
because those are the electrons involved in bonding.

Stability

Life works towards becoming more stable. More stability means lower energy, which makes a
compound less reactive. This is the common theme in organic chemistry, as all molecules work towards
becoming more stable.

Bonding Between Atoms

I lonic bonds are generally formed when a metal is bound to a non-metal. The atoms form a bond
through electrostatic interactions of their respective opposing charges. Arises when one atom
completely gives its electrons to another atom forming two or more charged atoms. For ionic
molecules, 100% ionization is assumed. Therefore, an absolute charge is placed on both atoms
participating in the bond under analysis.

a. Examples: NaCl, LiOH, MgCl,, LiCH3

. Covalent bonds are formed when two non-metal atoms share electrons between them. Arises
between atoms when the valent electronic orbitals of two atoms come sufficiently close that the
two atoms participating in the covalent bond attract one another ultimately sharing electrons
between the two atomic nuclei.

a. Examples: HBr, CHs, NH3
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A Deeper Look into Covalent Bonding: Electronegativity and Polar Bonds

We just defined covalent bonds as a sharing of electrons between two atoms, but that sharing is not
always equal. The electron distribution in the bond depends on the electronegativities of the atoms

involved.

I Electronegativity is defined as the tendency of an atom participating in a covalent bond to
pull electron density towards itself. This leads to an unequal sharing of electrons within the
bond.
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1. Polar bonds are formed when there is an unequal sharing of electrons between two atoms

participating in a covalent bond. However, if there is not a substantial difference in
electronegativity between two atoms, that is known as a nonpolar bond.

Example: Which of the following bonds are polar?

1. Dipoles arise when electrons within a bond are not being shared equivalently. The total
dipole moment of a compound is equal to the sum of all individual dipoles. Dipole moments
refer to the intensity of the dipole and can be calculated by the equation shown below.

Dipole moment = (size of the charge) x (distance between the charges)
(bond)
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Example: Using a vector, indicate the dipole in the polar bonds shown below.

Example: Which of the following molecules has the largest dipole? The smallest?
F F F F
o O 0O O
F Cl

A B c D
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Structural Representations

I Lewis Structures: structural representation of a molecule/atom/ion that shows all valence
electrons and charges.

Steps for drawing Lewis structures:

1. Determine the total number of valence electrons. Using the molecular formula, sum the
total number of valence electrons present in the molecule. For non-neutral compounds
(ions), adjust the total count:

i. Anions (-): For each negative charge, add one electron
ii. Cations (+): For each positive charge, subtract one electron

2. Determine the central atom(s) of the compound. This is typically the most electropositive
atom, or the atom that can make the greatest number of bonds. In organic molecules, the
central atom will always be carbon.

3. Add valence electrons to the central atom. Add the number of valence electrons which the
central atom has been designated to have based on the periodic chart, to the central atom.

4. Connect atoms via covalent bonds. Make bonds connecting the central atom to other atoms
such that each atom gains an octet. The number of valent electrons present in the connecting
atoms can be determined from the periodic chart as well.

i. Carbon: 4 bonds, no lone pairs

i. Nitrogen: 3 bonds, 1 lone pair
iii. Oxygen: 2 bonds, 2 lone pairs

v. Fluorine: 1 bond, 3 lone pairs

5. Insert multiple bonds. Double or triple bonds sometimes may be made in order to satisfy the
octet rule. Insert these one at a time, as needed.

6. Assign formal charges. Assign formal charge to each atom in the structure that has a formal
charge different than zero.

7. Choose the favored structure. Some formulas may yield multiple valid structures. The most
favored structure will be the one that minimizes formal charges overall

Formal Charge equates to the absolute charge that an atom within a molecule possesses, based on the
molecule’s Lewis Structure. Formal charge can be determined using the equation shown below:

Formal Charge = (# valence electrons) - (# of nonbonding electrons) - 1/2(# of bonding electrons)

Formal Charge = (# valence electrons) - (# of dots) - (# of lines)
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Example: Determine the missing formal charges on the molecules shown below.

