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Ch. 2.1 

Topic: Molecular 

Representations

EQ: What are the 

3 different 

structures to draw 

a molecule?

READ pg. 49-50 

then take notes



Did you ever WONDER…

how new drugs are designed?
Let’s read p. 49 together



Efficient ways to draw the 

structures of Organic compounds.

Chemists use many different styles to draw 

molecules. 

Lewis structures are only efficient for small 

molecules

Goal of Ch 2 is to master the skills necessary to 

use and interpret the drawing method most often 

utilized by organic chemists and biochemists. 

These drawings, called bond-line structures, 

are fast to draw and easy to read, and they focus 

our attention on the reactive centers in a 

compound.



Let’s examine the structure of isopropanol

also called isopropyl rubbing alcohol, which is 

used as a disinfectant in sterilizing pads. 

(Hopefully under your sink)

The structure of this compound is shown below in a 

variety of drawing:

Which representations are easiest to draw? 

Which ones give you more information about 

the molecule?



Lewis structures:

Pro - all atoms and bonds are drawn out.

Con - only practical for very small molecules. 

For larger molecules, it becomes extremely 

burdensome to draw out every bond and every.



Partially Condensed structures:

Pro - the C—H bonds are not all drawn. The 

CH3 refers to a carbon atom with bonds to 

three hydrogen atoms. 

Con - only practical for small molecules.



Condensed structures:

Pro - single bonds are not drawn. Groups of 

atoms are clustered together. 

The two CH3 groups, both of which are 

connected to the central carbon atom, shown 

like this: (CH3)2CHOH. 

Con - only practical for small molecules. 



Molecular Formula:

Pro - simply shows the number of each type of 

atom in the compound (C3H8O).

Con - No structural information is provided. 



There are 3 constitutional isomers with the 

molecular formula C3H8O:

Notice that the molecular formula would be 

inadequate to distinguish between propanol and 

isopropanol.



So what have we learned….

Different styles for drawing molecules

None are convenient for larger molecules.

Molecular formulas do not provide enough 

information

Lewis structures take too long to draw

Partially condensed and condensed drawings 

are only suitable for relatively simple 

molecules.

And of course being chemistry we must 

practice all different ways to draw molecules ☺



Write out “Learn the skill” question
We will practice the skill in class together 

after lecture

Question:  Draw a Lewis structure for the 

following compound:

Skillbuilder 2.1 (p.50-51)

left side



Ch. 2.2 

Topic: Bond-Line 

Structures

EQ: How is bond-

line structures a 

more efficient way 

for chemist to 

draw molecules?

READ pg. 51-54 

then take notes



Lewis Structures vs Bond Line 

Structures

Lewis structures are too impractical to 

represent a compound like Amoxicillin (one of the 

most commonly used antibiotics in the penicillin 

family), because of it’s size.  But condensed 

formulas would tell very little about it’s shape. 



 The Bond-line structure (also called a skeletal 

structure) is easier to read and to draw

 Do you see which atoms are not drawn?

Lewis
structure

Bond-line 
structure



How to read Bond-like Structures?

Bond-line structures are drawn in a zigzag 

format (see example below), where each 

corner or endpoint represents a carbon atom. 

How many carbon atoms are in this 

compound? (count them)



Single bonds

Shown with one line

For example, each of the following 

compounds has six carbon atoms (count 

them!):

What hybridization would each carbon atom 

have?



Double bonds

Shown with two lines

How many carbon atoms in this compound?

What hybridization would each carbon atom 

have?



Triple bonds

Shown with three lines.

Drawn in a “linear” geometry – not zigzag 

format

How many carbon atoms in this compound?

What hybridization would each carbon atom 

have?



Example

How many carbon atoms in this compound?

What hybridization would each carbon atom 

have?



 Hydrogen atoms bonded to carbon are also not 

shown in bond-line structures, 

 assumed that each carbon atom have enough to 

complete the octet (4 bonds) for each carbon

 For example, the following highlighted carbon atom 

appears to have only two bonds:



Write out “Learn the skill” question
We will practice the skill in class together 

after lecture
Question:  Consider the structure of diazepam. 

Diazepam is a sedative and muscle relaxant used in 

the treatment of anxiety, insomnia, and seizures. 

Identify the number of carbon atoms in diazepam, 

then fill in all the missing hydrogen atoms that are 

inferred by the drawing.

