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To do well in organic chemistry, you must first learn to interpret the drawings that

organic chemists use. When you see a drawing of a molecule, it is absolutely criti-

cal that you can read all of the information contained in that drawing. Without this

skill, it will be impossible to master even the most basic reactions and concepts.
Molecules can be drawn in many ways:

\S\(’ H HH H QO(&QGQ.Q\ ol

Nl
H-C A_/
H,\C/C:C\C/,O (CH3)20H0H=CHCOCH3 Y—Yo
\ \
’C\“H ;C'--.H 3 "
HH HH ﬂmdm.m&

Without a doubt, the last structure (bond-line drawing) is the quickest to
draw, the quickest to read, and the best way to communicate. Open your textbook
to any page in the second half and you will find that every page is plastered with
bond-line drawings. Most students will gain a familiarity with these drawings over
time, not realizing how absolutely critical it is to be able to read these drawings flu-
ently. This chapter will help you develop your skills in reading these drawings
quickly and fluently. :

1.1 HOW TO READ BOND-LINE DRAWINGS

Bond-line drawings show the carbon skeleton (the connections of all the carbon
atoms that build up the backbone, or skeleton, of the molecule) with any functional
groups that are attached, such as —OH or —Br. Lines are drawn in a zigzag format,
so that the end of every line reprcscnts a carbon atom."For example the following

compound-has-6-carbon-atoms: -

It is a common mistake to forget that the ends of lines represent carbon atoms as
well. For example, the following molecule has six carbon atoms (make sure you can

count them):
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2 CHAPTER1 BOND-LINE DRAWINGS

Double bonds are shown fm- w_ﬁ.o lines, and triple bonds are shown with three

et LLY bC's
When drawing triple bonds, be sure to draw them in a straight line rather than zigzag,
because triple bonds are linear (there will be more about this in the chapter on geom-
etry). This can be quite confusing at first, because it carl get hard to see just how

lines::

many carbon atoms are in a S.m_v_n bond, so let’s make it clear: .

|

/\/ is the same mm

Don’t let triple bonds confuse u”aF The two carbon atoms of the triple bond and the
two carbons connected to them dre drawn in a straight line. All other bonds are
drawn as a zigzag: il ‘

_ so this compound has

o«o\/
N ; 6 carbon atoms

W H
I|ﬂ|n_u:ﬂ|m|z ; is drawn like this: R il o
HHHH ? ’
BUT :
i A _ ,
H-C-C=C-C-H is drawn like this: * —_—
H H

e s i

number of carbon atoms wu”omnu.o.m the following

0 A

pound has six carbon atoms, and the second compound has

m_x.ma_n_mmd..ooiﬁsn
drawings; : '

h:.us_.n... The first com
five carbon atoms:

1
o@m \n_.ur\/
4
5 3 - 4 2 3 5
4 \

PROBLEMS C

ount the number of carbon atoms in each of the following
drawings,

‘

4

2

1.1 HOW TO READ BOND-LINE DRAWINGS 3
OH '+
L]

0 &

1.4 Answer: ____ 1.5 Answer;

o

1.8 Answer:____ 1.9 Answer::

b

1.2 Answer:__~ 1.3 Answer: ____

H 0
N "
\J.j ~ O\FOI
(0]
1.6 Answer:_ 1.7 Answer:__
0]

C ok

1.10 Answer: __

1.11 Answer: Sy

Now that we know how to count carbon atoms, we must learn how to count
the hydrogen atoms in a bond-line drawing of a molecule. The hydrogen atoms are

4/ We see only two bonds

connected to this carbon atom

n atom. After doing this many times, you will get to a point

. accustomed to seeing
these types of drawings, and you will be able to instantly “see” all of the hydrogen

atoms without counting them. Now we will do some exercises that will help you get
to that point.
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4 CHAPTER1 BOND-LINE DRAWINGS |
EXERCISE 1.12 - The following molecule has 14 carbon atoms. Count the num-
ber of hydrogen atoms connected to each carbon atom.
0
_ =
A
Answer:
.~ .4bonds, 4 bonds,
Stohds, = O e 0t
<« 1H
4 bonds,
1 bond, : .~ noH's
<« 3HS \\-\.\\\!_ ! 1 bond,
— ) — +s 3H's
Pl \\ — 1bond,
~\\ = _ o.._ m I.m
3 bonds, / o
Y 1H %
3 bonds, 1 bond,
-~ 1H <+ 3Hs
4 bonds,
<. NoH's

.