*F F: H H : ¢’ ROl :

Example: Determine the Lewis structure for the compounds listed below.

C,He HNO, CH,0 BF,

1. Kekule structures: Drawn similar to Lewis structures, but omitting the lone pairs.
Example: Determine the Kekule structures for the following compounds.

C,He HNO; CH,O BF,
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1. Skeletal structures: A method of depicting carbon atoms in a molecule in a quick and concise
manner using zig-zag lines. This is the form that you will see most often throughout this

course.
Understanding skeletal structures:

Each vertex in a skeletal form equates to a carbon.
It is assumed that hydrogen atoms fill the valence of carbon.
Remember, neutral carbon MUST make four bonds to satisfy the octet rule.

P wnN e

Hydrogen atoms attached to carbons are NEVER drawn when depicting a molecule in
skeletal form.

v

Always draw out all non-carbon atoms and any hydrogen atoms attached thereto.

o

Carbocations, carbanions and carbon radicals ONLY make 3 bonds.

Example: Draw the skeletal structure of the compounds listed below.

CoHe HNO; CH,0

V. Condensed formulas: Method of depicting an organic compound in which covalent bonds are
omitted and atoms bound to a particular carbon are listed next to it (with a subscript for
multiple of the same branches).

Converting from skeletal to condensed formulas:

1. Identify a continuous zig-zag chain of carbon atoms in the structure that you wish to convert
to condensed.

2. Starting from the carbon furthest to the left in your chain and moving right, identify each
carbon and the number of hydrogen atoms attached to each carbon.

3. Draw each carbon and its corresponding hydrogen atoms attached in sequence. The
hydrogen atoms are typically listed directly to the right of the carbon to which they are
attached.

i. If multiple hydrogen atoms are attached to any one carbon, only draw one
hydrogen atom and designate the number of hydrogen atoms that are attached to
the carbon with a with a subscript.

ii. Heteroatoms (non-carbon atoms) which are attached to a carbon should be drawn
next to the hydrogen atoms which are attached to the heteroatom’s attached
carbon.
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Example: Convert the following skeletal structure into condensed structures.

Skeletal Condensed
/\/\ —_—

/\/\—»

Branching in condensed formulas: when there are groups of atoms (more than one atom) coming off of

your continuous chain, these are known as substituents.

4. Substituents will always be placed in parenthesis. Sometimes you will have branching within
substituents and in these cases, you will have to use multiple sets of parentheses.

Example: Convert the following skeletal structures into condensed structures.

Skeletal Condensed
—_—
(@]
Z
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Example: Match the following condensed formulas to their skeletal structures.

A. CH3CH(CH,CHs3)CH,CH(CH(CHj3),)CHC(CH3)CCH

B. CH3CH(CH3)CH,C(CH(CH3)CH,CH3)CHCH,CH(CCH)CH;
C. CH3CH(CH,CH3)CH,CH(CH(CHj3),)C(CH3)CHCCH

D. CH3CH(CH3)CH(CH3)C(CH,CH3)CHCH,C(CCH)CH,

Example: Match the following condensed formulas to their skeletal structures.

A. CH3CH(CH3)CH(NH,)CH(CH3)CO,CH,CH(CH,CH3)CHO
B. CH3CH(CH3)CH(OCH3)CH(CH3)NHCH,CHC(CH,CH3)CO,H
C. CH3CH(CH3)OCH,CONHCH,CH(CH,CH3)CHO

D. CH3CH(CH3)CH(OH)CH(CH3)COCH,CH,CH(CH,CH3)CHO

NH, O (0] OH O (0]
)\ H\/g‘/H )\/L = OH
N
o N
(0] (0]

Example: Convert the following Kekule structure into condensed structure.