Skillbuilder 2.2 (p.53)

left side



How to Draw Bond – Line Structures 

from Lewis Structures

 If you are given a Lewis structure or 

condensed structure, you must also be able 

to draw the corresponding bond-line structure

Rule 1: Carbon atoms in a straight chain 

should be drawn in a zigzag format: (sp2 and 

sp 3 hybridized atoms)



Rule 2: When drawing double bonds, draw all 

bonds as far apart as possible

Rule 3: When drawing single bonds, the direction 

in which the bonds are drawn is irrelevant

FYI - These two drawings do not represent 

constitutional isomers—they are just two drawings 

of the same compound. Both are perfectly 

acceptable.



Rule 4: All heteroatoms (atoms other than carbon 

and hydrogen) must be drawn, and any hydrogen 

atoms attached to a heteroatom must also be 

drawn. 

For example:

Rule 5: The cardinal rule – Never draw more than 

four bonds to a carbon atom (octet rule).



Write out “Learn the skill” question
We will practice the skill in class together 

after lecture

Question:  Draw a bond-line structure for the following 

compound:

Skillbuilder 2.3 (p.54)

left side



Ch. 2.3 

Topic: Identifying 

Functional 

Groups

EQ: How are 

functional groups 

different between 

compounds?

READ pg. 55-57 

then take notes



Functional Groups

 Compare the condensed formula with the bond-line 

structure below for the same reaction.

 Condensed Formula: Difficult to see what is 

happening. It takes time to digest the information 

being presented.

 Bond-line structure: very easy to identify the 

transformation taking place.  Makes it easier to see 

the bonds made/broken in a chem reaction



 The double bond is being converted into a 

single bond. 

 With bond-line drawings, it is easier to 

identify the functional group and its location. 

 A functional group is a characteristic group 

of atoms/bonds that possess a predictable 

chemical behavior. 

 See Table 2.1 (p.56) – Need to LEARN!!!

 Copy table in notes (left side)!





Ch. 2.4 

Topic: Carbon 

Atoms with 

Formal Charges

EQ: How is formal 

charge 

determined for 

carbon atroms?

READ pg. 58 then 

take notes



Carbon atoms will have 4 bonds!

 allows us to “see” all of the hydrogen atoms even 

though they are not shown in bond-line structures. 

 Now we must modify that rule: A carbon atom will 

generally have four bonds only when it does not 

have a formal charge. 

 When a carbon atom bears a formal charge, either 

positive or negative, it will have three bonds rather 

than four. 

 To understand why, let’s first consider C+, and then 

we will consider C−.



Formal Charge with C+

 Let’s recall…

 valence electrons for a carbon atom is four. 

 In order to have a positive formal charge, a carbon 

atom must be missing an electron - it must have 

only three valence electrons. 

 When a carbon has a positive charge 

(carbocation), it will have a total of three bonds 

(and one empty orbital).



Formal Charge with C-

 In order to have a negative formal charge, a 

carbon atom must have one extra electron. 

Must have five valence electrons. 

A “carbanion” will also have three bonds, but 

also  a lone pair. (no empty orbitals)



In Summary….

Both C+ and C− will have only three bonds. 

The difference between them is the nature of 

the fourth orbital. 

C+ = the fourth orbital is empty. 

C− = the fourth orbital is occupied by a lone 

pair of electrons.



Ch. 2.5 

Topic: Identifying 

Lone pairs

EQ: How do you 

determine if an 

atom has lone 

pairs of 

electrons?

READ pg. 58-60 

then take notes



Lone Pairs

 In bond-line drawings, formal charges must 

always be drawn. 

 If a formal charge is present and not drawn, 

then the resulting bond-line structure is 

incorrect. 

However, lone pairs do not have to be drawn 

in a bond-line drawing (and often omitted), 

because the locations of the lone pairs can 

be inferred from the drawing. 

So we need to get some practice identifying 

lone pairs when they are not drawn. 



 In order to determine the number of lone 

pairs on the oxygen atom, we simply use the 

same two-step process described in Section 

1.4 for calculating formal charges:

1. Determine the appropriate # of valence 

electrons for the atom. Oxygen in group 6A 

of the PT = has six valence electrons.