2 bonds,
III N I-m

PROBLEMS  For cach of the following molecules, count the number of hydrogen
m..ww.m er....!...!wu......u 10 each carbon atom. The first problem has been solved for you (the
Samders mndicate how many bydrogen atoms are attached to each carbon),

0
-4 ./\ 1 \/__\Z./\
1.13 z 1.14 ”\ 1.15 0o 1.16
o]
A\/\XOI N — \z0
117 1.18 S~ 1.19 1.20

R e e T

R S e T

- —

”,A,.\J I_JO ki

1.2 HOW TO DRAW BOND-LINE DRAWINGS 5

Now we can understand why we save so much time by using bond-line drawings: Of
course, we save time by not drawing every C and H. But, there is an even larger ben-
efit to using these drawings. Not only are they easier to draw, but they are easier to
read as well. Take the following reaction for example:

Ha

(CHa),CH=CHCOCH;4 (CH3);CHCH,COCH,

Pt

It is somewhat difficult to see what is happening in the reaction. You need to stare at
it for a while to see the change that took place. However, when we redraw the reac-
tion using bond-line drawings, the reaction becomes very easy to read immediately:

/W”/Wo He o)
. - J\|J\

As soon as you see the reaction, you mEBn&nmn_w know what is happening. In this
reaction we are converting a double bond into a single bond by adding two hydro-
gen atoms across the double bond. Once you get comfortable reading these draw-
ings, you will be better equipped to see the changes taking place in reactions.

1.2 HOW TO DRAW BOND-LINE DRAWINGS

Now that we know how to read these &.uibmm. we need to leamn how to draw them.
Take the following molecule as an example: _

R _ _ H H -
i . B%F.DVD“’ H . rﬂ.{z:hu
S e

H-C.__C-CHs

H & “CHs

To draw this as a bond-line drawing, we focus on the carbon skeleton, making sure
to draw any atoms other than C and H. All atoms other than carbon and hydrogen
mist be drawn. So the example above would look like this:

+* Deaw

H H
Ht-Co — W's
I_.._.\mufo\n_ﬂmozu o »’..nsﬁf/hhf

T Yo Gloms

Boad- i oMner

Y C

“‘,:
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6 CHAPTER 1 BOND-LINE DRAWINGS

1
1

A few pointers may be hel _um:_. cn_.o_.n you do some problems.

1. Don’t monm_.z that S&cn mS:ﬁ ina ....a.EmE chain

IIII _
IOOOOI
IIII

2. When drawing aouEn bonds, try to draw the
the double bond mm possible:

ol _

Py

3. When drawing N_mwmmm. it does not matter
drawing:

\/_\/ is the same as /\ﬁ\

PROBLEMS For each mn.:nn:.o below, draw the bond-line &B«.:w in the box

provided.

is drawn like this:

WP
=5
=

N

T

are drawn in a zigzag format;

EVAN

other bonds as far away from

Is much better than

T~
0

BAD

which direction you start

is the same as

4 ;

F
(@}
|
?
Q
|
(?
Q
l\
I
[

1.21

(creceras =
et

1.23

_"".

13 MISTAKES TO AVOID 7

L
IKﬂAOIN ol oft
HIGOW = OK Ao
H~C<OH’ . y
H o |
1.24 i

1.3 MISTAKES TO AVOID

-1 |

1. Never draw a carbon atom with more than four bonds. This is a big no-no.
Carbon atoms only have four orbitals; therefore, carbon atoms can form
only four bonds (bonds are formed when orbitals of one atom overlap with
orbitals of another atom). This is true of all second-row elements, and we
discuss this in more detail in the chapter on drawing resonance structures,

2. When drawing a molecule, you should either show all of the H's and all of
the C’s, or draw a bond-line drawing where the C's and H’s are not drawn.
You cannot draw the C’s without also drawing the H's;