"y
Ho A~
C
H clz l;' Hb’H H
\ N ,
H‘P/ \(,3/ \/C\/ \C\H
H H HH H
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Molecular Orbital Theory (MO Theory): Covalent bonds form when atomic orbitals combine to create

molecular orbitals.

e Atomic orbital: the volume of space around a nucleus where an electron is likely to be found

(surrounds an atom)

e Molecular orbital: the volume of space around a molecule where an electron is likely to be

found (surrounds a molecule)

When atoms combine to form molecules, the number of orbitals is conserved. For example, when two
atomic orbitals are combined, two molecular orbitals are formed: one in higher energy and one in lower

energy than the atomic orbitals.

Example:

4 \
/" o* bonding '\

’ \
’ \
’ \

’ \
’ \

® — — ®
v ’
1s atomic orbital \ K 1s atomic orbital

increasing energy

¢ bonding

CHrd

Hybridization: The combination of different energy atomic orbitals to form new, equal energy hybrid
orbitals to create an equal distribution of electron density. Unequal distribution of electrons leads to
instability. In Organic Chemistry, we are mostly concerned with sp, sp? and sp® hybridization.

In Organic Chemistry, the theory of hybridization is employed in order to teach how atoms form
chemical bonds and to explain the geometry of atoms within a compound.

Hybridization occurs when an atom is preparing to bond, it is not the act of bonding itself. Bonding

occurs when orbitals overlap.
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Types of Orbital Overlap:

l. Sigma bonding: head-to-head overlap that results in single bonds. Remember, this can occur
between two hybrid orbitals, an unhybridized orbital and a hybrid orbital, or two unhybridized
orbitals.

Examples of Sigma Bonds ( )

QD
D@ O

Il. Sigma anti-bonding: Form when valent orbitals overlap head-on and out-of-phase (opposite

shading). Note: when the orbitals below overlap head-on a sigma bond is formed and when the
shading is opposite, this is known as “anti-bonding”.

Examples of Sigma Anti-Bonds ( *)

Q®

Il. Pi bonding: side-to-side overlap that results in double or triple bonds. Form when valent p-
orbitals overlap vertically and in-phase (same shading). Remember, only pure p orbitals can
overlap to form a pi bond! (hybrid orbitals cannot form pi bonds)

Examples of Pi-Bonds ( )

V. Pi anti-bonding: Form when valent p orbitals overlap vertically and out-of-phase (opposite
shading). Note: when the p orbitals below overlap vertically a pi bond is formed and when the
shading is opposite, this is known as “anti-bonding”.

Examples of Pi Anti-Bonds ( *)

it
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Example: Determine the type of bond that is being made by the two indicated orbitals when they

overlap.

88 Q oo = oD O

sl 1 =[] s 1 =[] s ] =[] sl 1 =[]
ox[ ] mx[_] ox[ ] mx[_] ox[ | mx[_] ox[ ] mx[_]

Hybrid Orbitals: sp® hybridization

I Arises upon the mixing of one valent s orbital with three valent p orbitals to form four sp®

orbitals.

1. Geometry of the sp® hybridized atom: Can be understood by imagining that the four sp® orbitals
formed during sp® hybridization are placed around a central point, such that they are as far away
from each other as possible. When this is done, a tetrahedron is formed.

Tetrahedron

1. Ideal Bond Angles of the sp* hybridized atom: Correspond to the angles associated with the
vertices of a tetrahedron about the center of the tetrahedron. The angles of two vertices of a
tetrahedron about the center of the tetrahedron correspond to 109.5 degrees. Note: The bond
angles around the sp® hybridized atom can deviate from 109.5 degrees depending on whether
there are lone pairs of electrons or not. In this class, we are mostly concerned with ideal bond

angles.
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Hybrid Orbitals: sp? hybridization

l. Arises upon the mixing of one valent s orbital with two valent p orbitals to form three sp?
orbitals, leaving behind one non-hybridized valent p orbital.

@ hybridization
N
2 i one
Only three orbitals three sp“ orbitals €
hvbridize i 2 unhybrlc_ilzed
ybridize in sp p-orbital

hybridization

Il. Geometry of the sp? hybridized atom: Can be understood by imagining that the three sp?
orbitals formed during sp? hybridization are placed around a central point, such that they are as
far away from each other as possible. When this is done, a triangle is formed.

a. Note that when a valent non-hybridized p orbital remains after hybridization, the p orbital
must be oriented perpendicular to the plane of the hybrid orbitals.

s /‘ N sp?