2. Determine if the atom actually exhibits the 

appropriate number of electrons. This 

oxygen atom has a negative formal charge, 

which means it must have one extra 

electron. Therefore, this oxygen atom must 

have 6 + 1 = 7 valence electrons. One of 

those electrons is being used to form the 

C—O bond, which leaves six electrons for 

lone pairs. This oxygen atom must therefore 

have three lone pairs: 



Table 2.2 summarizes the important patterns that you 

will encounter for oxygen atoms. 

 Oxygen has three possible bonding patterns - same 

three patterns for any 2nd-row atom with 5, 6 or 7 

valence electrons

when O has 7
valence e-

when O has 6
valence e-

when O has 5
valence e-



Write out “Learn the skill” question
We will practice the skill in class together 

after lecture

Question:  Draw all of the lone pairs in the following 

structure:

Skillbuilder 2.4 (p.59)

left side



Table 2.3 The formal charge on a N atoms can be 

calculated the same way or by matching its 

bonding pattern with its formal charge

when N has 6
valence e-

when N has 5
valence e-

when N has 4
valence e-



Write out “Learn the skill” question
We will practice the skill in class together 

after lecture

Question:  Draw any lone pairs associated with the 

nitrogen atoms in the following structure:

Skillbuilder 2.5 (p.61)

left side



Ch. 2.6 

Topic: 3-D 

Bond-Line 

Structures

EQ: What is the 

purpose for 

drawing “dashed” 

and “wedges”?

READ pg. 61-62 

then take notes



3D structures: wedges and dashes

 All molecules take up spaced in 3 dimensions, but it 

is difficult to represent a 3D molecule on a 2D piece 

of paper/whiteboard

 We will use a dash and a solid wedge to show 

groups that point behind the paper or coming out of 

the paper. 

 FYI - We will use wedges and dashes extensively in 

Ch 5.



 Fischer projections - used for acyclic (no ring) 

compounds

 Haworth projections - used exclusively for cyclic 

(ring) compounds. 

 Will will use these drawing styles particularly in 

Chapters 5, 7, and 24.

https://jigsaw.vitalsource.com/books/9781119351603/epub/OPS/ch05.xhtml#ch05
https://jigsaw.vitalsource.com/books/9781119351603/epub/OPS/ch07.xhtml#ch07
https://jigsaw.vitalsource.com/books/9781119351603/epub/OPS/ch24.xhtml#ch24


Let’s read p. 62-63 – Propofol: Drug Solubility

How it is connected to functional groups?

Medically Speaking Article: Identifying 

Pharmacophore



Ch. 2.7 

Topic: Intro to 

Resonance

EQ: How can a 

compound be 

drawn multiple 

ways?

READ pg. 63-65 

then take notes



Inadequacy of Bond Structures

 The most efficient and preferred way to draw the 

structure of an organic compound. 

 HOWEVER, Bond-line structures suffer from one 

major defect. 

 A pair of bonding electrons is always represented 

as a line that is drawn between two atoms, which 

implies that the bonding electrons are confined to a 

region of space directly in between two atoms.

 In some cases, this assertion is acceptable, as in 

the following



 In this case, the π electrons are in fact located where 

they are drawn, in between the two central carbon 

atoms. 

 But in other cases, the electron density is spread out 

over a larger region of the molecule. 

 For example, consider the following ion, called an 

allyl carbocation:



 It might seem from the drawing above that there are two 

π electrons on the left side and a positive charge on the 

right side. 

 But this is not the entire picture

 Let’s take a closer look at hybridization states. 

 Each of the three carbon atoms above is sp2

hybridized. Why? 

 The two carbon atoms on left side are each sp2

hybridized because each of those carbon atoms is 

utilizing a p orbital to form the π bond 

 The third carbon atom, bearing the positive charge, is 

also sp2 hybridized because it has an empty p orbital. 

1
2

3



Remember VB vs MO theory:

 Valence bond theory is inadequate                                 

for this system because it treats 

the electrons as if they were confined 

between only two atoms. 

 A more appropriate analysis requires the use of 

molecular orbital (MO) theory (Section 1.8), in which 

electrons are associated with the molecule as a whole, 

rather than individual atoms. 

 Specifically, in MO theory, the entire molecule is 

treated as one entity, and all of the electrons in the 

entire molecule occupy regions of space called 

molecular orbitals. Two electrons are placed in each 

orbital, starting with the lowest energy orbital, until all 

electrons occupy orbitals.