¢
olmulo..o.. c
C

Never do this

This drawing is no good. Either leave out Eo C’s (which is vR?BEou or
put in the H's:” s

j or
3. When drawing each carbon atom in a zigzag, try to draw all of the bonds

as far apart as possible: _ _
/1/_\ of\/

H.\

I
H
OI
H

IOOI

III
IOOO
IOI

Hyy H

f,v J\/—\ is better than
4. In bond-line drawings, we do draw any H’s that are connected to atoms
other than carbon. For example,

[ JE A
®
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8 CHAPTER 1 BOND-LINE DRAWINGS

1.4 MORE EXERCISES

First, open UB_FE. ﬂ_.nu:uoow _.mz_m flip through the page
bond-line drawing and make sure that you can say

sjin the second half. Choose any
vith confidence how many car-

bon atoms you see and how many hydrogen atoms are attached to each of those

carbon atoms; v

Now try to look E_En.w following reaction and determine what changes took

place: : _

~.

(.

.
»
nﬁ

: | : h
Do not worry about how _.Tn changes took place. %9.__ will understand that later when
you learn the mechanism of the reaction. For riow, just focus on explaining what

change took place. For the example aboye, we can

say that we added two hydrogen 4

atoms to the molecule (one on either end of the double bond)./

Consider another example:

L

Y

In this example, we have pliminated an H and a Br

g ¢

to form a double bond¥ (We will

see later that it is actually H* and Br™ that are eliminated, when we get into the

chapters on mechanisms). If you cannot see that an
need to count the number of hydrogen atoms in the
with the product:

H

H was eliminated, then you will
starting material and compare it

!

Br
L,
H

Now consider one more example:

i
H ”I
’ H

-

o

In this example, we have substituted'a bromine with a.

PROBLEMS For each of the following reactions, clearly state what change has
taken place. In each case your sentence should start with one of the following
opening clauses: we have added . . . , we have eliminated . . . , or we have
substituted . , , ,

e et e

Answer:

o
1.25

'Answer: w..?_&. 0____ Mur_“. Dﬁ,

1.4 MORE EXERCISES

oa

2

1.26 ” H

Answer;

HO OH

i

093 2 OW'S ceass LYre

Ao\ ,Ocﬁ},.

oa
1.27

Answer:

o4

: Q ’.mmq

1.28
Answer:

Br

0]

._.M.w. \/\_._/

1.30 \J/\./_ ZNSgH

Answer:

#Q Mo on floge 0!
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Answer;

BCNOTE
3 4 5.6 7
1.5 IDENTIFYING FORMAL CHARGES

Formal charges are n_._mwm._um (cither positive or negative) that we must often include
on our drawings. They are extremely important. If you don't draw a formal charge
when it is supposed to be drawn, then your drawing %E be incomplete (and wrong).
So you must learn how to identify when you need formal charges and how to draw
them. If you cannot do this, then you will not be wwwn to draw resopance structures
(which we see in the next chapter), and if you can’t do that, then you will have a very
hard time passing this course. A .

To understand what formal charges are, we begin by learning how to calculate
formal charges. By doing this, you will understand what formal charges are. So how
do we calculate formal charges? H

When calculating the formal charge on an afom, we first need to know the
number of valence electrons _the atom is supposed :Hu have, We can get this number
from the periodic table. The column of the periodic table that the atom is in will tell
us how many valence electrons there are (valence electrons are the electrons in the
valence shell, or the outerost shell of electrons—you probably remember this from
high school chemistry). For example, carbon is in the fourth column, and therefore
has four valence electrons. Now you know how to determine how many electrons the
atom is supposed to have.

Next we look in our drawing and ask how many electrons the atom actually
has in the drawing. But how do we count this?
Let's see an example. Consider the central carbon atom in the compound

below: &
@

HaC~€~CHg
H

Count each bond as

"one" valence electron

=3
i

1.5 IDENTIFYING FORMAL CHARGES 11

Remember that every bond represents two electrons being shared between two
atoms. Begin by splitting each bond apart, placing one electron on this atom and one

electron on that atom: :
()"

H4C+ @ *CH3
i

Now count the number of electrons immediately surrounding the central carbon
atom:

HyC+ [:6]-CHq

\ . —u*

There are four electrons. This is the number of electrons that the atom actually has.