Triangle Unhybridized p-orbital

A=}

Side view

A view of all valent orbitals together after hybridization. Note that
the p-orbitals MUST be perpendicular to the hybrid orbitals.
P orbitals are not responsible for the geometry of the
hybridized atom.

Il. Ideal Bond Angles of the sp? hybridized atom: Correspond to the angles associated with the
vertices of an equilateral triangle about the center of the triangle. The angles of two vertices of
a triangle about the center of the triangle correspond to 120 degrees.
a. Note: The bond angles around the sp? hybridized atom can deviate from 120 degrees
depending on whether there are lone pairs of electrons or not. In this class, we are mostly
concerned with ideal bond angles.
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Hybrid Orbitals: sp hybridization

l. Arises upon the mixing of one valent s orbital with one valent p orbital to form two sp orbitals,
leaving behind two non-hybridized valent p orbitals.

@ xl xl hybridization
—
Only two orbitals two sp orbitals
hybridize in sp unhybridized
hybridization p-orbitals

remain

I Geometry of the sp hybridized atom: Can be understood by imagining that the two sp orbitals
formed during sp hybridization are placed around a central point, such that they are as far away
from each other as possible. When this is done, a line is formed.

a. Note that following sp hybridization, two valent p orbitals remaining. The remaining valent

p orbitals must be oriented perpendicular to the plane of the hybrid orbitals.

Linear P

Unhybridized p-orbitals

A view of all valent orbitals together after
hybridization.Note that the p-orbitals MUST be
perpendicular to the hybrid orbitals. P orbitals are not
responsible for the geometry of the hybridized atom.

[l. Ideal Bond Angles of the sp hybridized atom: The bond angles around a sp hybridized atom
correspond to the angles associated with the vertices of a line about the center of the line. The
angles of two vertices of a line about the center of the line correspond to 180 degrees.
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Determining hybridization by looking at an atom in a molecule:

Recall from General Chemistry that hybridization can be determined for any atom by determining the
number of regions of electron density that exist around the atom under analysis. Remember that a
region of electron density simply refers to where electrons can be found.

e One region of electron density can be a lone pair of electrons, a single bond, a double bond or a
triple bond
o NOTE! SINGLE ELECTRONS (radicals) ARE NOT COUNTED AS A REGION OF ELECTON
DENSITY. They are just too small and insignificant (sorry, radicals!)

e After counting the number of regions of electron density, one can determine the hybridization
of an atom using the chart below.

Regions of Electron Density Hybridization Geometry Ideal Bond Angles
2 sp Linear 180°
3 sp? Trigonal Planar 120°
4 sp3 Tetrahedral 109.5°

Example: Determine the hybridizations on the atoms indicated below.

| l

HO

Example: Which of the following compounds contains two sp carbons, four sp? carbons, and four sp®
carbons?

/
=
Z Z
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Example: Indicate which atoms lie in the same plane as the sp? carbons in the compounds shown below.

OH

Combining Molecular Geometry and Polarity in Polyatomic Molecules

One must keep molecular geometry in mind when assessing the polarity of more complex molecules.
Remember that we draw in 2D but really need to imagine these molecules in 3D to come to the correct
answer.

Remember, a polyatomic molecule containing only non-polar bonds is a non-polar molecule.

However, a polyatomic molecule containing polar bonds that are not evenly distributed about the
molecules center are polar molecules.

If a molecule contains polar bonds in equal and opposite directions, then that molecule is non-polar.

Example: Determine if the molecules shown below are polar or nonpolar.