READ ONLY!!!

https://jigsaw.vitalsource.com/books/9781119351603/epub/OPS/ch01.xhtml#head-1_8


 If all of the carbons have unhybridized p orbitals, 
then all 3 of them overlap side-on-side, and 

 All three overlapping p orbitals allow the electrons 
to move throughout the overlapping area, and so 
we say the molecule has resonance (meaning it 
has delocalized electrons).

READ ONLY!!!



 From a molecular orbital 
point of view, the THREE
unhybridized p-orbitals 
overlap to form THREE
new MOs

 The highest energy MO, 
called the antibonding
molecular orbital, has two 
vertical nodes. 

 The next lowest energy 
MO, called the 
nonbonding molecular 
orbital, has one vertical 
node. 

 Lowest energy MO -
called the bonding
molecular orbital, has no 
vertical nodes. 

READ ONLY!!!



 The π electrons will fill these 

MOs, starting with the lowest 

energy MO. 

 How many π electrons will 

occupy these MOs? 

 2 π electrons, not 3, because 

one of the carbon atoms bears 

a positive formal charge 

indicating that one electron is 

missing. 

 The 2 π electrons will occupy 

the lowest energy MO (the 

bonding MO). If the missing 

electron were to return, it 

would occupy the next higher 

energy MO, which is the 

nonbonding MO.

READ ONLY!!!



 There should be an electron 

occupying this nonbonding 

MO, but the electron is 

missing. 

 Therefore, the colored lobes 

are empty and represent 

regions of space that are 

electron deficient. 

 How can we draw a positive 

charge that is spread out over 

two locations?

 How can we draw two π

electrons that are associated 

with three carbon atoms?

READ ONLY!!!



Resonance

 The approach that chemists use to deal with the 

inadequacy of bond-line structures is called 

resonance

 The pi electrons can exist on both sides of the middle 

carbon, so we can draw two different resonance 

structures to represent the compound

 The resonance arrow, and the brackets, indicate 

these structures are describing one entity 

(compound) called resonance hybrid.



 Example: Peach & Plum vs nectarine. P. 64

A person who has never before seen a nectarine 

asks a farmer to describe a nectarine. The farmer 

answers:

 Picture a peach in your mind, and now picture a plum

in your mind. Well, a nectarine has features of both 

fruits: the inside tastes like a peach, the outside is 

smooth like a plum, and the color is somewhere in 

between the color of a peach and the color of a plum. 

So take your image of a peach together with your 

image of a plum and meld them together in your mind 

into one image. That’s a nectarine.

READ ONLY!!!



 Because neither of the contributors exists (look at 

MOs), the average or hybrid is much more 

appropriate

The resonance structures are not switching back 

and forth!

 Analogy: a nectarine is a hybrid formed by mixing a 

peach and a plum.  A nectarine is does not switch 

back and forth between being a peach and a plum.  It 

is simply a nectarine, all of the time!!!!

Two resonance contributors one resonance hybrid

vs.
δ+ δ+



With resonance structures, no single drawing 

adequately describes the nature of the 

electron density spread out over the 

molecule. 

To deal with this problem, we draw several 

drawings and then meld them together in our 

minds to obtain one image, or hybrid.

Chemists draw multiple resonance structures 

as a bookkeeping method to overcome the 

inadequacy of bond-line drawings.



Resonance Stabilization

We saw that the two π electrons are spread 

out over the three carbon atoms of the allylic 

system. 

This spreading of electrons, called 

delocalization, is a stabilizing factor. 

That is, molecules and ions are stabilized by 

the delocalization of electrons called 

resonance stabilization. 

δ+δ+



 Delocalized electrons are more spread out, thus 

lower energy, thus more stable.  

 So resonance stabilizes a molecule

 Electrons exist in orbitals that span a greater 

distance giving the electrons more freedom 

minimizing repulsions

 Electrons spend time close to multiple nuclei all at 

once maximizing attractions

 Delocalization of charge

 The charge is spread out over more than one 

atom.  The resulting partial charges are more 

stable than a full +1 charge.

δ+ δ+
vs.



In summary…

 Resonance stabilization - plays a major role in the 

outcome of many reactions, and we will invoke the 

concept of resonance in almost every chapter of this 

textbook.

 The study of OChem requires a thorough mastery 

of drawing resonance structures!! (Have you taken 

Art yet? Hehe)



Ch. 2.8 

Topic: Curved 

Arrows

EQ: What is the 

difference 

between straight 

vs curved 

arrows?