Now we are in a position to compare how many valence electrons the atom is
supposed to have (in this case, four) with how many valence electrons it actually has
(in this case, four). Since these numbers are the same, the carbon atom has no for-
mal charge. This will be the case for most of the atoms in the structures you will
draw in this course. But in some cases, the number of electrons the atom is supposed
to have and the number of electrons the atom actually has will be different. In those
cases, there will be a formal charge. So let’s see an example of an atom that has a
formal charge.

Consider the oxygen atom in the structure below: moHCm:v\ has 7 e-
5 Supposed to have 6 e-

| =

_._hﬂ.m begin by asking how many valence electrons oxygen atoms are supposed to
have. Oxygen is in the sixth column of the periodic table, so oxygen should have six
valence electrons. Next, we need to look at the oxygen atom in this compound and
ask how many valence electrons it actually has. So, we redraw the molecule by split-

ting up the C-O bond:

B, W

*will have -1 charge

[n addition to the electron on the oxygen from the C-O bond, the oxygen also has
three lone pairs. A lone pair is when you have two electrons that are not being used
to form a bond. Lone pairs are drawn as two dots on an atom, and the oxygen above
has three of these lone pairs. You must remember to count each lone pair as two

-

-
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12 CHAPTER1 BOND-LINE DRAWINGS

_ _ 1.5 IDENTIFYING FORMAL CHARGES 13
electrons. So ﬂ.n see that the oxwmnn actually has mn<n.._ electrons, which is one more i . ‘ .
electron than it is m.:ﬁomna to :w,_n H.:ﬁnwo_d. it will:have a negative charge: _ h

5 v_ j ‘ 007“\ .!rz.\ -d-. : )
L.o/ . ho} to show neg. charge A LB A Q n_u nw_
; L _ 142 1.43 1.44 1.45

EXERCISE 1 uw Oouman_. the nitrogen atom in the compound below and deter-

This brings us to the most important atom of all: carbon, We saw before that
mine if it has a formal n_.Emn

sée it with m_.ro - } s ~ carbon always has four bonds. This allows us to ignore the hydrogen atoms when
: H 1 ._ - +° drawing bond-line structures, because it is assumed that we know how to count to
Ii}II should have 5 e- Pt i four and can m‘mﬁ.n out how many __w&.o.mnn atoms are there. When we said that, we
I i}~ ' were only talking about carbon atoms without formal charges (most carbon atoms in
H missing 1 e- =+ charge § | moststructures will not have formal charges). But now that we have learned what a
| - - formal charge is, let's consider what happens when carbon has a formal charge.
Answer Nitrogen is in En fifth column of En wnnoEo table so it should have five K 7! If carbon bears a formal charge, then we cannot just assume the carbon has
electrons. Now we count roE ‘many it actually has: 4 " four bonds. In fact, it will have only three. Let" 's see why. —.\n" s first consider C*, and

then we will move onto C~.

Sep. the electrons ._: H " R If carbon has a positive formal charge, then it has only three electrons (it is
your head i I.@ *H- | .- supposed to have four electrons, because carbon is in the fourth column of the peri-
_ j .- H | | SPoll odic table). Since it has only three electrons, it can form only three bonds. That's it.
" _ hC X t So, a carbon with a positive formal charge will have only three bonds, and you
It only has four. So, it has one less electron than it is Enuom& to have. Therefore, 3 ) mnoc_n count hydrogen atoms with this in mind:
this nitrogen atom has a positive charge: ﬁ Theas
: | il it ®
M i \n_u/ NN, P
IIJ._I H : R No hydrogen atoms on this C* 1 hydrogen atom on this C* 2 hydrogen atoms on this C*
H ;

Now let’s consider what happens when we have a carbon with a negative for-
mal charge. The reason it has a negative formal charge is because’it has one more
electron than it is supposed to have. Therefore, it has five electrons. Two of these
electrons form a lone pair, and the other three electrons are used to form bonds:

PROBLEMS For each of the compounds below determine if the oxygen or nitro-
gen atom in the molecule has a formal charge. If n._a.o is a charge, draw the charge
on the structure, c N a

%\ 4 & & . . [ Zh _. _ ._ I M.@
m ‘_ + T - “ m -_ . T—.—l
oo._ -O -z- nz
C C C C We have the lone pair, because we can’t use each of the five electrons to form
1.34 1.35 1.36 1.37

2 a bond. Carbon can never have five bonds. Why not? Electrons exist in regions of

j ‘ space called orbitals. These orbitals can overlap with orbitals from other atoms to

0 . - G N | 3§ form bonds, or the orbitals can contain two electrons (which is called a lone pair).