F

F/ C\"""'F
F

I:I Polar
I:I Non-Polar

Cl Cl

H

H/ C\'"""F
F

I:I Polar
I:I Non-Polar

H Cl

I:I Non-Polar

~\""H

I:I Polar
I:I Non-Polar

H—C=N

I:I Polar
I:I Non-Polar

PN

I:I Polar
I:I Non-Polar

I:I Polar
I:I Non-Polar
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Determining which orbitals overlap to form an indicated bond

The process:

1. Determine what type of bond is present by looking at the Lewis or line-bond structure of
your compound and ask the following: “Is this a single bond, double bond, or triple bond?”
2. Next determine which orbitals overlap to form the indicated bond.
a. Single bond composition: only composed of a sigma bond.
b. Double bond composition: composed of one pi bond and one sigma bond.
c. Triple bond composition: composed of two pi bonds and one sigma bond.

Example: Describe the bond type and composition of the indicated bond in the structure below.

\

C— C—C

/ \

3. To determine the orbitals that overlap to form a sigma bond, determine the hybridization
of the two atoms making the sigma bond. The hybrid orbitals of these atoms will be the
orbitals that overlap to make the sigma bond.

a. Remember: hydrogen atoms do not hybridize. When examining a bond containing
hydrogen, the bond will be composed of an s orbital with whatever hybrid orbital
is attached to the hydrogen.

Bond Type: Bond Composition:

Example: Determine the orbitals that overlap to form the sigma bond indicated below.
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4. To determine the orbitals that overlap to form a pi bond, understand that pi bonds will
always be composed of pure p orbitals.

Example: Determine which orbitals overlap to form the indicated bond below.

Step 1: Identify bond type and bond composition.

Step 2: Identify which orbitals overlap to form the sigma bond.

Step 3: Identify which orbitals overlap to form the pi bonds.

Final answer: Which orbitals overlap to form the indicated bond?
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Example: Determine which orbitals overlap to form the indicated bonds in the compounds below.

CH, o)
-~ — | S
el \CH3 H3C/ \CH3

Example: For the compound given below, provide the molecular formula. Additionally, provide
the number of sigma and pi bonds. Finally, determine the number of sp, sp? and sp? hybridized

atoms.
(0]
) HOONT
CN
Sigma Pi sp hybridized sp? hybridized sp® hybridized
Bonds Bonds atoms atoms atoms
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Bond Length and Bond Strength

Generally, triple bonds are shorter and stronger than double bonds. Double bonds are shorter
and stronger than single bonds. When comparing two bonds of the same type, the
shorter/stronger bond will be the bond that has the most s-character.

Increasing Increasing Decreasing Decreasing
s-character bond strength bond length polarity

Voo

To determine the percent s character of each atom making the bond, use the equation below.

number of s orbitals

x 100 = tsch t
(number of s orbitals + number of p orbitals) P TE

Example: Rank the indicated bonds from longest to shortest. (1 = longest)

R P S R

Example: Rank the indicated bonds from weakest to strongest. (1 = weakest)

l
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Resonance

Resonance is the movement of pi electrons (electrons composing one bond in a double or triple bond)
and non-bonding electrons (lone pairs or radicals). Resonance structures are identical in terms of
molecular structure and energy, but different in the location of electrons.

There are three main types of resonance you will encounter in this course: carbocation, anion, and
radical. For a structure to be able to resonate, the carbocation, anion or radical must be adjacent to a pi
bond (double or triple bond). Adjacent simply means one atom away from an atom making a double or
triple bond.

®
é Carbocation ®55 N S < Anion \/\
B S .' @

I> Radical D l> .

Rules of Resonance:

e Net charge of the molecule must remain constant. For two forms to be considered resonance
forms, the net charge on the compound must remain constant between them.
e Never break sigma (single) bonds, only pi bonds can move.
e Do not violate the octet rule. Be mindful of this rule and its exceptions as you are proposing
resonance structures.
o Octet rule exceptions:
=  Compounds where an atom has fewer than eight valence electrons:
e Hydrogen: Hydrogen only needs two electrons to obtain a full outer
shell, and the element can also be stable with zero electrons.
e Boron and Beryllium: these two elements can be stable with fewer than
8 electrons; 4 in the case of Beryllium, and 6 in the case of Boron.
=  Atoms which have more than eight valent electrons:
e Non-Metals in Period 3 or Higher: these elements can exceed the octet
rule and maintain more than 8 electrons around their nuclei.
e Common Examples: Chlorine, Sulfur, Phosphorus, Bromine Argon,
Krypton, Tin, Antimony and Xenon
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Some Quirky Exceptions

When a positively charged oxygen, nitrogen or sulfur is making a double or triple bond, electrons from
an ipso double or triple bond can be moved from the bond to the oxygen, nitrogen, or sulfur to create a
carbocation and an additional lone pair of electrons on the oxygen sulfur or nitrogen. This is favorable
because it takes the positive charge off the more electronegative atom.