READ pg. 65-66 

then take notes



Curved Arrows

 We will be using curved arrows to show electron 

movement

 The tail shows where the electrons are coming from, 

and the head shows where the electrons are going 

(the electrons aren’t really going anywhere, but we 

treat them as if they were for the purpose of drawing 

the resonance structures). 



2 Rules that must be followed when drawing curved 

arrows for resonance structures:

1. Avoid breaking a single bond when drawing 

resonance.

 Resonance structures must have all the same atoms 

connected in the same order. 

 Single bonds break in a chemical reaction, not 

resonance.

 Resonance occurs for electrons existing in 

overlapping p orbitals (pi-bonds and lone pairs… not 

sigma bonds)



2. Never exceed an octet for second-period elements. 

 Elements in the second period(C, N, O, F) have only 

four orbitals (one 2s orbital and three 2p’s = hold max 

of 8 electrons) in their valence (outer) shell. 

 Each orbital can either form a bond or hold a lone 

pair. 

 total # bonds + # of lone pairs = 4

 Can never be more than four - NO expanded octets!!

 Examples: 4 bonds + 0 LP = 4

3 bonds + 1 LP = 4

2 bonds + 2 LP = 4



 Let’s see some examples of curved arrows that 

violate this second rule. 

 In each of these drawings, the central atom cannot 

form another bond because it does not have a fifth 

orbital that can be used. 

Bad arrow

Difficult to see the curved arrows 

Violating the 2nd rule! 

Hard to see unless you draw the full 

Lewis structure with the C’s and H’s.



 2nd row elements (B, C, N, O, F) can sometimes have 

LESS than an octet, just never more than an octet.



Write out “Learn the skill” question
We will practice the skill in class together 

after lecture

Question:  Inspect the arrow drawn on the following 

structure and determine whether it violates either of 

the two rules for drawing curved arrows:

Skillbuilder 2.6 (p.66-67)

left side



Ch. 2.9 

Topic: Formal 

Charges in 

Resonance  

Structures

EQ: How are 

formal charges 

drawn properly on 

resonance 

structures?

READ pg. 68 then 

take notes



Formal Charges in Resonance Structures

 In Section 1.4, we learned how to calculate formal 

charges. 

 When using curved arrows to derive resonance 

structures, you will often have one or more formal 

charges to contend with.

 Absolutely critical to draw them properly. 

 Consider the resonance structure derived from the 

curved arrows shown below:

https://jigsaw.vitalsource.com/books/9781119351603/epub/OPS/ch01.xhtml#head-1_4


 The first arrow pushes one of the lone pairs to form a 

bond, and the second arrow pushes the π bond to 

form a lone pair on a carbon atom. 

 When both arrows are pushed at the same time, neither 

of the rules is violated. So, let’s focus on how to draw 

the resonance structure by following the instructions 

provided by the curved arrows. 

 We delete one lone pair from oxygen and place a π

bond between carbon and oxygen. Then we must 

delete the C—C π bond and place a lone pair on 

carbon:



 However, the structure is not complete without drawing 

formal charges. 

 Apply the rules of assigning formal charges, 

 oxygen acquires a positive charge and carbon acquires a 

negative charge:



 Another way to assign formal charges is to think about 

what the arrows are indicating. 

 the 1st curved arrow indicates that the oxygen atom is 

losing a lone pair and gaining a bond. In other words, it is 

losing two electrons and only gaining one back. 

 The net result is the loss of one electron, indicating that 

oxygen must incur a + charge in the resonance structure. 

 The 2nd curved arrow indicates that the carbon atom on 

the bottom right shows that it must incur a negative 

charge. 

 Notice that the overall net charge is the same in each 

resonance structure. 



Write out “Learn the skill” question
We will practice the skill in class together 

after lecture

Question:  Draw the resonance structure below. Be 

sure to include formal charges.

Skillbuilder 2.7 (p.68-69)

left side



Ch. 2.10 

Topic: Drawing 

Resonance 

Structures (Pattern 

Recognition)

EQ: What are the 5 

different patterns 

to draw resonance 

structures?

READ pg. 70-75 

then take notes



Bonding patterns: 

 There are 5 general bonding patterns in which 

resonance occurs. Recognize these patterns to 

predict when resonance will occur

1. Allylic lone pair

2. Allylic carbocation

3. Lone pair of electrons adjacent to a 

carbocation

4. A pi bond between two atoms with different 

electronegativities

5. Conjugated pi bonds in a ring

 The only way to recognize these patterns is to do 

lots, and lots of practice problems and examples.