_:_ /Z\.T M o Carbon has enly four orbitals, so there is no way it could possibly form five bonds—

i it does not have five orbitals to use to form those bonds. This is why a carbon atom

1.38 C Q G - " with a negative charge will have a lone pair (if you look at the drawing above, you
= 139 140 L - will count four orbitals—one for the lone pair and then three more for the bonds).

Stopped here on Tues 97
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14 CHAPTER1 BOND-LINE DRAWINGS

Therefore, a nﬁvom_ atom with a negative charge can also form only three
bonds (just like a carbon with a positive charge). When you count hydrogen atoms,
you should keep this in mind:

| No hydrogen atoms on this C"}

1.6 FINDING LONE PAIRS THAT|ARE NOT DRAWN

From all of the cases uuo__é (oxygen, nitrogen, nu&__ra. you can see why you have
to know how many lone pairs there are to figure oﬂu_ the formal charge on an atom.
Similarly, you have to E.___oﬁ the formal charge to figure out how many lone pairs
there are on an atom. .._.mwm.. the case below with the Hrnomn: atom shown:

. ..0 @
N S oNI* - -.Z
\_.r could either be \_._/ or \\c/
i 4 =
s |
If the lone pairs were aﬁ&? then we would be mE.,n to figure out the charge (two
lone pairs would mean a negative charge and one lone pair would mean a positive
charge). Similarly, if the ﬂo:nm_ charge was nBﬁ?.“Eo would be able to figure out
how many lone pairs there are (a negative charge would mean two lone pairs and a
positive charge would mean one lone pair). _
So you can see that drawings must include either lone pairs or formal charges.
The convention is to always show formal charges and to leave out the lone pairs. This
is much easier to draw, because you usually won't have more than one charge on a
drawing (if even that), so you get to save time by not drawing every lone pair on
every atom. ; : t
Now that we have established that formal charges must always be drawn and
that lone pairs are usually not drawn, we need to get practice in'how to see the lone
pairs when they are not drawn. This is not much &mmﬂnuﬂ from training yourself to
see all the hydrogen atoms in a bond-line drawing even though they are not drawn.

If you know how to count, then you should be able to figure out how many lone pairs -

are on an atom where the lone pairs are not drawn.
Let’s see an example to demonstrate how you do this:

~0°
In this case, we are looking at an oxygen atom. Oxygen is in the sixth column of the

periodic table, so it is supposed to have six electrons. Then, we need to take the for-
mal charge into account. This oxygen atom has a negative charge, which means one

extra electron. Therefore, this oxygen atom musthave 6 + 1 =7 electrons. Now we '

can figure out how many lone pairs there are.

ﬁ_.’

1.6 FINDING LONE PAIRS THAT ARE NOT DRAWN 15

1'The oxygen has one bond, which means that it is using one of its seven elec-
trons to form a bond. The other six must be in lone pairs. Since each lone pair is two
electrons, this must mean that there are three lone pairs:

~p° isthesameas _~ e

Let's review the process:

1. Count the number of electrons the ‘atom should have according to the
periodic table.

2. Take the formal charge into account. A negative charge means one more
electron, and a positive charge means one less electron.

3. Now you know the number of electrons the atom actually has. Use this
number to figure out how many lone pairs there are.

Now we need to get used to the common examples. Although it is important
that you know how to count and determine numbers of lone pairs, it is actually much

- more important to get to a point where you don’t have to waste time counting. You

need to get familiar with the common situations you will encounter. Let's go through
them methodically.
When oxygen has no formal charge, it will have two bonds and two lone pairs:

AN s the same as A0

8 .//\O/\ is the same as //\O/\

O --OI.

L._/\ is the same as \=/\

. Hm oxygen has a negative formal charge, then it must have one bond and three lone
pairs:

O@ @

0l

isthe sameas - \f

" . o o isthesameas -~ o
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_ o
If oxygen rmw a positive charge, then it must have three bonds and one lone pair:

L ..@ b . ' . H
ol
A e same as >\.wa
_.__ _
. n_u o .{@
N~Y~~ isthesame as N O~

is the same as °

EXERCISE 1.46 Draw in all lone pairs in the following structure:

®
RS

Answer The oxygen has a positive formal orm._,mo and three bonds. You should try
to get to a point where you recognize that this EE" mean that Eo oxygen has one
lone pair: . ﬂ

o H |
o w
_.