—o0:
.
)

ol = L\ "\

When you have three alternating double bonds inside of a cyclic ring, you can rearrange the double
bonds in the ring creating an additional resonance form.

Showing Resonance Using Curved Arrows

In organic chemistry, we use curvy arrows to depict the movement of electrons. Always move electrons
by drawing an arrow from the electron source toward the electron accepting atom. The curved arrow
should point to the atom which is accepting the electrons.

Single headed arrows are used to depict the movement of a radical (single electron).

Double headed arrows are used to depict the movement of an electron pair.

Double Headed Single Headed
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Carbocation Resonance
This type of resonance occurs when there is a “hole” in the molecule where electrons should be.
Using Curved Arrows When Resonating a Carbocation:

e Only one arrow is required when resonating a carbocation.
e Draw an arrow from the electron donating species to the carbocation. This indicates that the
carbon will share the electrons donated with the donor species.

Example: Provide all resonance structures for the compound shown below. Use curvy arrows to depict
electron movement.

/\/\4—»

Example: Which of the following structures is not a resonance form of the compound shown below?
Select all that apply.

®

b6 b8
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Anion Resonance

This type of resonance occurs when you have an excess of electrons that are moving about the
molecule.

Using Curved Arrows When Resonating an Anion:

e Two curved arrows are required when resonating a carbanion.

e First, determine the donor species. This will typically be a lone pair of electrons.

e Next, identify an adjacent atom which is making a double or triple bond. This will be the
accepting species.

e Draw a double headed curved arrow from the donor electrons to the bond of the accepting
atom.

e Next, draw an arrow from a pi-bond of the accepting species to the other adjacent atom of the
accepting, creating a new lone pair on the atom adjacent to the accepting atom.

Example: Provide all resonance structures for the compound shown below. Use curvy arrows to depict
electron movement.

M :@ >

Example: Which of the following structures is not a resonance form of the compound shown below?
Select all that apply.

o X
(@]
o
SN X N N
o) ) o0

o0
C

A B D
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Radical Resonance
This type of resonance occurs when there is a single electron adjacent to a pi bond.
Using Resonance When Resonating a Radical:

e Three arrows are required when resonating a radical.

e First, draw a half arrow from a pi-bond which is adjacent to the radical, to the middle of the
bond which connects the atom having the radical to the adjacent atom making the double bond.

e Second, draw a half arrow from the radical, to the middle of the bond which connects the atom
having the radical to the adjacent atom making the double bond, such that it meets up with the
half arrow drawn first (this creates a new double bond).

e Finally, draw a half arrow from the pi-bond adjacent to the radical to the atom at the far end of
the pi bond (this will create a new radical).

Example: Provide all resonance forms for the following compound. Use curvy arrows to depict electron
movement.

M<—>

Example: Which of the following structures is not a resonance form of the compound shown below?
Select all that apply.

./W /YW /Y\/\ /Y\/\.
C D

A B
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Quirky Resonance

Using Curved Arrows When Resonating a positively charged O, N, or S which directly makes a double or
triple bond:

e One arrow is required for this type of resonance.

e Draw a double headed arrow from the electron source (the double/triple bond) back to the
positively charged O, N, or S. This will neutralize the charge by adding a lone pair to the atom.

e Remember that O, N, and S must maintain an octet. Carbon however can exist without a full
octet (carbon can have 8, 7, or 6 electrons).

Example: Provide all resonance forms for the following compound. Use curvy arrows to depict electron
movement.