 Your lucky you have a teacher that loves to do this ☺



Pattern #1: Allylic lone pair

 When a compound contains a carbon-carbon double 

bond, the two carbon atoms bearing the double bond 

are called vinylic positions

 Atoms connected directly to the vinylic positions are 

called allylic positions:



Look for lone pairs in an allylic position. 

 As an example, consider the following compound, 

which has two lone pairs:

 All of the lone pairs drawn in these examples are 

allylic



 Two curved arrows must be used to show the 

delocalization of an allylic lone pair. 

 In the last three cases above, the lone pairs are not 

next to a carbon-carbon double bond and are 

technically not allylic lone pairs (an allylic position is 

the position next to a carbon-carbon double bond)

 Nevertheless, we still draw resonance structures. 

 For each of the examples above, the 1st curved 

arrow goes from the lone pair to form a π bond, while 

the 2nd curved arrow goes from the π bond to form a 

lone pair.



 When the atom with the allylic lone pair has a 

negative charge, the charge is delocalized with the 

lone pair, shown here.

 If the allylic atom is neutral, then it will become 

positive, and the atom receiving the lone pair will 

become negative.



Pattern #2: Allylic carbocation

 This time, we are looking for a positive charge 

located in an allylic position:

 When there is an allylic carbocation, only one curved 

arrow will be required; this arrow goes from the π

bond to form a new π bond.

 Notice what happens to the formal charge in the 

process. The positive charge is moved to the other 

end of the system.



 The following example contains two π bonds, which 

are said to be conjugated, because they are 

separated from each other by exactly one σ bond (we 

will explore in more detail in Ch 16).

 If there are multiple double bonds (conjugated), then 

multiple contributors are possible.  They are drawn by 

moving one electron pair at a time

 Push each of the double bonds over, one at a time:

 Don’t waste time recalculating formal charges for 

each resonance structure, because the arrows 

indicate what is happening. 

A total of three resonance structure for this allylic carbocation

https://jigsaw.vitalsource.com/books/9781119351603/epub/OPS/ch16.xhtml#ch16


 Think of a positive charge as a hole of electron 

density—a place that is missing an electron. 

 When we push π electrons to plug up the hole, a new 

hole is created nearby. 

 The hole is simply moved from one location to another. 

 Notice that in the above structures the tails of the 

curved arrows are placed on the π bonds, not on 

the positive charge. 

 Never place the tail of a curved arrow on a positive 

charge (that is a common mistake).

A total of three resonance structure for this allylic carbocation



Pattern #3: Lone pair adjacent to 

carbocation (C+)

 In the following example, the oxygen atom exhibits 

three lone pairs, all of which are adjacent to the 

positive charge. 

 This pattern requires only one curved arrow. 

 The tail of the curved arrow is placed on a lone pair, 

and the head of the arrow is placed to form a π bond.

 Notice what happens with the formal charges.

 The atom with the lone pair has a negative charge 

in this case, and therefore the charges end up 

canceling each other. 



 Let’s consider what happens with formal charges 

when the atom with the lone pair does not bear a 

negative charge.

 There is a lone pair adjacent to C+. 

 We draw only one curved arrow: The tail goes on 

the lone pair, and the head is placed to form a π

bond. 

 In this case, the oxygen atom did not start out with 

a negative charge. Therefore, it will incur a positive 

charge in the resonance structure (remember 

conservation of charge).



 However, there is one situation where it is not 

possible to combine charges to form a double 

bond—this occurs with the nitro group. 

 Lets examine the structure of the nitro group (p.73):

 There is a lone pair adjacent to a positive charge, 

yet we cannot draw a single curved arrow to cancel 

out the charges

 The curved arrow shown above violates the octet 

rule, because it would give the nitrogen atom five 

bonds. 

 Remember that second-row elements can never 

have more than four bonds. 



 There is only one way to draw the curved arrow 

above without violating the octet rule—we must 

draw a second curved arrow, like this:

 (See p. 73)

 These two curved arrows are simply our first 

pattern (a lone pair next to a π bond). 

 Notice that the charges have not been canceled -

the location of the negative charge has moved from 

one oxygen atom to the other. 

 The structure of the nitro group cannot be drawn 

without the charges.



