
organic chemistry: the study of carbon-based substances

most common elements and
H  O  N  C number of 

bonds for each:1    2   3   4
which are unreasonable?

some common functional groups:

ways to draw them (using ethanol as an example):

molecular 
formula

condensed 
structural 
formula

structural 
formula

structural formula 
with stereochemistry

skeletal formula
(H added to show 
alcohol functional 

group)

molecular model
ball and stick

molecular model
space filling

C2H6O CH3CH2OH

hatch bond
moving away

wedge bond
moving closer

actual 
microscopic 

image

does not exist! (yet)

what they are their bonding patterns how to draw them common functional groups reactions

primary secondary, tertiary and quaternary1o

2o

2o

1o

3o

4o

2o

2o 1o

1o 2o 3o 4o

higher oxidation state

why? pentavalent C

source: Higher Level Chemistry 2nd Edition by Catrin Brown and Mike Ford pp. 460-523

http://upload.wikimedia.org/wikipedia/commons/e/e8/Ethanol-structure.svg
http://upload.wikimedia.org/wikipedia/commons/8/82/Ethanol-2D-skeletal.svg
http://upload.wikimedia.org/wikipedia/commons/b/b0/Ethanol-3D-balls.png
http://upload.wikimedia.org/wikipedia/commons/0/00/Ethanol-3D-vdW.png


fill in the blanks
formula ethane ethanoic acid glucose

empirical

molecular

structural

condensed 
structural

CHO(CHOH)4CH2OHCH3COOHCH3CH3

C6H12O6

CH2O

C2H4O2

CH2O

C2H6

CH3

drawing organic substances



First:  Identify the longest chain of carbon atoms
how many?

8 7

Second: identify the functional group

Finally, identify side chains, keeping numbers low:

CH3CH2CH3 CH3CH=CH2 CH3C=CH   -

CH3COCH3

CH3CH2OCH3

CH3CO2CH3

CH3CH2CH2NH2

CH3CH2CONH2

CH3CH2CH2OH   CH3CH2CH=O   

CH3CH2CO2H  

propane propene propyne methoxyethane
(methyl ethyl ether)

propanamine propanol propanal

propanone methyl ethanoate propanamide propanoic acid

2-methylpropane

3-ethylpentane4-propylheptane

naming organic substances
# of C-
atoms in 
longest 
chain

Stem 
in 

IUPAC 
name

1 meth-
2 eth-

3 prop-

4 but-

5 pent-

6 hex-

7 hept-

8 oct-

9 non-



lots of minor rules will become evident by example:

1. 1-butanol
2. 2-butanol
3. 1,1-butanediol
4. 2,2-butanediol
5. 1,2-butanediol
6. dibutyl ether

7. butyl propyl ether
8. 1-butylamine
9. 2-butylamine
10. 1,1-butyldiamine
11. 2,2-butyldiamine
12. 1,2-butyldiamine

practice some more with this quiz

9
5 1 12 7

2 11 4 10 6

8
3

name these!

http://www.chemistry.uoguelph.ca/educmat/chm19104/nomenclature/quizes.html


organic isomers
isomers share the same                                                       but have differentmolecular formula arrangements

types:
structural:

cis/trans and E/Z

stereo

conformational

different 2-dimensional arrangement

both C4H10

different 3-dimensional arrangement

both C3H4Cl2

different 3-dimensional arrangement by bond rotation

cis/trans if identical substituents Z/E if nonidentical substituents

optical
typically 4 different 
substituents on C of 
different arrangement:

a chiral center

same physical properties except how they interact 
with polarized light: catalysts will only react with 1: enantiomers: 

both C4H8

both C3H6O3

both C6H12



organic physical properties

fewer accessible intermolecular forces.
Less tangling.

boiling point and melting point increase with

more intermolecular forces per molecule
tangling

explanation:

boiling point increases with

explanation:

boiling point decreases with

explanation:

branching functional group polarity

stronger intermolecular forces

chain length

water soluble water insoluble

solubility is greatly aided by

hydrogen bond forces

solubility is reduced by

greasy hydrocarbon regions 

are based on breaking or forming intermolecular forces



a bit about each functional group

alkanes
general formula: 