Until you get to the point where you can nonom.uﬁn nﬁ you should be able to figure
out the answer by counting.

Oxygen is supposed to have six electrons. .,:E oxygen atom has a positive
charge, which means it is missing an electron. .Hdn.n».o_.u. this oxygen atom must
have 6 — 1 = 5 electrons. Now, we can figure out how many lone pairs there are.

The oxygen has three bonds, which means that it is using three of its five elec-
trons to form bonds. The other two must be in a lone pair. So there is only one lone
pair.

PROBLEMS Review the common situations above, and then come back to these
problems. For each of the following structures, draw in all lone pairs. Try to recog-
nize how many lone pairs there are without having to count. Then count to see if you
were right. ,

o]

(0]
0
._._a_u C 1.48 \_r 1.49 \FO\/.

180 < on

e e

N
i —
1

1.6 FINDING LONE PAIRS THAT ARE NOT DRAWN 17

_ ®
| o™
| 0 Al

1.51 152 7 ~0°

. 23.. let’s look at the common mﬂnsconm for nitrogen atoms. When nitrogen has no ;
i’ - formal charge, it will have three bonds and one lone pair:

H
ol
a0 N W—— \,/\.Z,I
. H _ : H
SN~ isthesameas < N
2 wile o \I . . .
e K aH

\:/\ is .Sm same as \_._/\

‘. - If nitrogen has a negative formal charge, then it must have two bonds and two lone -
., pairs: . .

e g @D
is the same as \\,/.\z“_._.

- m . .
NN~ isthesameas < NI_-

S " T ol

l|_.m_| has no lone pairs
/m\ has no lone pairs
Il
®
=N—  has no lone pairs
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18 CHAPTER1 BOND-LINE DRAWINGS

EXERCISE 1.53 Draw all lone pairs in the J:oiim structure:

P
N

A
|

Answer The top nitrogen has a positive formal charge and four bonds. You should
try to m2_8 a point where you recognize that this must mean that this nitrogen has
no lone pairs. The bottom nitrogen has no FB._} charge and three bonds. You should
try to get to a point where you recognize that this must mean that this nitrogen has

one lone pair:

@_

Jop
_ _
|

Until you get to the point where you can recognize this, you should be able to figure
out the answer by counting. Nitrogen is u:ﬁﬁomn_n to have five electrons. The top ni-
trogen atom has a positive charge, which means it is missing an electron. This means
that this nitrogen atom must have 5 — 1 = 4 electrons. Now ‘we can figure out how

Bmuw_cunvmwnm there are. Since this nitrogen has four ronam_. it is using all of its

#

electrons to form bonds. So there is no lone _..mm on this nitrogen atom.

The bottom nitrogen atom has no formal an.mn. so this nitrogen atom has five
electrons. It has three bonds, which means that _._rn_,o are two electrons left over, and
they form a lone pair.

PROBLEMS Review the common situations for nitrogen, and then come back to
these problems. For éach of the following structures, draw in all lone pairs. Try to
recognize how many lone pairs there are without having to count. Then count to see
if you were right.

~

il

2\ ..1.2\
1.54 x_/ 1.55 1.56 \_/

fs\\ . 0] ’

N
1.57 \f 1.58 \/m\ 1.59 \__/z.._n

|
|
§ _ 1.6 FINDING LONE PAIRS THAT ARE NOTDRAWN 19
1
Y - .
MORE PROBLEMS For each of the following structures, draw in all lone pairs
(remember from the previous section that C* has no lone pairs and C~ has one lone
pair). ’
_-

®
1.60 1.61 ©1.62

.; i . i ,

i 0 0 (0] H.@_NH;

-f—IH-.\ ' -rZ‘

i Imz/\F i : _

163 N" 0" ,ea \f.Lﬁ NP

i

—“ @\I

| Aw

"_# : ‘ \_/2\

.__Mw..a_....moémz 1.67 0=C=N° 1.68 |
-
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