Conceptual Checkpint
We will practice the skill in class together 

during lecture

HMWK #20 (p.73)



Pattern #4: Pi (π) bond between 2 

atoms of differing electronegativity

 Recall that electronegativity measures the ability of 

an atom to attract electrons. 

 A chart of electronegativity values can be found in 

Section 1.11. 

 Let’s focus on C═O and C═N double bonds. 

 The pi electrons will be more attracted to the 

more electronegative atom, causing the pi bond 

to be unequally shared

https://jigsaw.vitalsource.com/books/9781119351603/epub/OPS/ch01.xhtml#head-1_11


 These two structure represent the “extreme” 

descriptions of the pi-bonded electrons (equally 

shared versus not shared). The actual compound is a 

hybrid of the two (unequally shared).

 Let’s try the other compound on p. 73 with the C=N 

bond



Pattern #5: Conjugated Pi (π) bonds in 

a ring

 π bonds as being conjugated when they are 

separated from each other by one σ bond (i.e., 

C=C—C=C). 

 When conjugated π bonds are enclosed in a ring of 

alternating double and single bonds, we can push all 

of the π bonds over by one position:

 The pi bonds can be pushed over by one position 

(clockwise or counterclockwise, doesn’t matter, the 

result is the same).



Summary of the 5 Bonding patterns for 

drawing resonance structures



Ch. 2.11 
Topic: Assessing the 

Relative Importance 

of Resonance 

Structures

EQ: What are the 5 

different patterns 

to draw resonance 

structures?

READ pg. 75-79 

then take notes



 When multiple resonance structures 

can be drawn, we know a blend of all 

of them, the hybrid structure, is the 

actual structure of the compound 

 Typically, not all of the resonance 

structures will contribute equally to the 

hybrid.

 The following rules, listed in order of 

importance, allow us to determine the 

most significant resonance form(s) for 

a given compound (i.e. the MAJOR 

resonance form)



RULE 1: The most significant 

resonance forms have the greatest 

number of filled octets

Carbocation 
doesn’t have a 

full octet

In this structure, all atoms
have an octet, so it is the 

major resonance 
contributor



 In general resonance with more bonds 

are the major contributor

 This is because more bonds in a 

resonance structure will normally have a 

greater number of filled octets

 You will encounter C with a positive 

formal charge fairly common even 

though it lacks an octet  

 Oxygen is more electronegative than 

carbon and should never have a 

resonance structure drawn where O lacks 

an octet



Rule 2: The structure with fewer

formal charges is more 

significant

The first two structures both have full 

octets, but the first one has fewest 

formal charges, so it is the most 

significant resonance contributor.



Any resonance form that contains 

an atom with a +2 or -2 charge is 

highly unlikely

 If the compound has an overall 

formal charge, focus only on 

drawing resonance forms that show 

the delocalization of the charge



Rule 3: a structure with a negative charge 

on the more electronegative atom will be 
more significant, and vice versa
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It is fairly common to encounter a carbon atom with a positive charge, even though 

it lacks an octet (as seen in the f rst resonance form above). In contrast, oxygen is much 

more electronegative than carbon, so you should never draw a resonance form in which an 

oxygen atom lacks an octet. In the example below, the second resonance form is a minor 

contributor because the carbon atom lacks an octet, but the third resonance form shown 

is insignif cant because the positively charged oxygen atom lacks an octet. Avoid drawing 

insignif cant resonance forms.

Major contributor Minor contributor Insignificant

O

⊕

O

O

O
⊝

O
⊝

O
⊕

 2. T e structure with fewer formal charges is more signif cant. Any resonance form that con-

tains an atom bearing a + 2 or − 2 charge is highly unlikely. In the example below, the f rst 

resonance form is the best Lewis structure and the largest contributor to the hybrid because 

it has f lled octets and no formal charges. T e second resonance form is still a major con-

tributor since it has f lled octets, but it is less signif cant than the f rst because it has formal 

charges. T e third resonance form is a minor contributor because it has a carbon atom that 

lacks an octet

Minor contributor

H C

NH2

NH

⊝

⊕

Major contributor

H C

NH2

NH

⊝

⊕

H C

NH2

NH

Largest contributor

In cases where there is an overall net charge, as seen in the example below, the creation of new 

charges is not favorable. For such charged compounds, the goal in drawing resonance forms is to 

delocalize the charge – relocate it to as many di f erent positions as possible.