CnH2n+2

no double bonds: they are

saturated (not unsaturated)

only contain C,H…they are

hydrocarbons

both C-C bonds and C-H bonds are

non-polar

which means 2 things:

low boiling points

no obvious point for nucleophilic attack 

nucleophiled-

electrophiled+ :

alkanes may also react with halogens to make 

2 C6H14 (l) + 19 O2 (g) → 12 CO2 (g) + 14 H2O (g)

let’s burn hexane:
burn!!

combustion may be destroying our planet as CO2 is responsible for

global warming

…but they do

haloalkanes (often mutagens)

mechanism:

note single headed arrows for

prior to reaction

after reaction:

UV light

CH4

+ O2

CO2 + H2O

+ X2
UV haloalkanes

: electron rich = d- (nucleus loving)
electron poor = d+ (electron loving)

: Br2 is brown

colorless (Br2 consumed)

one-electron processes (homolytic cleavage)



haloalkanes
general formula: 

CnH2n+1X

they are electrophilic at the

carbon that contains the halogen

therefore they are prone to

nucleophilic substitution: R-Cl + OH- → R-OH + Cl-

the mechanism depends on the type of alkly halide with other minor effects to consider

inverts stereocenter

favored by polar aprotic solvents  (polar 
but can’t hydrogen bond)
polarizes intermediate without forming a 
H-bond

RX
+ OH-

ROH

primary alkyl halides: SN2 secondary alkly halides…a bit of each.tertiary alkly halides: SN1

steric hindrance and carbocation stability 
can slow things down…but is still faster 
than SN2

rate only depends on slow step: 
concentration of haloalkane.

polar protic solvents help by stabilizing 
carbocation

symmetry of carbocation result in 
racemic mixture sadly

small leaving group make either SN1 or 
SN2 faster: F>Cl>Br>I…but bond strength is 
weakest for the bigger C-X bond so 
Iodides react fastest, fluorides slowest.  

SN1  and SN2 energy profiles

- X-

SN2 notes: SN1 notes:

SN1 versus SN2 notes

aka alkyl halides



alkenes
general formula: 

CnH2n (CH2=CH2 for ex.)

molecular orbitals, hybridization, bond 
angles…use propene as an example

only contain C,H…they are

unsaturated hydrocarbons

they are weakly nucleophilic at the

double bond.

s

p

sp3

sp2

sp2

120o

H2
catalyst

+ Br2

+HBr symmetrical 
electrophilic addition

asymmetrical 
electrophilic addition
markovnikov’s rule

+ H2SO4

+ H2O

UV

free radical 
polymerization

mechanism of electrophilic addition

more stable carbocation formed due to

a “secondary carbocation”

+ O2

hydrolysis

D

Br

Br

CO2 + H2O
combustion hydrogenation

s

inductively donating alkyl groups



alcohols
general formula: 

CnH2n+1OH

they are strongly 
nucleophilic at the

oxygen atom

K2Cr2O7

KMnO4

+ RCO2H
H+, -H2O major oxidation/reduction

CH3OH
CH3CH(OH)CH3

(CH3)3COH

+ O2 D

they can be primary, 
secondary or tertiary:

we have a special enzyme for 
one of them

ethanol

CO2 + H2O

2o alcohols → ketones
3o alcohols → no reaction

RCO2CH2CH3

NaBH4

LiAlH4

combustion minor oxidation/reduction

esterification

+ HXCH3CH2X

halogenation

H+

-H2O



benzene
characterized by

rings containing alternating double bonds

they are strongly nucleophilic at the

double bonds

HNO3

electrophilic substitution

+ O2 D

typical reaction

mechanism:

electrophilic aromatic 
substitution: nitration

Sn, HCl

an example of an

misleading since all 
bond lengths 
identical (1.5)

one better way 
to draw it:

but chemists prefer to say it is halfway 
between two resonance structures

NaOH

reduction

freebasing

aromatic compound



retrosynthetic analysis

alkane

haloalkane

alcoholalkene

aldehyde carboxylic acid

polymer ester

X2 UV

NaBH4

H+

K2Cr2O7

H+

HX

UV

LiAlH4KMnO4

-OH

starting with only ethanol (CH3CH2OH), synthesize ethyl acetate (CH3CO2CH2CH3)

CH3CH2OH CH3CO2H
KMnO4 + CH3CH2OH

CH3CO2CH2CH3