O@

|

Example: Provide all resonance forms for the structures shown below. Use curvy arrows to depict
electron movement.

N
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The Resonance Hybrid

The resonance structures that we observed above are absolute resonance structures. In reality,

resonance structures exist as a hybrid or an average of all the absolute resonance structures that a
molecule can have.

Drawing Resonance Hybrids:

e Todraw a resonance hybrid, draw a dotted line over the system of pi electrons and/or lone pairs
that you moved to create each individual resonance structure.
e Add a delta symbol (6) and corresponding charge on each atom that contained a charge in your
individual resonance forms.
o For negative charges &
o For positive charges 6*

You may be asked to identify the greatest resonance contributor out of a set of resonance forms. This
simply means to choose the most stable representation of the molecule. This will generally be the
contributor/form in which all atoms have an octet, and the negative charge is on the more
electronegative atom (or positive charge is on more electropositive atom).

Example: Given the resonance structures below, draw the resonance hybrid. Additionally, circle which
resonance form is the most contributing.

0P ‘0 o ‘0 0%
O T OT 0T O
©

Absolute Resonance Structures

Resonance Hybrid
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Practice Problems — test your understanding and try these problems out on your own! An answer key
will be posted to the ScienceGuyz website.

1. Which of the following condensed formulas corresponds to the Kekule structure shown below?

1y A.CH3CH(CH3)CHCH(F)COCH;
HCHH o B. CH3CH(CH3)CH,CH(F)CHOCH;

o 2
H-C-C-C-C—C n
HHg b E C C. CH3CH(CH3)CH,CH(F)COCH,

D. CH3C(CH3),CH,CH(F)COCH;

2. Which of the following skeletal structures matches the condensed formula shown below?

CH3C(CH3)CHCH,CH(CCH)CH,CH(NHCH3)CH(CH(CH3),)CH(CH3)CH,CHO

H NS
| | HN\ 0] | | HN\ (0]
A B C
3. Which of the following condensed formulas corresponds to the skeletal structure shown below?
A.CH3CH,CH(CH,CH3)CH,CH,CH(Br)CH,CO,CH,CHs
« Br O B. CH5CH,CH(CH,CH3)CHCHCH(Br)CH,CO,CH,CHs
o C. CH3CH,CH(CH,CH3)CHCHCH,(Br)CH,CO,CH,CH,
D. CH3CH,C(CH,CH3)CHCHCH(Br)CH,CO,CH,CH,
4, Identify the hybridization on the atoms indicated below.

A IO T
sp [ ] sp [ ] sp [ ] sp [ ]
sp? [] sp? [] sp? [] sp? []
sp® [] sp® [] sp® [] sp® []
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Provide the formal charge on the atoms indicated below.

o0 /
c 0.
| H Ha Ha
N N R N e,
" L
HC\C¢CH T
|
CH
He

Which of the following structures contains 3 sp® and 4 sp? atoms?

a. b. C.
~ D\/

Check the boxes to indicate which of the following atoms lay in the same plane as the sp?
hybridized atoms. Select all that apply.

. §F 1 :
G ¢ K F B[ A G B
E C I:l C
O] cl] E F
D % B X D
B D[] OH
D EL] A E c E
E[]
B C F I:l D F I:l H D F
el G
Rank the indicated bonds in order of decreasing length (1 = longest).

Which of the atomic orbital combinations shown below will result in a ¢ molecular orbital?

oD + (O 2 + 9 @ + @ Ce + oD
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10. Which of the atomic orbital combinations shown below will result in a * molecular orbital?
oD + o 2 + 2 @ + O 8 + 8
11. Provide all resonance structures and the resonance hybrid for the following compound.
Hybrid
Y\/\(
® AN
12. Which of the following is the resonance hybrid for the compound below?

@%

// 6_ 6//_ 6/-'— 6_ // - 6_
8 5 6+ o
A B c D

13. Which of the following represents correct product formation and electron movement, using
curved arrows, for the resonating compounds shown below?

b. d.
ENH *NH (,\C. O. _
©
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