CH2CCH3

O

CH2CCH3

O

Delocalized negative charge

Insignificant

resonance

⊝

⊝

CH2CCH3

O
⊝

⊝

⊕

 3. Other things being equal, a structure with a negative charge on the more electronegative element 

will be more signif cant. To illustrate this, let’s revisit the previous example, in which there are 

two signif cant resonance forms. T e f rst resonance form has a negative charge on oxygen, while 

the second resonance form has a negative charge on carbon. Since oxygen is more electronegative 

than carbon, the f rst resonance form is the major contributor:

Minor contributor

CH2CCH3

O
⊝

Major contributor

CH2CCH3

O
⊝

Similarly, a positive charge will be more stable on the less electronegative element. In the follow-

ing example, both resonance forms have f lled octets, so we consider the location of the positive 

charge. Nitrogen is less electronegative than oxygen, so the resonance form with N+  is the 

major contributor:

Major contributorMinor contributor

N

O

H

H

H

⊕

N

O

H

H

H ⊕
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We default to 
Rule 3 here 

because more 
than one 

structure has all 
atoms with a full 
octet, and the 

same number of 
formal charges



 Rule 4: Resonance forms that have 

equally good Lewis structures are 

described as equivalent and contribute 

equally to the resonance hybrid



Write out “Learn the skill” question
We will practice the skill in class together 

after lecture

Question:  Rank the following resonance forms, from 

most significant to least significant, and briefly explain 

the rankings.

Skillbuilder 2.8 (p.77-78)

left side



Ch. 2.12 

Topic: The 

Resonance Hybrid

EQ: What are the 5 

different patterns 

to draw resonance 

structures?

READ pg. 79-81 

then take notes



 The resonance hybrid represents the pi 

bond of an allylic carbocation as being 

delocalized over all three carbon atoms

 This is consistent with MO theory, in that 

the pi electrons occupy the bonding MO, 

which has no nodes and is spread out 

across all three atoms.

*Dash lines indicates bonds that 

are between single and double 

bonds 



 The central C atom has no formal charge 

in both resonance forms

 However, the ending C atoms have a 

formal charge of 0 in one resonance 

structure and formal charge of +1 in the 

other structure

 Therefore, in the resonance hybrid the 

ending C have a partial charge of δ+ to  

indicate that the actual structure is a 

combination of the individual resonance 

structures

*These C 

atoms 

have a 

charge 

somewhere  

between 0 

and +1



The resonance hybrid represents 

the positive charge (electron 

deficiency) delocalized over all 3 C 

atoms. 

 This electron deficiency is represented in 

nonbonding orbital which shows that the 

electron deficiency is delocalized 

exclusively on the ending C atoms  



Write out “Learn the skill” question
We will practice the skill in class together 

after lecture

Question:  Draw a resonance hybrid for the following 

anion:

Skillbuilder 2.9 (p.80)

left side



Ch. 2.13 

Topic: Delocalized 

and Localized Lone 

Pairs

EQ: What are the 5 

different patterns 

to draw resonance 

structures?

READ pg. 81-82 

then take notes

READ ONLY!!!



 In one structure, the N is sp3 hybridized, and 
the other indicates the N atom is sp2

hybridized.  So which is it?

 The lone pair is delocalized, which is only 
possible through overlapping p-orbitals.  So, 
the nitrogen must be sp2 hybridized in both 
cases since the lone pair occupies the p-
orbital not a hybridized orbital

If a lone pair participates in 

resonance, then it occupies a

p-orbital 

*Take this into account when 
predicting geometry

READ ONLY!!!



 A lone pair does not participate in 

resonance if it cannot overlap with an 

adjacent p-orbital it is a localized lone 

pair 

The lone pair in pyridine cannot

Overlap with p-orbital on the 

Adjacent atom

READ ONLY!!!



 Things to keep in mind…

 Don’t assume a lone pair is delocalized 

just because it is next door to a pi bond.

 As a general rule, you can assume that 

when an atom possesses a pi bond and a 

lone pair, they both will not participate in 

resonance.

 And, as always, if there is no p-orbital next 

door to the lone pair, then it will be 

localized
delocalized 

lone pair

localized 

lone pair

localized 

lone pair

READ ONLY!!!



Write out “Learn the skill” question
We will practice the skill in class together 

after lecture

Question:  Draw a resonance hybrid for the following 

anion:

Skillbuilder 2.10 (p.82-83)

left side


